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ABSTRACT
Background and objectives. Diet is the crucial environmental factor in sporadic colorectal cancer. Its complexity and di-
versity reflect our cultural and historical background, and could potentially explain why the existing public health strate-
gies focused on colorectal cancer are failing.
Materials and methods. An observational cross-sectional study encompassed 60 non-metastatic CRC patients to assess 
dietary factors related to colorectal cancer, with regard to their traditional diet i.e. the region they come from. Patients 
were recruited from two regions (30 patients per region), in one (Slavonia) traditional diet is abundant in well-known di-
etary risk factors for colorectal cancer, and in the second (Dalmatia) traditional diet is the Mediterranean type.
Results. Based on the logistic regression analysis, patients from Dalmatia have a 24% higher risk for the high-risk diet in 
comparison to patients from Slavonia (OR = 1.240, 95% CI 1.195 – 9.990, P=0.022). Identified independent risk factors 
include weight loss in the last 3 months along with daily alcohol consumption which were found to increase CRC risk by 
61.4% and 53.1%, respectively.
Conclusions. Our results support statistical data showing that colorectal cancer incidence is higher in the Mediterranean 
region, suggesting a shift in the Mediterranean dietary pattern, which in our case were higher obesity rates, daily alcohol 
consumption and abundance of unfavorable dietary habits. 
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InTRoduCTIon

Colorectal cancer is the third most common can-
cer globally and the second cause of death due to can-
cer [1]. Burden of cancer is immense and affects not 
only individuals but also entire societies, either di-

Abbreviations (in alphabetical order):
BMI  – Body Mass Index
CI  – Confidence Interval

CRC  – Colorectal Cancer
OR   – Odds Risk

rectly or indirectly, and the burden of CRC is becom-
ing more intense in people under 50 years of age [2]. 

For spontaneous CRC cases (around 70% of all cas-
es) [3], diet and physical activity are the most impor-
tant environmental factors involved in its pathology 
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[4]. Their effect has such a profound role in CRC pa-
thology that overcome positive genetic family history 
or diagnosis of the inflammatory bowel diseases [3]. 

Out of all diet-related risk factors for CRC, consump-
tion of processed and red meat [4], and excessive alco-
hol consumption [5,6] stand out. Daily consumption of 
50 g of processed meat (in a form of salted and smoked 
meat) increase the risk for CRC by 18%, and regular 
consumption of red meat (beef, pork and game meat) 
increase the risk by 12% [4]. Alcohol consumption 
shows a dose-dependent relation to CRC risk. Excessive 
alcohol consumption (≥ 50 g/day for men, ≥25 g/day for 
women) increase the risk for CRC between 21% and 
52%, but also the risk of CRC mortality [5]. Additionally, 
lifetime average alcohol consumption of ≥25 g/day 
showed strong association for early-onset CRC [6]. Al-
cohol’s negative impact seem to be more strongly ac-
centuated in men, people with positive family history 
and obesity (BMI over 30 kg/m2) [5].

Despite a number of convincing research find-
ings, there are many showing null or negative associ-
ation. Potential reason for that may lie in the diversi-
ty of diet. Culinary diversity is a global phenomena 
[7], visible not only between countries but within re-
gions of the same country. Our previously published 
findings support this idea [8].

The aim of this study was to determine diet-relat-
ed risk factors for CRC in colorectal cancer patients 
from two regions with different traditional dietary 
patterns. 

MATERIALS And METHodS

Study type and participants
An observational cross-sectional study encom-

passed non-metastatic CRC patients, diagnosed with 
either colon or rectal cancer for at least 6 months. 
Men and women of at least 40 years of age were eligi-
ble for inclusion, without any additional recruitment 
criteria. Patients were recruited through patient reg-
istry of General hospital Zadar (N=30) and University 
Hospital Centre Osijek (N=30), with equal distribu-
tion between men and women from each region (16 
men and 14 women).

Ethics approval was obtained from both study 
centres. Patients who signed informed consent form 
were contacted via telephone to complete the study- 
specific questionnaires. 

Questionnaires
First part of the study-specific questionnaire includ-

ed general questions (e.g. age, gender), socio-demo-
graphic questions (e.g. education level, employment, 
income,), questions regarding health and CRC diagno-
sis (e.g. constipation, weight change, medication use, 
supplement use), and questions regarding general die-

tary and lifestyle habits (e.g. number of meals per day, 
meal skipping, smoking, alcohol consumption, physi-
cal activity). Patients’ diet was analysed for energy, 
macro and micronutrient intake by using one 24-hour 
dietary recall. MeDietetic Software (MeDietetic, 2022) 
was used for all nutrition calculations. 

Body Mass Index was calculated on the basis of 
self-reported weight and height and was used to cat-
egorize CRC patients according to their nourishment 
status as underweight (BMI ≤ 24.9 kg/m2) or over-
weight/obese (BMI ≥ 25 kg/m2) [9].

Statistical analysis
Statistical analysis was performed with Statistica 

14.0, and MS Office Excel 2016 package was used for 
graphical presentation of study results. 

Non-parametric Kolmogorov-Smirnov test was 
used to test the normality of the data by comparing 
medians, arithmetic means and histogram plotting. 
Parametric statistical tests were used, and level of sig-
nificance used was 0.05.  For the comparison of ca-
thegorical data, Pearson’s correlation test, student’s 
t-test for independent variables and Chi square test 
were used. Logistic regression was used to test differ-
ences between regions. To calculate odds ratios be-
tween regions as binary variables in relation to one 
or more independent variables related to CRC risk 
univariate and multiple logistic regression were 
used, respectively. For the latter, only significant in-
dependent factors from univariate logistic regression 
were retained. The accepted probability of alpha er-
ror was 0.05.

RESuLTS

General characteristics of patients are shown in 
table 1. All three patients < 50 years were from 
Dalmatia, while patients from Slavonia were mostly 
between 50 and 65 years old. There was no statistical 
difference between the distribution of patients 
according to their BMI, but more patients from 
Slavonia had BMI ≤ 24.9 kg/m2, while more patients 
from Dalmatia had BMI ≥ 25 kg/m2 (73.3% vs 56.7%, 
Table 1). More patients from Slavonia were using 
enteral nutrition, and these patients also had a lower 
BMI.

The majority of CRC patients from both regions 
lost up to 5 kg from the diagnosis; 30% from Slavonia 
and 40% from Dalmatia (Figure 1). However, more 
patients from Dalmatia reported losing more than 20 
kg from the diagnosis, while one patient from Slavo-
nia reported loosing 40 kg after the diagnosis which 
was the highest weight loss reported. Significantly 
more patients lost weight in the last 3 months from 
Slavonia (p=0.020) while significantly more patients 
from Dalamtia did not change their weight (p<0.001) 
(Figure 2). 
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TABLE 1.  Basic characteristics of CRC patients from 
Slavonia (n=30) and Dalmatia (n=30)

Characteristics

Slavonia 
(n=30)

Dalmatia 
(n=30)

pa

Mean ± SD 
(Min–Max)

Mean ± SD 
(Min–Max)

Age <50 years 
(n/ %) (0/ 0.0) (3/ 10.0)

/Age 50-65 years 
(n/ %) (24/ 80.0) (8/ 26.7)

Age > 65 years 
(n/ %) (6/ 20.0) (19/ 63.3)

BMI (kg/m2) 26.3 ± 4.3 
(20.7 – 36.6)

27.6 ± 4.4 
(18.6 – 39.5) 0.272

BMI ≤ 24.9 kg/m2 
(n/ %) (13/ 43.3) (8/ 26.7)

0.279
BMI ≥ 25.0 kg/m2 
(n/ %) (17/ 56.7) (22/ 73.3)

Using oral enteral 
nutrition (n/ %) (14/ 46.6) (7/ 23.3) 0.004*

BMI of patients on 
OEN (kg/m2) 25.2 ± 3.3 27.9 ± 4.6 0.019*

BMI – Body Mass Index, SD – standard deviation, Min – minimum value, 
Max – maximum value
a – T test for independent samples or Chi square test; *statistically 
significant at p<0.05

In order to determine which indicators inde-
pendently influence CRC risk between the two re-
gions, we tested selected variables with logistic re-
gression. Variables tested include age, BMI, weight 
loss, change in weight in the last 3 months, smoking 
habit, frequency of alcohol consumption, amount of 
alcohol consumed per day, daily energy intake, con-

TABLE 2.  Cross-sectional analysis of indicators correlated 
with CRC risk between the two regions (multivariate 
logistic regression)

Variable Category OR 95% CI P

Age Per year 1.073 0.992 – 1.161 0.079

Weight 
change in 
the last 3 
months

1=loss, 
2=same, 
3=gained

0.386 0.176 – 0.846 0.017*

Alcohol 
consumption

1=daily, 
2=2-3 times 
per week, 
3=monthly

0.469 0.238 – 0.923 0.028*

Protein 
contribution 
to the total 
daily energy 
intake

Per % 0.951 0.800 – 1.132 0.573

Analysis of 
the overall 
dietary risk

1=low risk, 
2=high risk 2.851 0.729 – 11.145 0.132

Constant 0.273 0.675

*statistically significant at p<0.05; OR - Odds Ratio; CI - Confidence 
Interval

FIGuRE 1. Weight loss among CRC patients after the diagnosis from Slavonia (n=30) and Dalmatia (n=30) 

tribution of proteins, fats and carbohydrates to the 
total energy intake, dietary fiber consumption, pref-
erence towards spicy foods and the overall assess-
ment of diet in regard to CRC risk as the high-risk or 
the low-risk diet (literature-identified important di-
et-related risk factors for CRC) [4]. Variables con-
firmed to be significant in the univariate model were 
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FIGuRE 2. Self-assessment of weight change within the last 3 months among CRC patients from Slavonia (n=30) and 
Dalmatia (n=30)

included in the multivariate model (Table 2). Patients 
from Dalmatia have a 24% higher risk for the high-
risk diet in comparison to patients from Slavonia (OR 
= 1.240, 95% CI 1.195 – 9.990, P=0.022). Identified in-
dependent risk factors include weight loss in the last 
3 months along with daily alcohol consumption 
which were found to increase CRC risk by 61.4% and 
53.1%, respectively (Table 2).

dISCuSSIon

Risk for CRC increases with age, but rising trends 
among people under the age of 50 years [2] indicated 
that other factors overcome the effect of age. Also, a 
more aggressive form of CRC is found in patients un-
der 50 years of age, but they have better survival 
rates in comparison to patients of 50+ years of age [4]. 
In our research, only three patients, all from Dalma-
tia were < 50 years old, but generally, the average age 
of our patients (Table 1) supports global statistics 
about the rising trend of CRC in people under the age 
of 65 [4]. In Croatia, 32% of CRC patients are younger 
than 65 years, but their share in the total number of 
the newly diagnosed is on the rise [10]. 

The problem of overweight and obesity is more 
than evident (Table 1), especially in Dalmatia. Over-
weight and obesity seem to be an especially pro-
nounced risk in men, while generally, between 30 
and 70% of CRC has been linked to increased body 
weight [11]. The risk for CRC increases significantly 
after BMI > 27 kg/m2 [4], and more aggressive form of 
CRC is expected in a patient who is obese at the time 
of the diagnosis [12].

Weight change is an important indicator of sur-
vival; survival lowers by 25% with every 5 kg of 
weight lost [12], while weight gain did not show to be 

important indicator of either outcome or survival 
[13]. The majority of patients from both regions lost 
up to 5 kg post diagnosis (Figure 1), but there were 
some who lost > 20 kg, which can reflect negatively 
on the treatment and survival. At the time of the diag-
nosis and after the diagnosis, the majority of patients 
stay in their usual BMI category [12], which was the 
case among patients from Dalmatia while patients 
from Slavonia either gained or lost weight in the last 
3 months (Figure 2). It should be noted that the aver-
age weight loss in CRC patients is about 7 kg, which 
has been fund to increase the risk of developing can-
cer cachexia [14]. Enteral nutrition is a good strategy 
to prevent cancer cachexia, and by applying it early 
in the postoperative course (within 48 h postopera-
tively) it improves patient’s recovery, reduces the 
number of complications, improves treatment out-
come, prevents muscle loss and improves immune 
response [14]. Our research findings suggest that en-
teral nutrition was introduced to improve patients’ 
overall nutritional status (Table 1), as a mean to im-
prove treatment and recovery. 

The first region (Slavonia) due its specific geo-
graphic location in its diet reflects culinary influenc-
es from Turkey and Hungary. Traditionally, people in 
the first region consume a lot of red and processed 
meat, with high preference towards spicy foods, large 
contribution of saturated fats, but with abundancy of 
fermented dairy and fresh vegetables [8]. This is com-
pletely opposite from the second region (Dalmatia), 
located on the Adriatic coast, in which the traditional 
dietary pattern is the Mediterranean diet. The Medi-
terranean diet is considered to be superior, with 
proven beneficial effect on CRC too [4,7]. However, 
CRC incidence rates do not follow these traditional 
dietary characteristics. According to the latest availa-
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ble statistics for Croatia [10], incidence rates for C18 
(colon cancer excluding rectum) per 100 000 popula-
tion are higher in Dalmatia than in Slavonia (60.0 to 
69.9 in Dalmatia in comparison to 43.3 in Slavonia). 
Additionally, obesity rates in Croatia are among the 
highest in the world, and continue to rise [9]. Regions 
mostly affected with obesity are coastal regions [15], 
proving that the traditional diet in the Mediterrane-
an region is changing [7].

Detailed nutrition analysis between the two re-
gions was published elsewhere, but no difference 
was found in energy or micronutrient consumption 
[3]. Logistic regression analysis revealed that patients 
from Dalmatia had a 24% higher risk for the high-risk 
diet in comparison to patients from Slavonia, and in-
dependent risk factors for CRC include weight loss in 
the last 3 months and daily alcohol consumption (Ta-
ble 2), all known risk factors for CRC. Alcohol is espe-
cially problematic when combined with other risk 
factors, particularly obesity [5]. Alcohol is a possible 
cause of the metastatic disease due to changes in 
folate metabolism in the liver it causes [5]. 

A combination of daily alcohol consumption, diet 
abundant in risk factors for CRC and higher obesity 
rates make adults from Dalmatia at an increased risk 
for CRC in comparison to adults from Slavonia. Yet, 
our results suggest that patients from Slavonia have a 
more severe form of CRC, which, given the poor nu-
tritional status (lower BMI, more weight loss) of these 

patients, require more attention in regard to treat-
ment and recovery. 

ConCLuSIon

The results clearly show that for people from dif-
ferent regions within one country, the diet-related 
risk factors for CRC have variable levels of impor-
tance. Our results support a number of research find-
ings on unfavorable changes in the Mediterranean 
dietary pattern. In this case, these unfavorable chang-
es are reflected in higher CRC incidence rates in com-
parison to a region which should, by its traditional 
dietary pattern, have a higher risk for CRC. Findings 
from this study should encourage researchers from 
countries known for its diverse dietary habits across 
regions to conduct similar research and explore the 
role of culinary diversity in CRC risk. 
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