
nutrients

Article

Mediterranean Diet and Breast Cancer Risk

Federica Turati 1 ID , Greta Carioli 1, Francesca Bravi 1 ID , Monica Ferraroni 1, Diego Serraino 2,
Maurizio Montella 3, Attilio Giacosa 4, Federica Toffolutti 2, Eva Negri 5, Fabio Levi 6 and
Carlo La Vecchia 1,* ID

1 Department of Clinical Sciences and Community Health, Università degli Studi di Milano,
20133 Milan, Italy; federica.turati@unimi.it (F.T.); greta.carioli@unimi.it (G.C.);
francesca.bravi@unimi.it (F.B.); monica.ferraroni@unimi.it (M.F.)

2 Unit of Cancer Epidemiology, CRO Aviano National Cancer Institute, IRCCS, 33080 Aviano, Italy;
serrainod@cro.it (D.S.); toffolutti@gmail.com (F.T.)

3 Epidemiology and Biostatistical Unit, Istituto Tumori “Fondazione Pascale IRCCS”, 80131 Naples, Italy;
m.montella@istitutotumori.na.it

4 Department of Gastroenterology and Clinical Nutrition, Policlinico di Monza, 20900 Monza, Italy;
attilio.giacosa@policlinicodimonza.it

5 Department of Biomedical and Clinical Sciences, Università degli Studi di Milano, 20157 Milan, Italy;
eva.negri@unimi.it

6 Institute of Social and Preventive Medicine (IUMSP), Lausanne University Hospital,
1010 Lausanne, Switzerland; fabio.levi@chuv.ch

* Correspondence: carlo.lavecchia@unimi.it; Tel.: +39-02-50320863; Fax: +39-02-50320866

Received: 14 November 2017; Accepted: 27 January 2018; Published: 8 March 2018

Abstract: The Mediterranean diet has been related to a reduced risk of several common cancers
but its role on breast cancer has not been quantified yet. We investigated the association between
adherence to the Mediterranean diet and breast cancer risk by means of a hospital-based case-control
study conducted in Italy and Switzerland. 3034 breast cancer cases and 3392 controls admitted to the
same network of hospitals for acute, non-neoplastic and non-gynaecologic diseases were studied.
Adherence to the Mediterranean diet was quantitatively measured through a Mediterranean Diet
Score (MDS), summarizing the major characteristics of the Mediterranean dietary pattern and ranging
from 0 (lowest adherence) to 9 (highest adherence). We estimated the odds ratios (ORs) of breast cancer
for the MDS using multiple logistic regression models, adjusting for several covariates. Compared
to a MDS of 0–3, the ORs for breast cancer were 0.86 (95% confidence interval, CI, 0.76–0.98) for a
MDS of 4–5 and 0.82 (95% CI, 0.71–0.95) for a MDS of 6–9 (p for trend = 0.008). The exclusion of
the ethanol component from the MDS did not materially modify the ORs (e.g., OR = 0.81, 95% CI,
0.70–0.95, for MDS ≥ 6). Results were similar in pre- and post-menopausal women. Adherence to the
Mediterranean diet was associated with a reduced breast cancer risk.
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1. Introduction

Despite considerable research, the role of diet in the aetiology of breast cancer is still an open issue.
Apart from a consistent direct association with alcohol intake [1,2], evidence on other specific
foods or nutrients is controversial, with weak and inconsistent associations often reported [3,4].
Nevertheless, investigating the relation of dietary patterns with breast cancer remains of great interest,
taken into account that cancer prevention through dietary and lifestyle choices has been identified as a
priority for cancer research [5].

Dietary patterns assess diet as a whole and capture the complex inter-relationships among dietary
components and their cumulative effects. Therefore, they may be more predictive of disease risk
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than individual foods or nutrients. However, the available evidence based on dietary patterns is still
limited [6]. The Mediterranean dietary pattern, characterized by an abundance of plant foods, the use
of olive oil as the principal source of fat and moderate consumption of meat, fish and wine [7,8],
has been favourably related to all-cause mortality and several chronic diseases [9], including coronary
heart diseases [9], cerebrovascular diseases [10], diabetes [11], cancer overall [12] and selected common
cancers [13], mainly those of the digestive tract [14–16].

An inverse association between this dietary pattern and breast cancer has been suggested by
some studies [17–19] but others failed to confirm such observation [20–22], or reported inverse
associations confined to specific cancer subgroups defined by hormone receptor status [23–25] or
menopausal status [23,26,27]. A meta-analysis updated in August 2017 and including studies using
a priori developed Mediterranean diet scores, as well as a posteriori-defined Mediterranean dietary
patterns indicated an inverse association overall (pooled relative risk, RR, for the study-specific highest
versus lowest category = 0.92, 95% confidence interval, CI, 0.89–0.96) and among postmenopausal
women (pooled RR = 0.92, 95% CI, 0.86–0.99), but not premenopausal ones (pooled RR = 1.3) [28].
In addition, another meta-analysis with a comparable update, focusing on postmenopausal breast
cancer only and considering prospective studies only, provided a similar summary point estimate
(RR = 0.94), which, however, was only marginally significant (95% CI, 0.88–1.01) [24].

A protective role of the Mediterranean diet on breast cancer is biologically plausible since
the Mediterranean dietary pattern is rich in fibre, antioxidants, including flavonoids, vitamins,
carotenoids and squalene (mainly from virgin olive oil). It may modulate breast cancer risk
by decreasing endogenous oestrogens [29], increasing sex-hormone binding globulin levels [18],
neutralizing free radicals and preventing DNA damage [30,31], and reducing oxidative stress [32,33].

In addition, promising results suggesting a beneficial role of the Mediterranean diet in
the prevention of (postmenopausal) breast cancer came from the PREDIMED randomized trial,
which estimated a hazard ratio of 0.32 (95% CI, 0.13–0.79) for the Mediterranean diet with extra-virgin
olive oil group and of 0.59 (95% CI, 0.26–1.35) for the Mediterranean diet with nuts group, versus the
control diet group [34].

Given the inconsistent results and the fact that several studies on the topic were conducted
outside the Mediterranean region, where a high compliance with the Mediterranean diet is unlikely,
it is worthwhile to provide new epidemiological data on the association between this dietary profile
and breast cancer in a Mediterranean setting. We have therefore evaluated if a high adherence to the
Mediterranean diet is associated with a decreased risk of breast cancer in a large study undertaken
in Italy and French-speaking Switzerland, where large segments of the population still adhere to the
Mediterranean diet.

2. Materials and Methods

Study population and data collection. Data were from a multicentric case-control study on breast
cancer conducted in 6 Italian areas (i.e., Milan, Genoa, Pordenone/Gorizia, Forlì, Latina and Naples)
in 1991–2008 and in the Canton of Vaud, Switzerland, in 1992–2008 [35,36]. Overall, cases were
3034 women (median age 55, range: 23–78 years) with incident, histologically confirmed breast
cancer diagnosed in the year before the interview and without history of cancer at other sites,
admitted to major teaching and general hospitals in the study areas. Controls were 3392 patients
(median age 56, range: 19–79 years) admitted to the same hospitals for a wide spectrum of acute,
non-neoplastic, non-gynaecological conditions and with no previous cancer or recent changes of
the diet. Among controls, 30% was admitted for acute surgical conditions, 20% for traumas, 26% for
non-traumatic orthopaedic conditions, 14% for eye disorders and 10% for other miscellaneous conditions.
According to the local ethical committees’ requirements at the time of data collection, informed consent
was obtained from each patient. Less than 5% of cases and controls identified in Italy and about 15%
of those from Switzerland refused to be interviewed.
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Centrally trained interviewers administered to cases and controls a structured questionnaire,
including information on sociodemographic characteristics and anthropometric measurements
(e.g., self-reported weight and height), lifestyle habits (e.g., tobacco smoking, alcohol drinking and
physical activity), personal medical history, menstrual and reproductive factors, oral contraceptive use,
menopausal hormone-replacement therapy use and family history of cancer. Information on dietary
habits before diagnosis (for cases) or hospital admission (for controls) was based on a validated
and reproducible food frequency questionnaire (FFQ) [37–39] including information on 78 foods
and beverages, as well as a range of the most common recipes. For each dietary item, participants were
asked to report their average weekly frequency of consumption. A specific section collected information
of weekly consumption of different types of alcoholic beverages. Frequencies reported less than
once per week but at least once per month, i.e., occasional intakes, were coded as 0.5 per week.
Sporadic consumptions were not considered. An Italian food composition database was used to
estimate nutrient and total energy intake [40,41].

Mediterranean Diet Score (MDS). The adherence to the Mediterranean diet was assessed through
an a priori score (Mediterranean diet score, MDS), developed by Trichopoulou and colleagues [42],
which included nine dietary components: fruit, vegetables, cereals (including bread and potatoes),
legumes, fish, monounsaturated/saturated fatty acid ratio, dairy products, meat (including meat
products) and alcoholic beverages. For each study subject and for each score component, a value
of 0 or 1 was attributed as follows: for components frequently consumed in the traditional
Mediterranean diet (i.e., fruit, vegetables, cereals, legumes, fish and high monounsaturated/saturated
fatty acid ratio), subjects were assigned a value of 1 if they had a consumption above or equal to the
study-specific median among controls and 0 otherwise; for components less frequently consumed in
the Mediterranean diet (i.e., dairy and meat products), participants with a consumption below the
study-specific median were assigned a value of 1 and 0 otherwise. For alcohol, 1 point was attributed
to women consuming 5 g to less than 25 g of ethanol per day and 0 otherwise. We then calculated the
MDS adding up the points for each of the nine individual binary components; thus, the score varied
between 0 and 9, the higher the score the stronger the adherence to Mediterranean diet.

Statistical analysis. We estimated odds ratios (ORs) of breast cancer and their corresponding
95% CIs for categories of MDS (0–3, 4–5, 6–9) and for an increment of one point in the MDS
using unconditional multiple logistic regression models. We included terms for study centre,
age (quinquennial; categorically), education (<7, 7–11, ≥12 years; categorically), body mass index
(BMI, <20, 20–24.9, 25–29.9, ≥30 kg/m2; categorically), level of physical activity at workplace/home at
age 30–39 (at age 19–30 for the few women aged < 30) (low, medium, high; categorically) [43,44],
tobacco smoking (never smoker, former smoker, current smoker of <15 and current smoker of
≥15 cigarettes/day; categorically), parity (0, 1, 2, 3, ≥4; categorically), menopausal status and
age at menopause (pre-/peri-menopause, menopause at <50 and menopause at ≥50 years of age;
categorically), oral contraceptive use (ever, never), hormone-replacement therapy use (ever, never),
history of diabetes, family history of breast cancer in first degree relatives, and non-alcohol energy
intake (study-specific quintiles according to control distribution; categorically). Test for trend was
performed by including the MDS as ordinal variable. Since alcohol is a recognized risk factor for breast
cancer [1], in a further analysis we recalculated the MDS without the alcohol component and included
alcohol as a confounder in the logistic regression model.

We conducted analyses stratified by age, menopausal status, education, parity, BMI,
oral contraceptive use and hormone-replacement therapy use. Heterogeneity across strata was tested
by likelihood ratio tests.

We computed the population attributable fraction (PAF) to estimate the proportion of breast
cancer cases that might have been avoided by shifting all subjects to the highest MDS category
(i.e., 6–9 points), according to the method of Bruzzi et al. [45]. In addition, we estimated preventable
proportions associated with shifting all subjects to the adjacent lower risk category (i.e., adjacent upper
category of the MDS).
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All the analyses were performed using the SAS software, version 9.4 (SAS Institute, Inc.,
Cary, NC, USA).

3. Results

Table 1 shows the distribution of 3034 breast cancer cases and 3392 controls according to selected
covariates. Compared to controls, cases were more educated, more frequently in pre-menopause, had a
lower parity and reported more frequently a family history of breast cancer. Supplementary Materials
Table S1 describes the characteristics of cases and controls, separately for Italy and Switzerland.
Swiss women were more educated and tended to be more nulliparous as compared to Italian women.
No major differences emerged for age, menopausal status and family history of breast cancer.

Among controls, the median values used to define adherence for single components were 17.5
weekly portions for fruit, 11.0 for vegetables, 22.5 for cereals, 0.5 for legumes, 1.5 for fish, 1.3 for
monounsaturated/saturated fatty acid ratio, 10.1 for dairy products and 5.8 for meat. No major
differences emerged in the distribution of these dietary items between Italian and French speaking
Swiss women.

Table 1. Distribution of 3034 cases of breast cancer and 3392 controls according to selected
characteristics. Italy and Switzerland, 1991–2008.

Characteristic Cases n (%) Controls n (%)

Centre
Pordenone/Gorizia 1046 (34.5) 1015 (29.9)

Milan 585 (19.3) 623 (18.4)
Genoa 290 (9.6) 310 (9.1)
Forlì 212 (7.0) 213 (6.3)

Naples 258 (8.5) 249 (7.3)
Rome/Latina 178 (5.9) 178 (5.3)
Switzerland 465 (15.3) 804 (23.7)

Age group
<40 260 (8.6) 403 (11.9)

40–44 302 (10.0) 283 (8.3)
45–49 416 (13.7) 381 (11.2)
50–54 482 (15.9) 489 (14.4)
55–59 467 (15.4) 498 (14.7)
60–64 445 (14.7) 480 (14.2)
65–69 413 (13.6) 483 (14.2)
≥70 249 (8.2) 375 (11.1)

Education (years) a

<7 1273 (42.2) 1583 (47.0)
7–11 972 (32.2) 1120 (33.2)
≥12 775 (25.7) 666 (19.8)

Menopausal status a

Pre-/peri- menopause 1150 (38.0) 1180 (34.8)
Menopause at <50 years of age 777 (25.7) 1018 (30.0)
Menopause at ≥50 years of age 1097 (36.3) 1191 (35.1)

Parity a

Nulliparae 504 (16.6) 597 (17.6)
1 676 (22.3) 688 (20.3)
2 1163 (38.4) 1179 (34.8)
3 465 (25.3) 583 (17.2)
≥4 223 (7.4) 343 (10.1)

Family history of breast cancer in first-degree relatives
No 2724 (89.8) 3249 (95.8)
Yes 310 (10.2) 143 (4.2)

a The sum does not add up to the total because of missing values.
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Table 2 illustrates the adjusted ORs of breast cancer according to the MDS. Compared to the
lowest (0–3) category, the ORs were 0.86 (95% CI 0.76–0.98) for MDS of 4–5 and 0.82 (95% CI 0.71–0.95)
for MDS of 6–9, with a significant trend of decreasing risk (p-value = 0.008). The OR for one point
increment in the MDS was 0.95 (95% CI 0.92–0.99). When we excluded the alcohol component from
the score, the ORs were 0.81 (95% CI, 0.71–0.91) for 4–5 and 0.81 (95% CI, 0.70–0.95) for 6–8 components.
Estimation of the PAF indicated that 7.2% of breast cancer cases in this population would be avoided
by shifting all women towards the highest category of the score (i.e., 6–9). The PAF associated to the
one category upward shift of subjects in the lowest and middle categories of MDS (i.e., 0–3 and 4–5,
respectively) was 6.1%.

Table 2. Distribution of 3034 breast cancer cases and 3392 controls, odds ratios (OR) and 95% confidence
intervals (CI) for the Mediterranean diet score (MDS). Italy and Switzerland, 1991–2008.

Cases (%) Controls (%) OR (95% CI) a

MDS b

0–3 877 (28.9) 1022 (30.2) 1 c

4–5 1323 (43.6) 1482 (43.7) 0.86 (0.76–0.98)
6–9 833 (27.5) 886 (26.1) 0.82 (0.71–0.95)

χ2 trend (p-value) 7.13 (0.008)

1-point increase 0.95 (0.92–0.99)
a Adjusted for study centre, age, education, body mass index, physical activity, smoking, parity, menopausal status,
oral contraceptive use, hormone-replacement therapy use, diabetes, family history of breast cancer,
non-alcohol energy intake; b The sum does not add up to the total because of 3 missing values on score’s components.
c Reference category.

The association between the MDS and breast cancer risk in subgroups of potential effect modifiers
is described in Table 3. In general, ORs estimates were not significantly different across strata.
The inverse associations appeared somewhat stronger among more educated, overweight women and
women using HRT, but the heterogeneity tests were significant for HRT only.



Nutrients 2018, 10, 326 6 of 11

Table 3. Odds ratios (ORs) and corresponding 95% confidence intervals (CIs) of breast cancer
according to the Mediterranean diet score (MDS) across strata of selected covariates. Italy and
Switzerland, 1991–2008.

MDS

Cases/Controls, OR a (95% CI)

0–3 4–5 6–9 1-Point Increase b

Age group

<50
268/321 435/448 275/297 0.94 (0.88–0.99)1 c 0.88 (0.70–1.11) 0.79 (0.61–1.03)

50–59
268/276 398/427 283/283 0.97 (0.91–1.03)1 c 0.87 (0.69–1.10) 0.87 (0.67–1.13)

≥60
341/425 490/607 275/306 0.96 (0.91–1.02)1 c 0.83 (0.68–1.02) 0.86 (0.67–1.10)

p heterogeneity = 0.867 p heterogeneity = 0.911

Menopausal status

Pre-menopause
311/365 510/480 329/334 0.93 (0.88–0.99)

1 c 0.93 (0.75–1.16) 0.78 (0.61–1.00)

Post-menopause
563/657 812/1002 504/552 0.97 (0.93–1.01)

1 c 0.83 (0.71–0.97) 0.87 (0.72–1.04)

p heterogeneity = 0.150 p heterogeneity = 0.711

Education (years)

<7
299/380 586/734 387/467 0.98 (0.93–1.04)

1 c 0.93 (0.77–1.13) 0.94 (0.75–1.17)

≥7
574/635 733/740 440/411 0.92 (0.88–0.96)

1 c 0.78 (0.66–0.93) 0.69 (0.56–0.85)

p heterogeneity = 0.341 p heterogeneity = 0.181

Parity

0
183/230 191/249 130/118 0.93 (0.86–1.01)

1 c 0.70 (0.52–0.96) 0.74 (0.51–1.08)

1–2
502/558 842/805 494/503 0.94 (0.90–0.98)

1 c 0.95 (0.80–1.12) 0.81 (0.67–0.99)

≥3
191/233 288/428 209/264 0.97 (0.91–1.04)

1 c 0.74 (0.58–0.96) 0.82 (0.62–1.10)

p heterogeneity = 0.149 p heterogeneity = 0.565

Body mass index (kg/m2)

<25.0
487/560 704/772 457/434 0.97 (0.92–1.01)

1 c 0.86 (0.72–1.03) 0.88 (0.72–1.08)

≥25.0
390/462 619/710 376/452 0.93 (0.89–0.98)

1 0.87 (0.72–1.05) 0.76 (0.61–0.94)

p heterogeneity = 0.405 p heterogeneity = 0.820

Oral contraceptive use

Never
747/904 1121/1313 710/766 0.96 (0.92–0.99)

1 c 0.85 (0.74–0.97) 0.84 (0.72–0.98)

Ever
130/118 202/169 123/120 0.91 (0.83–1.00)

1 c 0.87 (0.60–1.25) 0.65 (0.43–0.98)

p heterogeneity = 0.187 p heterogeneity = 0.145

Hormone-replacement therapy use

Never
742/921 1198/1356 759/809 0.96 (0.93–1.00)

1 c 0.89 (0.78–1.02) 0.85 (0.73–0.99)

Ever
135/101 125/126 74/77 0.87 (0.78–0.97)

1 c 0.68 (0.45–1.02) 0.62 (0.38–1.02)

p heterogeneity = 0.018 p heterogeneity = 0.001
a Adjusted for study centre, age, education, body mass index, physical activity, smoking, parity, menopausal status,
oral contraceptive use, hormone-replacement therapy use, diabetes, family history of breast cancer, non-alcohol
energy intake, when appropriate; b OR for one point increase in the MDS; c Reference category.
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4. Discussion

By using a simple, intuitive and frequently used dietary score to assess compliance to the
Mediterranean diet, this large investigation from southern Europe found that adherence to the
Mediterranean dietary pattern is related to a reduced risk of breast cancer, as documented for several
other cancers [13]. In particular, women in the highest category of adherence of the MDS (i.e., 6–9 points)
had an approximately 20% decreased risk compared to women in the lowest one (i.e., 0–3 points).
Moreover, we estimated that 6% of breast cancer cases in this population would be avoided by shifting
all women to the upper adjacent category of the MDS. In stratified analyses, including those by
menopausal status, the results were similar and many of the variations in the ORs may have been due
to chance.

Available epidemiological data on Mediterranean diet and breast cancer appear conflicting,
with some studies reporting null findings [20–22], some inverse associations [17–19], generally of
weak magnitude, and others inverse associations restricted to specific subgroups, in particular
postmenopausal women [23,27] and oestrogen receptor—(ER) negative breast cancer cases [23–25].

Among major prospective investigations, the Nurses’ Health Study (with 3580 breast cancer cases)
did not find a relation between Mediterranean diet and total or ER-positive breast cancer but
an inverse association was observed for ER-negative breast cancer [25]. The HRs for the upper
quintile of a modified version (aMED) of the Mediterranean diet scale by Trichopoulou et al. [42]
were 0.98 (95% CI, 0.88–1.10) for total, 1.05 (95% CI, 0.91–1.18) for ER-positive and 0.79 (95% CI,
0.60–1.03, p for trend = 0.03) for ER-negative breast cancer [25]. Similar findings were reported from
postmenopausal women participating in the Netherlands Cohort study: based on 2321 incident
breast cancer cases, a significant inverse association with a Mediterranean diet score without alcohol
was observed for ER-negative breast cancer (HR for 6–8 vs. 0–3 points: 0.60, 95% CI, 0.39–0.93,
p trend = 0.032), whereas the associations with total (HR: 0.87, 95% CI, 0.72–1.06) and ER-positive
breast cancer (HR: 0.87, 95% CI, 0.69–1.10) were weak and non-significant [24]. In addition, based on
approximately 9000 postmenopausal and 1200 premenopausal women with incident breast cancer
from 10 European countries, the European Prospective Investigation into Cancer and nutrition cohort
(EPIC) found an inverse association between a 16-point Mediterranean diet score which excluded
the alcohol component and the risk of overall breast cancer (HR for the highest vs. lowest category:
0.94, 95% CI, 0.88–1.00, p trend = 0.048), which appeared limited to postmenopausal breast cancer
(HR: 0.93, 95% CI, 0.87–0.99, p trend = 0.037), compared to premenopausal breast cancer (HR: 0.97,
95% CI, 0.81–1.15) [23]. Conversely, in a British cohort of almost 34,000 women and 828 incident breast
cancer cases, a non-significant inverse association with increasing adherence to the Mediterranean diet
emerged only among premenopausal women (HR = 0.65, 95% CI, 0.42–1.02 for the highest versus
lowest Mediterranean score category, p for trend = 0.09) [26]. Findings from the Swedish Women’s
Lifestyle and Health cohort, based on 1278 incident cases, indicated an increased breast cancer risk for
a higher Mediterranean diet score, but results became not significant when alcohol was excluded from
the score [21]. When findings from the 5 cohort studies with data on postmenopausal breast cancer
published up to August 2016 were pooled in a meta-analysis, a marginally significant 6% reduced risk
of postmenopausal breast cancer was estimated for the highest versus the lowest category of scores of
the Mediterranean diet (RR = 0.94, 95% CI, 0.88–1.01) [24].

Among case-control studies, an investigation among Asian American women with 1248 breast
cancer cases found a significant inverse association with a score of Mediterranean diet which considered
alcohol among the non-Mediterranean components (OR for the upper vs. the lower score categories:
0.65, 95% CI, 0.44–0.95, p for trend = 0.009) [18]; a Spanish case-control study with about 1000 cases
found a non-significantly reduced breast cancer risk for higher scores in the aMED excluding alcohol
(OR: 0.74, 95% CI, 0.46–1.18, p trend = 0.01) and a significant 11% decreased risk per one standard
deviation increase in the score [19]; and a study on approximately 1000 Greek-Cypriot postmenopausal
women found no association with two different a priori Mediterranean diet scores, modified in their
scoring system as to giving higher scores to no alcohol consumption [22].
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Thus, there is a partial consensus of findings on Mediterranean diet and breast cancer between
cohort and case-control studies. This strengthens the consistence of a real inverse association.
Available studies were conducted on different populations and they measured adherence to
the Mediterranean diet through various scores, which differed in the components included
(e.g., dairy foods, fish), the specific food items considered in a component (e.g., only whole grain
products in the cereal component, only red meat in the meat component) and the scoring system
for the level of adherence (0/1, or finer scoring systems). Moreover, while moderate alcohol intake
is a distinctive feature of the Mediterranean diet, given its unfavourable role on breast cancer risk,
some studies excluded alcohol from the score calculation [19,23] and some considered alcohol among
the negative components [18,20,22]. In our study, the exclusion of ethanol intake from the score did
not materially modify any of the ORs. In addition, differences in eating and lifestyle habits between
Mediterranean and non-Mediterranean populations can influence the evaluation of the health benefits
of this specific dietary pattern [46]. Indeed, Mediterranean diet scores may be difficult to interpret when
applied to non-Mediterranean populations if there are relevant differences between Mediterranean
and non-Mediterranean countries on the absolute amounts of food intakes. The cut-offs used to
define adherence are population-dependent in several scores and may not be able to discriminate
beneficial/harmful levels of intakes in non-Mediterranean countries. The varieties of foods/food
pattern within a single dietary component (e.g., different varieties of vegetables/fruits, olive oil versus
consumption of animal products as the major source of monounsaturated fatty acid, (red) wine during
meals versus binge drinking mostly of beer/spirits), may also differ. Thus, the application of a
Mediterranean dietary score to a population with a very different dietary pattern may not capture a
real Mediterranean dietary style [47].

Strengths of our study include the large sample size, the Mediterranean setting, the comparable
catchment areas of cases and controls, the very high participation, the reproducibility [37,39]
and validity [38] of information on diet and the allowance for a large number of covariates.
Although Switzerland is not considered a typical Mediterranean area, the distribution of the
dietary components included in the MDS score among Swiss women was similar to that of the
Italian population. Comparison across countries revealed that Swiss women were more educated and
tended to be more nulliparous compared to Italian ones, while no major differences emerged for age,
menopausal status and family history of breast cancer.

Among the limitations, we had no adequate information on various subtypes of breast cancer.
Selection bias should be limited, as we excluded from the control group subjects admitted to hospitals
for chronic and gynaecologic conditions or diseases related to diet modifications or known risk factors
for breast cancer. Information bias was minimized by the direct interview of cases and controls by the
same trained interviewers in similar hospital conditions.

5. Conclusions

In conclusion, we found a modest but relevant at both individual and public health level, reduced
risk of breast cancer for a high adherence to the Mediterranean diet, in Southern European populations
where this dietary pattern is still prevalent.

Supplementary Materials: The following are available online at www.mdpi.com/2072-6643/10/3/326/s1,
Table S1: Distribution of 3034 cases of breast cancer and 3392 controls according to selected characteristics,
in Italy and Switzerland, 1991–2008.

Acknowledgments: This work was supported by the Italian Foundation for Cancer Research and the “IRCCS CRO
Contributo 5 × 1000 anno 2010 Ministero della Salute”. We thank the Italian League against Cancer, Sede Centrale,
for the contribution to the project “Valutazione dell’effetto protettivo della dieta mediterranea per i tumori della donna”.

Author Contributions: Carlo La Vecchia, Fabio Levi, Diego Serraino, Eva Negri and Monica Ferraroni conceived
and designed the experiments; Carlo La Vecchia, Fabio Levi, Diego Serraino, Eva Negri, Attilio Giacosa and
Maurizio Montella collected the data; Federica Turati, Francesca Bravi, Greta Carioli and Federica Toffolutti
analysed the data; Federica Turati and Greta Carioli drafted the manuscript, and all authors revised it critically for
intellectual content.

www.mdpi.com/2072-6643/10/3/326/s1


Nutrients 2018, 10, 326 9 of 11

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bagnardi, V.; Rota, M.; Botteri, E.; Tramacere, I.; Islami, F.; Fedirko, V.; Scotti, L.; Jenab, M.; Turati, F.;
Pasquali, E.; et al. Alcohol consumption and site-specific cancer risk: A comprehensive dose-response
meta-analysis. Br. J. Cancer 2015, 112, 580–593. [CrossRef] [PubMed]

2. Seitz, H.K.; Pelucchi, C.; Bagnardi, V.; La Vecchia, C. Epidemiology and pathophysiology of alcohol and
breast cancer: Update 2012. Alcohol Alcohol. 2012, 47, 204–212. [CrossRef] [PubMed]

3. World Cancer Research Fund International/American Institute for Cancer Research. Continuous Update
Project Report: Diet, Nutrition, Physical Activity and Breast Cancer. 2017. Available online: wcrf.org/breast-
cancer-2017 (accessed on 7 March 2018).

4. Michels, K.B.; Mohllajee, A.P.; Roset-Bahmanyar, E.; Beehler, G.P.; Moysich, K.B. Diet and breast cancer:
A review of the prospective observational studies. Cancer 2007, 109, 2712–2749. [CrossRef] [PubMed]

5. Jaffee, E.M.; Van Dang, C.; Agus, D.B.; Alexander, B.M.; Anderson, K.C.; Ashworth, A.; Barker, A.D.;
Bastani, R.; Bhatia, S.; Bluestone, J.A. Future cancer research priorities in the USA: A lancet oncology commission.
Lancet Oncol. 2017, 18, e653–e706. [CrossRef]

6. Hu, F.B. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol.
2002, 13, 3–9. [CrossRef] [PubMed]

7. La Vecchia, C.; Bosetti, C. Diet and cancer risk in mediterranean countries: Open issues. Public Health Nutr.
2006, 9, 1077–1082. [CrossRef] [PubMed]

8. Willett, W.C.; Sacks, F.; Trichopoulou, A.; Drescher, G.; Ferro-Luzzi, A.; Helsing, E.; Trichopoulos, D.
Mediterranean diet pyramid: A cultural model for healthy eating. Am. J. Clin. Nutr. 1995, 61, 1402S–1406S.
[CrossRef] [PubMed]

9. Sofi, F.; Abbate, R.; Gensini, G.F.; Casini, A. Accruing evidence on benefits of adherence to the Mediterranean
diet on health: An updated systematic review and meta-analysis. Am. J. Clin. Nutr. 2010, 92, 1189–1196.
[CrossRef] [PubMed]

10. Misirli, G.; Benetou, V.; Lagiou, P.; Bamia, C.; Trichopoulos, D.; Trichopoulou, A. Relation of the
traditional mediterranean diet to cerebrovascular disease in a Mediterranean population. Am. J. Epidemiol.
2012, 176, 1185–1192. [CrossRef] [PubMed]

11. Rossi, M.; Turati, F.; Lagiou, P.; Trichopoulos, D.; Augustin, L.S.; La Vecchia, C.; Trichopoulou, A.
Mediterranean diet and glycaemic load in relation to incidence of type 2 diabetes: Results from the
Greek cohort of the population-based european prospective investigation into cancer and nutrition (EPIC).
Diabetologia 2013, 56, 2405–2413. [CrossRef] [PubMed]

12. Sofi, F.; Cesari, F.; Abbate, R.; Gensini, G.F.; Casini, A. Adherence to Mediterranean diet and health status:
Meta-analysis. BMJ 2008, 337, a1344. [CrossRef] [PubMed]

13. Giacosa, A.; Barale, R.; Bavaresco, L.; Gatenby, P.; Gerbi, V.; Janssens, J.; Johnston, B.; Kas, K.; La Vecchia, C.;
Mainguet, P.; et al. Cancer prevention in Europe: The Mediterranean diet as a protective choice.
Eur. J. Cancer Prev. 2013, 22, 90–95. [CrossRef] [PubMed]

14. Praud, D.; Bertuccio, P.; Bosetti, C.; Turati, F.; Ferraroni, M.; La Vecchia, C. Adherence to the Mediterranean
diet and gastric cancer risk in Italy. Int. J. Cancer 2014, 134, 2935–2941. [CrossRef] [PubMed]

15. Rosato, V.; Guercio, V.; Bosetti, C.; Negri, E.; Serraino, D.; Giacosa, A.; Montella, M.; La Vecchia, C.; Tavani, A.
Mediterranean diet and colorectal cancer risk: A pooled analysis of three Italian case-control studies.
Br. J. Cancer 2016, 115, 862–865. [CrossRef] [PubMed]

16. Bosetti, C.; Gallus, S.; Trichopoulou, A.; Talamini, R.; Franceschi, S.; Negri, E.; La Vecchia, C. Influence of the
Mediterranean diet on the risk of cancers of the upper aerodigestive tract. Cancer Epidemiol. Biomark. Prev.
2003, 12, 1091–1094.

17. Mourouti, N.; Kontogianni, M.D.; Papavagelis, C.; Plytzanopoulou, P.; Vassilakou, T.; Malamos, N.; Linos, A.;
Panagiotakos, D.B. Adherence to the Mediterranean diet is associated with lower likelihood of breast cancer:
A case-control study. Nutr. Cancer 2014, 66, 810–817. [CrossRef] [PubMed]

18. Wu, A.H.; Yu, M.C.; Tseng, C.C.; Stanczyk, F.Z.; Pike, M.C. Dietary patterns and breast cancer risk in Asian
American women. Am. J. Clin. Nutr. 2009, 89, 1145–1154. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/bjc.2014.579
http://www.ncbi.nlm.nih.gov/pubmed/25422909
http://dx.doi.org/10.1093/alcalc/ags011
http://www.ncbi.nlm.nih.gov/pubmed/22459019
wcrf.org/breast-cancer-2017
wcrf.org/breast-cancer-2017
http://dx.doi.org/10.1002/cncr.22654
http://www.ncbi.nlm.nih.gov/pubmed/17503428
http://dx.doi.org/10.1016/S1470-2045(17)30698-8
http://dx.doi.org/10.1097/00041433-200202000-00002
http://www.ncbi.nlm.nih.gov/pubmed/11790957
http://dx.doi.org/10.1017/S1368980007668475
http://www.ncbi.nlm.nih.gov/pubmed/17378944
http://dx.doi.org/10.1093/ajcn/61.6.1402S
http://www.ncbi.nlm.nih.gov/pubmed/7754995
http://dx.doi.org/10.3945/ajcn.2010.29673
http://www.ncbi.nlm.nih.gov/pubmed/20810976
http://dx.doi.org/10.1093/aje/kws205
http://www.ncbi.nlm.nih.gov/pubmed/23186748
http://dx.doi.org/10.1007/s00125-013-3013-y
http://www.ncbi.nlm.nih.gov/pubmed/23975324
http://dx.doi.org/10.1136/bmj.a1344
http://www.ncbi.nlm.nih.gov/pubmed/18786971
http://dx.doi.org/10.1097/CEJ.0b013e328354d2d7
http://www.ncbi.nlm.nih.gov/pubmed/22644232
http://dx.doi.org/10.1002/ijc.28620
http://www.ncbi.nlm.nih.gov/pubmed/24259274
http://dx.doi.org/10.1038/bjc.2016.245
http://www.ncbi.nlm.nih.gov/pubmed/27537381
http://dx.doi.org/10.1080/01635581.2014.916319
http://www.ncbi.nlm.nih.gov/pubmed/24847911
http://dx.doi.org/10.3945/ajcn.2008.26915
http://www.ncbi.nlm.nih.gov/pubmed/19211822


Nutrients 2018, 10, 326 10 of 11

19. Castello, A.; Pollan, M.; Buijsse, B.; Ruiz, A.; Casas, A.M.; Baena-Canada, J.M.; Lope, V.; Antolin, S.;
Ramos, M.; Munoz, M.; et al. Spanish Mediterranean diet and other dietary patterns and breast cancer risk:
Case-control EpiGEICAM study. Br. J. Cancer 2014, 111, 1454–1462. [CrossRef] [PubMed]

20. Butler, L.M.; Wu, A.H.; Wang, R.; Koh, W.P.; Yuan, J.M.; Yu, M.C. A vegetable-fruit-soy dietary pattern
protects against breast cancer among postmenopausal Singapore Chinese women. Am. J. Clin. Nutr.
2010, 91, 1013–1019. [CrossRef] [PubMed]

21. Couto, E.; Sandin, S.; Lof, M.; Ursin, G.; Adami, H.O.; Weiderpass, E. Mediterranean dietary pattern and risk
of breast cancer. PLoS ONE 2013, 8, e55374. [CrossRef] [PubMed]

22. Demetriou, C.A.; Hadjisavvas, A.; Loizidou, M.A.; Loucaides, G.; Neophytou, I.; Sieri, S.; Kakouri, E.;
Middleton, N.; Vineis, P.; Kyriacou, K. The Mediterranean dietary pattern and breast cancer risk in
Greek-Cypriot women: A case-control study. BMC Cancer 2012, 12, 113. [CrossRef] [PubMed]

23. Buckland, G.; Travier, N.; Cottet, V.; Gonzalez, C.A.; Lujan-Barroso, L.; Agudo, A.; Trichopoulou, A.;
Lagiou, P.; Trichopoulos, D.; Peeters, P.H.; et al. Adherence to the Mediterranean diet and risk of breast
cancer in the European prospective investigation into cancer and nutrition cohort study. Int. J. Cancer
2013, 132, 2918–2927. [CrossRef] [PubMed]

24. Van den Brandt, P.A.; Schulpen, M. Mediterranean diet adherence and risk of postmenopausal breast cancer:
Results of a cohort study and meta-analysis. Int. J. Cancer 2017, 140, 2220–2231. [CrossRef] [PubMed]

25. Fung, T.T.; Hu, F.B.; McCullough, M.L.; Newby, P.K.; Willett, W.C.; Holmes, M.D. Diet quality is
associated with the risk of oestrogen receptor-negative breast cancer in postmenopausal women. J. Nutr.
2006, 136, 466–472. [CrossRef] [PubMed]

26. Cade, J.E.; Taylor, E.F.; Burley, V.J.; Greenwood, D.C. Does the Mediterranean dietary pattern or the healthy
diet index influence the risk of breast cancer in a large British cohort of women? Eur. J. Clin. Nutr.
2011, 65, 920–928. [CrossRef] [PubMed]

27. Trichopoulou, A.; Bamia, C.; Lagiou, P.; Trichopoulos, D. Conformity to traditional Mediterranean diet and
breast cancer risk in the Greek epic (European Prospective Investigation into Cancer and nutrition) cohort.
Am. J. Clin. Nutr. 2010, 92, 620–625. [CrossRef] [PubMed]

28. Schwingshackl, L.; Schwedhelm, C.; Galbete, C.; Hoffmann, G. Adherence to Mediterranean diet and risk of
cancer: An updated systematic review and meta-analysis. Nutrients 2017, 9, 1063. [CrossRef] [PubMed]

29. Carruba, G.; Granata, O.M.; Pala, V.; Campisi, I.; Agostara, B.; Cusimano, R.; Ravazzolo, B.; Traina, A.
A traditional Mediterranean diet decreases endogenous oestrogens in healthy postmenopausal women.
Nutr. Cancer 2006, 56, 253–259. [CrossRef] [PubMed]

30. Visioli, F.; Grande, S.; Bogani, P.; Galli, C. The role of antioxidants in the Mediterranean diets: Focus on cancer.
Eur. J. Cancer Prev. 2004, 13, 337–343. [CrossRef] [PubMed]

31. World Cancer Research Fund International/American Institute for Cancer Research. Food, Nutrition,
Physical Activity and the Prevention of Cancer: A Global Perspective; World Cancer Research Fund
International/American Institute for Cancer Research: Washington, DC, USA, 2007.

32. Mitjavila, M.T.; Fandos, M.; Salas-Salvado, J.; Covas, M.I.; Borrego, S.; Estruch, R.; Lamuela-Raventos, R.;
Corella, D.; Martinez-Gonzalez, M.A.; Sanchez, J.M.; et al. The Mediterranean diet improves the systemic
lipid and DNA oxidative damage in metabolic syndrome individuals. A randomized, controlled, trial.
Clin. Nutr. 2013, 32, 172–178. [CrossRef] [PubMed]

33. Warleta, F.; Campos, M.; Allouche, Y.; Sanchez-Quesada, C.; Ruiz-Mora, J.; Beltran, G.; Gaforio, J.J.
Squalene protects against oxidative DNA damage in MCF10A human mammary epithelial cells but not in
MCF7 and MDA-MB-231 human breast cancer cells. Food Chem. Toxicol. 2010, 48, 1092–1100. [CrossRef]
[PubMed]

34. Toledo, E.; Salas-Salvado, J.; Donat-Vargas, C.; Buil-Cosiales, P.; Estruch, R.; Ros, E.; Corella, D.;
Fito, M.; Hu, F.B.; Aros, F.; et al. Mediterranean diet and invasive breast cancer risk among women
at high cardiovascular risk in the PREDIMED trial: A randomized clinical trial. JAMA Intern. Med.
2015, 175, 1752–1760. [CrossRef] [PubMed]

35. Franceschi, S.; Favero, A.; La Vecchia, C.; Negri, E.; Dal Maso, L.; Salvini, S.; Decarli, A.; Giacosa, A. Influence
of food groups and food diversity on breast cancer risk in Italy. Int. J. Cancer 1995, 63, 785–789. [CrossRef]
[PubMed]

36. Levi, F.; Pasche, C.; Lucchini, F.; La Vecchia, C. Dietary intake of selected micronutrients and breast-cancer risk.
Int. J. Cancer 2001, 91, 260–263. [CrossRef]

http://dx.doi.org/10.1038/bjc.2014.434
http://www.ncbi.nlm.nih.gov/pubmed/25101568
http://dx.doi.org/10.3945/ajcn.2009.28572
http://www.ncbi.nlm.nih.gov/pubmed/20181808
http://dx.doi.org/10.1371/journal.pone.0055374
http://www.ncbi.nlm.nih.gov/pubmed/23390532
http://dx.doi.org/10.1186/1471-2407-12-113
http://www.ncbi.nlm.nih.gov/pubmed/22443862
http://dx.doi.org/10.1002/ijc.27958
http://www.ncbi.nlm.nih.gov/pubmed/23180513
http://dx.doi.org/10.1002/ijc.30654
http://www.ncbi.nlm.nih.gov/pubmed/28260236
http://dx.doi.org/10.1093/jn/136.2.466
http://www.ncbi.nlm.nih.gov/pubmed/16424129
http://dx.doi.org/10.1038/ejcn.2011.69
http://www.ncbi.nlm.nih.gov/pubmed/21587285
http://dx.doi.org/10.3945/ajcn.2010.29619
http://www.ncbi.nlm.nih.gov/pubmed/20631204
http://dx.doi.org/10.3390/nu9101063
http://www.ncbi.nlm.nih.gov/pubmed/28954418
http://dx.doi.org/10.1207/s15327914nc5602_18
http://www.ncbi.nlm.nih.gov/pubmed/17474873
http://dx.doi.org/10.1097/01.cej.0000137513.71845.f6
http://www.ncbi.nlm.nih.gov/pubmed/15554562
http://dx.doi.org/10.1016/j.clnu.2012.08.002
http://www.ncbi.nlm.nih.gov/pubmed/22999065
http://dx.doi.org/10.1016/j.fct.2010.01.031
http://www.ncbi.nlm.nih.gov/pubmed/20138105
http://dx.doi.org/10.1001/jamainternmed.2015.4838
http://www.ncbi.nlm.nih.gov/pubmed/26365989
http://dx.doi.org/10.1002/ijc.2910630606
http://www.ncbi.nlm.nih.gov/pubmed/8847134
http://dx.doi.org/10.1002/1097-0215(200002)9999:9999&lt;::AID-IJC1041&gt;3.3.CO;2-R


Nutrients 2018, 10, 326 11 of 11

37. Franceschi, S.; Barbone, F.; Negri, E.; Decarli, A.; Ferraroni, M.; Filiberti, R.; Giacosa, A.; Gnagnarella, P.;
Nanni, O.; Salvini, S.; et al. Reproducibility of an Italian food frequency questionnaire for cancer studies.
Results for specific nutrients. Ann. Epidemiol. 1995, 5, 69–75. [CrossRef]

38. Decarli, A.; Franceschi, S.; Ferraroni, M.; Gnagnarella, P.; Parpinel, M.T.; La Vecchia, C.; Negri, E.; Salvini, S.;
Falcini, F.; Giacosa, A. Validation of a food-frequency questionnaire to assess dietary intakes in cancer studies
in Italy. Results for specific nutrients. Ann. Epidemiol. 1996, 6, 110–118. [CrossRef]

39. Franceschi, S.; Negri, E.; Salvini, S.; Decarli, A.; Ferraroni, M.; Filiberti, R.; Giacosa, A.; Talamini, R.; Nanni, O.;
Panarello, G.; et al. Reproducibility of an Italian food frequency questionnaire for cancer studies: Results for
specific food items. Eur. J. Cancer 1993, 29A, 2298–2305. [CrossRef]

40. Gnagnarella, P.; Parpinel, M.; Salvini, S.; Franceschi, S.; Palli, D.; Boyle, P. The update of the Italian food
composition database. J. Food Comp. Anal. 2004, 17, 509–522. [CrossRef]

41. Salvini, S.; Parpinel, M.; Gnagnarella, P.; Maisonneuve, P.; Turrini, A. Banca di Composizione Degli Alimenti per
Studi Epidemiologici in Italia; Istituto Europeo di Oncologia: Milano, Italy, 1998.

42. Trichopoulou, A.; Costacou, T.; Bamia, C.; Trichopoulos, D. Adherence to a Mediterranean diet and survival
in a Greek population. N. Engl. J. Med. 2003, 348, 2599–2608. [CrossRef] [PubMed]

43. D’Avanzo, B.; Nanni, O.; La Vecchia, C.; Franceschi, S.; Negri, E.; Giacosa, A.; Conti, E.; Montella, M.;
Talamini, R.; Decarli, A. Physical activity and breast cancer risk. Cancer Epidemiol. Biomark. Prev.
1996, 5, 155–160.

44. Levi, F.; Pasche, C.; Lucchini, F.; La Vecchia, C. Occupational and leisure time physical activity and the risk
of breast cancer. Eur. J. Cancer 1999, 35, 775–778. [CrossRef]

45. Bruzzi, P.; Green, S.B.; Byar, D.P.; Brinton, L.A.; Schairer, C. Estimating the population attributable risk for
multiple risk factors using case-control data. Am. J. Epidemiol. 1985, 122, 904–914. [CrossRef] [PubMed]

46. Hoffman, R.; Gerber, M. Evaluating and adapting the Mediterranean diet for non-Mediterranean populations:
A critical appraisal. Nutr. Rev. 2013, 71, 573–584. [CrossRef] [PubMed]

47. Martinez-Gonzalez, M.A.; Hershey, M.S.; Zazpe, I.; Trichopoulou, A. Transferability of the Mediterranean
diet to non-Mediterranean countries. What is and what is not the Mediterranean diet. Nutrients 2017, 9, 1226.
[CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/1047-2797(95)92893-D
http://dx.doi.org/10.1016/1047-2797(95)00129-8
http://dx.doi.org/10.1016/0959-8049(93)90225-5
http://dx.doi.org/10.1016/j.jfca.2004.02.009
http://dx.doi.org/10.1056/NEJMoa025039
http://www.ncbi.nlm.nih.gov/pubmed/12826634
http://dx.doi.org/10.1016/S0959-8049(99)00051-9
http://dx.doi.org/10.1093/oxfordjournals.aje.a114174
http://www.ncbi.nlm.nih.gov/pubmed/4050778
http://dx.doi.org/10.1111/nure.12040
http://www.ncbi.nlm.nih.gov/pubmed/24032362
http://dx.doi.org/10.3390/nu9111226
http://www.ncbi.nlm.nih.gov/pubmed/29117146
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

