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Introduction

Over the past few decades, Morocco has recorded 
a significant increase in its urban population, reaching 
over 63% of the total population of approximately 34 
million in 2014 [1]. This demographic transition has 
been accompanied by various industrial and economic 
transformations within the Moroccan population [2]. 
These changes have led the Moroccan population to 
greater adherence to a Western lifestyle, which has 
impacted the dietary habits. This shift is characterized by 
a higher consumption of animal products and processed 
foods, coupled with a reduced intake of green vegetables 
and micronutrients. Additionally, there has been a decrease 
in physical activity and an increase in sedentary behaviors 
due to office work and the widespread use of cars and 
other means of transportation [3,4]. Simultaneously, 
several cardiovascular diseases and cancers, such as 
CRC, have emerged among the Moroccan population. 
Globally, CRC ranks as the 3rd most frequent cancer, 
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with nearly 1.9 million new cases reported in 2020 and 
almost 1 million deaths [5]. In Morocco, unfortunately 
we dispose only two regional cancer registers. The first 
is the register of the Grand Casablanca region, which 
reported an age-standardized incidence of 9/100 000 for 
both sexes combined in 2017. For the Rabat region, the 
age-standardized incidence was 7.02/100 000 for men 
and 5.86/100 000 for women in 2012 [6,7]. According 
to the Global Cancer Observatory (GLOBOCAN), CRC 
ranks as the third most frequent cancer, accounting for 
8.3% of cases in 2022 for both sexes combined, with an 
age-standardized incidence of 13.4/100 000 for men and 
11.4/100 000 for women. Projection studies suggest an 
exponential increase in CRC incidence over the coming 
years, with an estimated incidence of 26/100 000 for 
both sexes combined by 2030 [8]. CRC develops over 
a long period of time, allowing for prevention through 
early diagnostics or dietary interventions, which could 
potentially prevent up to 70% of CRC cases [9]. Before 
the demographic changes that led to dietary transition 
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among the Moroccan population, Morocco, as one of 
the Mediterranean countries, traditionally adopted a 
MD. Which is characterized by cereal-based diet with 
a high consumption of fruit and vegetables, along with 
a reduced consumption of animal products. Olive oil is 
also an important component of the MD, serving as a 
source of monounsaturated fatty acids, with a moderate 
wine consumption in some countries [10,11]. The MD 
has demonstrated protective effects against various 
cardiovascular diseases and cancers, due to the effect of 
different components of the MD, such as vegetables, fruits, 
and olive oil, which exhibit some anti-inflammatory, anti-
cancerogenic and anti-oxidant properties [12]. The MD 
score is a metric that serves to evaluate the adherence of 
populations to the MD based on the consumption or not 
of various components of the MD. Some components 
may differ according to some studies design, but generally 
includes: vegetables, fruits, olive oil, cereals, fish, red 
meat, and dairy products [10]. Given certain socio-cultural 
and religious differences between the countries in 
the northern and southern Mediterranean, such as the 
consumption of wine as mentioned previously, which is 
illegal in the majority of the southern countries due to 
religious reasons. The classic MD score is less efficient 
in the southern countries to assess their adherence to the 
MD. The Modified Mediterranean Diet (MMD) score has 
been developed to evaluate adherence in the populations 
of the Southern Mediterranean countries, adapted to 
their socio-cultural and religious characteristics [13]. No 
previous study in Morocco has evaluated the adherence 
to the MD with CRC using this adapted MMD score. The 
aim of our study is to investigate the relationship between 
adherence to the Mediterranean diet and CRC risk in the 
Moroccan population using a Modified Mediterranean 
Diet score, stratified by sex, tumor location and age 
categories.

Materials and Methods

Study design and population
Hospital-based case-control study was conducted at the 

University Hospital Center Mohamed VI in Marrakech, 
which is responsible for the Marrakech-Safi region, the 
third populous region in Morocco with a population of 
approximately 4.5 million persons.  From November 
2022 and over a period of 15 months, we recruited 
cases consequently following the order of admission to 
the hospital. Controls were recruited simultaneously as 
cases, matched according to sex and age (± 3 years) at 
a ratio of 1case per 1control. The minimum simple size 
needed for the study was 343 cases and 343 controls, with 
a power of 80% and 5% type I error, to detect an Odds 
Ratio (OR) of 1.6 for 25% of exposed controls. During 
our study, we approached 430 eligible cases and 430 
controls, from which 409 cases and 409 controls were 
recruited (acceptance rate of 95.11%), the main reason for 
non-participation was the length of the interview (around 
20 min). 14 cases and 14 controls were excluded from the 
study before all the statistical treatment and analysis due 
to incomplete or invalidated data, at the end 395 cases 
and 395 controls were analyzed. Recruitment of cases was 

based on several inclusion criteria: participant had to be 
adult with recent histopathological confirmation of CRC 
Within a maximum of 3 months, absence of any pathology 
that might influence their diet or require a specific diet, 
absence of any eating disorders, finally, full cognitive 
and medical capacity to conduct the interview. However, 
controls were recruited at the same hospital but from the 
traumatology department during the same period of time 
following these inclusion criteria: adult participant with 
no history of CRC or any other cancer, absence of any 
gastrointestinal pathology identified as a risk factor for 
CRC, absence of first-degree family related case of CRC, 
absence of any pathology that might influence their diet 
or require a specific diet, and absence of any cognitive or 
eating disorders. The companions of cases were accepted 
as controls as long they were not a family member and 
met inclusion criteria, considering that, in majority of 
time case’s companions share a similar socio-economics 
characteristics with the cases. After explaining the aims 
of the study, a written informed consent was obtained 
from all participants, through a face-to-face interview 
data was collected by trained investigators. During a 
period of 3 weeks, the investigators underwent training 
session on how to properly administrate a questionnaire, 
assist participants without influencing them, and avoid 
misclassification. The investigators also had session on 
how to collect data uniformly to reduce the investigator 
bias. The protocol of our study was approved by the 
Research Ethics Committee of the Moroccan Association 
for Research and Ethics (No:12-REC-2022).

General characteristics 
the general characteristics of participants were 

collected using a structured questionnaire. The first part of 
the questionnaire included: age (years), sex (male, female), 
educational level (illiterate, koranic, primary, secondary, 
university), residency (urban, rural), marital status (never 
married, married, widowed, divorced), monthly income 
was categorized into 3 groups: low (<2000 MDH), medium 
(2000-5000 MDH) and high (>5000MDH), family history 
of CRC (yes, no). the second part of the questionnaire 
included lifestyle habits, such as BMI calculated based 
on weight and height (Kg/m2). For cases, the weight prior 
to the first symptoms of CRC, while for controls, weight 
was measured during the interviews to the closed 100 g, 
height was also calculated during the study to the closed 
0.1 cm, then categorized BMI into 4 groups according to 
the standard classification: underweight (<18.5 kg/m2), 
normal (18.5-24.9 kg/m2), overweight (25-29.9 kg/m2) 
and obesity (≥30 kg/m2); physical activity categorized into 
3 groups: low (< 600 MET-min/week), moderate (600–
3000 MET-min/week) and high (≥ 3000 MET-min/week) 
using the Global Physical Activity Questionnaire (GPAQ) 
to calculate metabolic equivalent [14]. Smoking status was 
defined according the classification of the International 
Union against Tuberculosis and Lung Diseases Guide, 
categorized into 3 groups: never smoker, ex-smoker, 
current smoker [15]; alcohol consumption (yes, no).

Assessment of dietary intakes
To collect the dietary intakes of participants, we 
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adjusted models. Based on the general characteristics of 
participants and potential confounding factors, we selected 
the significant confounding factors for the adjusted 
multivariable model. Two models were considered during 
the study: the basic model (OR) adjusted only sex and age 
(±3 years), adjusted model (OR*) additionally adjusted for 
educational level (illiterate, koranic, primary, secondary 
and university), residency (urban and rural), marital status 
(never married, married, widowed and divorced), BMI 
(underweight, normal, overweight and obesity), physical 
activity (low, medium and high) tabaco (never smoker, 
ex-smoker and smoker), total energy intake (kcal/day), 
red meat consumption (g/week) , fiber intake (g/day), 
calcium intake (mg/day) and folate intake (mcg/day). 
According to controls distribution, we defined sex-specific 
median values for adherence to each MMDS component: 
cereals (men: 379.12 ±17.23 ; women:  312.47 ±69.38), 
legumes ( men: 155.79 ±93.22; women: 127.3 ±15.07), 
potatoes (men: 35.28 ± 11.14; women: 29.54 ± 17.86), 
vegetables (men: 240.95 ± 26.8; women: 226.45± 33.17),  
fruits (men:139.81 ±41.29; women: 104.21 ±20.71), eggs 
( men: 21.59 ±20.33; women: 16.26 ±13.4), fish (men: 
28.83 ±19.35; women: 21.13 ±17.05), dairy products ( 
men: 142.49 ±71.34; women: 113.21 ±57.39);  red meat 
(men: 57.95 ±13.2; women: 43.21 ±10.79), poultry ( men: 
34.85 ±21.66; women: 29.15± 18.25), ratio  MUFA/SFA ( 
men: 1.49 ±0.24; women: 1.16 ±0.36) and sweets ( men: 
15.76 ± 16.34; women: 11.46 ±17.29) all medians value 
were reported as gram/day. the significant level was set at 
p< 0.05 and two-sided for all adequate statistics tests, data 
analysis was performed using IBM SPSS v23.

Results

Table 1 presents the general characteristics of 395 
colorectal cancer cases and 395 controls. The mean age 
was 53.94 ±9.74 for cases and 54.72±11.51 for controls, 
with no significant difference (P-value: 0.304). Controls 
were more educated than cases, with over than 50% of 
cases being illtreat with a significant difference (P-value 
<0.001). The majority of both cases and controls resided 
in urban areas, with a higher proportion among controls, 
approximately 80% of cases versus 90% of controls 
(P-value< 0.001). Regarding marital status, around 76% of 
controls were married compared to 60% of cases (P-value< 
0.001). Monthly income was similar between cases and 
controls, without any significant difference (P-value: 
0.756). In contrast, for BMI, 48% of cases were above the 
normal range compared to only 25% of controls (P-value: 
<0.001). Similarly, concerning physical activity, 61% of 
cases reported low physical activity versus only 30% of 
controls, with a significant difference (P-value: <0.001). 
the prevalence of smokers was higher among cases 
than control, a significant difference of P-value: 0.003. 
However, alcohol consumption and family history of CRC 
were similar between cases and controls, without any 
significant differences P-value: 0.432 and P-value: 0.524 
respectively. All fiber, calcium and folate intake were 
significantly higher among controls, with respectively 
P-value< 0.001 for fiber, P-value: 0.012 for calcium and 
P-value< 0.001 for folate. Conversely, both total energy 

used a semi-quantitative food frequency questionnaire 
(SQ-FFQ). Due to particularity of Moroccan cuisine we 
adopted during the study a validated and adapted FFQ for 
Moroccan adult population that include some Moroccan 
traditional dishes, the SQ-FFQ used included 30 foods 
groups of 255 food items [16]. To assess consumption 
frequency, the questionnaire categorizes consumption into 
8 frequencies: never, one to three times per month, one 
time per week, two to four times per week, five to six times 
per week, one time per day, two to three times per day, 
and finally four times or more per day. For each food item 
we used local household servings to convert frequency of 
intake into an average daily intake. We then used various 
databases to calculate total energy and nutriments intakes 
(Moroccan, Tunisian, and French food composition table) 
due to the incomplete Moroccan table [17–19]. 

Modified Mediterranean Score 
Based on the basic MD score, an MMD score 

was developed to assess countries in the southern 
Mediterranean region, considering their religious and 
socio-economic particularities [13]. The MMD score 
include 12 components : cereals ( including all types 
of couscous, rice, bread, smida , assida, and dchicha), 
legumes ( peas, lentils, chickpeas and all types of beans), 
potatoes (all types of potatoes), vegetables ( all types 
of vegetables), fruits ( all types of fruits), eggs (both 
industrial and farmer eggs)  fish ( white fresh fish, fat 
fresh fish, and seafood), dairy products ( all modern 
dairy products as milk and cheese, all traditional dairy 
products as jben, raib, and lben),  red meat ( all types 
of red meat including traditional ones as quadid and 
Khliaa, as well as processed meat), Poultry ( all types 
of poultry and also turkey), the ratio of MUFA/SFA ( 
as the ratio of monounsaturated fatty acids per statured 
fatty acids mainly from olive oil but also other types of 
oils), and sweets ( including both Moroccan and western 
confectioneries). For each component, a sex-specific 
median is determined. When the consumption of red meat, 
dairy products, potatoes, poultry and sweets is equal or 
more than the median, a score of 0 is attributed. When 
consumption is less than the median, we attribute the score 
of 1. Conversely, for cereals, vegetables, fruits, legumes, 
fish, and the ratio MUFA/SFA when the consumption is 
equal or more than the median, we attribute the score 1 
and when the consumption is less than the median, we 
attribute the score 0. Each participant will have a score that 
varies between 0 and 12, we categorized the adherence 
to the MD of all participants into 3 groups: Low (from 
0 to 4), moderate (from 5 to 7), and high (from 8 to 12).

Statistical analyses
To evaluate the general characteristics of participants, 

we used independent sample t-test for continuous 
variables, which were presented by means and standard 
deviation. For categorical variables, we used the 
chi-square test, and were presented as frequencies. 
Additionally, to evaluate the relationship between 
adherence to the MD and the risk of CRC, we used 
conductional logistic regression to estimate OR and 
95% confidence interval (CI95%) in both crude and 
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Characteristics Case n(%) Control n(%) P-value

Sex 1.00

   Male 214 (54.17) 214 (54.17)

   Female 181 (45.83) 181 (45.83)

Educational level <0.001

   Illtreat 199 (50.37) 155 (39.24)

   Koranic 83 (21.01) 74 (18.73)

   Primary 57 (14.43) 82 (20.75)

   Secondary 47 (11.89) 59 (14.93)

   University 9 (2.27) 25 (6.32)

Residency <0.001 

   Urban 321 (81.26) 357 (90.37)

   Rural 74 (18.74) 38 (9.62)

Marital status <0.001 

   Never married 71 (19.97) 43 (10.88)

   Married 247 (62.53) 302 (76.45)

   Widowed 45 (11.39) 33 (8.35)

   Divorced 32 (8.1) 17 (4.3)

Monthly income 0.756

   Low (<2000 DHM) 90 (22.78) 87 (22.02)

   Medium 
   (2000-5000 DHM)

171 (43.3) 164 (41.52)

   High (>5000 DHM) 134 (33.92) 144 (36.46)

BMI <0.001

   Underweight 21 (5.31) 43 (10.88)

   Normal 184 (46.59) 252 (63.8)

   Overweight 85 (21.19) 20 (5.1)

   Obese 105 (26.91) 80 (20.22)

Physical activity <0.001

   Low 241 (61) 119 (30.12)

   Moderate 129 (32.65) 223 (56.45)

   High 25 (6.35) 53 (13.41)

Tobacco 0.003

   Never smoker 208 (52.65) 248 (62.78)

   Ex-smoker 71 (17.97) 70 (17.72)

   Smoker 116 (29.36) 77 (19.49)

Alcohol 0.432

   No 371 (93.92) 376 (95.18)

   Yes 24 (6.08) 19 (4.82)

Family history of CRC 0.524

   No 389 (98.49) 391 (98.98)

   Yes 6 (1.51) 4 (1.02)

Case 
Mean ±SD

Control 
Mean ±SD

P-value

Age 53.94 ±9.74 54.72±11.51 0.304

Total Energy intake 
(Kcal/day)

3445.43±731.02 3281.33±607.28 <0.001

Consumption of red 
meat(g/week)

767.31±41.11 354.06±9.76 <0.001

Fiber intake (g/day) 31.17±24.51 47.33±7.39 <0.001

Calcium intake 
(mg/day)

1281.64±742.42 1411.38±719.15 0.012

Folate intake 
(mcg/day)

205.62±12.14 234.29±138.17 <0.001

Vitamin D intake 
(mcg/day)

2.3±0.13 2.4±1.01 0.051

Table 1. General Characteristics of a Moroccan 
Case Control Study Population for Adherence to the 
Mediterranean Diet and the Risk of Colorectal Cancer

intake and red meat consumption were significantly 
higher among cases than controls, with P-value< 0.001 
for total energy intake and P-value< 0.001 for red meat 
consumption. Vitamin D intake was higher for controls but 
did not show any significant difference (P-value: 0.051). 
Table 2 presents the crude and adjusted ORs of MMD 
score and the risk of CRC according to tumor location. 
Referring to the lowest category (0-3), the ORs for CRC 
overall were associated with a decreased risk of CRC for 
both moderate and high groups, for the moderate group 
in the crude model OR was 0.46 (CI95%: 0.33-0.64) and 
OR* was 0.48 (CI95%: 0.37-0.69), concerning the highest 
adherence, OR was 0.33 (CI95%: 0.28-0.48) in the crude 
model and OR*: 0.39 (CI95%: 0.28-0.56) after adjusting 
for confounding factors. For colon cancer, only the high 
adherence group was inversely correlated with CRC risk, 
first in the crude model OR: 0.46 (CI95%: 0.27-0.78) then 
in the adjusted model OR*: 0.49 (CI95%: 0.31-0.81). 
While for the moderate adherence group, the risk was 
higher but statistically non-significant OR: 1.38 (CI95%: 
0.92-2.08) and OR* was 1.39 (CI95%: 0.94-2.1) for crude 
and adjusted models respectively. For rectal cancer, the 
results were similar to colorectal cancer, showing an 
inverse correlation for both groups with CRC risk. In the 
moderate group, the OR were 0.12 (CI95%: 0.07-0.2) for 
the basic model and OR*: 0.17 (CI95%: 0.12-0.28) after 
adjusting for confounding factors. In the high adherence 
group the risk was slightly higher, with OR: 0.35 (CI95%: 
0.23-0.54) and OR*: 0.38 (CI95%: 0.27-0.57) for the basic 
and adjusted models. Table 3 illustrate the ORs of each 
MMD score group according to the sex of participants, 
for men, only the high adherence group was associated 
with a reduction of CRC risk, with an OR of 0.28 (CI95%: 
0.17-0.46) in the basic model and an OR* of 0.3 (CI95%: 
0.19-0.5) in the adjusted model. For the moderate group, 
the ORs were OR: 0.66 (CI95%: 0.42-1.04) and OR*: 
0.69 (CI95%: 0.45-1.09) for crude and adjusted models, 
respectively. However, for women, both moderate and 
high adherence groups were inversely correlated with 
CRC risk, with an OR* of 0.36 (CI95%: 0.27-0.55) in the 
moderate group and an OR* of 0.43 (CI95%: 0.27-0.74) 
for the high adherence group. While according by age 
categories, the 39 to 59-years-old group showed more 
adherence to the MD associated with a decreased risk of 
CRC in both moderate and high adherence. In contrast, 
both (18-38) and (60-80) were only associated with a 
reduced risk of CRC for the highest adherence to the 
MD (Table 4).

Discussion

During this present study, we report an inverse 
correlation between the adherence to the Mediterranean 
diet and a reduced risk of colorectal cancer. According 
to tumor location, the association remined significant for 
rectal cancer and the highest adherence group of colon 
cancer, when stratified by sex, the inverse association 
persisted significant for women and the highest adherence 
group for men. Additionally, the category of age between 
39-59 adhere the most to the MD. Our results  align with a 
previous Italian EPIC study, where adherence to the MD 
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Location Colon Rectal Colorectal overall

MMDS OR (CI95%) OR*(CI95%) OR (CI95%) OR*(CI95%) OR (CI95%) OR*(CI95%)

Cases/controls
[0-4] 

52/102 103/102 183/102

1.00 1.00 1.00 1.00 1.00 1.00

Cases/controls
[5-7]

118/168 21/168 139/168

1.38 (0.92-2.08) 1.39 (0.94-2.1) 0.12 (0.07-0.2) 0.17 (0.12-0.28) 0.46 (0.33-0.64) 0.48 (0.37-0.69)

Cases/controls
[8-12]

29/125 44/125 73/125

0.46 (0.27-0.78) 0.49 (0.31-0.81) 0.35 (0.23-0.54) 0.38 (0.27-0.57) 0.33 (0.23-0.48) 0.39 (0.28-0.56)

P-value <0.001 0.002 <0.001 0.001 <0.001 <0.001

Table 2. Cured and Adjusted Odds Ratio for Adherence to the Mediterranean Diet and the Risk of Colorectal Cancer 
According to Tumor Location in a Moroccan Case Control Study

 OR, basic model adjusted only sex and age (±3 years); OR*, multivariable model additionally adjusted for educational level (illiterate, koranic, 
primary, secondary and university), residency (urban and rural), marital status (never married, married, widowed and divorced), BMI (underweight, 
normal, overweight and obesity), physical activity (low, medium and high) tabaco (never smoker, ex-smoker and smoker), total energy intake (kcal/
day), red meat consumption (g/week) , fiber intake (g/day), calcium intake (mg/day) and folate intake (mcg/day); Colon and rectal cancer cases are 
inferior to colorectal cases overall due to unknown location cases.

Sex Men Women
MMDS OR (CI95%) OR*(CI95%) OR (CI95%) OR*(CI95%)
Cases/controls 
[0-4]

104/64 79/38
1.00 1.00 1.00 1.00

Cases/controls 
[5-7]

72/67 67/101
0.66 (0.42-1.04) 0.69 (0.45-1.09) 0.32 (0.2-0.52) 0.36 (0.27-0.55)

Cases/controls 
[8-12]

38/83 35/42
0.28 (0.17-0.46) 0.3 (0.19-0.5) 0.4 (0.22-0.72) 0.43 (0.27-0.74)

P-value <0.001 <0.001 <0.001 <0.001

Table 3. Cured and adjusted Odds Ratio for Adherence to the Mediterranean Diet and the Risk of Colorectal Cancer 
According to the Sex of Particpant in a Moroccan Case Control Study

OR, basic model adjusted only sex and age (±3 years). OR*, multivariable model additionally adjusted for educational level (illiterate, koranic, 
primary, secondary and university), residency (urban and rural), marital status (never married, married, widowed and divorced), BMI (underweight, 
normal, overweight and obesity), physical activity (low, medium and high) tabaco (never smoker, ex-smoker and smoker), total energy intake (kcal/
day), red meat consumption (g/week) , fiber intake (g/day), calcium intake (mg/day) and folate intake (mcg/day).

Age [18-38] [39-59] [60-80]
MMDS OR (CI95%) OR*(CI95%) OR (CI95%) OR*(CI95%) OR (CI95%) OR*(CI95%)
Cases/controls 51/42 83/35 49/25
[0-4] 1.00 1.00 1.00 1.00 1.00 1.00
Cases/controls 49/65 54/68 36/35
[5-7] 0.62 (0.36-1.08) 0.64 (0.39-1.12) 0.33 (0.19-0.56) 0.36 (0.24-0.59) 0.52 (0.27-1.02) 0.55 (0.31-1.07)
Cases/controls 16/32 25/41 32/52
[8-12] 0.41 (0.2-0.85) 0.42 (0.22-0.86) 0.26 (0.14-0.49) 0.29 (0.18-0.55) 0.31 (0.16-0.6) 0.31 (0.17-0.62)
P-value 0.04 0.04 <0.001 <0.001 0.001 0.002

OR, basic model adjusted only sex and age (±3 years). OR*, multivariable model additionally adjusted for educational level (illiterate, koranic, 
primary, secondary and university), residency (urban and rural), marital status (never married, married, widowed and divorced), BMI (underweight, 
normal, overweight and obesity), physical activity (low, medium and high) tabaco (never smoker, ex-smoker and smoker), total energy intake (kcal/
day), red meat consumption (g/week) , fiber intake (g/day), calcium intake (mg/day) and folate intake (mcg/day).

Table 4. Cured and adjusted Odds Ratio for Adherence to the Mediterranean Diet and the Risk of Colorectal Cancer 
According to Age Categories in a Moroccan Case Control Study

was associated with a reduced risk of CRC [20]. Another 
European cohort study reported an 8% to 11% decreased 
risk of CRC when comparing the highest group (6-9) to 
the lowest group (0-3) [21]. In contrast with our findings, a 
health professional follow-up study showed no correlation 
between MD and CRC risk, where the hazard ratio (HR) 
was 0.89 (CI95%: 0.74-1.08), similarly, a Netherlands 
cohort study showed no correlation between adherence to 

MD and a decreased risk of CRC regardless of sex, with 
an HR of 0.97 (CI95%: 0.88-1.07) for women and an HR 
of 1.04 (CI95%: 0.95-1.13) for men [22,23]. However, in 
our study the association were more pronounced among 
women than men, even after adjusting for confounding 
factors. This difference may be attributed to sex-specified 
hormones, as female hormones downregulate the excretion 
of bile acids, leading to a lower levels in the colon where 
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they are considered cancerogenic [24]. Estrogen, the 
principal female hormone, can reduce the serum level 
of insulin-like growth factor (IGF-1), engendering a 
reduction of CRC risk [25]. Estrogen also shows the 
ability to reduce the growth of colon cancer cells in vitro, 
hypermethylation of the promotor region of estrogen 
receptor may further inhibit the colonic mucosal growth 
[26]. Women are also known to have healthier lifestyles 
than man, with better nocturnal sleep and less sedentary 
behavior, which contributes to the observed sex difference 
in the relationship between adherence to the MD and 
reduction of CRC risk. Many mechanisms can explain the 
protective effect of MD on CRC risk, the main compounds 
of MD are cereals, legumes and fruits, which contains 
numerous phytochemicals that modulate CRC signaling 
pathways, such as Wnt/β-catenin, signal transducer and 
activator of transcription (STAT), and NF-κB [27]. Firstly, 
the MD is rich in dietary fibers, which increase stool 
size and accelerate intestinal transit time, leading to the 
dilution of carcinogenic compounds and reducing their 
contact time in the intestinal lumen [28]. Moreover, dietary 
fibers are fermented by gut microbiota to produce short 
chains fatty acids (SCFAs), particularly butyrate, which 
have been shown to inhibit apoptosis and cell proliferation 
[29]. Certain compounds present in vegetables, such as 
indole and isothiocyanate, can stimulate apoptosis and 
inhibit the secretion of inflammatory signaling molecules 
by white blood cells [30]. Additionally, polyphenols 
found in fruits possess anticancer effects, such as 
stimulating apoptosis and inhibiting tumor promotion 
[31]. Resveratrol is a polyphenol found in grapes that can 
induce the downregulation of the anti-apoptotic protein 
Bcl-2 while inhibiting tumor proliferation by upregulating 
pro-apoptotic protein such as P53 [32]. Lycopene (LC), 
a natural carotenoid pigment responsible for the red 
color of tomatoes and other fruits [33], has the capacity 
to downregulate the activity of numerous inflammatory 
biomarkers, such as IL-6 and TNF-α, thereby  inducing an 
anti-inflammatory effect [34]. Phytochemicals present in 
onion have also been found to modulate pro-inflammatory 
signaling pathways, such as cyclooxygenase-2 (COX- 2) 
and the mitogen-activated protein kinase family (MAPK), 
while targeting apoptotic pathways [35]. Quercetin, a 
key bioactive component in onion, can reduce colon 
cancer growth and induce apoptosis by upregulating the 
expression of the pro-apoptotic JNK/JUN pathway and 
downregulation the expression of the survival signal 
PI3K/Akt/mTOR [32]. Furthermore, the MD is also rich 
in monounsaturated fatty acids (MUFAs) and omega 3 
fatty acids from fish and olive oil, MUFAs may stimulate 
cell differentiation and apoptosis through the COX- 2 
signaling pathway, moreover, both MUFAs and omega 
3 possess anti-inflammatory effects against chronic 
inflammation, which is known to be a risk factor for 
CRC [36,37]. Fish also contains n-3 polyunsaturated fatty 
acids (PUFA), which have the capacity to modulate lipid 
membranes of cancer, inducing apoptosis by blocking 
transduction signals [38]. Oleuropein (ORL) is a phenolic 
molecule contained in olive oil that has demonstrated 
various anti-cancer, antioxidant, and anti-inflammatory 
properties [39]. A recent review study indicated that ORL 

can suppress the development of HT-29 cells and induce 
apoptosis [40]. ORL can also inhibit cell proliferation by 
blocking the NF-κB pathway. Additionally, ORL has been 
found to downregulate the expression of COX-2, one of 
the main signaling pathways in CRC that promotes cell 
proliferation [41].

Our study has some limitations that must be cited, 
case-control studies are based on the memory of 
participants, despites the trained investigators to assess 
participants, results can be impacted by recall bias. In 
addition, despites efforts during the conception of the 
study, case-control studies can be impacted by selection 
bias. Misclassification can occur during data collection 
using the Food Frequency Questionnaire (FFQ), as 
participants may not accurately report their dietary intake. 
Retrospective studies such as case-control might be 
impacted by dietary changes following the health issue 
diagnostic, however, we selected only recent diagnosed 
patient and we assessing the diet of year before diagnosis.  
Despite these limitations, our study has several strengths, 
to our knowledge, no previous study has investigated the 
relationship between adherence to the Mediterranean Diet 
and the risk of CRC in Morocco using an adapted metric.  
We used a Modified Mediterranean Diet score adapted 
for south Mediterranean countries such as Morocco, 
data were collected using an adapted and validated 
Food Frequency Questionnaire for Moroccan adult 
population. We presented our results according to sex 
and tumor location, providing a better understanding on 
the relationship between adherence to MD and the risk of 
CRC, we additionally adjusted for potential confounding 
factors. The study was conducted at in the University 
Hospital Center Mohamed VI, the second-largest 
hospital in Morocco, covering the third most populous 
region in Morocco, encompassing diverse ethnicities and 
socio-economic levels, which may represent the general 
population of Morocco.

Colorectal cancer remains a public health problem in 
the world and Morocco. Dietary factors play a significant 
role in tumor prevention. During the study, results shows 
that adherence to the Mediterranean Diet was correlated 
with a reduced risk of CRC among Moroccan population, 
women showed a higher adherence than men. These 
findings can encourage Moroccan population to adhere 
more to the Mediterranean Diet than Occidental Diet, 
in addition, these findings could be generalized to all 
Southern Mediterranean population due to the similarities 
in diet and lifestyle across all the region.
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