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Abstract

Background: A Mediterranean diet has a recognized beneficial effect on health and longevity, with a protective influence on
several cancers. However, its association with breast cancer risk remains unclear.

Objective: We aimed to investigate whether adherence to a Mediterranean dietary pattern influences breast cancer risk.

Design: The Swedish Women’s Lifestyle and Health cohort study includes 49,258 women aged 30 to 49 years at recruitment
in 1991–1992. Consumption of foods and beverages was measured at enrollment using a food frequency questionnaire. A
Mediterranean diet score was constructed based on the consumption of alcohol, vegetables, fruits, legumes, cereals, fish,
the ratio of unsaturated to saturated fat, and dairy and meat products. Relative risks (RR) for breast cancer and specific
tumor characteristics (invasiveness, histological type, estrogen/progesterone receptor status, malignancy grade and stage)
associated with this score were estimated using Cox regression controlling for potential confounders.

Results: 1,278 incident breast cancers were diagnosed. Adherence to a Mediterranean dietary pattern was not statistically
significantly associated with reduced risk of breast cancer overall, or with specific breast tumor characteristics. A RR (95%
confidence interval) for breast cancer associated with a two-point increment in the Mediterranean diet score was 1.08 (1.00–
1.15) in all women, and 1.10 (1.01–1.21) and 1.02 (0.91–1.15) in premenopausal and postmenopausal women, respectively.
When alcohol was excluded from the Mediterranean diet score, results became not statistically significant.

Conclusions: Adherence to a Mediterranean dietary pattern did not decrease breast cancer risk in this cohort of relatively
young women.
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Funding: Supported by the Swedish Research Council (Vetenskapsrådet) grant K2012-69X-22062-01-3 and by the Swedish Cancer Society. The funders had no
role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: Elisabete.Weiderpass@ki.se

Introduction

The Mediterranean diet has been inscribed on the heritage list

of the United Nations Educational, Scientific and Cultural

Organization [1] due, among other things, to its beneficial effects

on human health [2]. The key features of the Mediterranean diet

are high consumption of vegetables, legumes, fruits, nuts and

minimally processed cereals, and mono-unsaturated lipids (cou-

pled with low saturated fat consumption), moderately high

consumption of fish, low consumption of dairy and meat products,

and regular but moderate intake of alcohol [2]. Adherence to this

diet has been reported to reduce overall mortality [3,4], and to

protect against cardiovascular diseases [5], and possibly cancer

[6,7]. However, studies that examined the possible benefit of the

Mediterranean diet on specific cancer sites, such as breast cancer,

have reported contradictory results [8–13].

Hormonal risk factors, such as exposure to endogenous and

exogenous hormones [14], are profoundly important in the

etiology of breast cancer, and may be more strongly related to

the risk of estrogen receptor -positive cancer [15–17]. In contrast,

non-hormonal risk factors, such as diet, may be more strongly

associated with hormone receptor-negative breast cancer. How-

ever, few studies have investigated the possible association between

a Mediterranean diet and the risk of specific breast tumor

characteristics, such as estrogen receptor (ER) and progesterone

receptor (PR) status [9,10]. One study found a protective

association with ER-negative breast cancer [10]; another with

ER-positive/PR-negative breast cancer [9]. To our knowledge,

other specific breast tumor characteristics such as malignancy

grade have never been investigated.

Body fatness reduces the risk of premenopausal breast cancer,

and increases the risk in postmenopausal women [18]. BMI might

also modify the association between Mediterranean diet and breast
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cancer risk [9,11]. One study did indeed report a protective

association in women with a BMI less than 25 [9], whilst another

study found the same association in women with a BMI of 25 or

more [11]. One study also reported a protective association among

women with lower total energy intake [9].

We used data from the prospective Swedish Women’s Lifestyle

and Health (WLH) cohort study to investigate whether adherence

to a Mediterranean dietary pattern influences breast cancer risk.

We separately examined specific breast cancer tumor character-

istics and adjusted for an extensive range of potential confounders.

Subjects and Methods

Study Population and Design
As previously described in detail [19], the prospective Swedish

WLH cohort study includes women who were aged 30 to 49 years

at the time of recruitment in 1991–1992. A total of 96,000 women

residing in the Uppsala Health Care Region (including about one-

sixth of the Swedish population) were randomly selected from the

Swedish Central Population Registry and invited to participate.

They were sent an invitation letter and comprehensive question-

naire that requested detailed information on a wide range of

factors, including diet, reproductive and hormonal factors, and

family history of cancer. Among the 96,000 invited women,

49,258 returned a completed baseline questionnaire.

In 2003, these 49,258 women were sent a follow-up question-

naire, which was completed by 34,402 women. This questionnaire

updated information collected in the baseline questionnaire. The

WLH study was approved by the Swedish Data Inspection Board

and the regional Ethical Committee, Uppsala University, Uppsala,

Sweden and the Ethical Committee of the Karolinska Institutet in

Stockholm, Sweden. All participants signed an informed consent

form.

Adherence to a Mediterranean Dietary Pattern
The baseline questionnaire included a validated food frequency

questionnaire that assessed the frequency and quantity of

approximately 80 food items and beverages consumed during

the 6 months preceding study recruitment. Reported consumption

of foods and beverages were then translated into nutrient and

energy intakes using the Swedish National Food Administration

database [20].

We measured adherence to a Mediterranean dietary pattern

using a variant of the Mediterranean diet score proposed by

Trichopoulou et al [2]. The original score considers eight

components, selected a priori, namely alcohol, vegetables, fruits,

legumes, cereals, monounsaturated to saturated fat ratio, dairy and

meat products. The variant of the score that we used, also

proposed by Trichopoulou et al [3], considers one more compo-

nent (fish), and measures fat consumption as the ratio of

unsaturated to saturated fat to accommodate the low consumption

of olive oil-derived monounsaturated lipids in non-Mediterranean

countries [21].

We calculated the median consumption of each component in

the WLH cohort, and constructed a Mediterranean diet score for

each participant based on her consumption of each component

compared to that of the overall cohort. We treated components

differently according to whether they are traditionally consumed

more or less in Mediterranean countries. We assigned components

that are more frequently consumed, such as vegetables, fruits and

nuts, legumes, cereals, fish and a high ratio of unsaturated to

saturated lipids, a value of 1 if a participant’s consumption was

above the cohort median for that component, and a value of 0

otherwise. For components that are less frequently consumed in

Mediterranean countries (i.e., dairy and meat products) we

assigned a value of 1 if a participant’s consumption was below

the cohort median, and 0 otherwise.

As alcohol is usually consumed moderately and regularly in

Mediterranean countries, we assigned a value of 1 to participants

who reported a consumption of 5 to ,25 g/day, and a value of 0

for all other intakes. We then summed the values for all

components (equal to either 0 or 1) to obtain a participant’s

Mediterranean diet score. The score varied between 0 and 9; the

higher the score, the closer the adherence to a Mediterranean

dietary pattern. Because alcohol is an established risk factor for

breast cancer [22], we also analyzed the Mediterranean diet score

without the alcohol component and controlled for alcohol as a

confounder in the statistical model. This was done when

examining breast cancer risk overall, and the risk of specific

breast tumor characteristics.

Follow-up and Endpoints
All participants were followed up through linkages with

nationwide health registers using the individually unique national

registration number assigned to all legal residents in Sweden. The

study population was linked to the population register for

information on emigration and death. Data on breast cancer

was obtained through linkage with the national cancer register

through 2008, and the breast cancer quality register in the

Uppsala health care region (that started in September 1992).

Information on breast tumor characteristics was available in the

regional, but not in the national cancer register. During follow-up,

322 participants had a diagnosis of breast cancer (International

Classification of Diseases, 7th revision, code 170.0) in the national

cancer register that was not recorded in the regional quality breast

cancer register in Uppsala, as they had moved out of Uppsala

County after cohort recruitment.

Menopausal Status
Information from both baseline and follow-up questionnaires

was used to determine menopausal status. We extracted data on

oophorectomy and hysterectomy from the national in-patient

register [23]. We used this information to verify surgeries reported

by participants in the baseline questionnaire, and to update

information on surgical menopause during follow-up. A woman

was defined as postmenopausal if her menstruation had stopped,

or if both ovaries had been surgically removed. We classified

participants who did not provide any information on menstrual

status, who reported not menstruating but did not give the reason,

who had had a hysterectomy, or had bleeding due to use of

hormone therapy or intra-uterine device as having unknown

menopausal status. However, we considered any participants with

unknown menopausal status as postmenopausal when they

reached the age when natural menopause occurred in 90% of

the cohort, i.e., 54 years for ever-smokers; 55 for never-smokers

and participants with unknown smoking history [24]. We applied

this same age rule to postmenopausal participants with missing

information on age at start of menopause.

Statistical Analyses
Participants were excluded if they had been diagnosed with

breast cancer before or at recruitment (N = 244). In addition, 981

participants with a total energy intake outside the 1st and 99th

percentiles (1,846.6 and 12,473.9 kJ/day, respectively) were

excluded.

Crude distributions of various possible breast cancer risk factors

were calculated, and we examined how these factors were

associated with breast cancer risk in the WLH study by estimating
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RRs for breast cancer in premenopausal and postmenopausal

women.

The association between breast cancer incidence and adherence

to a Mediterranean dietary pattern was examined by fitting Cox

regression with attained age as a time scale, considering all

participants together, as well as premenopausal and postmeno-

pausal participants separately. We followed up premenopausal

participants from the date the baseline questionnaire was

completed until primary breast cancer diagnosis, death, emigra-

tion, end of follow-up (31 December 2008), or the date of

menopause, whichever occurred first. For postmenopausal partic-

ipants, women-years were calculated from the date of menopause

or the date the baseline questionnaire was completed (whichever

occurred last), until the date of primary breast cancer diagnosis,

death, emigration, or 31 December 2008 (whichever occurred

first). Therefore, participants who were both premenopausal and

postmenopausal during follow-up are included in the stratified

analyses of both premenopausal and postmenopausal participants.

As information on specific breast tumor characteristics,

obtained through the regional quality breast cancer register in

Uppsala, was available as from September 1992, we used this date

as the start of follow-up when examining these characteristics.

When examining a specific breast tumor characteristic, the event

of interest was that characteristic, and participants with other

breast tumor characteristics or with missing information were

censored at breast cancer diagnosis.

Relative risks (RR) and corresponding two-sided 95% Wald

type CIs were estimated by calculating hazard ratios. The Cox

proportional hazards assumption was checked assessing graphs of

scaled Schoenfeld residuals versus time [25]. Hazard ratios were

calculated for both a two-point increment in the Mediterranean

diet score (treated as a linear continuous covariate), and for

categories of score (0–2, 3–4, 5, 6–7, 8–9). Unless otherwise stated,

we adjusted for the following baseline characteristics: history of

breast cancer in mother and/or sister(s) (categorical, no/yes),

personal history of benign breast disease (categorical, no/yes),

smoking status (categorical, never/former/current), BMI (contin-

uous, kg/m2), height (continuous, cm), age at first birth and total

number of children (categorical, no children; age at first birth ,30

and 1 child, 2 children, and $3 children; and age at first birth

$30, and 1 child, 2 children, and $3 children), educational level

(continuous, years), age at menarche (continuous, years), total

energy intake (continuous, kJ/day), consumption of beverages

(continuous, grams/day), potatoes (continuous, grams/day), sweets

(continuous, grams/day), and eggs (continuous, grams/day). These

possible confounding factors were selected a priori due to their

possible effect on breast cancer risk and their potential association

with diet. Potatoes intake was consider as a possible confounder

because while being a vegetable, the effect of potatoes consump-

tion on health has been reported to differ from the commonly

acknowledged beneficial effect of vegetables. Meat consumption is

one the component of the Mediterranean diet score and we

adjusted the analyses for eggs intake as it is another high source of

animal protein. Our analyses were adjusted for energy intake,

sweets, whose consumption has been reported to be detrimental

for health, are a high source of energy and we, therefore, adjusted

analyses for sweets consumption. We performed the statistical

analyses adjusting also for physical activity and found similar

results. However, due to lack of completeness of physical activity

reporting (2392 missing answers), this variable was not included in

the final model. Possible modifying effects of BMI, age at

menarche, age at first birth and number of children, history of

breast cancer in mother and/or sister(s), smoking status, total

energy intake at baseline, and ever-use of oral contraceptive and

hormone therapy at follow-up were ascertained by adding

interaction terms to the statistical model. We used baseline and

follow-up questionnaires to ascertain hormone therapy and oral

contraceptive use: women who reported to have never used these

in both questionnaires were considered never users. If a woman

reported using hormone therapy and oral contraceptives at

baseline or follow-up, she was classified as an ever user, and

women who did not complete the follow-up questionnaire, or did

not reply to this question in both questionnaires were classified in

the ‘‘unknown’’ category. Analyses were further adjusted for use of

oral contraceptives and hormone therapy (categorical, never/

ever/unknown). For overall analyses, menopausal status was

entered in the model as a time-dependent variable (in addition

to the above-mentioned covariates). We excluded 3,193 partici-

pants with missing information on at least one of the following

covariates: BMI (N = 1,802), height (N = 904), age at first birth and

total number of children (N = 3), age at menarche (N = 579), or use

of oral contraceptives (N = 49).

We used Cox regression to examine premenopausal and

postmenopausal participants separately. We estimated RRs for

breast cancer associated with each component of the Mediterra-

nean diet score. These analyses were mutually adjusted for other

score’s components, further to the adjustments mentioned above.

We also examined the association between Mediterranean dietary

pattern and breast cancer risk among non-alcohol drinkers only

for breast cancer overall, as well as for specific breast tumor

characteristics. All analyses were performed using the statistical

software SAS version 9.2 (SAS Institute Inc., Cary, North

Carolina, USA).

In this report, we examined in situ and invasive breast cancers

together. We also carried out all analyses presented here for in situ

and invasive tumors separately, and found similar results (results

not shown). For this, we used data from the regional quality breast

cancer register (that gave information on the invasiveness of the

tumor), and considered 1,176 invasive and 188 in situ breast

cancers (in their lifetime, women could have been diagnosed with

both invasive and in situ breast cancers).

Results

The 44,840 participants included in the final analyses were

followed up for 16 years on average, during which 1,278 incident

breast cancers were diagnosed. Having three or more children,

especially below age 30 years, was associated with a decrease in

breast cancer risk in premenopausal women (Table 1). Further-

more, participants with a mother and/or sister(s) diagnosed with

breast cancer had a RR for breast cancer of 1.90 (95% CI: 1.46–

2.46) in premenopausal women, and 1.61 (95% CI: 1.16–2.23) in

postmenopausal women compared to participants without such a

family history.

Participants with a higher Mediterranean diet score had a lower

BMI, were more likely to have a mother and/or a sister(s) with

breast cancer, to be never- or former- smokers, to have used oral

contraceptives and/or hormone therapy, and to have a moderate

alcohol consumption versus a lower consumption, compared with

participants with a lower Mediterranean diet score (Table 2).

Participants with a score of 8–9 had a higher consumption of all

components of the score except dairy and meat products,

compared to participants with a score of 0–2, and a particularly

higher consumption of alcohol, vegetables, fruits, fish, and

legumes.

The possible association between Mediterranean dietary pattern

was examined separately in all women and in premenopausal or

postmenopausal women (Table 3). Adhering to such a diet was not

Mediterranean Diet and Breast Cancer Risk
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associated with a decrease in breast cancer risk in these subgroups.

The RRs for breast cancer associated with a two-point increment

in the Mediterranean diet score was 1.08 (95% CI: 1.00–1.15) for

all women, 1.10 (95% CI: 1.01–1.21) in premenopausal, and 1.02

(95% CI: 0.91–1.15) in postmenopausal participants. Correspond-

ing unadjusted RRs were 1.08 (95% CI: 1.01–1.16), 1.10 (95% CI:

1.00–1.20), and 1.05 (0.94–1.17), respectively (data not shown).

When we excluded alcohol from the score, and adjusted for

alcohol consumption, the RR for all women was 1.06 (95% CI:

0.98–1.13). The corresponding RRs were 1.07 (95% CI: 0.98–

1.18) for premenopausal and 1.02 (95% CI: 0.90–1.15) for

postmenopausal women. The RRs for breast cancer associated

with a two-point increment in the Mediterranean diet score for

non-alcohol drinkers were 1.03 (95% CI: 0.87–1.23) overall, 0.94

(95% CI: 0.75–1.17) in premenopausal, and 1.17 (95% CI: 0.86–

1.59) in postmenopausal participants (data not shown). No

statistically significant interaction was found between Mediterra-

nean diet score and BMI (p for interaction = 0.17), age at

menarche (p = 0.14), age at first birth and number of children

(p = 0.44), history of breast cancer in mother and/or sister(s)

(p = 0.99), smoking status (p = 0.66), total energy intake at baseline

(p = 0.55), and ever-use of oral contraceptive (p = 0.23) and

hormone therapy (p = 0.58) at follow-up (results not shown).

When examining the possible association between the nine

components’ of the Mediterranean diet score and breast cancer

risk in all women and in premenopausal and postmenopausal

women (Table 4), we found a statistically significant reduction in

breast cancer risk with dairy products consumption. The RRs for

breast cancer associated with an increment in daily intake of dairy

products of 290 g were 0.93 (0.87–0.99), 0.93 (0.86–0.99), and

0.89 (0.80–0.98) in all women, and premenopausal and postmen-

opausal women, respectively. No statistically significant association

was observed for other components.

We investigated the risk of several breast cancer tumor

characteristics associated with adherence to a Mediterranean

dietary pattern (Table 5). No decrease in the risk of examined

breast tumor characteristics (i.e., invasiveness, histological type,

ER and PR status, malignancy grade and stage) was found overall,

Table 3. RR and 95% CI for breast cancer according to categories or a two-point increment in the Mediterranean diet score.

Full Mediterranean diet
score1 Cases (n) RR (95% CI)2

Mediterranean diet score
excluding the alcohol
component3 Cases (n) RR (95% CI)4

All women 0–2 196 1.00 0–2 226 1.00

3–4 487 0.98 (0.83–1.16) 3 235 0.98 (0.82–1.18)

5 263 1.03 (0.85–1.23) 4–5 561 1.07 (0.93–1.25)

6–7 297 1.10 (0.92–1.33) 6–7 221 1.07 (0.88–1.29)

8–9 35 1.42 (0.99–2.05) 8 35 1.42 (0.99–2.03)

Ptrend = 0.05 Ptrend = 0.12

Two-point increment in the
score

1278 1.08 (1.00–1.15) Two-point increment in the
score

1278 1.06 (0.98–1.13)

Premenopausal
women5

0–2 117 1.00 0–2 131 1.00

3–4 284 0.98 (0.79–1.22) 3 135 0.98 (0.77–1.25)

5 155 1.07 (0.84–1.37) 4–5 328 1.13 (0.92–1.39)

6–7 153 1.04 (0.81–1.33) 6–7 115 1.03 (0.79–1.33)

8–9 27 2.12 (1.39–3.24) 8 27 2.17 (1.42–3.30)

Ptrend = 0.08 Ptrend = 0.05

Two-point increment in the
score

736 1.10 (1.01–1.21) Two-point increment in the
score

736 1.07 (0.98–1.18)

Postmenopausal
women5

0–2 66 1.00 0–2 82 1.00

3–4 166 0.93 (0.69–1.23) 3 79 0.89 (0.65–1.21)

5 84 0.85 (0.61–1.17) 4–5 186 0.89 (0.68–1.15)

6–7 125 1.14 (0.84–1.55) 6–7 94 1.08 (0.79–1.46)

8–9 7 0.63 (0.29–1.37) 8 7 0.59 (0.27–1.28)

Ptrend = 0.55 Ptrend = 0.89

Two-point increment in the
score

448 1.02 (0.91–1.15) Two-point increment in the
score

448 1.02 (0.90–1.15)

1The Mediterranean score includes the consumption of the following components: alcohol, vegetables, fruits, legumes, cereals, fish, unsaturated to saturated fat ratio,
and dairy and meat products. Its value ranges from 0 to 9 with a high value corresponding to a high adherence to the Mediterranean dietary pattern as defined in the
present report.
2Analyses were adjusted for history of breast cancer in mother and/or sister(s), personal history of benign breast disease, smoking status, BMI, height, age at first birth
and number of children, educational level, age at menarche, total energy intake, consumption of beverages, potatoes, sweets, and eggs.
3This score excludes the alcohol component and considers only the eight remaining components listed in 1. Its value ranges from 0 to 8.
4Further to the variables listed in 2, analyses were also adjusted for alcohol consumption.
5The same woman can be in both premenopausal and postmenopausal categories, if they were both premenopausal and postmenopausal during the follow-up period.
Abbreviations: n, number of participants, RR, relative risk.
doi:10.1371/journal.pone.0055374.t003
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or in premenopausal and postmenopausal participants. The RRs

for ER-negative breast cancer associated with a two-point

increment in the Mediterranean diet score were 1.19 (95% CI:

0.96–1.47) in premenopausal, and 1.17 (95% CI: 0.87–1.59) in

postmenopausal participants. For ER-positive breast cancer, the

corresponding RRs were 1.02 (95% CI: 0.91–1.14), and 0.98 (95%

CI: 0.86–1.11). The RRs for ER- and PR-negative breast cancer

were 1.34 (95% CI: 1.05–1.71) in premenopausal, and 1.18 (95%

CI: 0.86–1.62) in postmenopausal participants (Table 5). After

excluding alcohol consumption from the Mediterranean diet score,

and controlling the analyses for it, corresponding RRs were 1.28

(95% CI: 1.00–1.65) and 1.14 (95% CI: 0.82–1.58), respectively

(data not shown). We also examined the association between

adherence to a Mediterranean dietary pattern and the risk of ER-

and PR-negative tumors among non-alcohol drinkers only. The

resultant RRs were 0.83 (95% CI: 0.40–1.73), 1.88 (95% CI: 0.93–

3.79), and 1.13 (95% CI: 0.74–1.72), in premenopausal,

postmenopausal and overall, respectively (data not shown).

Discussion

Adherence to a Mediterranean dietary pattern was not

associated with reduced risk of breast cancer overall, nor of

specific breast tumor characteristics, overall, or in premenopausal

and postmenopausal participants. Previous studies investigating

the possible association between a Mediterranean diet and breast

cancer risk have reported conflicting results. While some studies

found no association of this diet with the risk of breast cancer

overall [8], in premenopausal [11,12], or in postmenopausal

women [10,11], a protective association in postmenopausal

women [9,12], Hispanic postmenopausal women [11], and Asian

American postmenopausal women [13] has been described.

Indeed, studies that found a protective association of a Mediter-

ranean diet with breast cancer risk have reported this association

in postmenopausal women only [9,11–13]. While WLH study

participants may have reached menopause during follow-up, they

are somewhat younger (30 to 49 years in 1991–1992) than

populations in many other studies, and it is possible that results

may differ in older women.

The Greek EPIC cohort found a reduction in total mortality

with closer adherence to a Mediterranean diet, and reported that

moderate alcohol consumption was one of the components with

greater contribution to this association [26]. Moderate alcohol

consumption, which is a risk factor for breast cancer [27],

increased our score, contrary to lower or higher consumption.

However, when we excluded alcohol consumption from the score,

no statistically significant association was found. One published

study treated alcohol as a negative factor, (giving a value of 1 to

consumptions above the median, and a value of 0 otherwise), and

found a protective association [13].

Risk factors for breast cancer might differ by hormone receptor

status [28]. Previous studies have examined whether a Mediter-

ranean diet has a different influence on the risk of ER- and PR-

negative and positive breast cancer, and have reported conflicting

results [9,10]. The Nurses Health Study cohort found no

association with ER-positive breast cancer risk, and an inverse

association with ER-negative breast cancer [10]. However, data

from the French EPIC cohort showed no association of a

Mediterranean diet with ER-negative breast cancer, and a

protective association with ER-positive/PR-negative tumors [9].

We found no association between adherence to a Mediterranean

dietary pattern and the risk of ER- or PR-negative cancer. When

we examined ER and PR receptor statuses jointly, we found an

increased risk of ER-negative/PR-negative tumors both overall
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and in premenopausal women. However, these results might be

due to chance, and were not statistically significant when we

excluded alcohol from the Mediterranean diet score. We also

examined the possible association between adherence to a

Mediterranean dietary pattern and risk of ER-negative/PR-

negative tumors among non-alcohol drinkers, and found no

association overall, in premenopausal, or in postmenopausal

participants.

Previous studies have used different methods to ascertain

adherence to a Mediterranean diet. Most of them used pattern

identification methods to define a specific dietary pattern [9,29]. A

limitation of this method is that the identified pattern is

population-dependent, and may not apply to other populations.

Other studies have used a method similar to ours, constructing a

score assuming an a priori knowledge of the composition of the

Mediterranean diet [8,12]. Both methods ascertain dietary

patterns, which measure the complexity of diet more accurately

than simply considering individual food items [30]. A limitation of

the Mediterranean diet score is that the composition of a specific

component might vary from one population to another. For

example, in Mediterranean countries olive oil is the main source of

unsaturated fat, unlike in non-Mediterranean countries. However,

the ratio of unsaturated to saturated fat used in the present report

accommodates the low consumption of olive oil-derived monoun-

saturated lipids in non-Mediterranean countries. Differences in the

methods used to ascertain Mediterranean diet may explain the

discrepancies in the results of published studies.

The strengths of the WLH study are its prospective design, and

extensive information on potential confounders. Furthermore, the

use of national registries to identify disease outcome allowed for an

almost complete follow-up. Diet was measured using a validated

food frequency questionnaire [31], and it has been shown that

these questionnaires provide valid estimates of diet measured by

the Mediterranean diet score [32]. However, when diet is assessed

through food frequency questionnaires, measurement error is

often substantial, which could bias risk estimates toward the null

[33]. The effect of measurement error is expected to increase with

increasing number of measured dietary exposures [33]. This is

particularly relevant in the current investigation, as several dietary

factors make up the exposure of interest (Mediterranean diet score

components), and are also used as adjusting covariates.

Furthermore, our results may be explained to a certain extent

by residual confounding. Indeed, we found that women who

adhered more closely to a Mediterranean dietary pattern were

more likely to have a family history of breast cancer, to use oral

contraceptives and hormone therapy, and to have a higher alcohol

consumption, all of which are risk factors for breast cancer.

Another concern is the single measurement of diet at baseline and

the interval between diet ascertainment and breast cancer

outcome. This, however, is likely to create non-differential

misclassification, and would attenuate any true association.

The diet of WLH study participants is different from that of

participants in studies conducted in Mediterranean countries. For

example, the consumption of vegetables and fruits in this cohort

was lower than in the Greek EPIC cohort, which also examined

the association between Mediterranean diet and breast cancer risk

[12]. While the Greek study did not report strong evidence for a

beneficial effect of a Mediterranean diet on breast cancer risk (RRs

were 0.88, 95% CI: 0.75–1.03; 1.01, 95% CI: 0.80–1.28; and 0.78,

95% CI: 0.62–0.98) overall, in premenopausal and postmeno-

pausal women, respectively), it is possible that there is a

consumption threshold above which beneficial components act,

and that this threshold was not reached in the WLH cohort. We

used a score that measured consumption patterns of different

Mediterranean diet components (high or low in our study

population), which should accommodate the consumption of

components that might be different from other studies. However,

while the consumption of more beneficial components such as

vegetables and fruits was lower in the WLH cohort, the low to

moderate alcohol consumption was similar to the moderate

alcohol consumption in Mediterranean countries. It is therefore

possible that the contribution of alcohol in higher Mediterranean

diet scores was stronger in this cohort compared to studies

conducted in Mediterranean countries. Our results showed a

statistically significant increase in breast cancer risk in premeno-

pausal women that was particularly strong in women with a

Mediterranean diet score of 8 or 9. In our data, women with

highest Mediterranean scores had the highest alcohol consump-

tion. The increased risk might be due to residual confounding by

alcohol consumption, or chance. When excluding alcohol from the

Mediterranean diet score and controlled for alcohol consumption

in the statistical model, the increased breast cancer risk associated

with Mediterranean diet scores of 8 or 9 in premenopausal women

remained.

To our knowledge, this is the first Scandinavian study that

investigates the possible association between adherence to a

Mediterranean dietary pattern and breast cancer risk, and no

reduction in breast cancer risk was found. This was true regardless

of participant characteristics, and for all breast tumor character-

istics examined.
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