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Aim: This study aimed to investigate the causes and risk factors of colorectal
cancer (CRC) in a Turkish population, focusing on various modifiable and non-
modifiable risk factors.

Methods: A hospital-based case-control design was employed to compare
individuals with CRC (cases) to individuals without CRC (controls). Male and
female participants were recruited from the surgery, internal medicine, and out-
patient departments. The study encompassed socio-demographic data, clinical
information, radiological diagnoses, and biochemical measurements. Univariable
and multivariable logistic regressions were used to determine associated risk
factors of CRC.

Results: The study included 704 individuals with CRC and 704 controls.
Significant socio-demographic disparities were observed between the groups,
with over 30% of the cases having lower levels of education and income
compared to the controls. Lifestyle factors such as obesity, higher rates of
smoking (cigarettes and hookah) and alcohol consumption were more
prevalent among cases than controls. Further significant associations were
identified with intestinal inflammation, obesity, processed food consumption,
and symptoms such as abdominal pain, cramps, diarrhea, constipation, blood in
stool, bloating, irritable bowel syndrome, nausea/vomiting, anemia, stress,
fatigue, weakness, and weight loss. Diet analysis revealed that individuals with
CRC consumed more red meat, processed and fast foods along with less pulses
and vegetables. Genetic predispositions and exposure to chemicals also
correlated strongly with increased CRC risk. Multivariable regression analysis
identified, nausea/vomiting, constipation, intestinal disease, genetics factor,
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hookah-nargileh use, history of any cancer, family history of bowel cancer,
constipation, cigarette smoking, stress, milk-yogurt consumption, obesity and
red meat consumption as significant determinants for CRC.

Conclusion: CRC risk is influenced by dietary, lifestyle, and genetic factors.
Awareness of hereditary risk and participation in screening are crucial. Lifestyle
changes, such as avoiding smoking, hookah, and alcohol use, and adopting a
healthy diet, are essential for prevention.
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1 Introduction

Colorectal cancer (CRC) is the 3rd most common cancer
worldwide with 1.9 million new cases and was the second most
fatal cancer with a death toll about 1 million in 2020 (1–3).
Moreover, the incidence of CRC is on the rise in low- and
middle-income countries for both men and women (1). This
geographic variation has been mainly attributed to differences
in diet, lifestyle, genetics, and environmental factors (4–6). The
highest incidence rates for CRC are observed in developed
countries, where they maintain a stable trend, meanwhile, rates
have increased rapidly in developing countries (5–7), likely due to
the adoption of Western lifestyles and the rise in early-onset CRC,
defined as CRC occurring before the age of 50, which has been
documented globally (2–8).

Previous studies have focused on hereditary syndromes, genetic
factors, and modifiable environmental risk factors, including
obesity, sedentary lifestyle, poor diets, alcohol consumption, and
smoking, which are currently major problems in low- and middle-
income countries (4–11). Therefore, the trend and burden of CRC is
moving from developed countries to low and middle-
income countries.

Gastrointestinal (GI) cancers, which include stomach,
pancreatic, and colorectal cancers, account for more than a
quarter of all cancer cases (12, 13). Smoking and alcohol use are
well-known risk factors for cancer, and there is a growing consensus
that dietary habits are also crucial in CRC development. Numerous
comprehensive studies strongly support the role of diet in early-
onset CRC, in particular (14–18).

Modifiable risk factors play an important role in the
development of CRC (4, 5, 14–18). Evidence from several studies
indicates that the risk of CRC increases with specific dietary
patterns, consumption of dairy products, meat, diets low in
vegetables, smoking (including e-cigarettes and hookah/water-
pipe use), high body mass index (BMI), alcohol use, physical
inactivity, and sedentary lifestyles (5, 6). Moreover, in recent
years, rates of CRC have begun to stabilize and decline, largely
due to targeted intervention and screening programs (19, 20). Thus,
addressing these modifiable risk factors and screening programs
could potentially reduce CRC incidence.

The aim of this study was to investigate the causes and risk
factors of colon cancer, including genetics, age, chemical exposure,
obesity, poor diet, lifestyle habits, cigarette and hookah smoking,
alcohol use, and intestinal inflammations, as well as the
consumption of processed foods to identify critical CRC
risk factors.

2 Subjects and methods

2.1 Participants

The study based on cases and control design involving
participants aged above 35 years who sought medical care at the
Oncology and Gastrointestinal clinics, as well as out-patient clinics,
at Istanbul Medipol University Hospitals and Prof. Dr. Cemil
Taşcıoğlu and SSK Okmeydanı Hospitals between 24 April 2023,
and 10 June 2024.

In our case-control study, the inclusion criteria for the control
group involved individuals who matched the age and gender
distribution of the cases within the specified data collection time
and were sourced from primary healthcare facilities, internal
medicine departments, and gastrointestinal (GI) clinics.
Importantly, these individuals had no history of colorectal cancer
(CRC) and had not undergone major surgeries affecting
gastrointestinal function. The exclusion criteria for both cases
and controls were stringent to maintain data integrity: subjects
were excluded if they lacked complete radiological test results or
comprehensive biochemistry lab analysis results. Subjects who had
recently undergone medical procedures potentially impacting
gastrointestinal health were also excluded, ensuring that all
participants’ current health status accurately reflected their long-
term condition without acute medical interventions skewing the
results. CRC cases were confirmed through diagnostic methods
including Magnetic Resonance Imaging (MRI), ultrasound, PET/
CT, and colonoscopy. In total, 141 CRC patients and 100 control
patients were excluded due to lack of follow-up or incomplete
lab results.

The study adhered to the principles outlined in the
Declaration of Helsinki (1964) and obtained ethical clearance
and approval from the ethics committee (RP# and IRB# E-
10840098-772.02-2645). The determination of the sample size
was based on the anticipated proportion in controls (p = 0.05), an
assumed odds ratio (OR = 2), a confidence interval (CI = 0.99),
and a power of 0.80. The total calculated sample size was
1,506 with a 1:1 ratio.

The study encompassed a detailed questionnaire focusing on
diverse socio-demographic factors, including age, gender, family
history, BMI, smoking and hookah-nargileh use, alcohol consume,
milk-yogurt consume, chemical exposure (long-term exposure to
toxic metals), physical activity, intestinal inflammations
(inflammatory bowel diseases), functional gastrointestinal
symptoms (abdominal pain and cramps, constipation, diarrhea),
and pre-existing health conditions. Content validity, face validity
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and reliability of the questionnaire were based on a convenience
sample of 100 patients and the test revealed a high level of validity
and high degree of repeatability (kappa = 0.84).

Additionally, patients’ last biochemical test results such as full
blood count, liver function tests, vitamin D levels, ferritin levels,
renal function tests and electrolyte levels were recorded. The
diagnosis of intestinal inflammation in relevant individuals was
based on a clinical diagnosis with histological findings.
Hypertension was taken according to the WHO which is

Systolic Blood Pressure (SBP) ≥140 mmHg, or Diastolic Blood
Pressure (DBP) ≥90 mmHg, or the use of anti-hypertensive
medication.

2.2 Statistical analysis

The statistical analysis was performed using the R (version
4.3.3) (21) and Statistical Packages for Social Sciences (SPSS v25,

TABLE 1 Socio-demographic characteristics of cases with colorectal cancer (CRC) and controls (N = 1,408).

Variable CRC cases (N = 704) n (%) or μ±σ Controls (N = 704) n (%) or μ±σ Adjusted p-values**

Age (in years) 62.8 ± 11.79 61.60 ± 12.94 0.073

Age groups (in years): n (%) n (%)

<50 113 (16.1) 130 (18.5)

50–64 288 (40.9) 304 (43.2) 0.197

>65 and above 303 (43.0) 270 (38.4)

Gender

Males 357 (50.7) 360 (51.1) 0.874

Female 347 (49.3) 344 (48.9)

Marital status

Single 72 (10.2) 48 (6.8)

Married 632 (89.8) 656 (93.2) 0.044

Education

Primary 103 (14.6) 37 (5.3)

Secondary 119 (16.9) 106 (15.1)

High 238 (33.8) 254 (36.1) 0.008

University 244 (34.7) 307 (43.6)

Occupation

Housewife 195 (27.7) 118 (16.8)

Professional/Sedentary 227 (32.2) 258 (36.6)

Police/Army/Security 35 (5.0) 41 (5.8) 0.004

Businessman 80 (11.4) 96 (13.6)

Manual 167 (23.7) 191 (27.1)

Household income:

Low 251 (35.7) 200 (28.4)

Medium 271 (38.5) 297 (42.2) 0.037

High 182 (25.9) 207 (29.4)

BMI* (kg/m2):

Normal (<25 kg/m2) 183 (26.0) 206 (29.3)

Overweight (29-30 kg/m2) 294 (41.8) 313 (44.5) 0.070

Obese (>30 kg/m2) 227 (32.2) 185 (26.3)

*BMI, body mass index.

**p values have been corrected according to FDR correction.
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IBM Corp., Armonk, NY). Student t test was used to ascertain the
significance of differences between mean values of two continuous
variables. Chi-square analysis was performed to test for
differences in proportions of categorical variables between two
or more groups. We used Leas absolute shrinkage and selection
operator (LASSO) method for multivariable logistic regression
analysis to find out the best predictors for diagnosis of colorectal
cancer as dependent variable. Best lambda value for penalizing
variables was determined by 5 folds cross-validation method.
Post-hoc collinearity was checked by variance inflation factor.
For p values of multiple comparisons, we applied Benjamini-
Hochberg method (false discovery rate correction) to decrease
Type 1 error. The level p < 0.05 was considered as the cut-off value
for significance.

3 Results

3.1 Socio-demographic and lifestyle factors
influencing colorectal cancer risk

This study included a total of 1,408 participants: 704 subjects
with colorectal cancer (CRC) and 704 controls without CRC,
consisting of both males and females aged 35-75 years. Socio-

demographic characteristics of the individuals with CRC differed
from those of the controls (Table 1). The cases were more
commonly single with lower levels of education and income.
Additionally, a larger proportion of the cases with CRC were
obese compared to controls.

Comparison was made between the food consumption and
daily life habits in the cases with CRC and the controls (Table 2).
The cases consumed fewer vegetables and pulses compared to
controls, while their intake of red meat, processed and fast foods
was higher. Additionally, higher rates of malnutrition,
contraceptive pill use, smoking, hookah use, and alcohol
consumption were noted among the cases. However, daily
activities like walking for 30 min and sleeping less than 6 h
were similar between the groups.

Patients with CRC had higher incidences of obesity, genetic risk
factors, exposure to chemicals, previous malignancies, a family
history of colon cancer, and intestinal problems compared to the
healthy cohort (Table 3).

There were differences in the symptoms of functional
gastrointestinal disorders (FGIDs) between the cases and
controls, including abdominal pain, abdominal cramps, diarrhea,
constipation, blood in the stool, bloating regularly, irritable bowel
syndrome, nausea/vomiting, anemia, stress, fatigue, weakness, and
weight loss (Table 4).

TABLE 2 Univariable analysis for identifying associations of colorectal cancer with habits, foods, medications and daily activities.

Variable CRC cases Control Odds ratios [95% CI] Adjusted p values

Yes n (%) No n (%) Yes n (%) No n (%)

Vegetable consumption 192 (27.3) 512 (72.7) 240 (34.1) 464 (65.9) 0.73 [0.58, 0.91] 0.008

Pulse consumption 180 (25.6) 524 (74.4) 222 (31.5) 482 (68.5) 0.75 [0.59, 0.94] 0.017

Fast food consumption 197 (26.5) 547 (73.5) 156 (22.2) 548 (77.8) 1.36 [1.07, 1.74] 0.016

Processed food consumption 157 (22.3) 547 (77.7) 94 (13.4) 610 (86.6) 1.86 [1.41, 2.47] <0.001

Eating red meat 3/week 355 (50.4) 349 (49.6) 298 (42.3) 406 (57.7) 1.39 [1.12, 1.71] 0.004

Milk/yoghurt at least glass 229 (32.5) 475 (67.5) 178 (25.3) 526 (74.7) 1.42 [1.13, 1.80] 0.005

Malnutrition 134 (19.0) 570 (81.0) 85 (12.1) 619 (87.9) 1.71 [1.28, 2.30] 0.001

Calcium supplement 308 (43.8) 396 (56.2) 250 (35.5) 454 (64.5) 1.41 [1.14, 1.75] 0.003

Taking a multivitamin 4/week 163 (23.2) 541 (76.8) 119 (16.9) 585 (83.1) 1.48 [1.14, 1.93] 0.005

Vitamin D supplement 246 (34.9) 458 (65.1) 187 (26.6) 517 (73.4) 1.48 [1.18, 1.87] 0.001

Birth control pill use 151 (43.5) 196 (56.5) 67 (19.5) 277 (80.5) 3.15 [2.24, 4.43] <0.001

Postmenopausal pill use 154 (44.4) 193 (55.6) 64 (18.6) 280 (81.4) 3.45 [2.44, 4.88] <0.001

15 years of aspirin use 203 (28.8) 501 (71.2) 165 (23.4) 539 (76.6) 1.32 [1.04, 1.68] 0.027

Smoking 171 (24.3) 533 (75.7) 98 (13.9) 606 (86.1) 1.98 [1.51, 2.61] <0.001

Hookah use 138 (19.6) 566 (80.4) 73 (10.4) 631 (89.6) 2.11 [1.55, 2.86] <0.001

Alcohol use 118 (16.8) 586 (83.2) 73 (10.4) 631 (89.6) 1.74 [1.27, 2.38] 0.001

Walking 30 min a day 185 (26.3) 519 (73.7) 174 (24.7) 530 (75.3) 1.09 [0.85, 1.38] 0.541

Physical activity (moderate or vigorous) 309 (43.9) 395 (56.1) 331 (47.0) 373 (53.0) 0.88 [0.11, 0.72] 0.268

Sleeping ≤6 h 139 (19.7) 565 (80.3) 158 (22.6) 542 (77.4) 0.84 [0.65, 1.09] 0.231

Oncology Reviews frontiersin.org04

Bener et al. 10.3389/or.2024.1449709

https://www.frontiersin.org/journals/oncology-reviews
https://www.frontiersin.org
https://doi.org/10.3389/or.2024.1449709


3.2 Multivariable analysis of risk factors
associated with colorectal cancer

Multivariable regression analysis was conducted to identify the
most important risk factors for patients diagnosed with CRC as the
dependent variable (Table 5). According to the analysis, several
factors were significantly associated with CRC.

Gastrointestinal symptoms were significantly associated with
CRC. Nausea/vomiting (OR = 2.38, 95% CI = 1.72–3.30, p < 0.001),
intestinal disease (OR = 2.45, 95% CI = 1.82–3.30, p < 0.001), and
constipation (OR = 1.93, 95% CI = 1.39–2.70, p < 0.001) were
notably associated with a higher risk of CRC.

Genetic factors and history of malignancies also played
significant roles. The presence of genetic factors (OR = 2.12, 95%
CI = 1.49–3.02, p < 0.001), a history of any cancer (OR = 2.18, 95%
CI = 1.51–3.15, p < 0.001), and a family history of bowel cancer
(OR = 1.99, 95% CI = 1.38–2.88, p < 0.001) were all associated with
higher risks of CRC.

Lifestyle factors, including the use of hookah (OR = 2.18, 95%
CI = 1.54–3.09, p < 0.001) and cigarette smoking (OR = 2.06, 95%

CI = 1.51–2.81, p < 0.001) were also associated with the development
of CRC. Additionally, stress (OR = 2.05, 95% CI = 1.42–2.95, p <
0.001) and obesity (OR = 1.44, 95% CI = 1.01–2.04, p = 0.042) were
important risk factors.

Dietary habits were also associated with CRC. Frequent
consumption of milk and yoghurt (OR = 1.47, 95% CI = 1.13–1.90,
p = 0.004) and red meat three times per week (OR = 1.39, 95% CI =
1.09–1.76, p = 0.008) were both linked to higher CRC risk.

4 Discussion

This study investigated the factors associated with colorectal
cancer in a Turkish population. Patients were prospectively selected
from those admitted to Oncology and Gastrointestinal clinics for
treatment or follow-up of colorectal cancer. The control group
consisted of individuals from gastrointestinal clinics who had not
had colorectal cancer at any point in their lifetime. The results
showed that a number of socio-economic, lifestyle, dietary and
genetics factors were associated with CRC.

TABLE 3 Univariable analysis for identifying associations of colorectal cancer with previously determined risk factors.

Variable CRC cases Control Odds ratios [95% CI] Adjusted p values

Yes n (%) No n (%) Yes n (%) No n (%)

Obesity 116 (16.5) 588 (83.5) 78 (11.1) 626 (88.9) 1.58 [1.16, 2.15] 0.005

Genetic factors 146 (20.7) 558 (79.3) 63 (8.9) 641 (91.1) 2.66 [1.94, 3.65] <0.001

Exposure to chemicals 64 (9.1) 640 (90.9) 35 (5.0) 669 (95.0) 1.91 [1.25, 2.93] 0.005

Any cancer disease 107 (15.2) 597 (84.8) 61 (8.7) 643 (91.3) 1.89 [1.35, 2.64] <0.001

Intestinal disease 216 (30.7) 488 (69.3) 98 (13.9) 606 (86.1) 2.74 [2.10, 3.57] <0.001

Family history of bowel cancer 129 (18.3) 575 (81.7) 66 (9.4) 638 (90.6) 2.17 [1.58, 2.98] <0.001

TABLE 4 Univariable analysis for identifying associations of colorectal cancer with functional gastrointestinal symptoms.

Variable CRC cases Control Odds ratio [95% CI] Adjusted p values

Yes n (%) No n (%) Yes n (%) No n (%)

Constipation 192 (27.3) 512 (72.7) 79 (11.2) 625 (88.8) 2.97 [2.23, 3.95] <0.001

Diarrhea 172 (24.4) 532 (75.6) 118 (16.8) 586 (83.2) 1.61 [1.24, 2.09] 0.001

Blood in the stool 134 (19.0) 570 (81.0) 82 (11.6) 622 (88.4) 1.78 [1.32, 2.40] <0.001

Abdominal pain 166 (23.6) 538 (76.4) 87 (12.4) 617 (87.6) 2.19 [1.65, 2.91] <0.001

Abdominal cramp 160 (22.7) 544 (77.3) 99 (14.1) 605 (85.9) 1.80 [1.36, 2.37] <0.001

Bloating (flatulence) 181 (25.7) 523 (74.3) 117 (16.6) 587 (83.4) 1.74 [1.34, 2.25] <0.001

Irritable bowel 129 (18.3) 575 (81.7) 66 (9.4) 638 (90.6) 2.17 [1.58, 2.98] <0.001

Anemia 153 (21.7) 551 (78.3) 108 (15.3) 596 (84.7) 1.53 [1.17, 2.01] 0.004

Feeling fatigue 177 (25.1) 527 (74.9) 120 (17.0) 584 (83.0) 1.63 [1.26, 2.12] <0.001

Nausea/vomiting 161 (22.9) 543 (77.1) 84 (11.9) 620 (88.1) 2.19 [1.64, 2.92] <0.001

Stress 150 (21.3) 554 (78.7) 66 (9.4) 638 (90.6) 2.62 [1.92, 3.57] <0.001

Weight loss 128 (18.2) 576 (81.8) 65 (9.2) 639 (90.8) 2.18 [1.59, 3.01] <0.001
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Colorectal cancer (CRC) is one of the most prevalent cancers
worldwide (1–5). In numerous evidence-based studies dietary
patterns, consumption of dairy and dairy products, meat,
vegetable-poor diet, smoking and e-cigarettes, nargileh-hookah,
BMI, obesity, alcohol consumption, physical inactivity and
sedentary lifestyle have been well-established as risk factors for
CRC (19, 20, 22–28) The current study confirmed those risk
factors in Turkish population, aligning well with Harvard Cancer
Risk Index findings (29).

Several studies have established a link between high intake of red
and processed meats and an increased risk of colorectal cancer
(CRC) (15, 16, 24, 25, 30) A recent meta-analysis has further
reinforced this association, highlighting meat consumption as a
major factor, and suggests that dietary interventions that reduce
red and processed meat intake could significantly lower CRC
incidence (23). On the other hand, diets rich in fiber and
possibly most dairy products are associated with a protective
effect against CRC (22, 25, 26) Additionally, recent findings
suggest that white meat, such as fish and poultry, does not
increase CRC risk and may even confer protective benefits (25).
The interaction between intestinal microbiota and fiber intake is
indicated as a possible mechanism that mediates CRC risk,
underscoring the importance of high fiber in reducing this risk (26).

Although several studies have provided evidence of the impact
of alcohol consumption on CRC (6, 7, 27, 28), alcohol consumption
levels are very low in many Muslim countries, which has a minimal
effect on colorectal cancer (CRC) rates (5–7). A pooled analysis by
Archambault et al. (31) suggests that early-onset CRC may be
significantly associated with heavier alcohol use.

The increasing rates of smoking, both in developing and
developed countries, present a worrying trend with implications
for the rising incidence of CRC (1, 2). Previous studies have shown
that smoking is associated with an increased risk of colorectal cancer
(CRC) and its various molecular pathological subtypes (32, 33).

Additionally, smoking is linked to poorer survival outcomes. A
recent study in Taiwan investigated whether cigarette smoking is
associated with survival in patients with CRC through a nationwide
population-based cohort study (34). This study reported that the
effects of smoking were more pronounced in males with CRC.
Additionally, several studies have indicated that cigarette smoking is
significantly associated with poor survival in individuals with CRC
(5, 6, 35, 36). In the current study, CRC rates were higher among
those who smoked cigarettes and used hookahs. No study has yet
been conducted to investigate the mechanism through which
hookah water-pipe use impacts the risk CRC.

The prevalence of obesity has increased significantly worldwide,
and this trend is likely to continue in the coming years. Substantial
evidence indicates that obesity plays a crucial role in the
development of CRC. Epidemiological data have consistently
shown a correlation between obesity and CRC (37).
Understanding that obesity is a potentially modifiable risk factor
that can affect the incidence and prognosis of CRC is crucial for the
prevention and treatment of the condition (17, 20, 37).

Inflammatory bowel diseases (IBD), primarily including
ulcerative colitis and Crohn’s disease, involve chronic
inflammation of the gastrointestinal tract. The exact causes of
these diseases are not entirely known, but they are thought to
occur in individuals who are genetically predisposed and exposed
to certain environmental risk factors. More than 0.4% of people in
Europe and North America are affected by IBD and this number is
expected to increase over time (38). Aligning well with the literature,
we observed that patients with IBD or intestinal diseases have a
higher likelihood of developing colorectal cancer (CRC), primarily
the result of chronic intestinal inflammation. Additionally, because
the treatment of IBD often involves immunosuppressive therapies,
these patients are also at an increased risk for both gastrointestinal
and non-gastrointestinal cancers (38, 39). The treatment of CRC in
patients with underlying chronic inflammatory diseases are also

TABLE 5 Associated risk factors of colorectal cancer using multivariable regression analysisa (N = 1,408).

Independent variables Regression
coefficients

Standard errors Exp (coef) 95% confidence
intervals

p-values

Nausea/vomiting 0.87 0.17 2.38 1.72–3.30 <0.001

Constipation 0.66 0.17 1.93 1.39–2.70 <0.001

Stress 0.72 0.19 2.05 1.42–2.95 <0.001

Obesity 0.36 0.18 1.44 1.01–2.04 0.042

History of any cancer 0.78 0.19 2.18 1.51–3.15 <0.001

Genetic factors 0.75 0.18 2.12 1.49–3.02 <0.001

Family history of bowel cancer 0.69 0.19 1.99 1.38–2.88 <0.001

Intestinal disease 0.90 0.15 2.45 1.82–3.30 <0.001

Cigarette smoking 0.72 0.16 2.06 1.51–2.81 <0.001

Hookah use 0.78 0.18 2.18 1.54–3.09 <0.001

Red meat consumption 3 times/week 0.33 0.12 1.39 1.09–1.76 0.008

Milk-yoghurt consumption 0.39 0.13 1.47 1.13–1.90 0.004

Pulse consumption −0.22 0.13 0.81 0.62–1.05 0.108

aAdjusted for education level, income level and occupation type.
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complex. Indeed, treatment of current neoplasms in IBD patients, as
well as the treatment of IBD in patients with prior malignancies, has
become a challenge with limited evidence-based data available, since
patients with an active or recent history of cancer or those who
develop cancer while being treated with newer therapies are usually
excluded from randomized controlled trials (39). Thus, both doctors
and individuals with IBD should be aware of the increased risk if
having a malignancy and it is essential to consider primary and
secondary prevention measures for neoplasms during daily clinical
practice in IBD units.

Hereditary CRC is not modifiable; however, awareness of such
family history is critical for early detection and screening (40, 41).
2%-5% of all colon cancers arise from inherited conditions including
Lynch syndrome, familial adenomatous polyposis, MUTYH-
associated polyposis (41). Close relatives of patients with
colorectal cancer are at an increased risk of developing the disease.

Although it largely depends on the region of Turkey and the
socioeconomic conditions of individuals, red meat and high-fat
foods are significant components of Turkish cuisine. Moreover,
with the influence of a more Westernized culture, the
consumption of processed foods and red meat has increased,
while the intake of fiber-based and vegetable foods (or
Mediterranean type diet) has decreased (42, 43). As a result of
changes in dietary habits, obesity is also on the rise in the Turkish
population (44). With rapid urbanization, physical activity has
decreased, and stress factors have increased. Furthermore, more
than 20million individuals, accounting for a prevalence of over 25%,
are current tobacco smokers in Turkey, with the majority being
young and middle-aged adults (45). These changes in the Turkish
population may account for the increased incidence of colorectal
cancer (CRC). Although Turkey has implemented a screening
program for colorectal cancer after age of 50, involving fecal
occult blood tests or colonoscopies, participation in the program
is still inadequate (46). Considering the increased risk factors in the
Turkish population, preventive measures should be taken, such as
enhancing primary healthcare facilities, informing individuals about
diet, promoting smoking cessation programs, and increasing
affordable sports facilities. Moreover, individuals should be
informed and encouraged to participate in regular cancer
screening programs. We believe that the first steps are to increase
the number of primary healthcare facilities and physicians and to
enhance follow-up programs.

5 Study strengths and limitations

The current study has several limitations. Firstly, its design as a
case-control study means that it may not establish an ideal causal
relationship between the variables of interest and CRC due to its
observational nature. We observed wide confidence intervals for
some variables, which can be due to variability in data.While it is not
possible to control for all lifestyle-related factors, we have attempted
to include a broad array of such variables, including the type of food
participants consume, physical activity, smoking (cigarettes or
hookah), alcohol consumption, and sleeping duration. However,
we acknowledge that there can be more variables affecting CRC risk.
Secondly, there is a potential selection bias, as the study may not
have reached the target patients in the population, which is

challenging to avoid. Additionally, asking questions related to
past events and daily habits introduces recall bias. Lastly, data
collection was undertaken in tertiary hospitals, which may not
represent the wider population.

The strength of this study lies in its large, case-controlled sample
size, which provides a robust dataset for analysis.

6 Conclusion

The present study demonstrates that colorectal cancer (CRC)
has various risk factors, encompassing dietary, lifestyle, and genetic
components. Specifically, this article highlights the modifiable and
non-modifiable risk factors. For non-modifiable risk factors,
individuals should be aware of their hereditary disposition and
be proactive in participating in screening programs. Regarding
modifiable risk factors, it is crucial to avoid hookah, cigarette
smoking, and alcohol use. Adopting a healthy and balanced diet
is essential not only to have a normal body mass index but also to
maintain gut health. Individuals should also be vigilant about
intestinal inflammatory diseases, as these are associated with an
increased risk of CRC. Furthermore, gastrointestinal symptoms,
especially chronic changes such as abdominal pain, cramps,
diarrhea, constipation, blood in the stool, bloating, nausea/
vomiting, and weight loss, should be taken seriously and
promptly investigated to facilitate early detection and
intervention. The risk factors identified in this study warrant
further investigation through longitudinal studies. Additionally,
future studies should be planned with a more comprehensive
population to closely monitor the trend of these risk factors
within the Turkish population.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Istanbul
Medipol University School of Medicine (RP# and IRB#
E-10840098-772.02-2645). This study was conducted in
accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

AB: Writing–review and editing, Writing–original draft,
Visualization, Validation, Supervision, Software, Resources,
Project administration, Methodology, Investigation, Funding
acquisition, Formal Analysis, Data curation, Conceptualization.
AO: Writing–review and editing, Writing–original draft,
Methodology, Investigation, Formal Analysis, Data curation,
Conceptualization. MD: Writing–review and editing, Software,

Oncology Reviews frontiersin.org07

Bener et al. 10.3389/or.2024.1449709

https://www.frontiersin.org/journals/oncology-reviews
https://www.frontiersin.org
https://doi.org/10.3389/or.2024.1449709


Methodology, Investigation, Formal Analysis, Data curation. CC:
Writing–review and editing, Writing–original draft, Resources,
Methodology, Data curation, Conceptualization. ZD:
Writing–review and editing, Writing–original draft, Methodology,
Investigation, Formal Analysis, Conceptualization. AA:
Writing–original draft, Resources, Methodology, Investigation,
Data curation. JD: Writing–review and editing, Writing–original
draft, Resources, Methodology, Formal Analysis. AD:
Writing–review and editing, Writing–original draft, Visualization,
Validation, Methodology, Formal Analysis, Conceptualization.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors would like to acknowledge the ethical approval
and support provided by Istanbul Medipol University, specifically

the Medipol International School of Medicine (RP# and IRB#
E-10840098-772.02-2645).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

1. WCRF International. Colorectal cancer statistics (2022). Available from https://
www.wcrf.org/cancer-trends/colorectal-cancer-statistics/ (Accessed June 7, 2024).

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA: A Cancer J Clinicians (2021) 71(3):209–49. doi:10.3322/
caac.21660

3. Siegel RL, Torre LA, Soerjomataram I, Hayes RB, Bray F, Weber TK, et al. Global
patterns and trends in colorectal cancer incidence in young adults. Gut (2019) 68(12):
2179–85. doi:10.1136/gutjnl-2019-319511

4. PuzzonoM,Mannucci A, Grannò S, Zuppardo RA, Galli A, Danese S, et al. The role
of diet and lifestyle in early-onset colorectal cancer: a systematic review. Cancers (Basel)
(2021) 13(23):5933. doi:10.3390/cancers13235933

5. Bener A. Colon cancer in rapidly developing countries: review of the lifestyle,
dietary, consanguinity and hereditary risk factors. Oncol Rev (2011) 5(1):5–11. doi:10.
4081/oncol.2011.5

6. Bener A, Moore MA, Ali R, El Ayoubi HR. Impacts of family history and lifestyle
habits on colorectal cancer risk: a case-control study in Qatar. Asian Pac J Cancer Prev
(2010) 11(4):963–8.

7. Hussan H, Patel A, Le Roux M, Cruz-Monserrate Z, Porter K, Clinton SK, et al.
Rising incidence of colorectal cancer in young adults corresponds with increasing
surgical resections in obese patients. Clin Transl Gastroenterol (2020) 11(4):e00160.
doi:10.14309/ctg.0000000000000160

8. Wild CP, Weiderpass E, Stewart BW. Physical activity, sedentary behaviour, and
obesity established and emerging modifiable risk factors. In:World cancer report: cancer
research for cancer prevention. International Agency for Research on Cancer (2020).
Available from: http://publications.iarc.fr/586 (Accessed May 23, 2024).

9. Keum N, Giovannucci E. Global burden of colorectal cancer: emerging trends, risk
factors and prevention strategies. Nat Rev Gastroenterol Hepatol (2019) 16(12):713–32.
doi:10.1038/s41575-019-0189-8

10. Bradbury KE, Murphy N, Key TJ. Diet and colorectal cancer in UK Biobank: a
prospective study. Int J Epidemiol (2020) 49(1):246–58. doi:10.1093/ije/dyz064

11. Chapelle N, Martel M, Toes-Zoutendijk E, Barkun AN, Bardou M. Recent
advances in clinical practice: colorectal cancer chemoprevention in the average-risk
population. Gut (2020) 69(12):2244–55. doi:10.1136/gutjnl-2020-320990

12.Wang L, Lo CH, He X, Hang D,WangM,Wu K, et al. Risk factor profiles differ for
cancers of different regions of the colorectum. Gastroenterology (2020) 159(1):
241–56.e13. doi:10.1053/j.gastro.2020.03.054

13. PuzzonoM, Mannucci A, Di LeoM, Zuppardo RA, Russo M, Ditonno I, et al. Diet
and lifestyle habits in early-onset colorectal cancer: a pilot case-control study. Dig Dis
(2022) 40(6):710–8. doi:10.1159/000521932

14. Hua H, Jiang Q, Sun P, Xu X. Risk factors for early-onset colorectal cancer:
systematic review and meta-analysis. Front Oncol (2023) 13:1132306. doi:10.3389/fonc.
2023.1132306

15. Zheng X, Hur J, Nguyen LH, Liu J, Song M, Wu K, et al. Comprehensive
assessment of diet quality and risk of precursors of early-onset colorectal cancer. JNCI: J
Natl Cancer Inst (2021) 113(5):543–52. doi:10.1093/jnci/djaa164

16. Khan NA, Hussain M, ur Rahman A, Farooqui WA, Rasheed A, Memon AS.
Dietary practices, addictive behavior and bowel habits and risk of early onset colorectal
cancer: a case control study. Asian Pac J Cancer Prev (2015) 16(17):7967–73. doi:10.
7314/apjcp.2015.16.17.7967

17. Ligibel JA, Bohlke K, May AM, Clinton SK, Demark-WahnefriedW, Gilchrist SC,
et al. Exercise, diet, and weight management during cancer treatment: ASCO guideline.
J Clin Oncol (2022) 40(22):2491–507. doi:10.1200/jco.22.00687

18. Hur J, Otegbeye E, Joh HK, Nimptsch K, Ng K, Ogino S, et al. Sugar-sweetened
beverage intake in adulthood and adolescence and risk of early-onset colorectal cancer
among women. Gut (2021) 70(12):2330–6. doi:10.1136/gutjnl-2020-323450

19. Navarro M, Nicolas A, Ferrandez A, Lanas A. Colorectal cancer population
screening programs worldwide in 2016: an update.World J Gastroenterol (2017) 23(20):
3632. doi:10.3748/wjg.v23.i20.3632

20. LoConte NK, Gershenwald JE, Thomson CA, Crane TE, Harmon GE, Rechis R.
Lifestyle modifications and policy implications for primary and secondary cancer
prevention: diet, exercise, sun safety, and alcohol reduction. Am Soc Clin Oncol
Educ book (2018) 38:88–100. doi:10.1200/edbk_200093

21. R Core Team. R: a language and environment for statistical computing. Vienna,
Austria (2021). Available from: https://www.R-project.org/ (Accessed June 1, 2024).

22. Barrubés L, Babio N, Becerra-Tomás N, Rosique-Esteban N, Salas-Salvadó J.
Association between dairy product consumption and colorectal cancer risk in adults: a
systematic review and meta-analysis of epidemiologic studies. Adv Nutr (2019) 10:
S190–211. doi:10.1093/advances/nmy114

23. Di Y, Ding L, Gao L, Huang H. Association of meat consumption with the risk of
gastrointestinal cancers: a systematic review and meta-analysis. BMC Cancer (2023)
23(1):782. doi:10.1186/s12885-023-11218-1

24. Niedermaier T, Gredner T, Hoffmeister M, Mons U, Brenner H. Impact of
reducing intake of red and processed meat on colorectal cancer incidence in Germany
2020 to 2050—a simulation study. Nutrients (2023) 15(4):1020. doi:10.3390/
nu15041020

25. Alegria-Lertxundi I, Bujanda L, Arroyo-Izaga M. Role of dairy foods, fish, white
meat, and eggs in the prevention of colorectal cancer: a systematic review of
observational studies in 2018–2022. Nutrients (2022) 14(16):3430. doi:10.3390/
nu14163430

Oncology Reviews frontiersin.org08

Bener et al. 10.3389/or.2024.1449709

https://www.wcrf.org/cancer-trends/colorectal-cancer-statistics/
https://www.wcrf.org/cancer-trends/colorectal-cancer-statistics/
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1136/gutjnl-2019-319511
https://doi.org/10.3390/cancers13235933
https://doi.org/10.4081/oncol.2011.5
https://doi.org/10.4081/oncol.2011.5
https://doi.org/10.14309/ctg.0000000000000160
http://publications.iarc.fr/586
https://doi.org/10.1038/s41575-019-0189-8
https://doi.org/10.1093/ije/dyz064
https://doi.org/10.1136/gutjnl-2020-320990
https://doi.org/10.1053/j.gastro.2020.03.054
https://doi.org/10.1159/000521932
https://doi.org/10.3389/fonc.2023.1132306
https://doi.org/10.3389/fonc.2023.1132306
https://doi.org/10.1093/jnci/djaa164
https://doi.org/10.7314/apjcp.2015.16.17.7967
https://doi.org/10.7314/apjcp.2015.16.17.7967
https://doi.org/10.1200/jco.22.00687
https://doi.org/10.1136/gutjnl-2020-323450
https://doi.org/10.3748/wjg.v23.i20.3632
https://doi.org/10.1200/edbk_200093
https://www.R-project.org/
https://doi.org/10.1093/advances/nmy114
https://doi.org/10.1186/s12885-023-11218-1
https://doi.org/10.3390/nu15041020
https://doi.org/10.3390/nu15041020
https://doi.org/10.3390/nu14163430
https://doi.org/10.3390/nu14163430
https://www.frontiersin.org/journals/oncology-reviews
https://www.frontiersin.org
https://doi.org/10.3389/or.2024.1449709


26. Shimomura Y, Zha L, Komukai S, Narii N, Sobue T, Kitamura T, et al. Mediation
effect of intestinal microbiota on the relationship between fiber intake and colorectal
cancer. Int J Cancer (2023) 152(9):1752–62. doi:10.1002/ijc.34398

27. Jin EH, Han K, Shin CM, Lee DH, Kang SJ, Lim JH, et al. Sex and tumor-site
differences in the association of alcohol intake with the risk of early-onset colorectal
cancer. J Clin Oncol (2023) 41(22):3816–25. doi:10.1200/jco.22.01895

28. Fedirko V, Tramacere I, Bagnardi V, Rota M, Scotti L, Islami F, et al. Alcohol
drinking and colorectal cancer risk: an overall and dose–response meta-analysis of
published studies. Ann Oncol (2011) 22(9):1958–72. doi:10.1093/annonc/mdq653

29. Colditz GA, Atwood KA, Emmons K, Monson RR, Willett WC, Trichopoulos D,
et al. Harvard report on cancer prevention volume 4: harvard cancer risk index. Risk
index working group, harvard center for cancer prevention. Cancer causes and control :
CCC (2000) 11(6):477–88. doi:10.1023/a:1008984432272

30. Thanikachalam K, Khan G. Colorectal cancer and nutrition. Nutrients (2019)
11(1):164. doi:10.3390/nu11010164

31. Archambault AN, Lin Y, Jeon J, Harrison TA, Bishop DT, Brenner H, et al.
Nongenetic determinants of risk for Early-onset colorectal cancer. JNCI Cancer Spectr
(2021) 5(3):pkab029. doi:10.1093/jncics/pkab029

32. Amitay EL, Carr PR, Jansen L, RothW, Alwers E, Herpel E, et al. Smoking, alcohol
consumption and colorectal cancer risk by molecular pathological subtypes and
pathways. Br J Cancer (2020) 122(11):1604–10. doi:10.1038/s41416-020-0803-0

33. Tsoi KKF, Pau CYY, Wu WKK, Chan FKL, Griffiths S, Sung JJY. Cigarette
smoking and the risk of colorectal cancer: a meta-analysis of prospective cohort studies.
Clin Gastroenterol Hepatol (2009) 7(6):682–8.e5. doi:10.1016/j.cgh.2009.02.016

34. Huang YM, Wei PL, Ho CH, Yeh CC. Cigarette smoking associated with
colorectal cancer survival: a nationwide, population-based cohort study. J Clin Med
(2022) 11(4):913. doi:10.3390/jcm11040913

35. Botteri E, Iodice S, Bagnardi V, Raimondi S, Lowenfels AB, Maisonneuve P.
Smoking and colorectal cancer. JAMA (2008) 300(23):2765. doi:10.1001/jama.2008.839

36. Botteri E, Borroni E, Sloan EK, Bagnardi V, Bosetti C, Peveri G, et al.
Smoking and colorectal cancer risk, overall and by molecular subtypes: a meta-

analysis. Am J Gastroenterol (2020) 115(12):1940–9. doi:10.14309/ajg.
0000000000000803

37. Lee J, Kim SY. Obesity and colorectal cancer. Korean J Gastroenterol (2023) 82(2):
63–72. doi:10.4166/kjg.2023.083

38. Axelrad JE, Lichtiger S, Yajnik V. Inflammatory bowel disease and cancer: the role
of inflammation, immunosuppression, and cancer treatment. World J Gastroenterol
(2016) 22(20):4794. doi:10.3748/wjg.v22.i20.4794

39. Laredo V, García-Mateo S, Martínez-Domínguez SJ, López de la Cruz J, Gargallo-
Puyuelo CJ, Gomollón F. Risk of cancer in patients with inflammatory bowel diseases
and keys for patient management. Cancers (Basel) (2023) 15(3):871. doi:10.3390/
cancers15030871

40. Bener A, El Ayoubi HR, Chouchane L, Ali AI, Al-Kubaisi A, Al-Sulaiti H, et al.
Impact of consanguinity on cancer in a highly endogamous population. Asian Pac J
Cancer Prev (2009) 10(1):35–40.

41. Jasperson KW, Tuohy TM, Neklason DW, Burt RW. Hereditary and familial
colon cancer. Gastroenterology (2010) 138(6):2044–58. doi:10.1053/j.gastro.2010.01.054

42. Erdoğan Gövez N, Akpınar Şentüre Ş, Ayten Ş, Köksal E. Evaluation of the Turkey
Nutrition and Health Surveys according to the mediterranean adequacy index and
sustainability through water footprints. Public Health Nutr (2023) 26(12):2927–35.
doi:10.1017/s1368980023001957

43. Aydogdu MH, Kucuk N. General analysis of recent changes in red meat
consumption in Turkey. OSR J Econ Finance (Iosr-jef) (2018) 9(6):1–8.

44. Erem C. Prevalence of overweight and obesity in Turkey. IJC Metab and Endocr
(2015) 8:38–41. doi:10.1016/j.ijcme.2015.07.002

45. Summers A, Sirin H, Palipudi K, Erguder T, Ciobanu A, Ahluwalia I. Changes in
prevalence and predictors of tobacco smoking and interest in smoking cessation in
Turkey: evidence from the Global Adult Tobacco Survey, 2008–2016. Tob Prev and
Cessation (2022) 8:1–15. doi:10.18332/tpc/152748

46. Aydogan Gedik S, Metintas S, Onsuz MF. Recognition and participation of
colorectal cancer screening in Turkiye: a systematic review and metaanalysis study.
North Clin Istanbul (2023) 10:819–29. doi:10.14744/nci.2022.94103

Oncology Reviews frontiersin.org09

Bener et al. 10.3389/or.2024.1449709

https://doi.org/10.1002/ijc.34398
https://doi.org/10.1200/jco.22.01895
https://doi.org/10.1093/annonc/mdq653
https://doi.org/10.1023/a:1008984432272
https://doi.org/10.3390/nu11010164
https://doi.org/10.1093/jncics/pkab029
https://doi.org/10.1038/s41416-020-0803-0
https://doi.org/10.1016/j.cgh.2009.02.016
https://doi.org/10.3390/jcm11040913
https://doi.org/10.1001/jama.2008.839
https://doi.org/10.14309/ajg.0000000000000803
https://doi.org/10.14309/ajg.0000000000000803
https://doi.org/10.4166/kjg.2023.083
https://doi.org/10.3748/wjg.v22.i20.4794
https://doi.org/10.3390/cancers15030871
https://doi.org/10.3390/cancers15030871
https://doi.org/10.1053/j.gastro.2010.01.054
https://doi.org/10.1017/s1368980023001957
https://doi.org/10.1016/j.ijcme.2015.07.002
https://doi.org/10.18332/tpc/152748
https://doi.org/10.14744/nci.2022.94103
https://www.frontiersin.org/journals/oncology-reviews
https://www.frontiersin.org
https://doi.org/10.3389/or.2024.1449709

	Colorectal cancer and associated genetic, lifestyle, cigarette, nargileh-hookah use and alcohol consumption risk factors: a ...
	1 Introduction
	2 Subjects and methods
	2.1 Participants
	2.2 Statistical analysis

	3 Results
	3.1 Socio-demographic and lifestyle factors influencing colorectal cancer risk
	3.2 Multivariable analysis of risk factors associated with colorectal cancer

	4 Discussion
	5 Study strengths and limitations
	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


