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Abstract

Purpose—The aim was to investigate the association between pre-diagnostic intakes of 

polyphenol classes (flavonoids, lignans, phenolic acids, stilbenes and other polyphenols) in 

relation to breast cancer survival (all-cause and breast cancer-specific mortality).

Methods—We used data from the European Prospective Investigation into Cancer and Nutrition 

(EPIC) cohort. Pre-diagnostic usual diet was assessed using dietary questionnaires, and 

polyphenol intakes were estimated using the Phenol-Explorer database. We followed 11,782 breast 

cancer cases from time of diagnosis until death, end of follow-up or last day of contact. During a 

median of 6 years, 1,482 women died (753 of breast cancer). We related polyphenol intake to all-

cause and breast cancer-specific mortality using Cox proportional hazard models with time since 

diagnosis as underlying time and strata for age and country.
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Results—Among postmenopausal women, an intake of lignans in the highest versus lowest 

quartile was related to a 28% lower risk of dying from breast (adjusted model: HR, quartile 4 vs. 

quartile 1, 0.72, 95% CI: 0.53;0.98). In contrast, in premenopausal women, a positive association 

between lignan intake and all-cause mortality was found (adjusted model: HR, quartile 4 vs. 

quartile 1, 1.63, 95% CI 1.03;2.57). We found no association for other polyphenol classes.

Conclusions—Intake of lignans before breast cancer diagnosis may be related to improved 

survival among postmenopausal women, but may on the contrary worsen the survival for pre-

menopausal women. This suggests that the role of phytoestrogens in breast cancer survival is 

complex and may be dependent of menopausal status.
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Introduction

The high prevalence of breast cancer in Western societies is partly attributable to long 

relative survival periods [1, 2]; accordingly, there is a large interest in initiatives aimed at 

optimizing health of breast cancer survivors. Cancer survivors are highly motivated to 

initiate dietary changes [3]. However, at present, there is not sufficient evidence to make 

special dietary recommendations to breast cancer survivors, and cancer survivors are advised 

to follow the general advice for cancer prevention [4].

There are indications of foods rich in dietary fiber and soy products being associated with 

lower risk of all-cause mortality among women diagnosed with breast cancer [4]. These 

foods are also characterized as being rich in polyphenols, secondary plant metabolites, 

which have received a lot of attention mainly due to their antioxidant properties [5]. They 

are a large family of heterogeneous compounds that are divided into five main classes based 

on their chemical structure i.e. flavonoids, phenolic acids, stilbenes, lignans, and other 

polyphenols [6].

Flavonoids are found especially in fruits, fruit juices, wine and tea [6, 7]. They been shown 

in in vivo and in vitro to depress angiogenesis and delay tumor growth [8, 9]. Phenolic acids 

are found primarily in coffee, tea and red wine and to a lesser extent in vegetables and fruits 

[6]. They have been shown to have anti-inflammatory and anti-oxidative properties [10, 11]. 

Stilbenes, found particularly in red wine, have been shown to have anti-aromatase activity 

[12]. Lignans are found especially in flaxseed, whole grains and vegetables, and lignans are 

converted to the estrogen-like compounds enterolactone and enterodiol during digestion 

[13].

In epidemiological studies, especially lignan and flavonoids have been studied, and intake of 

these has been found to be associated with lower incidence of breast cancer [14, 15], but the 

evidence is not entirely consistent [16]. However, some of these studies suggested effects 

may be more relevant in the progression of already established tumors [17, 18] and thereby 

more relevant for cancer prognosis rather than incidence. In an American study following 

breast cancer cases from date of diagnosis until death or end of follow-up, postmenopausal 
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women with a high reported pre-diagnostic dietary intake of flavones and isoflavones had a 

lower all-cause mortality risk [19]. A meta-analysis found that soy intake was associated 

with lower risk of breast cancer recurrence and better survival [20]. Moreover, a meta-

analysis of studies on lignan intake and blood concentrations of enterolactone, an inverse 

association among postmenopausal women was found both in relation to all-cause mortality 

and breast cancer-specific mortality [21]. Further epidemiological studies are needed to 

confirm the hypothesized associations between lignans and flavonoids in relation to 

improved survival in women diagnosed with breast cancer, as well as to see if other 

polyphenol classes play a role.

The objective of the proposed study was to investigate the association between estimated 

dietary intakes of polyphenol classes (flavonoids, phenolic acids, stilbenes, lignans, and 

other polyphenols) and survival after breast cancer diagnosis (all-cause mortality and breast 

cancer-specific mortality). We hypothesized that high intakes before the breast cancer 

diagnosis are associated with lower all-cause and breast-cancer specific mortality. We used 

data from the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort, 

where there is large variability in polyphenol intake and sources. Usual dietary polyphenol 

intake was estimated using the comprehensive Phenol-Explorer database [22–24].

Methods

Study population

The EPIC study is a large, multicenter cohort study that includes more than half a million 

participants (367 903 women). The cohort comprises of 23 centers in Denmark, France, 

Greece, Germany, Italy, the Netherlands, Norway, Spain, Sweden, and the United Kingdom. 

Most participants were recruited from the general population [25].

At recruitment (years 1993–1999), lifestyle questionnaires, dietary questionnaires, and 

anthropometric measurements were collected from the participants. Excluded from the 

present study where those with prevalent cancer diagnosis at recruitment (n=19,853) or 

those missing diagnosis or censoring date (n=2,892) leaving 345,158 women. Of those, 

11,914 women were diagnosed with breast cancer between recruitment and end of follow-up 

for cancer incidence (2004–2009, depending on center). Of those, women with missing 

information on dietary information (n=123) or where there was uncertainty of whether their 

cancer was benign or malignant (n=9) were excluded and consequently 11,782 women were 

included in the present study. Breast cancer diagnosis was ascertained through linkage with 

registers in most countries, or using a combination of methods including health insurance 

records, cancer and pathology registries or active follow-up [25].

This study was approved by the Ethical Review Board at the International Agency for 

Research on Cancer (IARC). All participants provided informed consent.

Follow-up for vital status

Women diagnosed with breast cancer were followed from date of diagnosis until censoring, 

which were identified as date of death, last date of contact or end of follow-up for vital 

status (2006–2010, depending on center). Information on vital status and movement of 
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participants was obtained through record linkage with the municipal and national mortality 

registries most countries or through a combination of methods, including health insurance 

records, cancer and pathology registries, and active follow-up of study subjects and their 

next-of-kin [26]. The outcome of the study was mortality (all-cause or breast cancer-

specific). Breast cancer-specific death was assigned based on the underlying cause of death, 

which was coded according to the 10th revision of the International Classification of 

Disease, Injuries and Causes of Death (ICD-10).

Clinical characteristics

Most centers collected information from pathology reports on tumor estrogen (ER) status, on 

the available laboratory methods, and on quantification descriptions used to determine 

receptor status. To standardize the quantification of receptor status among the EPIC centers, 

the following criteria for a positive receptor status were used: ≥10% cells stained, any 'plus-

system' description, ≥20 fmol/mg, an Allred score of ≥3, an immunoreactive score (IRS) ≥2, 

or an H-score ≥10 [27–30]. No information was available on whether diagnosis was detected 

as a result of screening or not. Furthermore, no data on treatment as well as recurrence was 

available. Both invasive and in situ cases were included in the present study.

Assessment of dietary intake and lifestyle factors

Dietary intake reflecting the habitual intake over the previous 12 months before recruitment, 

on average 6 years before diagnosis, was assessed using country- or center-specific dietary 

questionnaires [25].

Intakes of polyphenols were estimated using the Phenol-Explorer database. In brief, Phenol-

Explorer contains data on 502 polyphenol compounds in 452 foods collected from 638 

scientific peer-review articles [22]. The content of polyphenols was expressed in mg/100g 

fresh food weight. In the present study, intakes of 419 different polyphenols were used, and 

these were grouped into five classes according to their chemical structure: flavonoids, 

phenolic acids, stilbenes, lignans, and other polyphenols. The “other polyphenols” class 

consisted of a heterogeneous class of polyphenols not belonging to any of the four previous 

classes and included e.g. tyrosol and alkylphenols (mainly alkylresorcinols). The effect of 

food processing on the polyphenol content was taken into account using retention factors 

[24]. Full details of the Phenol-Explorer calculations have been published previously [31].

Lifestyle questionnaires were used to assess lifestyle information such as smoking, physical 

activity, and socioeconomic characteristics. Furthermore, the questionnaires included 

information about reproductive history, menopausal status and use of exogenous hormones 

for contraception and postmenopausal replacement therapy. Height, weight, and waist and 

hip circumference were measured by trained personnel in most centers [25].

Information on menopausal status was available only at recruitment. Women that underwent 

bilateral ovariectomy were regarded as postmenopausal (n=336), and women that were 

reported as being premenopausal at recruitment but reported to be former (n=53) or current 

users (n=16) of hormone replacement therapy were regarded as postmenopausal. 

Furthermore, women that were reported to be perimenopausal at recruitment (n=2,654) were 

considered postmenopausal, because menopausal status was assessed at recruitment and 
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most of the perimenopausal women would be expected to have entered menopause before 

diagnosis of breast cancer.

Statistical methods

The association between polyphenol intake and all-cause or breast cancer-specific mortality 

was investigated using Cox Proportional Hazard Models with time since diagnosis as 

underlying time scale. Time since diagnosis was defined as time from date of breast cancer 

diagnosis until date of death (all-cause or breast cancer-specific mortality, in the latter 

analyses women who died of other causes were censored at date of death) or until last date 

of contact or end of follow-up for vital status (2006-2010, depending on center). The model 

was stratified by 5-year age intervals and country (thus allowing for separate underlying 

hazards by age group and country). For the UK cohorts, the two study centers were included 

as two different “countries” due the overrepresentation of health-conscious people and 

vegetarians in the Oxford cohort.

Analyses were conducted for the different exposures including the polyphenol classes: 

flavonoids, phenolic acids, stilbenes, and lignans. The class “Other polyphenols” was 

studied as subclasses only due to the heterogeneity of this class. We assessed subclasses of 

flavonoids, phenolic acids and other polyphenols because they include a range of 

compounds with rather different structures and possible health effects. Altogether 27 sub-

classes were evaluated with respect to all-cause and breast cancer mortality. For these sub-

classes analyses, multiple testing was taken into account. The significance level calculated to 

p<0.0005 instead of p<0.05 using a Bonferroni correction. In all other analyses, P-values < 

0.05 were considered statistical significant.

In the Cox Proportional Hazard models, all exposures were log2 transformed, meaning that 

the continuous risk estimates were expressed for doublings in intakes. The associations for 

polyphenol classes were further expressed as quartiles based on the intakes among all 

participants. Before entering polyphenol classes, polyphenol subclasses, and linear potential 

confounders into the model, the linearity of the association was evaluated using linear 

splines. No departures from linearity were found.

All models were stratified by menopausal status (premenopausal, postmenopausal) due to 

the proposed difference in disease etiology, and thus potentially also survival [4].

The results are presented as hazard ratios (HR) with 95% confidence intervals (CI), for both 

crude (model 1) and adjusted models (models 2 and 3). Adjustments were made for the 

following lifestyle factors (model 2): alcohol intake (abstainer yes/no, g/day continuous), 

BMI (kg/m2, continuous), use of hormone replace therapy (ever, never, unknown/missing), 

schooling (none, primary school, technical/professional school, secondary school, longer 

education incl. university, not specified/missing), smoking status (never, former, current), 

and physical activity according to the Cambridge index (inactive, moderately inactive, 

moderately active, active) [32]. Secondly (model 3), adjustments were further made for the 

following clinical disease characteristics: estrogen receptor status (ER+, ER-, or unknown/

missing), cancer stage (in situ; localized; metastatic; metastatic regional; metastatic distant; 

unknown/missing), and grading of the tumor (well differentiated, moderately differentiated, 
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poor differentiated, undifferentiated, B-cell, unknown/missing), The covariates were 

included in the models based on a priori assumptions. All analyses were mutually adjusted 

meaning that analyses of e.g. flavonoids were adjusted for other polyphenol classes 

(phenolic acids, stilbenes, lignans, other polyphenols).

Another analysis was made where dietary fiber intake was adjusted for to see if this 

attenuated the association. Furthermore, adjustment for year of diagnosis was conducted 

since breast cancer treatment and thus survival has improved with time. Sensitivity analyses 

excluding women with missing information on clinical characteristics (estrogen receptor 

status, tumor stage and tumor grade) of the tumor were also conducted. Sensitivity analyses 

stratifying by time since dietary information was collected before diagnosis (0-2 year, >2 

years) were also conducted. Sensitivity analyses were conducted excluding perimenopausal, 

and furthermore analyses were performed where only women under the age of 50 years at 

diagnosis were regarded as pre-menopausal.

Effect modifications by disease characteristics were investigated using a Wald’s test for the 

following factors: estrogen receptor status (ER+, ER-), tumor stage (localized, metastatic), 

tumor grade (well differentiated, moderately differentiated, poor differentiated), BMI group 

(BMI≤25 kg/m2, 25–30 kg/m2, >30 kg/m2), alcohol intake (abstainers; low-to-moderate 

consumers ≤12g/day; heavy consumers >12 g/day) and smoking status (never, former, 

current). In these analyses, the polyphenol intakes were included as continuous variable.

SAS® statistical software release 9.3 was used for all statistical analyses. The PHREG 

procedure was used for the Cox proportional hazards models and the UNIVARIATE and 

FREQ procedures for the descriptive analyses.

Results

11,782 women were followed since date of diagnosis of breast cancer for a median of 6 

years (Supplementary figure 1). During this time, 1,482 women died including 753 deaths 

due to breast cancer. Characteristics of women and vial status are shown in Table 1. Women 

who died before end of follow-up had more severe disease. Furthermore, slightly more of 

the deceased women were smokers at recruitment (before diagnosis of the disease).

The total polyphenol intake varied considerably between countries (Table 2), with highest 

intakes in UK and Denmark and lowest in Spain, Norway and Greece. The intake of 

flavonoids was especially high in UK, whereas phenolic acids were especially high in 

Denmark. Stilbenes intake was highest in France and Denmark, and lignans intake in Italy.

For premenopausal women, no association was observed between polyphenols classes and 

all-cause or breast cancer-specific mortality (Table 3), except for the lignans class, where 

higher intakes were significantly associated with higher risk of all-cause mortality (adjusted 

model: HR, pr. doubling, 1.26, 95% CI: 1.05;1.51) and non-significantly with higher risk of 

breast cancer-specific mortality (adjusted model: HR, pr. doubling, 1.24, 95% CI: 

0.98;1.58). For postmenopausal women, intake of lignans was associated with lower risk of 

breast cancer-specific mortality (adjusted model: HR, pr. doubling, 0.83, 95% CI: 

0.72;0.96), and no association was found for any of the other polyphenol classes. The same 
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tendency was found when investigating the association between quartiles of polyphenol 

class intake and breast cancer specific mortality (Figure 1 and Supplementary table 1).

The significant association with lignan intake persisted for both pre- and postmenopausal 

women when adjusting for dietary fiber intake (data not shown). Excluding women with 

missing information on clinical characteristics or adjusting for calendar time of diagnosis 

did not modify the results (data not shown). Excluding women that were perimenopausal at 

recruitment (rather than including them as postmenopausal) and excluding premenopausal 

women that were older than 50 at diagnosis did not change the results (data not shown). 

Lastly, stratifying by time from dietary assessment to diagnosis (0-2 years or >2 years), did 

not seem to change the results either (data not shown). No consistent signs of effect 

modification by lifestyle or clinical characteristics were found (data not shown).

For the polyphenol sub-classes (Table 4), no statistically significant associations were found 

in relation to all-cause and breast cancer-specific mortality after Bonferroni adjustment for 

multiple testing (significance level p=0.0005). For postmenopausal women, there was non-

significant association between intake of alkylphenols and risk of all-cause mortality and 

breast cancer-specific mortality (adjusted model, breast cancer-specific mortality: HR, pr. 

doubling, 0.94, 95% CI: 0.90;0.98, p=0.0015).

Discussion

In this large prospective European study of almost 12,000 women diagnosed with breast 

cancer, we observed that pre-diagnostic intake of lignans was associated with lower risk of 

dying of breast cancer among postmenopausal women. We observed the opposite among 

premenopausal women, with higher intakes of lignans being associated with higher all-cause 

mortality. We found no association for other polyphenol classes (flavonoids, phenolic acids, 

stilbenes, other polyphenols) for either post or premenopausal women.

There are several weaknesses of our study, which need to be considered. First, dietary intake 

and lifestyle were assessed at recruitment long before diagnosis (median 6 years), and it is 

possible that in the course of the time since diagnosis women have changed dietary and 

lifestyle habits. This could be a problem if for instance the women with severe disease had 

changed their habits to a greater or lesser extent than those with less severe disease. 

However, stratifying by time from dietary assessment to diagnosis did not seem to change 

the results. We had no information on whether the breast cancer was detected as a result of 

breast cancer screening or not, and thus lead time bias cannot be ruled out [33]. Further, we 

had no data on treatment, which is problematic since treatment has much larger effect on 

survival than diet and lifestyle is expected to have [4]. However, we expect that clinical 

characteristics such as estrogen receptor status and tumor stage and tumor grade are 

surrogate variables. Information on menopausal status was available at recruitment only, and 

not at diagnosis. Many of the women that were premenopausal most likely entered 

menopause either around diagnosis or during time from diagnosis to end of follow-up. This 

is problematic since menopausal status may affect disease etiology, and thus potentially also 

survival [4]. However, we undertook sensitivity analyses where we excluded women that 

were premenopausal at recruitment but older than 50 years at diagnosis, and found no 
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difference. Another study limitation pertains to the assessment of the polyphenol intake from 

dietary questionnaires using the comprehensive Phenol-Explorer database. Dietary 

assessment from questionnaires is prone to measurement errors [34], which may lead to 

underestimation of the true association. Furthermore, we cannot rule out that the observed 

association with lignans is in fact not due to these compounds, but rather other strongly 

correlated constituents (e.g. dietary fiber, vitamins and minerals) found in the same foods. A 

model where adjustment for total dietary fiber was made yielded similar results. We have 

thoroughly adjusted the analyses for potential confounders, but residual confounding cannot 

be ruled out.

Our study also has several strengths. We used data from ten European countries, including 

women with very different dietary intakes and therefore very different polyphenol intakes 

both in quantity and type which were estimated from the very comprehensive Phenol-

Explorer database. Furthermore we had a large sample size and thus were able to conduct 

sub analyses according to clinical and lifestyle characteristics. We have almost complete 

morbidity and mortality information as well as information about important potential 

confounders of relevance in relation to breast cancer survival including detailed clinical 

information. Furthermore, our dietary and lifestyle information is a combination of 

subjectively reported habits assembled before diagnosis of breast cancer and administrative 

unbiased information on the outcome in broad terms (both morbidity and mortality) which is 

of outmost importance in an epidemiological study.

Biological evidence supports a role of lignans in breast cancer development and prognosis. 

After ingestion, lignans are converted into enterolignans (enterolactone and enterodiol) by 

the colonic microbiota. Especially enterolactone has been found to bind weakly to estrogen 

receptors, to have estrogenic effects in cultured cells and to modulate the response to 

endogenous estrogens [35, 36]. Animal models support that these factors may play an 

important role in prevention of cancer at the early stages leading to lower cancer incidence 

as well as in the progression of already established tumors [17, 37]. Five studies on blood 

levels of enterolactone or lignan intake in relation to breast cancer survival in 

postmenopausal women has been summarized in a meta-analysis, and an inverse association 

was found with both all-cause and breast–cancer specific mortality [21]. In Asia, the main 

phytoestrogen source is isoflavones (polyphenol class flavonoids) from soy products. A 

meta-analysis found indications of an inverse association between soy intake and breast 

cancer recurrence and mortality [20]. In this meta-analysis, the inverse association was 

especially found in the studies made in Asian populations, whereas studies based on western 

populations more often observed null results [20]. While many of the included studies did 

not present results stratified by menopausal status, a Chinese prospective study found lower 

risk of recurrence among postmenopausal women only, and not among premenopausal 

women [38]. Lignans are the main phytoestrogen source in western countries [31, 39], and 

thus a more relevant phytoestrogen to study in a westerns population.

The timing of exposure to these estrogen-like compounds has been pointed out as crucial in 

recent research [40]. It has been suggested that estrogen exposure stimulates growth of 

breast cancer cells in women who just entered menopause, whereas from five years and 

longer after menopause it triggers apoptosis and thereby death of breast cancer cells [41]. 
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Many of the women included in the present study who were premenopausal at recruitment 

had a median age of 51 years at time of diagnosis, and thus many of them must have entered 

menopause within five years or so. This period might, as mentioned, be a critical period in 

which estrogen-like compounds might have adverse effects in relation to breast cancer 

progression. In a meta-analysis of lignans in relation to all-cause and breast-cancer specific 

mortality, an inverse association was only found for postmenopausal women [21]. Thus, 

both biological mechanisms and evidence from RCT and observational studies suggest that 

the effects of lignans, and other dietary phytoestrogens, on breast cancer survival may differ 

according to menopausal status.

Conclusions

In conclusion, we found that higher pre-diagnostic lignan intake was associated with a better 

survival of postmenopausal women diagnosed with breast cancer, and, in contrast, the 

opposite was seen for premenopausal women. However, no associations were detected for 

any of the other classes of polyphenols. The role of phytoestrogens in breast cancer survival 

is complex, and menopausal status is important to take into account. More research is 

needed before giving recommendations to breast cancer survivors regarding dietary intake of 

phytoestrogens such as lignans.
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Figure 1. 
Hazard ratios of the association between intake of polyphenols classes (A: Flavonoids, B: 

Phenolic acids, C: Stilbenes, D: Lignans) and breast cancer-specific mortality among pre- 

and postmenopausal women, respectively, diagnosed with breast cancer in the European 

Prospective Investigation into Cancer and Nutrition (EPIC) cohort. Values are also shown in 

Supplementary table 5.

Quartile 1 is reference. Q– quartile, Ref– reference.

All analyses are adjusted for lifestyle and clinical factors including alcohol (abstainer and 

intake g/day), BMI, HRT use, Schooling, smoking status, physical activity index, ER 

receptor status, cancer stage, grading of tumor. Further, strata are made for country and 5-

year age group
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Table 1

Clinical and lifestyle characteristics of women diagnosed with breast cancer by vital status

All cases Deceased

n=11,782 All causes n=1,482 Breast cancer n=753

Follow-up time used in study: Time from diagnosis until censoring, 
years, Median (P5; P95)

6.3 (1.1–13.2) 4.1 (0.5–10.8) 3.3 (0.3–9.1)

Information from time of diagnosis of breast cancer

Age at diagnosis, years, median (P5–P95) 59 (46–73) 60 (45–76) 58 (41–74)

Receptor status1

    ER+, % (n) 51% (6,043) 38% (567) 34% (258)

    ER-, % (n) 13% (1,489) 20% (302) 23% (173)

    Unknown/missing, % (n) 36% (4,250) 41% (613) 43% (322)

Stage of tumor2

    In situ, % (n) 8% (911) 3% (38) 1% (6)

    Localized, % (n) 36% (4,270) 24% (361) 20% (148)

    Metastatic, % (n) 2% (310) 6% (92) 10% (73)

    Metastatic regional, % (n) 14% (1,618) 22% (329) 19% (146)

    Metastatic distant, % (n) 1% (84) 4% (60) 5% (41)

    Unknown/missing, % (n) 39% (4,589) 41% (602) 45% (339)

Grading of the tumor3

    Well differentiated, % (n) 9% (1,046) 2% (30) 1% (9)

    Moderately differentiated, % (n) 20% (2,376) 14% (212) 14% (106)

    Poor/undifferentiated, % (n) 18% (2,065) 24% (347) 22% (167)

    Unknown/missing, % (n) 53% (6,295) 60% (893) 63% (471)

Recruitment information (prior to diagnosis of breast cancer)

Menopausal status¥

    Premenopausal, % (n) 24% (2,804) 20% (295) 25% (186)

    Postmenopausal, % (n) 76% (8,978) 80% (1,187) 75% (567)

Use of Hormone Replacement Therapy

    Ever, % (n) 34% (3,969) 30% (440) 28% (209)

    Never, % (n) 59% (7,002) 63% (928) 65% (490)

    Unknown/missing, % (n) 7% (811) 7% (114) 7% (54)

BMI, kg/m2, median (P5–P95) 24 (19–33) 25 (19–35) 25 (20–36)

Highest education level

    None, n (%) 3% (284) 3% (41) 4% (29)

    Primary school completed, n (%) 23% (2,669) 26% (381) 28% (209)

    Technical/professional school, n (%) 21% (2,520) 20% (295) 24% (184)

    Secondary school, n (%) 25% (2,958) 24% (365) 18% (133)

    Longer education, incl. university, n (%) 24% (2,847) 21% (307) 18% (140)
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All cases Deceased

n=11,782 All causes n=1,482 Breast cancer n=753

    Not specified, n (%) 4% (504) 6% (93) 8% (58)

Smoking status

    Never, n (%) 54% (6,413) 52% (772) 51% (387)

    Former, n (%) 24% (2,857) 24% (350) 25% (185)

    Current, n (%) 19% (2,188) 22% (326) 22% (168)

    Unknown, n (%) 3% (324) 2% (34) 2% (13%)

Cambridge physical activity index

    Inactive, n (%) 20% (2,381) 27% (397) 27% (206)

    Moderately inactive, n (%) 34% (3,958) 34% (504) 32% (239)

    Moderately active, n (%) 23% (2,637) 18% (266) 17% (126)

    Active, n (%) 14% (1,694) 14% (204) 16% (120)

    Missing, n (%) 9% (1,112) 7% (111) 8% (62)

Alcohol abstainers 14% (1,683) 16% (238) 18% (132)

Alcohol intake (g/day)† 6.4 (0.4–36.9) 5.8 (0.4–37.9) 5.4 (0.4–36.3)

Intake of dietary fiber (g/day) 21.2 (11.6–35.7) 21.2 (10.7–36.8) 21.0 (10.1–36.8)

Total energy intake (kcal/day) 1909 (1131; 3002) 1914 (1128–2988) 1852 (1110–2916)

†
Among users only

¥
Perimenopausal women were considered as postmenopausal

ER+: Estrogen receptor positive
ER- : Estrogen receptor negative

Breast Cancer Res Treat. Author manuscript; available in PMC 2018 December 05.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Kyrø et al. Page 17

Ta
b

le
 2

Po
ly

ph
en

ol
s 

in
ta

ke
 a

m
on

g 
w

om
en

 d
ia

gn
os

ed
 w

ith
 b

re
as

t c
an

ce
r 

m
ea

su
re

d 
at

 b
as

el
in

e,
 to

ta
l a

nd
 b

y 
co

un
tr

y.

A
ll 

(n
=1

1,
78

2)
F

ra
nc

e
(n

=3
,2

56
)

It
al

y
(n

=1
,0

62
)

Sp
ai

n
(n

=5
07

)
U

K
 G

P
(n

=4
84

)
U

K
 H

C
(n

=1
01

9)
N

L
(n

=9
31

)
G

re
ec

e
(n

=2
01

)
G

er
m

an
y

(n
=8

52
)

Sw
ed

en
(n

=1
,1

17
)

D
en

m
ar

k
(n

=1
,3

54
)

N
or

w
ay

(n
=9

99
)

To
ta

l p
ol

yp
he

no
l i

nt
ak

e
11

21
(4

39
;2

22
6)

13
32

(5
62

;2
54

9)
10

75
(4

34
;1

42
6)

69
0

(2
66

;1
40

0)
15

23
(7

78
;2

36
7)

14
41

(6
50

;2
30

3)
11

58
(6

55
–1

78
9)

79
0

(3
26

;1
49

2)
10

56
(5

30
;1

90
7)

82
6

(4
04

;1
55

8)
15

60
(8

18
; 2

48
5)

64
6

(2
46

;1
09

3)

Fl
av

on
oi

ds
44

4
(1

20
–1

26
0)

53
0

(1
89

–1
24

0)
41

5
(1

66
–8

06
)

29
2

(8
2–

65
7)

93
5

(3
59

–1
51

2)
86

4
(3

23
–1

53
3)

51
1

(1
77

–1
00

3)
26

6
(1

02
–5

56
)

42
7

(1
49

–1
05

4)
26

0
(8

4–
64

6)
52

7
(1

42
–1

43
3)

17
9

(6
2–

39
7)

Ph
en

ol
ic

 a
ci

ds
53

9
(1

41
–1

40
8)

67
7

(1
67

–1
80

6)
38

0
(1

20
–7

54
)

31
9

(6
7–

85
4)

36
3

(1
88

–1
06

8)
50

7
(1

29
–1

06
1)

58
4

(2
52

–9
50

)
43

2
(1

06
–1

04
9)

49
7

(1
90

–1
07

0)
48

3
(1

65
–1

05
4)

88
0

(3
05

–1
54

5)
36

5
(6

5–
85

6)

St
ilb

en
es

0.
6

(0
.0

–8
.1

)
1.

3
(0

.1
 9

.8
)

0.
4

(0
.0

–8
.6

)
0.

1
(0

.0
–5

.9
)

0.
0

(0
.0

–2
.9

)
0.

4
(0

.0
–6

.6
)

0.
2

(0
.0

–3
.8

)
0.

2
(0

.0
–2

.4
)

0.
8

(0
.1

–5
.9

)
0.

3
(0

.0
–2

.9
)

1.
5

(0
.1

–8
.5

)
0.

5
(0

.0
–2

.8
)

L
ig

na
ns

1.
4

(0
.7

–4
.6

)
1.

6
(1

–4
)

3.
3

(1
.4

–1
1.

9)
1.

5
(0

.8
–2

.9
)

1.
6

(0
.8

–3
.0

)
1.

7
(0

.9
–3

.0
)

0.
9

(0
.7

–1
.7

)
2.

2
(1

.2
–1

1.
0)

1.
2

(0
.7

–5
.4

)
1.

1
(0

.6
–2

.3
)

1.
4

(0
.7

–3
.0

)
1.

0
(0

.5
–1

.9
)

O
th

er
 p

ol
yp

he
no

ls
38

(1
2–

97
)

25
(8

–6
3)

35
(1

8–
71

)
28

(1
1–

 8
3)

36
(8

–1
09

)
36

(1
0–

99
)

41
(1

7–
68

)
65

(3
6–

12
2)

62
(2

5–
11

9)
42

(2
0–

88
)

69
(3

0–
12

1)
40

(1
5–

65
)

A
ll 

va
lu

es
 a

re
 in

 m
g/

da
y 

an
d 

ar
e 

pr
es

en
te

d 
as

 m
ed

ia
ns

 (
P5

–P
95

)
U

K
 G

P–
 U

ni
te

d 
K

in
gd

om
 c

oh
or

t r
ep

re
se

nt
in

g 
ge

ne
ra

l p
op

ul
at

io
n

U
K

 H
C

– 
U

ni
te

d 
K

in
gd

om
 h

ea
lth

 c
on

sc
io

us
 c

oh
or

t
N

L
: T

he
 N

et
he

rl
an

ds

P5
– 

5t
h  

pe
rc

en
til

e,
 P

95
– 

95
th

 p
er

ce
nt

ile

Breast Cancer Res Treat. Author manuscript; available in PMC 2018 December 05.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Kyrø et al. Page 18

Table 3

Association between estimated intake of polyphenol classes with all-cause mortality and breast cancer specific 

mortality according to menopausal status among women diagnosed with breast cancer – The European 

Prospective Investigation into Cancer and Nutrition (EPIC) cohort

Premenopausal Postmenopausal

Endpoint (deceased/cases) All-cause mortality
(295/2,804)

BC-specific mortality
(186/2,804)

All-cause mortality
(1,187/8,978)

BC-specific mortality
(/8,978)

HR
(95% CI)

HR
(95% CI)

HR
(95% CI)

HR
(95% CI)

Flavonoids

Minimally adjusted (model 1)* 0.95
(0.81–1.10)

1.05
(0.86–1.28)

0.99
(0.92–1.07)

1.01
(0.91–1.13)

Adjusted for lifestyle factors (model 2)† 0.98
(0.84–1.14)

1.11
(0.91–1.36)

1.01
(0.94–1.09)

1.02
(0.92–1.14)

Adjusted for lifestyle and clinical factors 

(model 3)‡
0.94

(0.80–1.10)
1.02

(0.83–1.26)
1.02

(0.95–1.10)
1.04

(0.93–1.15)

Phenolic acids

Minimally adjusted (model 1)* 1.11
(0.97–1.28)

1.08
(0.90–1.28)

1.01
(0.94–1.08)

0.98
(0.89–1.09)

Adjusted for lifestyle factors (model 2)† 1.08
(0.94–1.25)

1.04
(0.87–1.25)

0.97
(0.91–1.04)

0.97
(0.87–1.08)

Adjusted for lifestyle and clinical factors 

(model 3)‡
1.04

(0.90–1.20)
1.00

(0.83–1.21)
0.97

(0.91–1.05)
0.99

(0.89–1.10)

Stilbenes

Minimally adjusted (model 1)* 1.01
(0.96–1.06)

0.98
(0.93–1.05)

0.98
(0.96–1.00)

0.97
(0.95–1.00)

Adjusted for lifestyle factors (model 2)† 0.99
(0.92–1.06)

0.99
(0.91–1.08)

0.99
(0.96–1.01)

0.98
(0.95–1.02)

Adjusted for lifestyle and clinical factors 

(model 3)‡
0.99

(0.92–1.06)
0.99

(0.91–1.08)
0.97

(0.95–1.00)
0.97

(0.94–1.00)

Lignans

Minimally adjusted (model 1)* 1.22
(1.02–1.46)

1.23
(0.97–1.55)

0.95
(0.86–1.05)

0.85
(0.73–0.98)

Adjusted for lifestyle factors (model 2)† 1.24
(1.03–1.49)

1.24
(0.98–1.58)

0.96
(0.88–1.06)

0.86
(0.74–0.99)

Adjusted for lifestyle and clinical factors 

(model 3)‡
1.26

(1.05–1.51)
1.24

(0.98–1.58)
0.94

(0.86–1.04)
0.83

(0.72–0.96)

Hazard ratios (HR) are expressed as pr. doubling (log2) in intake

*
Model 1: Not adjusted, but age and country is taken into account by creating strata for country and 5-year age group.

†
Model2: Adjusted for lifestyle factors including alcohol (abstainer and intake g/day), BMI, HRT use, Schooling, smoking status, physical activity 

index, and the polyphenol classes are further adjusted for intake of other polyphenol classes (mutual adjustment). Further, strata are made for 
country and 5-year age group

‡
Model 3: Adjusted for above mentioned lifestyle factors and also the following clinical factors: ER receptor status, cancer stage and grading of 

tumor. Further, strata are made for country and 5-year age group
95%CI– 95% confidence intervals, ER– estrogen receptor, HRT– hormone replacement therapy
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Table 4

Association between estimated intake of subclasses of flavonoids, phenolic acids and other polyphenols with 

all-cause mortality and breast cancer specific mortality among pre- and postmenopausal women respectively 

diagnosed with breast cancer – The European Prospective Investigation into Cancer and Nutrition (EPIC) 

cohort

Premenopausal Postmenopausal

All-cause mortality BC-specific mortality All-cause mortality BC-specific mortality

HR (95% CI)
p-value

HR (95% CI)
p-value

HR (95% CI)
p-value

HR (95% CI)
p-value

deceased/cases 295/2,804 186/2,804 1,187/8,978 567/8,978

Flavonoid subclasses

   Flavanols 0.99
(0.88–1.12)

p=0.87

1.07
(0.91–1.26)

p=0.40

0.99
(0.93–1.05)

p=0.69

0.96
(0.89–1.05)

p=0.39

   Anthocyanins 1.02
(0.93–1.11)

p=0.72

1.05
(0.94–1.17)

p=0.41

1.00
(0.97–1.03)

p=0.96

0.99
(0.94–1.05)

p=0.79

   Chalcones 0.99
(0.98–1.00)
p=0.0095

0.98
(0.97–1.00)
p=0.0212

1.00
(0.99–1.00)

p=0.53

1.00
(0.99–1.00)

p=0.33

   Dihydrochalcones 1.01
(0.98–1.04)

p=0.55

1.02
(0.98–1.05)

p=0.39

1.00
(0.99–1.01)

p=0.77

1.00
(0.98–1.01)

p=0.66

   Dihydroflavonols 1.00
(0.98–1.02)

p=0.94

1.00
(0.98–1.02)

p=0.96

1.00
(0.99–1.01)

p=0.87

1.00
(0.99–1.01)

p=0.97

   Flavanones 1.00
(0.94–1.07)

p=0.94

1.02
(0.94–1.12)

p=0.61

0.98
(0.95–1.00)

p=0.08

0.99
(0.95–1.04)

p=0.76

   Flavones 0.91
(0.79–1.05)

p=0.18

0.96
(0.81–1.15)

p=0.68

0.95
(0.92–1.00)
p=0.0287

0.96
(0.90–1.02)

p=0.16

   Flavonols 0.99
(0.86–1.13)

p=0.85

1.03
(0.86–1.22)

p=0.76

0.95
(0.89–1.02)

p=0.15

0.93
(0.85–1.02)

p=0.11

   Isoflavonoids 1.00
(0.98–1.03)

p=0.71

1.00
(0.97–1.02)

p=0.78

1.00
(0.99–1.01)

p=0.73

1.00
(0.98–1.01)

p=0.66

Phenolic acid subclasses

   Hydroxybenzoic 0.96
(0.88–1.05)

p=0.40

0.96
(0.86–1.07)

p=0.45

0.99
(0.95–1.03)

p=0.66

0.97
(0.92–1.03)

p=0.37

   Hydroxycinnamic 1.00
(0.90–1.13)

p=0.94

0.99
(0.85–1.14)

p=0.85

0.96
(0.90–1.02)

p=0.15

0.96
(0.88–1.05)

p=0.34

   Hydroxyphenylacetic 0.97
(0.91–1.03)

p=0.27

0.96
(0.89–1.04)

p=0.27

0.98
(0.96–1.00)
p=0.0311

0.99
(0.96–1.02)

p=0.45

   Hydroxyphenylpropanoic 1.00
(0.99–1.01)

p=0.77

1.00
(0.99–1.02)

p=0.69

1.00
(0.99–1.00)

p=0.41

1.00
(0.99–1.01)

p=0.79

Other polyphenol subclasses
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Premenopausal Postmenopausal

All-cause mortality BC-specific mortality All-cause mortality BC-specific mortality

HR (95% CI)
p-value

HR (95% CI)
p-value

HR (95% CI)
p-value

HR (95% CI)
p-value

   Alkylmethoxyphenols 1.01
(0.94–1.08)

p=0.84

0.99
(0.91–1.08)

p=0.84

0.98
(0.96–1.00)

p=0.08

0.99
(0.96–1.02)

p=0.58

   Alkylphenols 0.94
(0.85–1.03)

p=0.19

0.94
(0.82–1.07)

p=0.36

0.96
(0.93–0.98)
p=0.0016

0.94
(0.90–0.98)
p=0.0015

   Cucurminoids 1.01
(0.99–1.03)

p=0.40

1.01
(0.99–1.03)

p=0.49

1.00
(0.99–1.01)

p=0.86

1.00
(0.99–1.01)

p=0.59

   Furanocoumarins 1.01
(0.99–1.03)

p=0.36

1.01
(0.99–1.04)

p=0.44

1.00
(0.99–1.00)

p=0.31

0.99
(0.98–1.00)

p=0.11

   Hydroxybenzaldehydes 0.93
(0.87–1.00)

p=0.05

0.95
(0.87–1.03)

p=0.21

0.98
(0.96–1.00)

p=0.10

0.98
(0.95–1.02)

p=0.32

   Hydroxybenzoketones 0.99
(0.98–1.00)

p=0.06

0.99
(0.97–1.00)

p=0.05

1.00
(1.00–1.01)

p=94

1.00
(0.99–1.01)

p=0.64

   Hydroxycinnamaldehydes 1.01
(1.00–1.02)

p=0.20

1.01
(1.00–1.03)

p=0.16

1.00
(0.99–1.00)

p=0.44

1.00
(0.99–1.00)

p=0.38

   Hydroxycoumarins 1.00
(0.98–1.03)

p=0.73

1.02
(0.99–1.05)

p=0.29

1.00
(0.99–1.01)

p=0.31

1.00
(0.98–1.01)

p=0.73

   Hydroxyphenylpropenes 0.99
(0.98–1.00)
p=0.0244

0.99
(0.97–1.01)

p=0.30

1.00
(1.00–1.01)

p=0.62

1.00
(0.99–1.01)

p=0.78

   Methoxyphenols 1.00
(0.98–1.02)

p=0.99

1.02
(0.99–1.05)

p=0.15

1.00
(0.99–1.01)

p=0.49

1.00
(0.99–1.01)

p=0.57

   Naphtoquinones 1.00
(0.98–1.01)

p=0.42

1.01
(0.99–1.04)

p=0.26

1.00
(1.00–1.01)

p=0.75

1.00
(0.99–1.01)

p=0.92

   Phenolic terpenes 0.99
(0.98–1.01)

p=0.41

0.99
(0.98–1.01)

p=0.31

1.00
(0.99–1.01)

p=0.70

1.00
(0.99–1.00)

p=0.29

   Tyrosols 0.95
(0.85–1.05)

p=0.30

0.94
(0.82–1.09)

p=0.42

0.98
(0.96–1.00)
p=0.0204

0.98
(0.95–1.01)

p=0.25

   Other_PP 1.01
(0.91–1.12)

p=0.85

0.98
(0.87–1.12)

p=0.81

0.95
(0.91–1.00)
p=0.0341

0.95
(0.89–1.02)

p=0.15

Hazard ratios (HR) are expressed as pr. doubling (log2) in intake
All analyses are adjusted for lifestyle and clinical factors including alcohol (abstainer and intake g/day), BMI, HRT use, Schooling, smoking status, 
physical activity index, ER receptor status, cancer stage, grading of tumor. Further, strata are made for country and 5-year age group
HR– hazard rate, 95%CI– 95% confidence intervals, ER– estrogen receptor, HRT– hormone replacement therapy
None were statistically significant (p<0·0005 after Bonferroni correction for multiple comparisons) 
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