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Abstract

Background: Colorectal cancer (CRC) is the first most common cancer in males and the third most common cancer
in females in Saudi Arabia. Dietary habits are strongly associated with the inhibition or proliferation of malignancy.
Therefore, this study is aiming to investigate the risks and protective benefits of dietary factors affecting CRC in the
Mecca region of Saudi Arabia.

Methods: A case-control study was conducted from June 2014 to March 2015. One hundred thirty-seven patients with
colon and/or rectal cancer were recruited in the case group, while 164 healthy participants were recruited in the
control group. A questionnaire was completed with the help of trained dietitians to study the effects of several
dietary patterns on the risk of CRC.

Results: Dairy product intake of 1–5 servings/day, legume intake of 3–5 servings/week, leafy vegetables intake of
1–5 servings/week, olive oil intake of 1–5 servings/week, black tea intake of three or more cups/day, and coffee
intake of one or more cups/day was found to decrease the risk of CRC in participants.

Conclusion: This study highlights the importance of changing dietary habits to decrease CRC incidence in the
Mecca region.
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Background
Colorectal cancer (CRC) is one of the leading causes of
death. It was responsible for approximately 70,000
deaths worldwide in 2012, according to World Health
Organization (WHO) [1]. Globally, CRC is the third
most common cancer in men and the second most com-
mon in women [2]. In Saudi Arabia, CRC has been re-
ported to be the most common cancer in males and the
third most common cancer in females, regardless of the
age group, as it was diagnosed in 10.4% of all new Saudi
cancer cases [3].
Following a healthy dietary pattern has been shown to

decrease the incidence of CRC [4]. Therefore, determin-
ing the risk factors related to CRC is a crucial matter.

Several studies have evaluated the influence of lifestyle
factors, particularly nutrition on the development and
prevention of CRC [5–8]. The probable risk factors asso-
ciated with CRC are high fat diet, red and processed
meat intake, overweight and obesity, diabetes, smoking,
alcohol consumption, and physical inactivity [9–12].
Possible preventative foods for CRC include a high in-
take of fish, polyunsaturated fatty acids, milk, dietary
fiber, whole grains, fruits, non-starchy vegetables, garlic,
and cruciferous vegetables [7, 13, 14]. In Saudi Arabia,
Alamri et al. concluded that inadequate intake of dietary
antioxidants was considered as one of the main risk fac-
tors for CRC in Saudis, while the use of nonsteroidal
anti-inflammatory drugs exert a protective effect [8].
According to the variation in traditions, beliefs, cul-

tures, lifestyle, and dietary habits that affect food choices
and behaviors among countries, the risk factors of CRC
may differ among countries and among regions in the
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same country. However, no detailed studies were found
in the Mecca region to determine the risk factors associ-
ated with CRC, even though, Mecca represents the fifth
city in Saudi Arabia in CRC incidence [3]. Therefore, the
aim of this study was to investigate the possible CRC
dietary risk or protective factors in the Mecca region.

Methods
Subjects
A case-control study was carried out from June 2014 to
March 2015 in the Mecca region of Saudi Arabia. One
hundred thirty-seven patients with colon and/or rectal
cancer (51.1% males, 56 ± 13.4 years of age) were re-
cruited from King Abdullah Medical City Hospital
(KAMC), Mecca, Saudi Arabia. Case subjects were com-
pared with 164 control participants (49.4% males,
56.7 ± 8.7 years of age) from the same region. Both
groups were matched for their age and gender. The in-
clusion criteria for the case group were Saudi nationality
and CRC diagnosed in any region of the colon and/or
rectum, whereas the exclusion criteria were people
younger than 40 years of age and older than 75 years of
age as well as patients diagnosed with other types of
cancer. Controls were recruited from patients’ visitors
and hospital staff.

Data collection
Eligible participants were asked to complete a ques-
tionnaire under the supervision of trained registered
dietitians that included personal information as well as
information regarding nutritional habits. Usual food in-
takes and nutritional habits were assessed using an
existing validated dietary questionnaires, as described
in the Nashar and Almurshed investigation [15], in-
cluding questions about daily intake frequency of fruits
and vegetables, dairy products, poultry, and red and
processed meat, as well as black tea (Camellia sinensis)
and coffee. Black tea and coffee are usually served in
Saudi traditional standard cups of 80 ml and 50 ml, re-
spectively. Intake of fish and seafood, legumes, green
leafy vegetables, and olive oil were measured on a
weekly basis. Type of bread usually eaten per day
(white or brown) was also evaluated. White bread is
the bread made from white flour, while the brown
bread is the bread made only from whole-wheat flour.
Participants were educated about the serving size of
each food item before beginning the questionnaire.
Weight and height were measured by the dietitians
using Detecto physician’s scale available at the hospital
(Detecto, Webb City, Missouri, USA). Body Mass Index
(BMI) was calculated as weight in kg divided by height
in meters squared.

Statistical analysis
Statistical analyses were performed with SPSS software
(Statistic Package for Social Sciences) version 20. A t-
test was used to explore the differences between case
and control groups for parametric variables, and com-
parison of the categorical variables was performed by
the chi-squared (x2) test. The odds ratio (OR), 95% con-
fidence interval (CI), and beta coefficient (β) were mea-
sured by logistic regression to determine the potential
independent risk factors correlated to CRC. All variables
were adjusted for the potential confounders as recog-
nized in Tayyem et al. [4] study, which are age (continu-
ous), gender, BMI (continuous), education, income,
employment, smoking, marital status, physical activity,
and family history of CRC (see Table 1). A P-value less
than 0.05 was considered statistically significant. The
Cochran-Armitage test was conducted using SAS

Table 1 Baseline characteristics of participant in the study group
(n = 301)

Parameter Control Case

Age (year) 56.7 ± 8.4 56 ± 13.4

(BMI (kg/m2) 28.3 ± 5.5 25.9 ± 6.9

Employment (%)

Yes 45.9 19.6

No 8.6 25.9

Education (%)

Illiterate 0.3 16.3

Primary 1.0 9.3

Intermediate/secondary 7.3 8.3

Postsecondary 45.8 11.7

Family income in SR (%)

<5000 4.7 16.3

5000–10,000 17.3 9.3

10,000–20,000 23.3 8.3

>20,000 9.3 11.5

Married (%)

Yes 51.8 41.9

No 2.6 3.7

Family history of CRC (%)

Yes 9 7.3

No 45.5 38.2

Smoking (%)

Yes 7.9 6.7

No 46.5 38.9

Regularly exercise (%)

Yes 22.6 13

No 31.9 32.5

Percentages are determined from the total (n = 301)
Abbreviations: BMI Body Mass Index, SR Saudi Riyals
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(Statistical Analysis System; version 9.3) to determine
whether there is a linear trend at P < 0.05 of diet effect
on decreasing the incidence of CRC.

Results
The mean BMI of participants was 28.3 ± 5.5 kg/m2 and
25.9 ± 6.9 kg/m2 for control and case subjects, respect-
ively. Table 2 shows the dietary habits of participants for
the main food groups. Results showed that consumption
of dairy products (servings/day) and legumes (servings/
week) were different (P < 0.05) between participants in
the control and the CRC groups. However, no differ-
ences (P > 0.05) were detected in consumption of red
and processed meat (servings/day), poultry (servings/
day) as well as fruits and vegetables (servings/ day)

between the two groups. In addition, there were no dif-
ferences (P > 0.05) with respect to type of bread usually
eaten (white or brown) between the study groups
(Table 2).
Dietary habits of common foods and drinks of the

study groups are shown in Table 3. Results showed that
consumption of leafy vegetables (servings/week), olive
oil (servings/week), black tea (Camellia sinensis; cup/
day) and coffee (cup/day) were different (P < 0.01) be-
tween participants in the two groups. However, no dif-
ferences (P > 0.05) were detected with respect to the fish
and seafood consumption. Participants in the control
group were more likely to consume leafy vegetables than
the CRC group. The percentage of participants in the
control group who consumed <1 serving per week of
leafy vegetables was 4.9%; in contrast, 13.8% of partici-
pants in the CRC group consumed <1 serving per week
of leafy vegetables. Participants in the control group
were prone to consume more olive oil than those in the

Table 2 Dietary habits for the main food groups between case
and control participants

Parameter Control (n = 164) Case (n = 137) P-value

Fruits and vegetables (servings/day)

< 1 22 (13.4%) 14 (10.2%) 0.589

1–2 107 (65.3%) 97 (70.8%)

3–5 34 (20.7%) 24 (17.5%)

> 5 1 (0.6%) 2 (1.5%)

Dairy products (servings/day)

< 1 3 (1.8%) 13 (9.5%) <0.001

1–2 130 (79.3%) 117 (85.4%)

3–5 28 (17.1%) 6 (4.4%)

> 5 3 (1.8%) 1 (0.7%)

Red and processed meat
(servings/day)

< 1 11 (6.7%) 12 (8.7%) 0.091

1–2 98 (60%) 76 (55.5%)

3–5 40 (24.2%) 26 (19%)

> 5 15 (9.1%) 23 (16.8%)

Poultry (servings/day)

< 1 114 (69.5%) 96 (70%) 0.341

1–2 17 (10.4%) 19 (13.9%)

3–5 26 (15.8%) 19 (13.9%)

> 5 7 (4.3%) 3 (2.2%)

Legumes (servings/week)

< 1 8 (4.9%) 20 (14.6%) 0.006

1–2 103 (62.8%) 88 (64.2%)

3–5 44 (26.8%) 22 (16.1%)

> 5 9 (5.5%) 7 (5.1%)

Bread type

White 66 (40.2%) 59 (43.1%) 0.353

Brown 98 (59.8%) 78 (56.9%)

Values are expressed as frequency (%)
P-values are obtained by x2 test

Table 3 Dietary habits for common foods and drinks of the
study groups

Parameter Control (n = 164) Case (n = 137) P-value

Fish and seafood (servings/week)

< 1 20 (12.2%) 16 (11.7%) 0.37

1–2 34 (20.7%) 34 (24.8%)

3–5 15 (9.2%) 24 (17.5%)

> 5 95 (57.9%) 63 (46%)

Leafy vegetables (servings/week)

< 1 8 (4.9%) 9 (13.8%) 0.001

1–2 90 (54.9%) 74 (54%)

3–5 46 (28%) 22 (16.1%)

> 5 20 (12.2%) 22 (16.1%)

Olive oil (servings/week)

< 1 17 (10.4%) 42 (30.6%) <0.001

1–2 85 (51.8%) 42 (30.7%)

3–5 32 (19.5%) 23 (16.8%)

> 5 30 (18.3%) 30 (21.9%)

Black tea (cup/day)

< 1 9 (5.5%) 25 (18.3%) 0.002

1–2 18 (11%) 21 (15.3%)

3–5 21 (12.8%) 10 (7.3%)

> 5 116 (70.7%) 81 (59.1%)

Coffee (cup/day)

< 1 5 (3%) 35 (25.5%) <0.001

1–2 55 (33.5%) 25 (18.3%)

3–5 16 (9.8%) 16 (11.7%)

> 5 88 (53.7%) 61 (44.5%)

Values are expressed as frequency (%)
P-values are obtained by x2 test
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CRC group. Only 10.4% of participants in the control
group consumed <1 serving per week of olive oil, while
30.6% of participants in the CRC group consumed <1
serving per week of olive oil. In addition, participants
who consumed 1–2 servings/week of olive oil were 51.8
and 30.7% for the control and CRC groups, respectively.
Furthermore, the percentage of subjects who consumed
between 1 and 5 servings/week of olive oil was 70.3 and
47.5% for the control and CRC groups, respectively.
Our results showed that healthy participants in the con-

trol group tended to consume more black tea (cup/day)
than people suffering from CRC. The percentage of sub-
jects in the control group who consumed <1 cup per day
of black tea were 5.5, while 18.3% of subjects in the CRC
group consumed <1 cup per day of black tea. In addition,
results of this study showed that subjects in the control
group tended to consume more coffee (cup/day) than
those in the CRC group. Only 3% of the healthy subjects
in the control group consumed <1 cup per day of coffee;
however, the percentage of subjects from the CRC group
who consumed <1 cup per day of coffee was 25.5%. In
addition, 33.5% of subjects in the control group consumed
1–2 cups/day of coffee, while only 18.3% in the CRC
group consumed 1–2 cups/day of coffee.
The potential independent variables correlated with

CRC are shown in Table 4. The protective diet associa-
tions with decrease CRC incidence were found in the
regular intake of 1–2 servings (OR = 0.2, 95% CI = 0.05–
0.79, P = 0.022) and 3–5 servings of dairy products per
day (OR = 0.06, 95% CI = 0.01–0.28, P < 0.001). In
addition, weekly intake of 3–5 servings of legumes
(OR = 0.28, 95% CI = 0.09–0.85, P = 0.025), 1–2 serv-
ings (OR = 0.28, 95% CI = 0.08–0.96, P = 0.04) and 3–5
servings of leafy vegetables (OR = 0.18, 95% CI = 0.05–
0.67, P = 0.01), 1–2 servings (OR = 0.24, 95% CI = 0.11–
0.52, P < 0.001) and 3–5 servings of olive oil (OR = 0.24,
95% CI = 0.1–0.61, P = 0.003) were associated with de-
creased risk of CRC. Results showed that daily intake of
3–5 cups of black tea (OR = 0.17, 95% CI = 0.05–0.56,
P = 0.003) and more than 5 cups of black tea (OR = 0.21,
95% CI = 0.08–0.53, P = 0.001) were associated with
lower CRC incidence. In addition, coffee intake of 1–2
cups (OR = 0.08, 95% CI = 0.03–0.25, P < 0.001), 3–5
cups (OR = 0.25, 95% CI = 0.72–0.95, P = 0.033) and
more than 5 cups of coffee per day (OR = 0.11, 95%
CI = 0.04–0.31, P < 0.001) were associated with decreas-
ing the incidence of CRC. Our results also showed that
there was a linear trend (P-trend <0.01) of lower CRC
incidence with the increase in consumption of dairy
products, legumes, black tea, and coffee.

Discussion
The age-standardized incidence rate of CRC in Saudi
Arabia increased over the period between 1994 and 2010

by approximately two-folds, and had an estimated
growth rate of 3.2% [3]. A report by the Saudi Cancer
Registry showed that CRC was the most common cancer
among males (11.8%) and the second most common
cancer among Saudis of all ages [16]. Therefore, it is of
critical importance to evaluate the risk and protective
factors related to CRC in Saudi Arabia.
Study results showed that the main protective factor

in decreasing CRC incidence was consuming healthy
foods, primarily dairy products, legumes, leafy vegeta-
bles, olive oil, black tea, and coffee. Although it might
seem that sun exposure in Saudi Arabia is high; however,
due to cultural practices, unfortunately sun exposure

Table 4 Potential dietary habits as predictors for CRC

Independent variable β OR 95% CI P P-trend

Dairy products (servings/day)

< 1 0 1 <0.001

1–2 −1.60 0.2 0.05–0.79 0.022

3–5 −2.91 0.06 0.01–0.28 <0.001

> 5 ND ND ND ND

Legumes (servings/week)

< 1 0 1 0.004

1–2 −0.75 0.48 0.17–1.31 0.149

3–5 −1.28 0.28 0.09–0.85 0.025

> 5 −0.33 0.72 0.16–3.32 0.673

Leafy vegetables (servings/week)

< 1 0 1 NS

1–2 −1.26 0.28 0.08–0.96 0.043

3–5 −1.7 0.18 0.05–0.67 0.01

> 5 −0.66 0.52 0.13–1.99 0.338

Olive oil (servings/week)

< 1 0 1 NS

1–2 −1.44 0.24 0.11–0.52 <0.001

3–5 −1.41 0.24 0.1–0.61 0.003

> 5 −0.57 0.57 0.23–1.37 0.205

Black tea (cups/day)

< 1 0 1 <0.001

1–2 −1.06 0.35 0.11–1.08 0.067

3–5 −1.77 0.17 0.05–0.56 0.003

> 5 −1.56 0.21 0.08–0.53 0.001

Coffee (cups/day)

< 1 0 1 0.002

1–2 −2.49 0.08 0.03–0.25 <0.001

3–5 −1.37 0.25 0.72–0.90 0.033

> 5 −2.23 0.11 0.04–0.31 <0.001

The reference is the control group
Abbreviations: β beta coefficient, CI confidence interval, ND not determined, NS
not significant, OR odds ratio

Azzeh et al. BMC Public Health  (2017) 17:607 Page 4 of 8



among Saudis, especially women, is negligible. Most
dairy products, especially liquid milk in Saudi Arabia is
fortified with vitamin D, which signifies the potential im-
portance of consuming vitamin D from dairy products
in decreasing the incidence of CRC. Calcium and vita-
min D contents in milk were shown to be inversely asso-
ciated with CRC [7, 17, 18] by a variety of mechanisms
that include enhancing apoptosis and cell differentiation.
Calcium attaches the bile acids to free fatty acids, which
would diminish their proliferative effect in colon mucosa
[7]. High calcium and vitamin D consumption might re-
sult in reducing epithelial exposure to the toxic effect of
free fatty acids by facilitating their binding with bile salts
in the colon [18, 19]. In addition, increasing immune re-
sponses and the antioxidant effect of conjugated linoleic
acid in dairy products were also related to a reduction in
CRC risk [20], which might explain our results regarding
the consumption of dairy products decreasing the inci-
dence of CRC. From their recent meta-analysis, Song et
al. [7] concluded that there was a probable negative as-
sociation between milk and risk of CRC, and estimated
relative risk (RR) to be 0.91 (95% CI = 0.85–0.94,
P < 0.05). Another meta-analysis suggested that an in-
take of dairy products of 400 g per day is required to re-
duce CRC risk. However, since the total dairy intake in
that study was below 200 g per day, this did not lead to
a decrease in CRC incidents [13]. However, other stud-
ies, such as Bergsma-Kadij et al. [21] and Martinez et al.
[22], found no conclusive evidence on the effects of cal-
cium and vitamin D consumption on decreasing the in-
cidence of CRC. The discrepancies in results were
probably because the aforementioned studies had low in-
take of calcium and vitamin D in contrast to our study,
which included a wide range of dairy food consumption.
This was also demonstrated in the linear effect of in-
creasing dairy products, which would indicate high dairy
consumption and, hence, high levels of calcium and vita-
min D consumption exert more protective effects on de-
creasing CRC incidence.
On the basis of our study results, consumption of cof-

fee and black tea were negatively associated with CRC
risk. Several antioxidant compounds and cancer chemo-
preventive constituents are well known in black tea such
as catechins, mainly epigallocatechin gallate, which
exerted strong antioxidant properties and CRC chemo-
prevention effects in both in vivo [23] and in vitro [24]
studies. In addition, several studies such as those by
Koňariková et al. [25] and Patel et al. [26] investigated
the anticancer effect of black tea extracts against human
carcinoma cell lines. Koňariková et al. [25] showed that
black tea natural extracts were most effective in non-
proliferation activity against human colon carcinoma cell
HT-29 after 24 h of exposure. Apoptotic cell death in
HT-29 cells were observed after 72 h incubation of

repetitive exposure to black tea. In addition, the DNA of
HT-29 carcinoma cells exhibited strand breaks and oxi-
dative damage to DNA after 24 h incubation with black
tea extracts. Furthermore, another study [27] showed
that other black tea extracts such as theaflavin-2 induced
apoptosis of human colon cancer cells. Patel et al. [26]
showed that black tea extracts decreased tumor volume
and multiplicity by inhibiting 1,2-dimethylhydrazine-in-
duced colorectal tumorigenesis. However, in vivo cohort
and cross-sectional studies on the effects of drinking
black tea on the incidence of CRC have been inconsist-
ent. Tea consumption was found to be associated with
increased incidence of colon cancer in a cohort study of
Finnish men [28]. A case-control study found that drink-
ing two cups of tea or more decreased the incidence of
CRC in Swedish participants [29]. Another study found
that prevention of CRC was apparent when male partici-
pants consumed more than 1.5 cups of black tea per day
[30]. Other studies found no association between the
consumption of tea and CRC [31–34]. The inconsisten-
cies found among the different studies might be attrib-
uted to the differences in geographical locations as well
as time of consumption, since consumption of tea in the
Middle East is habitual with or right after meals, which
might have direct effect from black tea phenols. In
addition, tea consumption in the Middle East is distin-
guishably higher than that of other communities, with
more than 70 and 59% of participants in the control and
CRC groups, respectively, consuming >5 cups of tea per
day. However, other studies such as Michels et al. [33],
Tavani et al. [34], and Terry et al. [28] did not categorize
black tea consumption of more than 5 cups per day; in-
stead, they pooled all participants who drank more than
2 cups of tea per day in one group. This might have con-
cealed any significant effects of drinking more than 5
cups of tea per day in the previous results. This is also
demonstrated with the significant (P < 0.001) linear
trend of increasing tea consumption that leads to a de-
crease in CRC incidence. These habits may cause major
differences among studies.
Although the mechanisms by which coffee may exert a

protective effect against cancers of the lower gastrointes-
tinal tract are not well defined, it has been suggested to
be due to the antioxidant, antimutagenic, and anticarci-
nogenic effects of phenolic compounds in coffee. Coffee
contains several phenolic compounds such as caffeic,
chlorogenic, and cumaric acid, as well as melanoidins
and diterpenes that include cafestol and kahweol com-
pounds. These compounds are known to possess anti-
cancer properties of many types of cancer including
CRC [35, 36], while decaffeinated coffee was inversely
correlated with rectal cancer [33], colon cancer [37], or
CRC in European females [38]. A cohort meta-analysis
found no association between coffee consumption and
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CRC in Finland [39]. Possible reasons for this discrep-
ancy could be due to the method of coffee preparation,
which is different among different cultures. When Li et
al. [38] performed meta-analysis on subgroups based on
geographic areas; they observed that there was a signifi-
cant inverse correlation between coffee consumption
and risk of CRC in Europe, but not in America or Asia.
They suggested that this was because most communities
in Europe consume unfiltered boiled ground coffee, a
practice which is not common in America and South-
eastern Asia. The filtration of boiled ground coffee
might render the anti-carcinogenic properties in coffee
ineffective due to the removal of diterpene compounds
by filtration [39]. However, in Finland, more than 80% of
the population consumed filtered coffee; which might
explain the ineffectiveness of coffee in decreasing CRC
incidence in the Finnish sample. In the Middle East,
people consume boiled unfiltered coffee, which would
keep diterpene compounds in coffee liquid and thus
might lead to decreasing the incidence of CRC. This
might clarify the discrepancy between our results and
those that found ineffectiveness of coffee in decreasing
CRC incidence.
As a part of Mediterranean diet, legumes, leafy green

vegetables, and olive oil, could be negatively associated
with CRC [40]. These food groups contain powerful
antioxidant, anticancer, anti-inflammatory, and antipro-
liferative properties [40–42]. The most important bio-
active constituents with anti-CRC possibility are
genistein and isoflavones in soy beans, quercetin and
isothiocyanates in broccoli, apigenin in parsley and cel-
ery, oleuropein in olive oil, and ellagic acid and hydroxy-
cinnamic acids (p-coumaric, caffeic, schlorogenic, m-
coumaric, and ferulic acids) in most leafy vegetables [19,
41–44]. A cohort study [45] showed that consumption
of more than two serving of legumes per week was asso-
ciated with a decreased risk of CRC (RR = 0.53, 95%
CI = 0.33–0.86) relative to persons who consumed le-
gumes less than once a week. Another meta-analysis of
cohort studies reported that a decreased risk of CRC
(RR = 0.85, 95% CI = 0.72–1.00) was associated with leg-
ume fiber intake [43]. This protective effect of legume fi-
bers could be attributed to several factors, such as the
presence of flavonoids and isoflavonoids [46], which
would inhibit the growth of malignant cells and induce
cell differentiation, increase carcinogen excretion by in-
creasing stool bulk, and delay transit time by diluting
the carcinogenous compounds in the stool or by binding
bile acids [47–50]. Furthermore, legume fibers may
stimulate the anaerobic fermentation of gut microflora,
resulting in the formation of short-chain fatty acids,
which induce apoptosis in CRC cells [51]. Additionally,
legumes are rich in several antioxidants such as vitamin
E and selenium and vitamin B6, as well as lignans that

might contribute to the reduction of CRC risk [52]. The
significant (P-trend = 0.006) linear trend of increasing
legume consumption (servings per week) possibly indi-
cated a cumulative effect of anticarcinogenic compounds
and legume fibers. A recent in vitro study [53] showed
that certain legumes such as lupine seeds, chickpeas,
soybeans, and fava beans were effective in inhibiting
MMP-9 gelatinase protein, which has been found to be
involved in the progression of CRC in both human and
animal models [54, 55]. In addition, Lima et al. [53]
found that legumes were effective in inhibiting HT-29
CRC cell line migration and growth.
Our results are in agreement with evidence in the lit-

erature that suggests a protective role of olive oil against
CRC. A meta-analysis of 25 epidemiological studies
showed that consumption of olive oil is promising in de-
creasing CRC [56]. An in vitro study showed that hydro-
xytyrosol, which is a phenolic compound present in
olive oil, downregulated epidermal growth factor recep-
tor (EGFR) expression in colon tumor cells [57]. An-
other in vitro study [58] found that olive oil resulted in
initiation of apoptosis and cell differentiation in the HT-
29 CRC cell line. In addition, COX-2, a cyclooxygenase
isoform that is known to play a major role in colorectal
carcinogenesis, was inhibited by an olive oil supplement.
In an epidemiological study by Stoneham and his col-
leagues [59], olive oil consumption was negatively asso-
ciated with the incidence of CRC.
In a meta-analysis of epidemiological studies, con-

sumption of leafy vegetables was found to decrease the
incidence of CRC [60], while a cohort prospective study
[61] found that consumption of leafy vegetables and
high-fiber grains decreased the risk of fatal colon cancer
(P-trend = 0.031 in men and 0.0012 in women). Another
cohort study found that consumption of brassica and
leafy vegetables decreased the incidence of CRC. How-
ever, that previous study showed no association between
consuming total vegetables or fruits on the incidence of
CRC; which is in agreement with the results of our
study.
There is currently increasing concern worldwide re-

garding the potential carcinogenicity in the colon and/or
rectum of red and processed meat consumption [62].
From their meta-analysis, Song et al. [7] concluded that
red and processed meat had a convincing positive level-
of-evidence associated with CRC. A recent case-control
study (3745 CRC cases and 6804 hospital controls) in
Italy illustrated that the OR between low vs high con-
sumption of meat was 0.86 (95% CI = 0.79–0.94). Study
results did not provide a similar association for red meat
and CRC [63]. Consumption of red meat in Saudi soci-
ety is considered a common habit and tradition. How-
ever, the high daily intake of red and processed meat in
CRC (> 1 serving/day = 91.3%) and control (> 1 serving/
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day = 93.3%) subjects did not support its effect on CRC
incidence, a matter requires further investigation with a
larger sample size.
This study is limited by determining the risk and pro-

tective factors of CRC for different food subgroups. Fur-
ther studies are recommended to find the possible
determinants of CRC with different meats, dairy prod-
ucts, legumes, fruits, vegetables, and other traditionally
consumed food items in the Mecca region. In addition,
the sample size was relatively small.

Conclusions
In conclusion, study results demonstrated that the con-
sumption of dairy products, coffee, black tea, legumes,
leafy vegetables, and olive oil were shown to have pro-
tective effects against CRC in the Mecca region. How-
ever, there was no effect of the bread type, as well as
consumption of red and processed meats, poultry, fish
and seafood, and total vegetables and fruits on the inci-
dence of CRC.
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