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Abstract

Dietary habits act as important determinants of cancer risk and are especially associated with colorectal cancer (CRC), one of
the most important diet-related types of cancer. In this regard, the main goal of the present study was to investigate the risk
and protective dietary factors related with CRC in Romanian population. A case-control study was conducted from August
2015 until January 2017. Data was collected from cancer-free controls (n = 151) and CRC cases (n = 151) using a food
frequency questionnaire. The questionnaire was completed during a face-to-face interview led by a trained dietitian. The
results showed that intake of poultry, fish, and fibre-rich foods are inversely associated with CRC risk. Furthermore, dietary
habits linked with a Western diet such as high intake of processed meat, sugar-sweetened beverages, white bread and dessert
(p = 0.001) were more frequent in the CRC group.

Rezumat

Obiceiurile alimentare actioneaza ca factori determinanti ai riscului de cancer si sunt indeosebi asociate riscului de cancer
colorectal (CCR), unul dintre cele mai importante tipuri de cancer corelate cu regimul alimentar. Obiectivul principal al
acestui studiu a fost evaluarea dietei ca factor de risc sau de protectie in cancerul colorectal prin intermediul unui studiu
efectuat, efectuat in perioada august 2015 - ianuarie 2017. Au fost inclusi 302 participanti distribuiti in grupul experimental
(n = 151) si in grupul control (n = 151), iar informatiile legate de dietd au fost obtinute prin intermediul unui chestionar, in
timpul unui interviu realizat de cdtre un dietetician. Rezultatele au aratat ca un consum frecvent de pui, peste si alimente
bogate in fibre sunt invers asociate riscului de cancer, in timp ce obiceiurile alimentare caracteristice dietei de tip vestic,
precum consumul de carne procesata, dulciuri si sucuri indulcite au fost mai frecvente in grupul pacientilor cu CCR.
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Introduction most relevant dietary risk factors associated with CRC
risk include high intakes of red and processed meat
[2], while following a healthy diet based on fruit,
non-starchy vegetables, legumes, whole grains and
fish has been shown to reduce the incidence of CRC
and to play a key role for prevention [3, 4, 37].
Protective mechanisms are based on the action of
bioactive dietary components which have antioxidant,
anti-inflammatory and anti-tumorigenic properties
and can modify gene expression through epigenetic
mechanisms [15]. Also, extended exposure to risk
factors leads to molecular changes in oncogenes and
tumour suppressor genes that favour the occurrence
of malignant phenotype [28].

Colorectal carcinoma accounts for 10% of all cancers
worldwide. It is the third most common type of cancer
among men, being exceeded only by breast cancer in
women [1]. In Romania, both incidence and mortality
are increasing, although in most developed countries
rates have decreased over the past two decades due
to early detection programs and improved treatment
protocols [12, 13, 26].

Over 75% of cases of colorectal cancer (CRC) are
sporadic and follow the adenoma-carcinoma pathway
[39]. Environmental and lifestyle factors, especially
diet and nutrition habits, have a strong influence on
the development and prevention of CRC [4, 16]. The
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In Romania, available epidemiological data shows that
prevalence of overweight and obesity in the adult
population is 30 - 36% and 20 - 25% respectively,
with a high frequency of unhealthy lifestyle habits [31].
Since both obesity and dietary factors are main risk
factors for CRC, it is of main importance to explore the
relationship between diet and CRC in our population.
In this context, we designed a case-control study with
the main objective to investigate pre-diagnostic
lifestyle habits (physical activity, smoking, dietary
habits) of CRC patients in a Romanian sample [5-8,
14]. Our analysis aimed to evaluate the frequency
of consumption of different foods and food groups
together with culinary techniques and explore the
possible dietary risk or protective factors associated
with CRC.

Materials and Methods

Ethical consideration

According to the Declaration of Helsinki, as a statement
of ethical principles for medical research involving
human subjects, the Treaty of Amsterdam, and Directive
2010/63/EU of the European Parliament and of the
Council of 22 September 2010 on the protection of
animals used for scientific purposes, in force, there has
been obtained the approval of the Ethical Commission
of “Iuliu Hatieganu” University of Medicine and
Pharmacy Cluj-Napoca, Romania, for the present study.
Study design and population

There has been designed a case-control study which
was conducted in Romania from August 2015 until
January 2017. The patients were recruited from
“Medisprof” Oncology Hospital from Cluj-Napoca,
Romania, and the inclusion criteria for the CRC group
were Romanian nationality and a recent diagnostic
of cancer in any region of the colon and/or rectum.
The control group was recruited from generally

healthy adults, following a regular diet and included
participants without neoplastic diagnosis or other major
chronic diseases in the present or in the past. Study
groups were matched by age within a 5-year category.
Each participant signed an informed consent to
participate in the study.

Data collection

A questionnaire was administered individually using
face-to-face interviews conducted by a trained dietitian
and the questions aimed to assess usual food intake
over the previous year. In the absence of a validated
national tool for evaluation of food intake, the applied
questionnaire was established by members of the
research team using validated models from other
countries [8, 11]. Participants were asked to report
frequency of consumption for a given food and/or
food group based on weekly intake. The questions
included in this analysis evaluated the intake of dairy
products, meat, fat, sweets and grains, together with
some questions addressing culinary practices.
Statistical analysis

The statistical analyses were provided based on SPSS
software (Statistic Package for Social Sciences) version
20. Differences between groups regarding frequency
of consumption of selected foods and food groups
were determined by a Mann Whitney U test [30]. The
odds ratio (OR) and the corresponding 95% confidence
interval (CI) were measured by logistic regression
analysis to determine possible risk or protective factors
correlated to CRC in selected dietary factors. A p
value less that 0.05 was considered to indicate
statistical significance.

Results and Discussion

The baseline characteristics of participants in the study
group are presented in Table 1.

Table I
Baseline characteristics of the participants included in the analysis
Parameter Patients Control

Sex (Female/Male) F(n=59) | M(n=92) [F+M®n=151)] F(n=61) | M(n=90) | F+M (n=151)
Age (years) 548+11.3|593+11.6 57.1+11.4 56 £10.1 60+11.4 584+11.4
BMI (kg/m?)
<249 28 (18.5%) | 59 (39.3%) 81 (53.6%) 44 (72.1%) | 41 (45.5%) 85 (56.3%)
25.0-29.9 16 (10.5%) | 23 (15.2%) 45 (29.8%) 17 (27.9%) | 45 (50%) 62 (41%)
> 30 15(9.9%) | 10 (6.6%) 25 (16.6%) 0 (0%) 4 (4.4%) 4 (2.7%)
Education
< Secondary school 9(15.2%) | 10 (10.8%) | 19 (12.6%) | 4(6.5%) | 5(5.5%) 9 (6%)
Completed high school
or equivalent 43 (72.8%) | 75 (81.5 %) | 118 (78.1%) | 26 (42.6%) | 40 (44.5%) 99 (65.6%)
Bachelor degree or higher 7(11.8%) | 7(7.6%) 14 (9.3%) | 31(50.8%) | 45 (50%) 76 (50.4%)
Living in urban area no. (%) | 48 (81.3%) | 73 (79.3%) | 121 (80.1%) | 51 (83.6%) | 77 (85.5%) | 128 (84.8%)

Different mechanisms have been proposed to explain
the complex relationship between diet and the risk
of CRC, as well as for protective properties of some
healthy foods or dietary patterns. These mechanisms
are based on the concept that high-risk diets rich in
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red and processed meat, refined grains, sugar or fat
generate great levels of colon carcinogens [2, 22],
while protective diets containing vegetables, fruits,
dietary fibres or ®-3 fatty acids, are powerful sources
of vitamins, minerals and bioactive components with
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chemopreventive potential [15]. In this study, we
evaluated the frequency of consumption of different
food groups (dairy, meat, fats, sweets and grains).

Furthermore, the calculated odds ratios for selected
foods in the study sample are presented in Table II.

Table 11

Dietary risk or protective factors associated with CRC

Independent variable OR (odd ratio)  95% CI (confidence interval)  p value
Processed meat (servings/week) (3 - 5) 6.94 2.60 - 18.47 <0.001
White bread (servings/week) (> 5) 16.06 8.66 - 29.78 <0.001
Sweets and dessert (servings/week) (3 - 5) 1.59 0.97 -2.59 0.063
Fish (servings/week) (3 - 5) 0.09 0.02-0.3 <0.001
Poultry and turkey (servings/ week) (3 - 5) 0.37 0.23 - 0.60 <0.001
Whole grains (servings/week) (3 - 5) 0.058 0.02-0.12 <0.001
Whole bread (servings/week) (3 - 5) 0.33 0.20-0.55 <0.001

Meat and fish

The intakes of meat and fish for both patients and control
groups are presented in Table III. Interestingly, in our
study, no differences were observed between groups
regarding red meat intake (p > 0.05) or high-
temperature meat cooking (data not shown). However,
intakes of processed meat differ significantly between
groups (p < 0.001) and increase the risk of CRC
(Table II). Furthermore, we observed that intakes of
lean poultry meat and fish were significantly higher in

the control group compared with CRC group (Table III).
Likewise, regular intake of 3 - 5 servings/week of
lean poultry meat is inversely associated with CRC
risk (OR = 0.37, 95% CI = 0.23 - 0.60, p < 0.001)
along with the same weekly frequency of fish intake
which also was shown to decrease the risk of CRC
(OR =0.09, 95% CI =0.02 - 0.3, p < 0.001). In line
with our findings, the inverse association with elevated
intakes of fish and lean meat on CRC has been reported
previously [33, 34].

Table 111
Comparison between meat and fat intake between participants
Parameter Control Patients p value
Red meat (servings/week) 0.123
<1 49 (32.5%) 25 (16.6%)
1-2 49 (32.5%) 74 (49%)
3-5 47 (31.1%) 47 (31.1)
>5 6 (4%) 5(3.3%)
Processed meat (servings/week) <0.001
<1 99 (65.6%) 58 (38.4%)
1-2 45 (29.8%) 59 (39.1%)
3-5 5(3.3%) 29 (19.2%)
>5 2 (1.3%) 5(3.3%)
Poultry and turkey (servings/week) 0.003
<1 32 (21.2%) 27 (17.9%)
1-2 32 (21.2%) 75 (49.7%)
3-5 81 (53.6%) 46 (30.5%)
>5 6 (4%) 3 (2%)
Fish (servings/week) <0.001
<1 26 (17.2%) 60 (39.7%)
1-2 95 (62.9%) 85 (56.3%)
3-5 27 (17.9%) 3 (2%)
>5 3 (2%) 3 (2%)

Colorectal cancer and red meat consumption have a
long history together and the most recent report
from World Health Organization (WHO) classified
processed meat as carcinogenic to humans (Group
1) based on sufficient evidence in humans that the
consumption of processed meat causes colorectal
cancer. WHO experts concluded that each 50 grams
portion of processed meat eaten daily increases the
risk of colorectal cancer by 18% [38]. Epidemiological
studies have highlighted over time that high intakes
of red and processed meat contribute to colon
carcinogenesis [2, 27]. One proposed mechanism was
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attributed to haem iron contained in red meat. Haem
iron can generate N-nitroso compounds which promote
colorectal tumorigenesis by increased cell proliferation
and DNA damage [2, 27]. Also, cooking meat at high
temperature leads to formation of potent mutagens
such as polycyclic amines and polycyclic aromatic
hydrocarbons, both of which have carcinogenic
potential [35]. Curiously, in our study we did not
find statistically significant differences in relation with
cooking techniques between the two groups (data
not shown).



FARMACIA, 2018, Vol. 66, 5

It has been hypothesized that negative effects derived
from a high red meat diet can be countered by
consuming healthy foods rich in anticarcinogenic
compounds, through epigenetic mechanisms. Results
from a recent in vivo study demonstrated that a high
red meat diet supplemented with butylated starch,
which is known as a colon protective dietary agent,
modulated miRNA expression in the colon mucosa
[21]. A recent case-control study, reported also no
significant differences between cases of CRC and
controls regarding intakes of red meat [3]. However, in

our sample, even if we found no differences between
groups in terms of red meat intake, participants in
the control group had higher intakes of foods and
food groups known as protective for CRC [15].
Dairy products

The intake of dairy products is further presented in
Table IV. The results indicate that intakes of full-fat
milk, skimmed milk, sour cream and fermented cheese
are significantly different between groups (p < 0.05),
while similar intakes of yogurt and melted cheese were
observed among cancer cases as compared with controls.

Table IV
Intakes of dairy products among participants
Parameter Control Patients p value
Full fat milk (servings/week) 0.002
<1 108 (71.5%) 83 (54.9%)
1-2 34 (22.5%) 48 (31.8%)
3-5 7 (4.6%) 18 (11.9%)
>5 2 (1.3%) 2 (1.4%)
Skimmed milk (servings/week) <0.001
<1 21 (13.9%) 95 (62.9%)
1-2 21 (13.9%) 52 (34.4%)
3-5 94 (62.3%) 1 (0.7%)
>5 15 (9.9%) 3 (2%)
Sour cream (servings/week) <0.001
<1 99 (65.6%) 63 (41.7%)
1-2 33 (21.9%) 65 (43%)
3-5 15 (9.9%) 21 (13.9%)
>5 4 (2.6%) 2 (1.3%)
Yogurt (servings/week) 0.781
<1 6 (4%) 5(3.3%)
1-2 22 (14.6%) 43 (28.5%)
3-5 120 (79.5%) 80 (53%)
>5 3 (2%) 23 (15.2%)
Melted cheese (servings/week) 0.576
<1 96 (63.6%) 93 (61.6%)
1-2 44 (29.1%) 49 (32.5%)
3-5 9 (6%) 8 (5.3%)
>5 2 (1.3%) 1 (0.7%)
Fermented cheese (servings/week) 0.027
<1 43 (28.5%) 9 (6%)
1-2 50 (33.1%) 84 (55.6%)
3-5 55 (36.4%) 56 (37.1%)
>5 3 (2%) 2 (1.3%)

The relationship between dairy consumption and
CRC has been explored in other epidemiological or
case-control studies and the evidence indicates a
protective effect [9, 23, 24, 29]. In line with our
results, a Saudi case-control study reported different
intake patterns regarding dairy intake [3]. In the EPIC
(European Prospective Investigation into Cancer and
Nutrition) cohort study, higher intakes of dairy have
been associated with reduced risk of CRC [24], as
well as in Swedish and Finnish cohorts [23, 29].
Furthermore, results from a recent meta-analysis
estimated a relative risk of 0.91 (95% CI = 0.85 - 0.94),
indicating a negative association between milk intake
and the risk of CRC [36].
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The biological mechanism associated with the protective
effect may be due to high calcium and vitamin D
contents which were shown to enhance apoptosis and
cell differentiation [10, 36]. In human colon cancer
cells, calcitriol can block Wnt signalling in multiple
ways and interferes with inflammatory pathways
related to cancer progression such as NF-kf (nuclear
factor kappa-light-chain-enhancer of activated B cells)
and COX-2 (cyclooxygenase-2) [18]. Furthermore,
vitamin D modulates miRNA expression and DNA
methylation and thereby inhibits proliferation of colon
cancer cells through epigenetic regulation [15]. Another
proposed mechanism refers to the ability of calcium
and vitamin D to reduce the exposure of the colonic
epithelium to the harmful effect of free fatty acids by
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forming a complex with the bile salts and free fatty
acids [36]. Moreover, the lipid fractions of dairy
products including butyric acid and conjugated linoleic
acid may have chemopreventive properties [25]. In
vitro studies showed that both agents protect against
tumorigenesis by decreasing inflammation and inhibiting
cell proliferation [4, 25, 33].

Grains and sweets

From our data, intake of white bread, sweets and
desserts along with sugar-sweetened beverages was
significantly higher in the CRC group (p < 0.05), while
intakes of refined grains (white pasta, white flour, etc.)

and pastry products were similar between groups
(Table V). Results showed that 22.5% of participants
in the CRC group consumed 3 - 5 servings of white
bread on a weekly basis, while only 17.9% of the
participants in the control group consumed white bread
with this frequency. Also, we found an increased risk
of CRC with 3 - 5 servings/week of white bread
intake (Table II). On the contrary, the intake of 3 - 5
servings/week of whole bread and 3 - 5 servings/week
of whole grains reduces the risk of CRC, OR = 0.33
(95% CI =0.20 - 0.55, p < 0.001) and OR = 0.05
(95% CI=0.02 - 0.12, p <0.001) respectively.

Table V
Intakes of sweets and refined starches
Parameter Control Patients p value
White bread (servings/ week) <0.001
<1 41 (27.2%) 3 (2%)
1-2 67 (44.4%) 15 (9.9%)
3-5 27 (17.9%) 34 (22.5%)
>5 16 (10.6%) 99 (65.6%)
Refined starches (servings/ week) 0.106
<1 35(23.2%) 8 (5.3%)
1-2 76 (50.3%) 108 (71.5%)
3-5 35(23.2%) 34 (22.5%)
>5 5(3.3%) 1 (0.7%)
Pastry products (servings/ week) 0.181
<1 70 (46.4%) 63 (41.7%)
1-2 55 (36.4%) 53 (35.1%)
3-5 25 (16.6%) 32 (21.2%)
>5 1 (0.7%) 3 (2%)
Sweets and dessert (servings/ week) 0.001
<1 40 (26.5%) 15 (9.9%)
1-2 47 (31.1%) 47 (31.1%)
3-5 40 (26.5%) 55 (36.4%)
>5 24 (15.9%) 34 (22.5%)
Sweetened beverages (servings/ week) 0.036
<1 94 (62.3%) 104 (68.9%)
1-2 17 (11.3%) 34 (22.5%)
3-5 31 (20.5%) 11 (7.3%)
>5 9 (6%) 2 (1.3%)

A previous case-control study conducted in France
reported similar results for white bread, with the French
baguette being highly popular in that population [34],
while another study from Saudi Arabia found no
differences concerning type of bread usually eaten [3].
Although a recent meta-analysis found no association
between sugar-sweetened beverages or refined grains
and CRC risk [33], these dietary habits are representative
for a Western dietary pattern which was previous
associated with CRC [22].

High intake of refined grains, white bread, sweets and
sugar-sweetened beverages might contribute to CRC
risk due to their influence on insulin resistance, which
is a risk factor for colorectal cancer [19, 32]. Refined
carbohydrates and simple sugars are rapidly digested
and induce high glucose concentrations in the blood
followed by elevated insulin response. Afterwards, an
increased circulating level of insulin facilitates the

850

overexpression of IGF-1 (insulin-like growth factor 1)
and thus may support colon carcinogenesis [20].

Strengths and limitations of the present study should
be considered. First, the study group is relatively
small. In addition, the retrospective nature of case-
control studies has inherent limitations. Additionally,
the instrument used for data collection did not support
estimation of energy intake, which is an important
risk factor for CRC, although we did adjust for BMI
(Body Mass Index). Furthermore, participants have
been included in the CRC group only by confirming
the diagnostic of colon and/or rectum cancer, without
inquiring about the specific site or histological
classification, which may represent another limitation
of the study. Finally, it can be observed that participants
in the CRC group were less educated and this may lead
to overestimation of healthy foods or underestimation
of risk factors due to increased awareness and
knowledge in the more educated participants from
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control group. The study was designed with special
care regarding the dietary interviews which were
conducted face-to-face by a trained dietitian. However,
it is utterly important that nutrition specialists and
epidemiologists from our country join forces and
develop a validated national tool for assessing food
intake in our population, to better evaluate the link
between diet and disease.

Conclusions

In conclusion, we identified some foods such as
white bread, processed meat and sweets consumed
more frequently by patients in the CRC group which
were significantly associated with the risk of colo-
rectal cancer, while intake of fish, poultry and foods
rich in dietary fibres were shown to have protective
effects in the study sample. Interestingly, red meat
which was frequently associated with CRC in other
populations had similar intake patterns in cases and
controls.
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