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Abstract Evidence on the association between dietary

flavonoids and lignans and breast cancer (BC) risk is

inconclusive, with the possible exception of isoflavones in

Asian countries. Therefore, we investigated prospectively

dietary total and subclasses of flavonoid and lignan intake

and BC risk according to menopause and hormonal receptor

status in the European Prospective Investigation into Cancer

and Nutrition (EPIC) cohort. The study included 334,850

women, mostly aged between 35 and 70 years from ten

European countries. At baseline, country-specific validated

dietary questionnaires were used. A flavonoid and lignan

food composition database was developed from the US
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Department of Agriculture, the Phenol-Explorer and the UK

Food Standards Agency databases. Cox regression models

were used to analyse the association between dietary flavo-

noid/lignan intake and the risk of developing BC. During an

average 11.5-year follow-up, 11,576 incident BC cases were

identified. No association was observed between the intake

of total flavonoids [hazard ratio comparing fifth to first

quintile (HRQ5–Q1) 0.97, 95 % confidence interval (CI):

0.90–1.04; P trend = 0.591], isoflavones (HRQ5–Q1 1.00,

95 % CI: 0.91–1.10; P trend = 0.734), or total lignans

(HRQ5–Q1 1.02, 95 % CI: 0.93–1.11; P trend = 0.469) and

overall BC risk. The stratification of the results by meno-

pausal status at recruitment or the differentiation of BC cases

according to oestrogen and progesterone receptors did not

affect the results. This study shows no associations between

flavonoid and lignan intake and BC risk, overall or after

taking into account menopausal status and BC hormone

receptors.

Keywords Flavonoids � Lignans � Breast cancer �
Hormone receptors � EPIC

List of Abbreviations

BC Breast cancer

EPIC European prospective investigation into cancer and

nutrition

ER Oestrogen receptor

PR Progesterone receptor

Introduction

Breast cancer (BC) is a complex and heterogeneous dis-

ease, with oestrogen receptor (ER) and progesterone

receptor (PR) status being one of the markers for breast

tumour classification [1]. Differences have been observed

in the aetiology, treatment and prognosis of hormone

receptor status-positive and -negative BC [2, 3]. Because of

the importance of menopause as an effect modifier, studies

should stratify for menopause status [1].

Polyphenols are secondary plant metabolites widely

spread throughout the plant kingdom [4]. They are usually

divided into five classes: flavonoids (anthocyanidins,

flavonols, flavanones, flavones, flavanols and isoflavones),

phenolic acids, stilbenes, lignans and other polyphenols.

Flavonoids have many biological effects that may play a

role in BC prevention, including a reduction of reactive

oxygen species production, antimutagenic and antiprolif-

erative properties, regulation of cell signalling and cell

cycle, and inhibition of angiogenesis [5, 6]. In addition,

phyto-oestrogens, such as isoflavones and lignans, have a

weak oestrogen-like activity; therefore, phyto-oestrogens

could interact with ERs in the development of BC [7, 8].

Previous case–control studies have shown that the intake

of some subclasses of flavonoids, especially flavones and

flavonols, was associated with a reduced risk of BC [9].

However, evidence from prospective cohort studies

remains controversial [10–15]. A recent meta-analysis

[16] on the role of isoflavones on BC risk suggested a
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significantly inverse association in certain Asian countries,

particularly in post-menopausal women, in whom soy

intake is notably high [17]. To date, no association has

been observed in Western countries [16]. With respect to

lignans, the evidence is abundant but inconclusive [18–20].

The French postmenopausal European Prospective Inves-

tigation into Cancer and Nutrition (EPIC) cohort showed a

significant protective association of dietary lignan intake

which was limited to ER- and PR-positive tumours [21].

Indeed, in one of the Swedish EPIC cohorts, the plasma

enterolactone concentration, a lignan intake biomarker,

was inversely associated with BC risk in ERa positive,

particularly when ERb is negative [22]. However, in the

Danish EPIC cohort, a significant inverse association was

only observed between plasma enterolactone concentra-

tions and ER-negative tumours [23], whereas no significant

associations were reported between dietary, urinary and

serum levels of both lignans and isoflavones in the Norfolk

EPIC Study [24]. This inconsistency might be due to the

limited number of cases by BC subtypes, or low levels and/

or low variability of dietary intake. Therefore, larger epi-

demiological studies are needed to investigate the potential

protective association of flavonoid and lignan intake as

well as a possible modification of this effect by menopausal

or hormone receptor status.

The aim of the current study was to evaluate the asso-

ciation of dietary intake of flavonoids and lignans on the

risk of BC, by menopause and hormone receptor status,

within the EPIC Study [25], a large prospective cohort with

considerable variability in flavonoid and lignan intake

amongst participants [26, 27].

Materials and methods

Subjects and study design

EPIC is a multicentre prospective cohort study primarily

designed to investigate the relation between diet, lifestyle

and environmental factors and cancer. All participants were

enroled between the years 1992 and 2000 from 23 centres

in ten European countries: Denmark, France, Germany,

Greece, Italy, The Netherlands, Norway, Spain, Sweden

and the United Kingdom. Participants were mainly

recruited from the general population with some excep-

tions: Turin and Ragusa (Italy) and Spain recruited mostly

blood donors, France recruited mostly teachers, Oxford

(United Kingdom) recruited a high proportion of health-

conscious individuals and Utrecht (The Netherlands) and

Florence (Italy) recruited women attending mammographic

screening programmes. The rationale and study design of

the EPIC Study have been published elsewhere [25, 28].

Approval for this study was obtained from the ethical

review boards of the International Agency for Research on

Cancer (IARC) and from the local ethics committees in

participating countries. All cohort members provided

written informed consent.

V. Menéndez

Public Health Directorate, Asturias, Spain

E. Molina-Montes

Andalusian School of Public Health, Granada, Spain

E. Molina-Montes � P. Amiano � M.-D. Chirlaque �
A. Barricarte

CIBER Epidemiologı́a y Salud Pública (CIBERESP), Madrid,

Spain

P. Amiano

Public Health Department of Gipuzkoa, Basque Government,

San Sebastián, Spain

M.-D. Chirlaque

Department of Epidemiology, Murcia Regional Health Council,

Murcia, Spain

A. Barricarte

Public Health Institute of Navarra, Pamplona, Spain

P. Wallström

Nutrition Epidemiology Research Group,

Department of Clinical Sciences, Lund University, Malmö,
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EPIC recruited 367,903 women, mostly aged between

35 and 70 years. Women with prevalent cancer diagnosis at

baseline (n = 19,853), missing diagnosis or censoring date

(n = 2,892), missing dietary or lifestyle information

(n = 3,339), or in the top and bottom 1 % of the ratio of

reported total energy intake to estimated energy require-

ment (n = 6,752) were excluded. In addition, 217 non-first

BC cases were censored, leaving 334,850 women with

complete exposure information for the current analysis.

Dietary assessment and data collection

Habitual diet over the previous 12 months was measured

by country-specific validated questionnaires [28]. Most

centres used self-administered questionnaires, whereas in

Greece, Spain and Ragusa (Italy), a face to face interview

was performed. Questionnaires in most of the centres were

quantitative, estimating portion sizes systematically. In

Denmark, Norway, Umeå (Sweden) and Naples (Italy),

semiquantitative food-frequency questionnaires were

administered. In Malmö (Sweden), a modified diet history

method was used, combining a 7-day diet record, a semi-

quantitative questionnaire and 1-h dietary interview. Daily

food intake was calculated in g/day. Ethanol (g/day), total

dietary fibre (g/day) and total energy (kcal/day) intake was

computed using the EPIC Nutrient Database [29]. A sep-

arate lifestyle questionnaire gathered information on socio-

demographic characteristics, lifetime smoking and alcohol

consumption, physical activity, education and medical

history [25]. In addition, anthropometric measures were

obtained at recruitment [30]. Body mass index was calcu-

lated as weight (kg) per height (m) squared.

Identification and follow-up of BC cases

In most countries (Denmark, Italy, The Netherlands, Nor-

way, Spain, Sweden and United Kingdom), incident BC

cases were identified through a linkage with population-

based cancer registries. In Greece, Germany, Naples (Italy)

and France, active follow-up of cancer was using health

insurance records, cancer and pathology registries, and

direct contact with participants or their next of kin. In all

EPIC centres, cancer diagnosis was confirmed by review of

pathology reports. Vital status was collected from regional

or national mortality registries. Subjects were followed up

from study entry and until cancer diagnosis (except for

nonmelanoma skin cancer), death, emigration or until the

end of the follow-up period, whichever occurred first. The

follow-up periods ended at the following times: December

2004 Asturias (Spain), December 2006 [Florence, Varese

and Ragusa (Italy); and Granada and San Sebastian

(Spain)], December 2007 [Murcia and Navarra (Spain),

Oxford (United Kingdom), Bilthoven and Utrecht (The

Netherlands), and Denmark], June 2008 Cambridge (Uni-

ted Kingdom), December 2008 [Turin (Italy), Malmö and

Umea (Sweden), and Norway]. For study centres with

active follow-up, the end of follow-up was considered to be

the last known contact with study participants: December

2006 for France and Naples (Italy), December 2008 for

Potsdam (Germany), December 2009 for Greece and June

2010 for Heidelberg (Germany). We used the Tenth

Revision International Classification of Diseases, Injury

and Causes of Death (ICD-10), and invasive BC was

defined as C50.0–50.9. Information on ER and PR status

was provided by each centre on the basis of pathology

reports. To standardize the quantification of receptor status,

the following criteria for a positive receptor status were

applied: C% cells stained, any ‘plus-system’ description,

C20 fmol/mg, an Allred score of C3, an immunoreactive

score (IRS) C2, or an H-score C10 [31].

Flavonoid and lignan intake

Dietary flavonoid and lignan intake was estimated by

matching food items on the country-specific dietary ques-

tionnaires with a comprehensive food composition data-

base (FCDB) on flavonoids and lignans based on the US

Department Agriculture FCDBs [32–34], Phenol-Explorer

[35] and the UK Food Standards Agency FCDB [24].

Furthermore, our FCDB was expanded using retention

factors, calculating flavonoid content of recipes, estimating

missing values based on similar foods (by species and plant

part), obtaining consumption data for food group items and

employing botanical data for logical zeros. Data on flavo-

noids and lignans are expressed as aglycones’ equivalents,

after conversion of the flavonoid glycosides into aglycone

contents using their respective molecular weights. Our

FCDB contains composition data on lignans (secoisola-

riciresinol, matairesinol, lariciresinol, pinoresinol, entero-

lactone and enterodiol) and the six flavonoid subclasses:

anthocyanidins, flavanols (including flavan-3-ols mono-

mers, proanthocyanidins and theaflavins), flavonols, flav-

ones, flavanones and isoflavones [26, 36–38]. The final

FCDB contains 1,877 food items, including both raw and

cooked foods, and recipes.

Statistical analysis

Flavonoid and lignan intake was assessed by the mean and

its standard deviation (SD) as well as the median and the

tenth and ninetieth centiles (P10th, P90th) since the data

were skewed to the right. The association between dietary

intake of flavonoids and lignans and the risk of developing

BC was assessed by means of the hazards ratio (HR) and its

95 % confidence interval (CI) using Cox regression mod-

els. Tests and graphs based on Schoenfeld [39] residuals
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were used to assess the proportional hazards’ assumption.

Age was the primary time variable and entry time was

defined as age at enrolment and exit time as age at diag-

nosis (for cases) or censoring (for at-risk subjects). The

Breslow method was adopted for handling ties [40]. All

models were stratified by centre to control for differences

in questionnaire design and follow-up procedures amongst

centres and by age at baseline (1 year intervals). All

models were also adjusted for menopausal status at

recruitment [post-menopausal (including surgical) vs peri-

or pre-menopausal, as defined in [41]], smoking status

(never, former, current and unknown), educational level

(none, primary school, technical/professional school, sec-

ondary school, university or higher and unknown), physical

activity (inactive, moderately inactive, moderately active,

active and unknown), age at menarche (\12, 12–14,

[14 year, unknown), age at first full-term birth (nullipa-

rous,\21, 21–30,[30 year), ever use of contraceptive pills

(ever, never, unknown), ever use of hormones (ever, never,

unknown) and age at menopause (B50, [50 year). All

models were also adjusted for the following continuous

variables: height (cm), weight (kg), total energy (kcal/day),

alcohol (g/day) and fibre (g/day) intake at baseline. The

primary exposure of interest, that is, total flavonoids, total

lignans and flavonoid subclasses (mg/day), were assessed

as cohort-wide quintiles. In addition, tests for linear trend

were performed by assigning the median of each quintile as

scores. The continuous flavonoid variables (mg/day) were

log2 transformed since they were not normally distributed.

The natural logarithm is the most common transformation

used to normalize right-skewed data; we used a log2

transformation because it produces the same normalizing

effect, but the HR is more easily interpretable because it

corresponds to the reduction of BC risk for doubling the

intake. Flavonoid and lignan intake was also energy-

adjusted using the residual method [42], but the results did

not change substantially. The interactions between BMI

status (\25; 25–30; [30 kg/m2) or alcohol consumption

(as tertiles) and total flavonoid intake were tested using

likelihood ratio tests based on the models with and without

the interaction terms. In addition, separate models were

defined to assess the risk of BC by menopausal status (pre-

and post-menopausal status) at the recruitment after the

exclusion of women with a history of ovariectomy and

unknown menopausal status. The associations were also

evaluated according to ER and PR status, as well as for

combinations of them. Sensitivity analyses were performed

by excluding women who developed BC during the first

2 years of follow-up from the analysis. All p-values pre-

sented are two-tailed and were considered to be statistically

significant when P \ 0.05. All statistical analyses were

conducted using SAS version 9.3 software (SAS Institute,

Inc., NC).

Results

During a median follow-up time of 11.5 years (3,670,436

person-years), 11,576 incident BC cases were identified.

The Table 1 shows the distribution of incident BC cases by

country, menopausal and hormone receptor status. ER and

PR status was available in only 63 and 52 % of cancer

cases, respectively, and was distributed as follows: 80 %

ER-positive (ER?) and 20 % ER- tumours, and 64 % PR?

and 36 % PR- tumours.

Women with the highest intake of total flavonoids were

more likely to be older, taller and with a lower weight and

BMI (Table 2). Moreover, these women used more oral

contraceptives, had the highest educational level, the

lowest tobacco consumption, tended to be more physically

active and had a higher consumption of energy, alcohol and

fibre than those in the bottom quintile of the total flavonoid

intake. Table 3 shows the mean, median and percentiles 10

and 90 of the total and subclasses of flavonoid and lignan

intake and their main food sources.

Total flavonoid intake was not associated with BC

overall (hazard ratio comparing fifth to first quintile

(HRQ5–Q1) 0.97, 95 % CI: 0.90–1.04; P trend = 0.591) in

pre-menopausal women (HRQ5–Q1 0.98, 95 % CI:

0.84–1.15; P trend = 0.656) or in post-menopausal women

(HRQ5–Q1 0.96, 95 % CI: 0.86–1.06; P trend = 0.622)

(Table 4). The results obtained for total lignan or flavonoid

subclasses (including isoflavones) did not show any asso-

ciation either. For total flavonoid intake, no interaction was

observed with BMI status (P for interaction 0.864) or

alcohol consumption (P for interaction 0.674).

BC cases were classified according to oestrogen and

PRs. Baseline characteristics and the intake of flavonoids

and lignans of BC cases with and without hormone

receptor status information were assessed. No major dif-

ferences in demographic characteristics and nutritional

intake were found between cases without and with avail-

able information on ER status, except that BC cases with

missing information on PR status were more likely to be

post-menopausal.

When cases were stratified by hormone receptor status,

no significant association was found between any flavonoid

and lignan intake and ER-/PR-, ER?/PR-, ER-/PR?, and

ER?/PR? BC incidence (Table 5), although an inverse

trend, though not significant, was observed between dou-

bling in the intake of total lignan (HR for log2 0.88, 95 %

CI: 0.76–1.01) and ER-/PR- tumours. In a sensitivity

analysis, where 136 ER-/PR- BC cases diagnosed within

the first 2 years of follow-up were removed, the inverse

associations with lignan intake (HR for log2 0.85, 95 % CI:

0.73–0.99) were slightly strengthened in comparison with

the results based on the whole cohort. In the rest of sen-

sitivity analysis excluding BC cases diagnosed within the

Breast Cancer Res Treat (2013) 139:163–176 167
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first 2 years of follow-up, the results were almost identical

to the whole cohort.

Discussion

In this large prospective study including women from ten

Western European countries with a large variation in fla-

vonoid and lignan intake, we found no association between

total flavonoid, total lignan and flavonoid subclass intake

and overall, pre- and post-menopausal BC risk. The anal-

yses differentiating BC cases according to oestrogen and

PRs did not show any difference. To our knowledge, this is

the largest study with information on hormone receptor

status to date to explore this association.

Our results are in agreement with previous prospective

studies [10–14], showing no association between the intake

of total flavonoids and flavonoid subclasses (not consid-

ering isoflavones) and overall, pre- and post-menopausal

BC risk. In a nested case–control study, plasma tea poly-

phenols, basically flavan-3-ol monomers, were not related

to overall BC risk [43]. However, several case–control

studies, which are susceptible to recall bias, showed

inverse associations with flavones and flavonols and

inconsistent results with flavan-3-ol monomers [9]. In a

case–control study, stratification by hormone receptor sta-

tus showed a reduced risk of BC for increasing flavonol

and flavone intake in ER?/PR? post-menopausal women;

however, BC cases in other subtypes were too low for a

meaningful conclusion [44]. No significant associations

between BC risk by hormone receptor status and any fla-

vonoid subclasses were observed in our study. A recent

prospective study suggested that flavonoids were inversely

associated with overall BC risk in non-to-low alcohol

drinkers (\6.5 g alcohol/day) and were positively associ-

ated in moderate-to-heavy alcohol drinkers [45]. In our

study, no significant interaction was observed with alcohol

consumption.

For isoflavones, our findings suggest no association with

BC risk (overall, by menopausal or hormone receptor sta-

tus). Studies on BC risk and soy or isoflavones, measured

using dietary questionnaires or plasma/urine biomarkers,

have found no associations in Western countries [16] as in

the previous data on the Dutch EPIC cohort [46] or even

amongst the vegetarian participants in the EPIC Oxford

(UK) Study [47]. However, in Asian countries, isoflavones

were related to a lower BC incidence and recurrence,

particularly in post-menopausal women [16, 48]. Meno-

pausal status might be an important modifier of the effect

of phyto-oestrogens on the risk for BC because mecha-

nisms that mediate the effect could involve the ovarian

synthesis of sex hormones or the alteration of other men-

strual cycle characteristics [49]. However, in our study, we

did not observe any association with BC risk in post-

menopausal women, even in the double-positive receptor

status tumours. The large difference in isoflavone intake

between countries (\1 and [30 mg/day in Western and

Asian countries, respectively) is the most likely explana-

tion for these inconsistent results [17, 26]. In addition, the

early exposure to phyto-oestrogens (during the childhood

Table 1 Distribution of participants and breast cancer cases according to menopausal status or breast cancer phenotype in ten countries

participating in the European Prospective Investigation into Cancer and Nutrition (EPIC) study

Country All PY Breast cancer cases

All Pre-menopausala Post-menopausala ER-/PR-b ER-/PR?b ER?/PR-b ER?/PR?b

France 67,356 699,216 3,187 755 1,417 377 102 487 1,359

Italy 30,498 341,417 1,047 382 462 123 41 164 496

Spain 24,846 299,575 495 256 164 38 6 39 129

United Kingdom 52,513 586,165 1,480 440 787 53 4 36 174

The Netherlands 26,839 315,551 916 184 523 63 5 74 275

Greece 15,224 148,594 198 65 107 9 1 13 45

Germany 27,390 272,011 834 269 407 89 11 46 317

Sweden 26,339 349,110 1,095 122 655 84 25 57 128

Denmark 28,693 316,601 1,340 88 997 108 10 94 296

Norway 35,152 342,195 984 266 353 106 12 123 434

Total 334,850 3,670,436 11,576 2,827 5,872 1,050 217 1,133 3,653

PY person-years, ER oestrogen receptor, PR progesterone receptor
a Excluding peri-menopausal women 63,340 (18.9 %) and women with a bilateral ovariectomy 9,634 (2.9 %)
b Missing data for ER: 4,308 (37.2 %); for PR: 5,508 (47.6 %)
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and adolescence as observed in Asian countries) may play

an important role in their cancer-preventive effects [50].

Further research is needed to evaluate the effect of early

phyto-oestrogen intake on hormonal-related cancers, such

as BC.

In our prospective study, no association was observed

between total lignan intake and overall BC risk and by

menopausal status. Our results are in concordance with

four of the six prospective studies conducted to date

[19, 20, 24], except the EPIC French and Swedish

Table 2 Baseline characteristics according to quintiles of total flavonoid intake in the European Prospective Investigation into Cancer and

Nutrition (EPIC) study

Quintiles of total flavonoids (mg/day)

Q1: \176 Q2: 176–275 Q3: 276–403 Q4: 404–654 Q5: [654

No of participants 66,970 66,970 66,970 66,970 66,970

Age (year)a 50.2 (8.7) 50.8 (9.4) 50.8 (9.4) 51.1 (9.9) 51.1 (11.4)

Height (cm)a 160.9 (7.0) 161.0 (6.9) 161.3 (6.9) 162.1 (6.7) 163.3 (6.4)

Weight (kg)a 67.5 (12.5) 67.1 (12.1) 66.6 (11.8) 66.1 (11.6) 65.4 (11.4)

BMI (kg/cm2)a 26.2 (4.9) 26.0 84.8) 25.6 (4.6) 25.2 (4.4) 24.5 (4.2)

Educational level (%)

None 6.0 6.6 5.7 3.4 1.0

Primary school 31.4 28.0 25.1 21.1 13.7

Technical school 27.5 21.1 17.6 19.1 22.3

Secondary school 20.5 23.0 26.0 26.2 22.1

University or higher 13.3 19.2 23.2 26.0 31.5

Unknown 1.3 2.0 2.5 4.3 9.4

Smoking status (%)

Never 44.4 55.8 59.5 59.9 58.7

Former 21.2 20.7 20.7 23.4 26.7

Smoker 31.7 21.2 17.6 14.5 12.3

Unknown 2.7 2.3 2.2 2.2 2.3

Physical activity (%)

Inactive 19.6 24.1 23.9 21.0 18.7

Moderately inactive 22.0 31.3 34.7 35.5 34.6

Moderately active 13.4 19.7 22.9 24.7 26.0

Active 8.3 11.8 13.8 16.7 19.1

Missing 36.7 13.1 4.7 2.1 1.5

Use of contraceptive pill (%)

Never 41.3 43.6 42.4 39.4 34.6

Ever 55.7 54.1 54.9 58.8 62.7

Unknown 3.0 2.3 2.7 1.7 2.7

Use of hormones (%)

Never 67.8 69.3 70.1 69.9 68.9

Ever 24.1 22.4 22.9 24.9 26.9

Unknown 8.1 8.3 6.9 5.2 4.1

Menopausal status (%)

Pre-menopausal 34.2 34.8 35.5 34.4 35.3

Post-menopausal 40.8 42.7 42.9 44.9 45.6

Peri-menopausal 23.0 19.8 18.5 17.5 15.8

Bilateral ovariectomy 2.1 2.8 3.1 3.2 3.2

Energy (kcal/day)a 1,633 (435) 1,860 (475) 2,006 (522) 2,074 (562) 2,085 (559)

Alcohol (g/day)a 4.5 (7.4) 6.8 (9.9) 8.8 (11.9) 10.3 (13.7) 10.4 (13.8)

Total fibre (g/day)a 17.5 (5.4) 20.4 (5.7) 22.5 (6.2) 24.2 (7.1) 26.1 (8.6)

a Mean (SD)
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post-menopausal cohorts [21, 51]. Likewise, most of the

case–control studies showed protective associations on

BC [18, 19]. Of these, one study investigated the role

of dietary intake during adolescence, reporting a pro-

tective effect in adulthood for high plant lignan intake

early in life [52]. Using nutritional biomarkers in serum

or plasma, to evaluate lignan intake, the results were

also inconsistent [18, 22, 24, 53]. In the Danish EPIC

cohort, a significant inverse association was observed

between plasma lignan levels and ER-negative tumours

[23]. Our results show an inverse trend, though not

significant, between dietary intake of total lignans and

ER-/PR- breast tumours. This borderline association

may be observed by chance, although, similarly, a case–

control study found an inverse association between

dietary total lignan and ER- tumours in pre-menopausal

women [54]. This suggests a potential protective non-

hormonal-related effect of lignans on BC. A plausible

mechanism of action for this effect could be through

downregulation of insulin-like growth factor 1(IGF-1),

decreased epidermal growth factor receptor (EGFR)

expression and tumour vascular endothelial growth

factor (VEGF) expression [55]. These growth factors

play important roles in tumour growth and progression

through stimulation of cell proliferation, such as angi-

ogenesis, synthesis of DNA, RNA and cellular proteins,

and inhibition of apoptosis [56, 57]. Further epidemio-

logical evidence on the potential association between

lignan intake and ER-/PR- breast tumours is warranted.

One of the limitations of the present study is the use of a

single baseline assessment of diet and other lifestyle vari-

ables. Therefore, changes in lifestyle could not be taken into

account in these analyses. Another limitation may be the

measurement error in collecting dietary intake since coun-

try-specific validated questionnaires were used [20, 25, 26].

It is particularly relevant in the case of soya products (the

main source of isoflavones) because some countries did not

include soy-based foods in their dietary questionnaires as

they were rarely consumed in the 1990s in most of the

European countries. In addition, flavonoid and lignan intake

is likely to be underestimated since substantial data were

lacking in the flavonoid database (although an extensive

common database was used) [26, 27] and herb/plant sup-

plement intake was not taken into account in these analyses

(up to 5 % in Denmark, the highest consumer country) [58].

This misclassification is likely to be random and therefore

any association between intake and disease risk is likely

underestimated. Another limitation is the potential modifi-

cation of diet during the early prediagnostic period of the

disease; however, sensitivity analyses excluding incident

cases diagnosed in the first 2 years of follow-up did not alter

the associations. Finally, we realize that our study is prone to

the well-known drawback of multiple comparisons. The

strengths of our study include its prospective and popula-

tion-based design, detailed information on diet and a large

sample of BC cases with data on hormone receptor status of

breast tumours, which allows greater power for subgroup

analyses.

In conclusion, this large prospective analysis of flavo-

noid and lignan intake and BC risk suggests no associations

between dietary intake of total flavonoids, total lignans and

any flavonoid subclasses and BC risk in Western European

women overall or after taking into account menopausal

status and oestrogen and PRs of BC tumours.

Table 3 Total and subclasses of flavonoid and lignan intake (mg/day) and their main food sources in the European Prospective Investigation into

Cancer and Nutrition (EPIC) study

Mean SD Median P10th P90th Four main food sources (%)

Total flavonoids 434.4 330.7 332.2 123.3 922.1 Tea (21.3 %), apples and pears (19.6 %), wine (8.9 %), stone fruits (6.7 %)

Flavanols 350.8 304.1 246.6 82.2 808.3 Tea (49.3 %), apples and pears (16.7 %), wine (6.3 %), stone fruits (5.2 %)

Flavan-3-ols

monomers

177.5 254.1 43.8 12.4 531.6 Tea (86.3 %), apples and pears (2.9 %), wine (2.4 %), chocolates (1.8 %)

Proanthocyanidins 167.5 109.6 148.5 58.8 294.7 Apples and pears (33.2 %), wine (11.0 %), stone fruits (10.0 %),

chocolates (6.3 %)

Teaflavins 5.9 9.8 0.4 0.0 19.3 Tea (100 %)

Anthocyanidins 29.5 22.8 23.6 8.2 58.2 Wine (15.6 %), grapes (15 %), berries (13.3 %), apple and pears (12.6 %)

Flavonols 27.2 17.6 22.2 9.8 52.4 Tea (30.3 %), bouillons (9.8 %), leafy vegetables (8.2 %), apple and pears

(8.1 %)

Flavanones 21.8 21.7 16.1 3.4 45.6 Citrus fruit (49.6 %), fruit juices (42.2 %), wine (3.6 %), jams (0.5 %)

Flavones 3.5 3.9 2.5 0.7 7.0 Herbal tea (36.0), wine (13.6 %), leafy vegetables (8.4 %), citrus fruit

(8.4 %)

Total isoflavones 1.5 4.8 0.5 0.1 2.6 Soya products (44.3 %), chocolates (7.6 %), coffee (7.3 %), breads (7.1 %)

Total lignans 1.4 0.8 1.2 0.7 2.4 Breads (12.4 %), cabbages (12.4 %), Tea (12.1 %), COFFEE (8.0 %)
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