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Abstract
Purpose To assess if the associations found between three previously identified dietary patterns with breast, prostate and 
gastric cancer are also observed for colorectal cancer (CRC).
Methods MCC-Spain is a multicase-control study that collected information of 1629 incident cases of CRC and 3509 popu-
lation-based controls from 11 Spanish provinces. Western, Prudent and Mediterranean data-driven dietary patterns—derived 
in another Spanish case-control study—were reconstructed in MCC-Spain. Their association with CRC was assessed using 
mixed multivariable logistic regression models considering a possible interaction with sex. Risk by tumor site (proximal 
colon, distal colon, and rectum) was evaluated using multinomial regression models.
Results While no effect of the Prudent pattern on CRC risk was observed, a high adherence to the Western dietary pattern 
was associated with increased CRC risk for both males  [ORfourth(Q4) vs. first(Q1)quartile (95% CI): 1.45 (1.11;1.91)] and females 
 [ORQ4 vs. Q1 (95% CI): 1.50 (1.07;2.09)] but seem to be confined to distal colon  [ORfourth(Q4) vs. first(Q1)quartile (95% CI): 2.02 
(1.44;2.84)] and rectal  [ORQ4 vs. Q1 (95% CI): 1.46 (1.05;2.01)] tumors. The protective effect of the Mediterranean dietary 
pattern against CRC was observed for both sexes [males:  ORQ4 vs. Q1 (95% CI): 0.71 (0.55;0.92); females:  ORQ4 vs. Q1 (95% 
CI): 0.56 (0.40;0.77)] and for all cancer sites: proximal colon  [ORQ4 vs. Q1 (95% CI): 0.70 (0.51;0.97)], distal colon  [ORQ4 vs. Q1 
(95% CI): 0.65 (0.48;0.89)], and rectum  (ORQ4 vs. Q1 (95% CI): 0.60 (0.45;0.81)].
Conclusion Our results are consistent with most of the associations previously found between these patterns and breast, 
prostate and gastric cancer risk and indicate that consuming whole fruits, vegetables, legumes, olive oil, nuts, and fish and 
avoiding red and processed meat, refined grains, sweets, caloric drinks, juices, convenience food, and sauces might reduce 
CRC risk.

Keywords Colonic neoplasms · Rectal neoplasms · Prevention and control · Principal component analysis · Dietary 
patterns · Diet · Diet, Western · Diet, Mediterranean

Introduction

The incidence of colorectal cancer (CRC) has increased in 
Europe in the last decades [1], being the second most diag-
nosed cancer in 2012 [2]. According to the scientific evi-
dence, 40–50% of CRC cases are attributable to modifiable 
risk factors such as diet, physical activity and body weight 
[3, 4], providing major opportunities for prevention. The 
current evidence, points to a possible protective effect of 
foods containing dietary fiber and calcium against CRC [5, 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s0039 4-018-1674-5) contains 
supplementary material, which is available to authorized users.

 * Adela Castelló 
 acastello@isciii.es

Extended author information available on the last page of the article

http://orcid.org/0000-0002-1308-9927
http://crossmark.crossref.org/dialog/?doi=10.1007/s00394-018-1674-5&domain=pdf
https://doi.org/10.1007/s00394-018-1674-5


1496 European Journal of Nutrition (2019) 58:1495–1505

1 3

6] and a detrimental effect of red and processed meat [6, 7] 
and alcohol consumption [6, 8, 9].

Despite the importance of these findings for individual 
foods, some authors suggest that the evaluation of the effects 
of full dietary patterns might be more appropriate, since it 
allows the exploration of the effect of food and nutrient inter-
actions in disease [10–12]. Many indexes have been devel-
oped in the last years that evaluate dietary quality against 
predefined criteria [13, 14] and a recent metaanalysis found 
an inverse association between a high score for these indexes 
and cancer mortality and/or incidence [15]. However, these 
indexes are based on results in the area of cardiovascular 
disease and they refer to a theoretical diet that do not neces-
sarily reflect the eating habits of a particular population. 
Moreover, moderate alcohol intake is positively considered 
in most of these indexes although alcohol consumption as 
low as one drink per day increases the risk of several tumors, 
including colorectal cancer [6]. In fact, some authors sug-
gested that the lack of concordance of the results found for 
diet quality indexes and cancer might be due to their posi-
tive scoring for alcohol consumption [16]. As an alterna-
tive approach, dietary patterns that accurately represent the 
diet in a specific population can be identified with statistical 
methods like principal component analysis. These patterns 
also present the advantage of being extracted independently 
of disease associations, which allows exploration of the role 
of actual dietary habits in different health conditions. The 
scarce existing results for data-driven dietary patterns and 
CRC, indicate a possible protective effect of the so called 
Mediterranean/Healthy/Prudent dietary pattern [17–22] on 
CRC and a harmful effect of a pattern labelled as Western/
Unhealthy diet [17–23], but the evidence is still insufficient.

A recent Spanish study on female breast cancer (BC)—
EpiGEICAM—identified three data-driven dietary patterns 
[24] labelled as Western (associated with increased risk of 
BC), Prudent (not associated with BC) and Mediterranean 
(protective against BC). EpiGEICAM presents the novelty 
of being able to identify, over the same population, two 
different patterns (Prudent and Mediterranean) commonly 
interchanged in the literature [9, 18, 20, 21, 23, 25]. How-
ever, these patterns do not always represent the same dietary 
habits and the differences might be determinant in their asso-
ciation with disease risk, as it was the case for BC in the Epi-
GEICAM context [25]. Therefore, the replication of these 
patterns in different populations and the exploration of their 
association with tumors other than BC are of great scientific 
interest. In fact, the reproducibility of the patterns found 
has already been assessed in a different sample of Spanish 
women [26] and similar associations have been observed 
for other tumors and individuals. The detrimental effect of 
a high adherence to the Western dietary pattern has been 
corroborated for breast cancer [27] and also observed for 
gastric [28] cancer. These studies also show different results 

for the Prudent (null effect) and Mediterranean (protective) 
patterns in the case of breast [27], prostate [29] and gastric 
cancer [28].

The objective of the present study is to assess if the asso-
ciations found between these dietary patterns—Western, 
Prudent and Mediterranean—with breast [24, 27], prostate 
[29] and gastric cancer [28] risk in our country are also 
observed for CRC risk, and to evaluate possible differences 
by sex and cancer site.

Patients and methods

The multicase-control MCC-Spain study [30] recruited 
between 2008 and 2013 histologically confirmed incident 
cases of five tumors: breast, prostate, colorectal, stomach 
and chronic lymphocytic leukemia. Cases were recruited in 
23 hospitals from 12 provinces and a single set of popula-
tion controls, frequency matched by age and sex with the 
overall distribution of cases in each province, were randomly 
selected from the lists of residents assigned to primary 
health-care centers belonging to the same catchment area 
of each collaborating hospital. MCC-Spain recruited 2140 
histologically confirmed CRC cases and 3950 population-
based controls from 11 of the 12 contributing provinces. 
These numbers, represented the 64% of the CRC cases and 
the 53% of controls invited to participate (supplementary 
material, Figure S1). Potential participants had to be able to 
answer the questionnaire, had to live in the study area for at 
least 6 months before the diagnosis (cases) or at recruitment 
(controls) and had to be 20–85 years. Cases were identified 
as soon as possible after the diagnosis, and histologically 
confirmed incident cases of colon (ICD10 codes C18: malig-
nant neoplasm of colon and D01.0: Carcinoma in situ of 
colon) or rectum (ICD10 codes C19: Malignant neoplasm 
of rectosigmoid junction; C20: Malignant neoplasm of rec-
tum; D01.1: Carcinoma in situ of rectosigmoid junction and 
D01.2: Carcinoma in situ of rectum) cancer with no prior 
history of the disease and diagnosed within the recruitment 
period were included. They were classified according to the 
localization of tumor in proximal colon (including caecum, 
ascending and transverse colon and hepatic and splenic flex-
ures), distal colon (including descending and sigmoid colon) 
and rectal cancer. When more than one tumor in different 
locations were diagnosed at the same time, the site in which 
the tumor was more invasive was assigned.

Information on socio-demographic factors, lifestyle and 
personal/family medical history was collected with a ques-
tionnaire administered by trained personnel in a face-to-face 
interview. Subsequent telephone contact was made to com-
plete missing values on key variables. Height and weight at 
different ages were self-reported and diet was assessed with 
a 154-items semi-quantitative food frequency questionnaire 
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(FFQ), which was based on an instrument validated in Spain 
[31]. Dietary information referred to the previous year before 
diagnosis (cases) or before interview (controls).

In the present study, three dietary patterns identified in 
a previous Spanish case-control study (EpiGEICAM) on 
female breast cancer (BC) [24] are examined: A western 
dietary pattern positively associated with BC risk that is 
characterized by high intakes of high-fat dairy products, 
processed meat, refined grains, sweets, caloric drinks, con-
venience food and sauces and by low intakes of low-fat dairy 
products and whole grains; A Prudent pattern not related to 
BC that represented high intakes of low-fat dairy products, 
vegetables, fruits, whole grains and juices; and a Mediterra-
nean pattern that seemed to be protective and denoted a high 
intake of fish, vegetables, legumes, boiled potatoes, fruits, 
olives and vegetable oil—mainly olive oil (72%), and olives 
(22%) in our context-, and a low intake of juices. These three 
dietary patterns were identified in the EpiGEICAM sample 
in 2014 by grouping the dietary intake information collected 
with a 117 FFQ into 26 inter-correlated food groups and 
applying principal components analysis (PCA) without rota-
tion of the variance–covariance matrix over these 26 food 
groups [32]. This method defines a set of weights (pattern 
loadings) associated with each food group that represents the 
correlation between food consumption and the component/
pattern scores. Pattern loadings can be used to reproduce 
such patterns in other samples as explained in detail else-
where [25, 26]. Briefly, we grouped 146 of the 154 items of 
the MCC-Spain FFQ (excluding non-caloric and alcoholic 
beverages) into 26 food groups defined in the EpiGEICAM 
study (see Table 1 for detailed information on the composi-
tion of food groups and their weight in the patterns). After-
wards, the scores of adherence to the Western, Prudent and 
Mediterranean dietary patterns of the MCC-Spain partici-
pants were calculated as a linear combination of the pattern 
loadings for each food group and dietary pattern extracted 
from the EpiGEICAM study [24] (Table 1) and the food 
group consumption reported by the MCC-Spain participants.

After describing the data, crude and adjusted associa-
tions between adherence to each dietary pattern and CRC 
risk were evaluated using logistic regression models with 
random province-specific intercepts. As fixed-effects terms, 
caloric and alcohol intake, self-reported body mass index 
(BMI) and physical activity [metabolic equivalents (METs)] 
during the 10 years before diagnosis (cases)/interview (con-
trols), age, smoking status, education, family history of CRC 
and sex were considered as potential confounders. Scores 
of adherence were analyzed both, as categorical (grouping 
the scores of adherence into quartiles of their distribution 
among controls) and continuous variables (1-standard devia-
tion increase taking into account the dispersion among con-
trols). Heterogeneity of the effects by sex was tested includ-
ing in the models an interaction term between the score of 

adherence and sex. Multinomial logistic regression models 
were used to evaluate the association of the adherence to the 
Western, Prudent and Mediterranean dietary patterns with 
proximal colon, distal colon and rectal cancer separately. 
These models were adjusted by the same set of variables 
described before but including province of residence as a 
fixed effect term.

Finally, assuming a causal relationship between the adher-
ence to each of the patterns and CRC risk for all analyses, 
the population attributable fraction (PAF%) was calculated 
using Hanley’s J.A. formula [33] to estimate the proportion 
of total cancer in the population that hypothetically would 
not have occurred if all participants were in the optimal 
quartile of adherence to the dietary patterns (first quartile 
for Western and fourth quartile for Prudent and Mediter-
ranean dietary patterns). Confidence intervals for PAF were 
computed using bootstrap with 500 iterations.

Analyses were performed using STATA/MP (version 
14.1, 2015, StataCorp LP) and statistical significance was 
set at 2-sided p < 0.05.

Results

Among the initially recruited participants, 3509 (89%) con-
trols and 1889 (88%) cases reported data on diet. Cases that 
provided dietary information later than 6 months after diag-
nosis were excluded (n = 260). Therefore, 1629 cases and 
3509 controls aged 22–85 years were included in the study 
(supplementary Figure S1). The multivariable analyses were 
carried out over 1530 cases and 3240 controls, because data 
on either BMI (< 5%), physical activity (< 1%), smoking 
status (< 1%), total energy (< 2%) or alcohol intake (< 2%) 
was missing for 99 cases and 269 controls.

Compared to controls, CRC cases were more adherent 
to the Western (p < 0.001) and Mediterranean (p = 0.015) 
dietary patterns and reported higher energy (p < 0.001) 
and alcohol (p = 0.001) intake. CRC cases were also older 
(p < 0.001) and reported higher BMI (p < 0.001) and lower 
levels of physical activity (p < 0.001). The proportion of 
former smokers (p < 0.001), males (p < 0.001), participants 
with no formal education (p < 0.001) or with family history 
of CRC (p < 0.001) was also higher among cases (Table 2).

Results from Table 3 revealed a positive association 
between a high adherence to the Western dietary pattern 
and global CRC  [ORfourth(Q4) vs. first(Q1)quartile (95% CI): 1.50 
(1.20;1.87)] risk that was similar among males and females 
(p-interaction = 0.615). Once the difference in calorie intake 
was taken into account, a high adherence to the Mediterra-
nean pattern appeared to be protective  [ORQ4 vs. Q1 (95% CI): 
0.65 (0.53;0.80)], with this effect slightly stronger among 
females  [ORQ4 vs. Q1 (95% CI): 0.56 (0.40;0.77)] than among 
males  [ORQ4 vs. Q1 (95% CI): 0.71 (0.55;0.92)], though the 
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p value for the heterogeneity of the linear effects was not 
significant (p-interaction = 0.733). Assuming a causal rela-
tionship between diet and CRC risk, the estimations indicate 
that 1/4 and 1/5 of CRC cases could have been prevented if 
all the participants had been in the lowest category of adher-
ence to the Western and in the highest category of adherence 
to the Mediterranean dietary patterns, respectively.

Stratified results by tumor subtype (Table  4) also 
indicate a detrimental effect of a high adherence to the 
Western dietary pattern over CRC risk that seems to 
be confined to distal colon  [ORQ4 vs. Q1 (95% CI): 2.02 
(1.44;2.84)] and rectal tumors  [ORQ4 vs. Q1 (95% CI): 1.46 
(1.05;2.01); p-heterogeneity = 0.087], while the protec-
tive effect of the Mediterranean dietary pattern was simi-
lar for all tumor sites [Proximal colon:  ORQ4 vs. Q1 (95% 

Table 1  Composition of food groups based on the food frequency questionnaire of the MCC-Spain study and component loadings for each pat-
tern identified in the EpiGEICAM study [24]

a Log-transformed centered intake in grams
b West Western, Prud Prudent, Med Mediterranean
c In bold items that are included in the FFQ from MCC-Spain study that were not included in EpiGEICAM
d FFQ questionnaire from EpiGEICAM only included a single general questions on intake of  legumes whereas MCC-Spain included more 
detailed information on the type of legumes

Food group Fooda Westb Prudb Medb

High fat dairy Whole-fat milk, double cream, condensed milk, whole-fat yogurt, semi-cured, cured, or 
creamy cheese, blue cheesec, custard, milk shakec, ice-cream

0.60 − 0.11 0.20

Low fat dairy Semi-skimmed and skimmed milk, soy  milkc, skimmed yogurt, curd, cottage or fresh white 
cheese

− 0.49 0.60 − 0.01

Eggs Eggs 0.19 0.08 0.16
White meat Chicken, rabbit and duck 0.08 0.17 0.18
Red meat Pork, beef, lamb, liver (beef, pork or chicken), entrails, hamburgers (pork or beef) and meat-

balls (pork or beef)c
0.27 0.09 0.22

Processed meat Sausages, serrano hamc and other cold meat, bacon, pâté, foie-gras 0.36 0.10 0.26
White fish Fresh or frozen white fish (hake, sea bass, sea bream), ½·salted fishc and ½·smoked fishc 0.01 0.24 0.34
Oily fish Fresh or frozen blue fish (tuna, swordfish, sardines, anchovies, salmon), canned fish, 

½·salted fishc and ½·smoked fishc
0.05 0.24 0.44

Seafood/shellfish Clams, mussels, oysters, squid, cuttlefish, octopus, prawn, crab, shrimp and similar products 0.17 0.27 0.35
Leafy vegetables Spinach, chard, lettuce and other leafy vegetables − 0.11 0.34 0.40
Fruiting vegetables Tomato, eggplant, zucchini, cucumber, pepper, artichoke and avocadoc 0.00 0.36 0.45
Root vegetables Carrot, pumpkin and radishc 0.05 0.35 0.44
Other vegetables Cooked cabbage, cauliflower or broccoli, onion, green beans, asparagus, mushroomsc, corn, 

garlic, gazpachoc, vegetable soupc and other vegetablesc
− 0.04 0.40 0.42

Legumesd Peasc, lentilsc, chickpeasc, beansc and broad beansc 0.21 0.15 0.34
Potatoes Roasted or boiled potatoes and sweet potatoesc 0.17 0.25 0.40
Fruits Orange, grapefruitc, mandarin, banana, apple, pear, grapes, kiwi, strawberriesc, cherriesc, 

peach, figsc, melon or watermelon, prunes, mangoc and papayac and other fresh or dried 
fruitsc

− 0.07 0.31 0.31

Nuts Almonds, peanuts, pine nuts, hazelnut 0.18 0.22 0.29
Refined grains White-flour bread, rice, pasta 0.37 0.15 0.23
Whole grains Whole-grain bread and breakfast cereals − 0.43 0.47 − 0.06
Olives and vegetable oil Olives, added olive oil to salads, bread and dishes, other vegetable oils (sunflower, corn, and 

soybean)
0.12 0.19 0.34

Other edible fats Margarine, butter and lardc 0.22 0.02 0.11
Sweets Chocolate and other sweets, cocoa powder, plain cookies, chocolate cookies, pastries (crois-

sant, donut, cake, pie or similar)
0.35 0.18 0.05

Sugary Jam, honey, sugar and fruit in sugar syrupc 0.24 0.05 0.00
Juices Tomato juicec, freshly squeezed orange juice, juice (other than freshly squeezed) 0.25 0.67 − 0.39
Caloric drinks Sugar-sweetened soft drinks and nut milkc 0.74 0.21 − 0.25
Convenience food and 

sauces
Croquette, fish sticks, dumplingsc, kebabc, fried potatoes, crisps, pizza, instant soupc, may-

onnaise, tomato sauce, hot saucec, ketchup and other saucesc
0.47 0.12 0.24
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CI): 0.70 (0.51;0.97); Distal Colon:  ORQ4 vs. Q1 (95% CI): 
0.65 (0.48;0.89); Rectum:  ORQ4 vs. Q1 (95% CI): 0.60 
(0.45;0.81); p-heterogeneity = 0.746]. In agreement with 
these results, it was estimated that more than 1/3 of distal 
colon and 1/4 of rectum tumors could have been prevented 
if all the study participants were in the lowest quartile 
of adherence to the Western dietary pattern and 1/5 for 
distal colon and 1/4 for rectum tumors could have been 
prevented with the highest adherences to Mediterranean 
dietary pattern.

A high adherence to the prudent pattern did not show an 
association with CRC risk.

Discussion

The detrimental effect of a high adherence to the Western 
dietary pattern for breast [24, 27] and gastric [28] cancer 
and the differential effect of a high adherence to the Prudent 
(null) and to the Mediterranean (protective) dietary patterns 
over breast [24, 27], prostate [29] and gastric cancer [28] 
identified in the previous studies was also found for CRC in 
the present work. Concretely, we found that a high adherence 
to the Western dietary pattern might increase CRC risk in 
both males and females and that such risk might be confined 
to distal colon and rectal cancer. Also, a high adherence to 

Table 2  Description of scores 
of adherence to Western, 
Prudent and Mediterranean 
dietary patterns and other 
baseline characteristics for 
colorectal cancer cases and 
controls

a The pairwise Pearson correlations for the level of adherence to the three identified dietary patterns were 
0.329 for the Western and Prudent, 0.231 for the Western and Mediterranean and 0.485 for the Prudent and 
Mediterranean
b BMI body mass index, CRC  colorectal cancer, METS metabolic equivalent
c Percentages might not add up 100 because of rounding

Controls Cases p
n = 3509 n = 1629

Western mean (SD)a − 0.38 (3.52) 0.14 (3.52) < 0.001
Prudent mean (SD)a − 0.09 (3.29) − 0.19 (3.32) 0.353
Mediterranean mean (SD)a − 0.02 (2.89) 0.19 (2.75) 0.015
Energy (kcal/day) mean (sd) 1903.81 (570.75) 2008.24 (638.31) < 0.001
Alcohol (g/day) median (IQR) 7.22 (0.00;23.21) 9.38 (0.00;34.72) 0.001
BMIb (kg/m2) mean (SD) 26.61 (4.41) 27.59 (4.46) < 0.001
Physical activity  (METsb/week) n (%c) < 0.001
 0 1341 (38%) 855 (52%)
 0.1–8 506 (14%) 183 (11%)
 8–15.9 422 (12%) 135 (8%)
 ≥ 16 1202 (34%) 456 (28%)
 Unknown 38 (1%) 0 (0%)

Age (years) mean (SD) 63.20 (11.69) 67.09 (10.63) < 0.001
Smoking n (%c) < 0.001
 Never smoker 1549 (44%) 680 (42%)
 Former smoker 1224 (35%) 660 (41%)
 Current smoker 724 (21%) 279 (17%)
 Unknown 12 (0%) 10 (1%)

Education n (%c) < 0.001
 No formal education 619 (18%) 522 (32%)
 Primary school 1143 (33%) 648 (40%)
 Secondary school 1010 (29%) 311 (19%)
 University or more 737 (21%) 148 (9%)

Previous history of CRC b n (%c) < 0.001
 No 3101 (88%) 1295 (79%)
 2nd Degree 107 (3%) 62 (4%)
 One of 1st degree 281 (8%) 231 (14%)
 More than one of 1st degree 20 (1%) 41 (3%)

Sex < 0.001
 Male 1813 (52%) 1043 (64%)
 Female 1696 (48%) 586 (36%)
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the Mediterranean dietary pattern showed a general protec-
tive effect against CRC that was very similar among males 
and females and for all cancer sites. On the contrary, the 
adherence to the Prudent dietary pattern was not associated 
to CRC.

Some recent reviews and metaanalysis [9, 19, 22], also 
report a positive association between a high adherence to the 
Western dietary pattern and CRC risk and a protective effect 
of a diet rich in fruits, vegetables, legumes and/or fish. The 
studies published after these reviews, also report a positive 

Table 3  Association between colorectal cancer incidence and the scores of adherence to Western, Prudent and Mediterranean dietary patterns 
and attributable fractions for all participants and by sex

a Co controls, Ca cases, SD standard deviation
b Crude odds ratio of colorectal cancer associated with the adherence to the Western, Prudent and Mediterranean dietary patterns
c Odds ratio of colorectal cancer associated with the adherence to the Western, Prudent and Mediterranean dietary patterns adjusted by sex, age, 
education, BMI, family history of colorectal cancer, physical activity, smoking status, caloric intake and alcohol intake as fixed effects and prov-
ince of residence as a random effect
c Same as b including an interaction term with sex
d PAF population attributable fraction. Proportion of colorectal cancer cases that could be prevented if all participants were in the most beneficial 
category of adherence to each pattern (Q1 for Western and Q4 for Prudent and Mediterranean)

PAF =
PFQ1 ⋅

(

ORQ1 − 1
)

+ PFQ2 ⋅
(

ORQ2 − 1
)

+ PFQ3 ⋅
(

ORQ3 − 1
)

+ PFQ4 ⋅
(

ORQ4 − 1
)

1 + [PFQ1 ⋅
(

ORQ1 − 1
)

+ PFQ2 ⋅
(

ORQ2 − 1
)

+ PFQ3 ⋅
(

ORQ3 − 1
)

+ PFQ4 ⋅
(

ORQ4 − 1
)

]
× 100

PF=Proportion of population in the specific exposure category

OR= Odds ratio for the especific exposure category

All Male Female p-int

n = 4770 n = 2688 n = 2082

Co/Caa ORb (95% CI) Co/Caa aORc (95% CI) Co/Caa aORc (95% CI) Co/Caa aORc (95% CI)

Western
 Quartiles
   Q1 877/322 1 772/292 1 335/160 1 437/132 1
   Q2 878/409 1.27 (1.06;1.51) 824/390 1.29 (1.06;1.57) 405/227 1.16 (0.89;1.52) 419/163 1.46 (1.10;1.94)
   Q3 877/423 1.36 (1.14;1.62) 831/401 1.43 (1.17;1.75) 449/260 1.33 (1.02;1.73) 382/141 1.56 (1.16;2.10)
   Q4 877/475 1.47 (1.23;1.75) 813/447 1.50 (1.20;1.87) 511/341 1.45 (1.11;1.91) 302/106 1.50 (1.07;2.09)
  p-trend < 0.001 < 0.001 0.004 0.009
  1SD increase 1.16 (1.09;1.24) 1.19 (1.10;1.30) 1.21 (1.09;1.34) 1.17 (1.04;1.31) 0.615
  PAFd% 24% (12%;36%) 21% (5%;37%) 18% (3%;33%)

Prudent
 Quartiles
  Q1 878/440 1 783/398 1 485/292 1 298/106 1
  Q2 876/384 0.83 (0.70;0.98) 811/362 0.87 (0.72;1.05) 430/235 0.84 (0.66;1.05) 381/127 0.95 (0.69;1.31)
  Q3 877/403 0.89 (0.75;1.05) 827/389 1.00 (0.83;1.21) 412/241 0.94 (0.74;1.19) 415/148 1.13 (0.83;1.54)
  Q4 878/402 0.88 (0.74;1.04) 819/381 0.94 (0.76;1.15) 373/220 0.88 (0.68;1.13) 446/161 1.05 (0.77;1.44)

 p-trend 0.242 0.875 0.475 0.515
 1SDa increase 0.96 (0.90;1.02) 0.97 (0.90;1.05) 0.95 (0.86;1.04) 1.02 (0.90;1.15) 0.330
 PAFd% 2% (− 12%;15%) 4% (− 12%;21%) 3% (− 12%;19%)

Mediterranean
 Quartiles
  Q1 878/394 1 796/359 1 398/206 1 398/153 1
  Q2 877/412 0.98 (0.83;1.17) 821/386 0.91 (0.75;1.10) 390/236 0.99 (0.77;1.27) 431/150 0.83 (0.63;1.10)
  Q3 876/371 0.80 (0.67;0.96) 815/357 0.72 (0.59;0.87) 425/219 0.71 (0.55;0.92) 390/138 0.74 (0.55;0.99)
  Q4 878/452 0.90 (0.76;1.07) 808/428 0.65 (0.53;0.80) 487/327 0.71 (0.55;0.92) 321/101 0.56 (0.40;0.77)

 p-trend 0.073 0.000 0.001 0.000
 1SDa increase 0.98 (0.92;1.05) 0.87 (0.80;0.94) 0.88 (0.79;0.96) 0.85 (0.76;0.96) 0.733
 PAFd% 20% (8%;33%) 15% (2%;29%) 18% (3%;33%)
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association of a high adherence to the Western dietary pat-
tern with global CRC risk [18, 20, 21, 23] and a possible 
protective effect of a Healthy diet against this tumor [18, 
20, 21]. In agreement with our results, some authors con-
clude that the effect of the Western and Healthy diet might be 
stronger for distal colon and rectal cancer [21, 22] or indicate 
stronger effects of the Western diet in distal colon tumors [9]. 
Only a few of these studies provide information of a possible 

interaction between diet and sex [18, 20, 21] and none of 
them report significant differences. Similarly, the current evi-
dence for index based dietary patterns point to a detrimen-
tal effect of pro-inflammatory diets (similar to our Western 
pattern) for CRC risk [34] and a protective effect of diets 
that share common characteristics with our Mediterranean 
pattern against this type of tumor [34, 35]. One of the most 
important findings of the present study is the difference in 

Table 4  Adjusted odds ratios 
for the association between 
proximal colon, distal colon 
and rectal cancer incidence and 
scores of adherence to Western, 
Prudent and Mediterranean 
dietary patterns

a Co controls, Ca cases, SD standard deviation
b Odds ratio of colon and rectal cancer associated to the adherence to the Western, Prudent and Mediterra-
nean diet patterns adjusted by sex, age, education, BMI, family history of colorectal cancer, physical activ-
ity, smoking status, caloric intake and alcohol intake and province of residence as fixed effects
c PAF population attributable fraction. Proportion of colorectal cancer cases that could be prevented if all 
participants were in the most beneficial category of adherence to each pattern (Q1 for Western and Q4 for 
Prudent and Mediterranean)

PAF =
PFQ1 ⋅

(

ORQ1 − 1
)

+ PFQ2 ⋅
(

ORQ2 − 1
)

+ PFQ3 ⋅
(

ORQ3 − 1
)

+ PFQ4 ⋅
(

ORQ4 − 1
)

1 + [PFQ1 ⋅
(

ORQ1 − 1
)

+ PFQ2 ⋅
(

ORQ2 − 1
)

+ PFQ3 ⋅
(

ORQ3 − 1
)

+ PFQ4 ⋅
(

ORQ4 − 1
)

]
× 100

PF=Proportion of population in the specific exposure category

OR= Odds ratio for the especific exposure category

Co Proximal Colon Distal Colon Rectum p-het

n = 457 n = 503 n = 560

Ca aORb (95% CI) Ca aORb (95% CI) Ca aORb (95% CI)

Western
 Quartiles
  Q1 772 108 1 84 1 98 1
  Q2 824 111 1.00 (0.75;1.35) 141 1.70 (1.26;2.29) 137 1.30 (0.97;1.74)
  Q3 831 110 1.07 (0.79;1.46) 128 1.67 (1.22;2.29) 159 1.60 (1.19;2.15)
  Q4 813 128 1.19 (0.85;1.66) 150 2.02 (1.44;2.84) 166 1.46 (1.05;2.01)

 p-trend 0.275 < 0.001 0.013
 1SD increase 1.07 (0.95;1.22) 1.28 (1.13;1.45) 1.23 (1.09;1.38) 0.087
 PAFc% 7% (− 12%;25%) 40% (21%;60%) 27% (11%;44%)

Prudent
 Quartiles
  Q1 783 114 1 132 1 151 1
  Q2 811 113 0.92 (0.69;1.24) 123 0.91 (0.69;1.19) 124 0.79 (0.60;1.03)
  Q3 827 117 1.01 (0.75;1.37) 118 0.94 (0.71;1.26) 151 1.02 (0.78;1.33)
  Q4 819 113 0.92 (0.67;1.28) 130 1.06 (0.78;1.44) 134 0.83 (0.62;1.12)

 p-trend 0.798 0.680 0.545
 1SD increase 0.98 (0.87;1.11) 1.00 (0.88;1.12) 0.94 (0.84;1.05) 0.686
 PAFc% 4% (− 15%;24%) − 8% (− 28%;12%) 9% (− 9%;28%)

Mediterranean
 Quartiles
  Q1 796 100 1 124 1 133 1
  Q2 821 113 0.92 (0.68;1.24) 131 0.92 (0.70;1.22) 136 0.87 (0.66;1.15)
  Q3 815 109 0.75 (0.55;1.03) 115 0.71 (0.53;0.95) 133 0.70 (0.53;0.93)
  Q4 808 135 0.70 (0.51;0.97) 133 0.65 (0.48;0.89) 158 0.60 (0.45;0.81)

 p-trend 0.017 0.002 < 0.001
 1SD increase 0.89 (0.78;1.00) 0.88 (0.78;0.99) 0.84 (0.75;0.94) 0.746
 PAFc% 16% (− 3%;34%) 20% (3%;38%) 24% (9%;38%)
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the associations found for Prudent and Mediterranean dietary 
patterns. To understand these differences, we explored the 
associations of CRC risk with individual food groups (sup-
plementary Table S1). We believe that the protective effect 
of the Mediterranean pattern against the null effect of the 
Prudent might be greatly explained by the protective effect 
of oily fish, nuts and olives and olive oil, only present in the 
Mediterranean pattern, but also by the detrimental effect of 
juices intake, only included in the Prudent pattern, that might 
counteract the positive effect of a high consumption of fruits, 
vegetables and whole grains characteristic of this pattern.

Some biological mechanisms support the associations 
found. On the one hand, the “Western”-like diet high in 
fat, refined grains, red and processed meats and sweets has 
been associated with higher levels of inflammatory markers 
[36] and with inflammation-related chronic diseases [37]. 
Moreover, the high content of iron in meat products present 
in this pattern generates free radicals that attack DNA and 
damage the tissue [38]. In addition, processing meat at high 
temperatures produces carcinogens such as N-nitroso and 
polycyclic aromatic hydrocarbons [39]. On the other hand, 
the antioxidants from fruits, vegetables and legumes present 
in the Mediterranean pattern may reduce risk by quench-
ing free radicals and reducing oxidative damage to DNA 
[40]. Furthermore, fiber dilutes faecal content, decreases 
transit time and increases stool weight [41] contributing 
to a healthier gastrointestinal tract. Different carcinogenic 
pathways in proximal and distal tumors have been sug-
gested, based on their molecular differences [42]. In this 
sense, the higher effect of the Western dietary pattern (char-
acterized by a low dietary fiber intake) in distal colon and 
rectal tumors, might reflect a higher susceptibility to die-
tary carcinogens due to a less mature phenotype and lower 
immune activity of dendritic cells involved in immunologic 
surveillance at this location [43]. Olive oil intake has also 
been suggested to inhibit colon cancer development by 
inducing apoptosis and down-regulating the expression of 
cyclooxygenase2 and Bcl-2 proteins that have a crucial role 
in colorectal carcinogenesis [44]. Finally, the gut microbi-
ome seems to play an important role in colorectal carcino-
genesis [45], and dietary habits strongly influence it [46]. 
Turnbaugh et al. [46] recently demonstrated in an animal 
model that changing from low-fat, plant based diets to high-
fat, high-sugar diets can shift the structure of the micro-
biota, modify the representation of metabolic pathways in 
the microbiome, and alter microbiome gene expression.

Our results should be interpreted in the context of the 
study’s limitations. Recall bias is always a concern in case-
control studies. Anticipating the existence of this bias, 
some questions about general dietary habits were included 
in the questionnaire and used to adjust the responses to 
the FFQ [47]. In addition, only cases that responded to 
the questionnaire within the 6 months following their 

diagnosis were included. On the other hand, the par-
ticipation rates (64% among CRC cases and 53% among 
controls) might give rise to some concerns about a pos-
sible selection bias. In this sense, participating controls 
might have healthier lifestyles than the general population, 
resulting in an overestimation of the effects. However, 
no effect was found for the prudent pattern that includes 
consumption of products widely known as “Healthy”. 
Therefore, we believe that this bias, if it exists, would be 
non-differential. Finally, the biological plausibility of the 
associations found, their strength, their consistency across 
sex and tumor site, their consistency with the results from 
other studies on CRC [9, 17–23] and the reproducibility of 
the results across different studies and tumors [24, 27–29], 
deem it unlikely that our findings are a result of recall or 
selection bias.

One of the main strengths of the current research is 
the recruitment of histologically confirmed incident cases 
of CRC and population controls. Furthermore, the geo-
graphical variability of the recruited participants, coming 
from 11 provinces from the North, South, Center, West 
and East of the country, ensured the representation of the 
different diets coexisting within Spain. Also, the sample 
size allowed the evaluation of potential interactions of diet 
and sex and the exploration of the associations by tumor 
localization. We also carried out a sensitivity analysis to 
explore all the associations excluding 42 in situ cases and 
obtained very similar results that led to the same exact 
conclusions (supplementary material Tables S2 and S3). 
In addition, as mentioned before, we explored the associa-
tions of CRC risk with individual food groups to ensure 
the associations found for patterns are not only due to the 
presence in the pattern of one or two foods associated with 
this tumor (supplementary material Table S1). High con-
sumers of high-fat dairy products, meats, refined grains 
and sweets (products characteristic of the Western Pat-
tern) showed higher risk of CRC, while high consumers of 
oily fish, vegetables, fruits, nuts and olive oil (foods pre-
sent in the Mediterranean pattern) seemed to be protected 
against this tumor. Therefore, most of the components of 
the two patterns associated with CRC were also individu-
ally associated with this tumor, making it unlikely that the 
associations found for the whole dietary patterns are due 
only to the association of CRC with some individual foods. 
Finally, the reproducibility [26] and applicability [25] of 
the Western, Prudent and Mediterranean dietary patterns 
applied here was previously tested, demonstrating that the 
scores of adherence to these patterns can be calculated 
following the exact same rules over different populations, 
resulting in different levels of adherence but still being 
valid, which is supported by the similitude of the results 
found for breast [24, 27], prostate [29] and gastric cancer 
[28] and the present results found for CRC.
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Our results provide evidence about very specific associa-
tions between diet and CRC that could be useful to clinical 
practitioners and public health professionals to offer nutri-
tional recommendations based on avoiding the Western 
dietary pattern and promoting the Mediterranean diet. Even 
though other risk factors are involved in the genesis of these 
type of tumors, diet is a key risk factor for colorectal cancer. 
In this sense, if a country like Spain, with a high compliance 
with the Mediterranean diet and a moderate adherence to the 
Western diet, can benefit from abandoning the latter in favor 
of the former, the benefit might be greater in countries with 
unhealthier diets.

Conclusion

A high consumption of fruits, vegetables and whole 
grains combined with a low dietary fat intake might not 
be enough to prevent CRC. A fair percentage of colorec-
tal cancer cases could be reduced in the general popula-
tion by providing dietary recommendations based in a 
decrease of the consumption of high-fat dairy products, 
red and processed meat, refined grains, sweets, caloric 
drinks, juices, convenience food and sauces in favor of 
an increase in the intake of whole fruits, vegetables, leg-
umes, olive oil, nuts and fish, especially for distal colon 
and rectal tumors.
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