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Dietary Lignan Intake and Postmenopausal Breast Cancer Risk by
Estrogen and Progesterone Receptor Status

Marina S. Touillaud, Anne C. M. Thiébaut, Agnés* Fournier, Maryvonne Niravong, Marie-
Christine Boutron-Ruault, Francoise Clavel-Chapelon

Institut National de la Santé et de la Recherche Médicale, ERI 20, EA 4045, and Institut Gustave-Roussy, Villejuif, France.

Background Studies conducted in Asian populations have suggested that high consumption of soy-based foods
that are rich in isoflavone phytoestrogens is associated with a reduced risk of breast cancer. However, the
potential associations of other dietary phytoestrogens — i.e., the lignans or their bioactive metabolites, the
enterolignans — with the risk of breast cancer are unclear.

Methods We prospectively examined associations between the risk of postmenopausal invasive breast cancer
and dietary intakes of four plant lignans (pinoresinol, lariciresinol, secoisolariciresinol, and matairesinol) and
estimated exposure to two enterolignans (enterodiol and enterolactone), as measured with a selfadministered diet
history questionnaire, among 58 049 postmenopausal French women who were not taking soy isoflavone
supplements. Relative risks (RRs) and 95% confidence intervals (Cls) were estimated using multivariable Cox
proportional hazards regression models. Analyses were further stratified by the combined estrogen and
progesterone receptor (ER/PR) status of the tumors. Statistical tests were two-sided.

Results During 383 425 person-years of follow-up (median follow-up, 7.7 years), 1469 cases of breast cancer
were diagnosed. Compared with women in the lowest intake quartiles, those in the highest quartile of total lignan
intake (>1395 pg/day) had a reduced risk of breast cancer (RR = 0.83, 95% CI = 0.71 to 0.95, Pyenqg = .02, 376
versus 411 cases per 100 000 person-years), as did those in the highest quartile of lariciresinol intake (RR =
0.82, 95% CI = 0.71 to 0.95, Py = .01). The inverse associations between phytoestrogen intakes and
postmenopausal breast cancer risk were limited to ER- and PR-positive disease (e.g., RR for highest versus
lowest quartiles of total plant lignan intake = 0.72, 95% CI = 0.58 to 0.88, Pyeng = .01, 174 versus 214 cases per
100 000 person-years, and RR for highest versus lowest quartiles of total enterolignan level = 0.77, 95% CI =
0.62 t0 0.95, Pyeng = .01, 164 versus 204 cases per 100 000 person-years).

Conclusions High dietary intakes of plant lignans and high exposure to enterolignans were associated with
reduced risks of ER- and PR-positive postmenopausal breast cancer in a Western population that does not
consume a diet rich in soy.

Phytoestrogens are naturally occurring compounds that are found in plants and in most foods of plant
origin. Phytoestrogens consist mainly of isoflavones, which are found in high concentrations in soy and legumes,
and lignans, which are found in a variety of fruits, vegetables, and cereal products. Because phytoestrogens have
a chemical structure that is similar to that of 17 B-estradiol, they may compete with estrogens for binding to
estrogen receptors (ERs) and in so doing, may act as weak estrogen agonists or antagonists (1). Therefore,
phytoestrogens have been hypothesized to behave like selective estrogen receptor modulators (SERMs) and to
play a role in the chemoprevention of breast cancer (1).

However, despite 15 years of epidemiologic research, the possible association between dietary intake of
phytoestrogens and the risk of breast cancer remains unclear. Initially, results from international comparisons
and studies of migrant populations gave rise to the hypothesis that higher intakes of soy, a primary source of
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isoflavones, might be associated with a decreased risk of breast cancer (2, 3). Subsequent case—control and
cohort studies (4) conducted in Asia generally confirmed that a high consumption of soy-based foods and
isoflavones is associated with a lower risk of premenopausal breast cancer, especially if exposure occurs early in
life, for instance, during adolescence. However, studies conducted in North America and Europe have been less
conclusive than the Asian studies (4). Indeed, they were inconsistent with each other in showing an association
between Western intake levels ofisofl avones and breast cancer risk, but they suggested a possibly reduced risk
of breast cancer associated with lignan intakes (5, 6). Moreover, limited evidence is available on exposure to the
bioactive metabolites of lignans, the enterolignans, which derive from the metabolism of ingested lignans by the
gut microflora and are absorbed by the intestinal cells into the circulation (7). To date, 10 biomarker studies (six
prospective studies and four case—control studies) have investigated the relationship between circulating or
excreted levels of enterolignans and the risk of postmenopausal breast cancer. Among the prospective studies,
five (8—12) found no association and one (6) found that a higher plasma level of enterolignans was associated
with a reduced risk of breast cancer. The four case—control studies showed a statistically significant inverse
association (13—15) or a suggestive trend for an inverse association (16) between higher serum or urinary levels
of enterolignans and the risk of postmenopausal breast cancer. Large prospective studies of dietary lignan intake
in relation to breast cancer risk are still scarce, and further research is needed to clarify the potential associations
of lignans and enterolignans with breast cancer risk.

CONTEXT AND CAVEATS

Prior knowledge

High consumption of foods rich in some phytoestrogens, compounds produced by plants that act like estrogens
in cells, has been associated with a reduced risk of breast cancer in Asian populations. However, the association
between dietary intakes of the lignans, a specific type of phytoestrogen, or their bioactive metabolites and the
risk of breast cancer is unclear, particularly among women with intake levels typically found in Western diets.
Study design

A large prospective study in a cohort of French women with a wide range of dietary lignan intakes that examined
the association between dietary lignans (assessed with the use of a diet history questionnaire) and the risk of
postmenopausal invasive breast cancer.

Contribution

Higher dietary lignan intakes were associated with a reduced risk of postmenopausal invasive breast cancers,
particularly those positive for the estrogen receptor and progesterone receptor.

Implications

If the association is found to be causal, increasing dietary lignan intake may be a potential preventive approach
for reducing the incidence of breast cancer.

Limitations

Exposure misclassification bias may have resulted in an underestimation of the true associations. The authors
could not adjust for unknown potential confounders. Endpoint misclassification with respect to estrogen receptor
status was likely. The study cohort was based on a selected population, possibly limiting generalizability of the
results to the general population.

The hypothesis that phytoestrogen intakes may be associated with a decreased risk in breast cancer is
consistent with the possible beneficial effect of plant foods in cancer. However, in a recent large prospective
study (17) and a meta-analysis (18), only modest or borderline statistically significant associations between
vegetable consumption and breast cancer risk and no consistent associations between fruit consumption and
breast cancer risk were reported. Other studies have suggested that the association between vegetable
consumption and breast cancer risk may depend on menopausal status (19, 20) or on the hormone receptor level
of the tumor (19, 21, 22). In in vitro experimental studies, biologic effects of phytoestrogens on breast cancer
also vary according to the hormonal environment and receptor status (1, 23). In addition, there is evidence from
human observational studies that phytoestrogens may modulate hormone levels and ER expression (24, 25).
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We studied a large cohort of French women to prospectively investigate the association between dietary
lignans at intake levels typically found in Western diets and the risk of breast cancer. We specifically examined
associations between the risk of postmenopausal invasive breast cancer and the usual dietary intakes of four
plant lignans (i.e., pinoresinol, lariciresinol, secoisolariciresinol, and matairesinol). We also examined
associations between postmenopausal invasive breast cancer risk and estimated exposures to two enterolignans
(i.e., enterodiol and enterolactone), as assessed through a validated dietary questionnaire. Analyses were further
stratified according to the combined ER and progesterone receptor (PR) status of the tumor.

Subjects and Methods
Study Population
E3N (Etude Epidémiologique auprés de femmes de la Mutuelle Générale de 1’Education Nationale) is an
ongoing prospective cohort study that was designed to examine associations between the risks of various cancers
and other chronic diseases and dietary, lifestyle, and reproductive factors in women and has been described
elsewhere (26). E3N participants who completed the dietary questionnaire were also included in the European
Prospective Investigation into Cancer and Nutrition study (27). In brief, the E3N cohort consists of 98 995
French women who were born between 1925 and 1950 and who were enrolled in the health insurance plan for
employees of the public education system. Women who replied to a baseline questionnaire and gave written
informed consent were enrolled in E3N between February 1989 and November 1991. The E3N study was
approved by the French National Commission for Data Protection and Privacy (Commission Nationale
Informatique et Libertés). In the baseline and subsequent self-administered questionnaires, participants provided
information on demographic and anthropometric characteristics, reproductive history, health status, lifetime use
of hormonal treatments (including use of oral contraceptives and hormone replacement therapy), family history
of breast cancer, and smoking status. Follow-up questionnaires were sent biennially, on average, to ascertain
whether participants had been diagnosed with various diseases and to update data on medication use,
menopausal status, and lifestyle factors. A single dietary questionnaire was mailed in June 1993 to assess usual
diet. The response rate for the seventh questionnaire, which was mailed to participants in August 2002 and
which served as the last contact date for this study, was 82% of the total cohort at baseline.

For this analysis, we first selected all participants who had completed a valid dietary questionnaire (n =
74 524; 81% response rate after two reminders). Among these women, we excluded those who had reported in
the baseline questionnaire that they had been diagnosed with a cancer other than a skin basal cell carcinoma or
breast lobular carcinoma in situ or who were diagnosed with such a cancer after they had completed the baseline
questionnaire and before the start of follow-up for this analysis (n = 4599), women who were lost to follow-up
after replying to the dietary questionnaire (n = 926), and women who had reported on the first or second
questionnaire that they had never menstruated (n = 23). We also excluded women whose calculated ratio of
energy intake to energy requirement fell in the highest or lowest one percentile for the cohort (n = 1367) (28). To
ensure that we assessed only the effects of phytoestrogens from food sources, we further excluded women who
had reported that they had consumed soy isoflavone dietary supplements before the 2002 end-of-follow-up
questionnaire (n = 5089). Finally, we excluded 4471 women who had not reached menopause at the end of
follow-up. We defined the date of menopause as the date preceding 12 consecutive months of amenorrhea
(among women who had not had a hysterectomy); the date of bilateral oophorectomy; or, in decreasing order of
priority, the self-reported date of menopause, the date that hormone replacement therapy use began, the date
when menopausal symptoms began, or an imputed date corresponding to age 47 if menopause was due to
oophorectomy and to age 51 otherwise (which were the median ages for surgical and natural menopause in the
cohort, respectively). Thus, a total of 58 049 women were included in this analysis.
Dietary Data
We assessed the usual diet of each participant during the year preceding her completion of a single validated
self-administered diet history questionnaire (29). This questionnaire was mailed to each participant in June 1993
(with a first reminder mailed in July 1994 and a second one mailed in June 1995) and returned to us between
1993 and 1997. The diet history questionnaire evaluated the consumption of 208 food and beverage items. To
assess phytoestrogen intake, we updated the E3N food composition table, which was developed on the basis of
the national (30) and the Supplémentation en Vitamines et Minéraux Antioxydants study (31) databases, by
compiling published databases of the phytoestrogen content of foods common to Western diets (7, 32—40). From
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these databases, we selected the original values of phytoestrogen content that were published by individual
laboratories or values that originated from food composition tables that cited the original publications from
which the values were determined. When different estimates were available for the same food, we selected the
highest value. When values were not available for certain foods, we used the values for very similar foods or
from calculated recipes (e.g., for bread items) to approximate the unknown value. We used an in vitro
fermentation model (7) to indirectly estimate the enterolignan levels produced by the gut microflora from
various foods. All values of phytoestrogen content were converted into micrograms of phytoestrogen per 100 mL
of liquid or per 100 g of wet food, and, when necessary, water gain during cooking was taken into account. Most
phytoestrogens are present in foods as glycosides; once ingested, they undergo hydrolysis in the digestive tract,
which removes the sugar moiety, to yield the bioactive (i.e., aglycone) molecules. The food analysis of
phytoestrogens therefore includes a hydrolysis process so that the phytoestrogen content of foods can be
expressed in aglycone equivalents. Consequently, the phytoestrogen content in the E3N food table was expressed
in aglycone equivalents, after we verified that all the food databases we used were expressed in

this same unit.

For each participant, we calculated average daily dietary intakes of energy, alcohol, macronutrients (i.e.,
carbohydrates, protein, and total fat), fiber, four plant lignans (pinoresinol, lariciresinol, secoisolariciresinol, and
matairesinol), and two enterolignans (enterodiol and enterolactone). Total lignan intake was computed for each
woman as the sum of her pinoresinol, lariciresinol, secoisolariciresinol, and matairesinol intakes. We also
evaluated the consumption of foods or food groups that were the main contributors to lignan intakes in the study
population.

Clinical Data

Participants were asked to report any diagnosis of cancer on each follow-up questionnaire, and we
systematically requested pathology reports from the patients or their doctors. The reports, which were used to
confirm the diagnosis of invasive breast cancer, were obtained for 96% of the incident breast cancer cases
included in this analysis. However, we also included the incident breast cancer cases for which no pathology
report was available (4% of the incident cases) because the proportion of false-positive self-reports among the
documented cases was small (i.e., 3.5%). Information on the combined ER and PR status of the breast tumors
was available for 80% of the case subjects.

Endpoints

Person-years of follow-up were calculated from the date of completion of the dietary questionnaire or
the date of menopause, whichever occurred last. The endpoint of this analysis was the diagnosis of primary
invasive breast cancer after menopause. For case subjects, follow-up stopped on the date of diagnosis of primary
invasive breast cancer. For non—case subjects, follow-up stopped on the date
of diagnosis of any primary cancer (other than skin basal cell carcinoma and breast lobular carcinoma in situ),
the date that the most recent questionnaire was completed (for women who were lost to follow-up or who had
died), or August 21, 2002, whichever came first. In analyses stratified on the combined ER/PR status of the
breast cancer tumors, we censored case subjects with missing receptor status or with receptor status other than
that under study at the date of diagnosis.

Statistical Analysis

To take into account the moderate to high correlation of lignan and enterolignan intakes with energy
intake (Spearman r ranged from .17 to .63 for all lignans and enterolignans), we calculated the residuals of the
linear regression of phytoestrogen intakes on energy intake from food (excluding energy from alcohol) and
added corresponding mean phytoestrogen intake as a constant, according to the residual method of Willett and
Stampfer (41). We then categorized the obtained energy-adjusted phytoestrogen intakes into quartiles according
to the distribution observed in the E3N study population. Baseline characteristics of the participants were
examined by quartiles of energy-adjusted total lignan intake; P values for differences in characteristics across
quartiles were calculated using the global two-sided chi-square test (for nominal variables), the two-sided
Mantel-Haenszel chi-square test (for ordinal variables), or the two-sided Wald chi-square test (for continuous
variables in the linear regression on quartiles of lignan intake).
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Multivariable relative risks (RRs) of invasive breast cancer and 95% confidence intervals (Cls) were estimated
for each quartile of phytoestrogen intake compared with the lowest intake quartile by using Cox proportional
hazards regression models with age as the underlying time metric and stratification by 5-year birth cohorts (42).
With the number of cases accrued, we had 80% statistical power (at a 5% level of statistical significance) to
detect a relative risk of 0.81 or lower or of 1.21 or greater for the highest versus
the lowest quartile of total lignan intake or total enterolignan level. We further examined the association between
phytoestrogen intakes and the risk of breast cancer according to the combined ER/PR status of the tumor. With
the number of cases accrued in the analyses of ER" tumors, we had 80% statistical power to detect a relative risk
of 0.74 or lower or of 1.30 or greater for ER"/PR" breast cancer and of 0.58 or lower or of 1.55 or greater for
ER'/PR™ breast cancer for the highest quartile versus lowest quartile of total lignan intake. To test for linear
trends across quartiles of phytoestrogen intake, we assigned the median value for the study population to each
category and used these values as a continuous variable. We calculated the absolute risk of breast cancer
between 1993 and 2002 in the study population in the highest versus the lowest quartiles of dietary intakes of
phytoestrogens. We verified that the proportional hazards assumption was not violated for our main exposure or
for the other fixed covariates by including the interaction terms for the phytoestrogen intake quartiles (and the
other fixed covariates) with age and confirming that the coefficients were not statistically significantly different
from zero.

All models were adjusted for the following known risk factors for breast cancer: age at menarche (<13,
13—14, or >15 years); height (continuous); body mass index category (time-dependent variable according to
height at baseline and weight at each follow-up questionnaire); personal history of benign breast disease
(including fibrocystic breast disease, mastosis, and adenoma) or lobular carcinoma in situ (yes or no); family
history of breast cancer in first- or second-degree relatives (yes or no); lifetime use of oral contraceptives (ever
or never); hormone replacement therapy use initiated before the previous year (as a time-dependent variable, yes
or no); age at first full-term birth and number of live births (nulliparous, <30 years of age and 1-2 births, <30
years of age and >3 births, or >30 years of age and >1 birth); age at menopause (<45, 45-55, or >56 years);
geographic area at baseline; alcohol consumption (continuous); smoking status (never, former, or current); and
dietary energy intake from food (continuous) using the residual method. To account for potential confounding by
other constituents of plant products, we further adjusted some models for intakes of fiber or vitamin C as
continuous variables. We also tested for interactions of phytoestrogen intakes with hormone replacement therapy
use by including the interaction term for trend of phytoestrogen intake (median value of each category used as a
continuous variable) with hormone replacement therapy use (Wald chi-square test with one degree of freedom).
Fewer than 5% of the values of each covariate were missing. We used the modal values observed among the
subjects who had complete data to impute the missing values. All analyses were performed using SAS software
(version 9.1; SAS Institute, Inc, Cary, NC). All statistical tests were two-sided.

Results

A total of 1469 incident cases of primary invasive breast cancer were diagnosed among 58 049
postmenopausal women during 383 425 person-years of follow-up between June 15, 1993, and August 21, 2002.
Participants were aged 41 to 72 years (median 52 years) at baseline and were followed for a median duration of
7.7 years (range = 1 day-9.2 years); median follow-up for case subjects was 4.2 years (range = 9 days—9.1
years). Among the 56 580 women who did not develop invasive breast cancer, 189 were diagnosed with in situ
breast cancer, 1404 developed a primary cancer other than breast cancer or basal cell carcinoma, 494 died, 3065
were lost to follow-up, and 51 428 were censored at the end of the study.

Table 1 presents selected characteristics of the participants at baseline by quartile of energy-adjusted
total lignan intake. Compared with women with lowest consumption of dietary lignans, those with higher
consumptions were older; better educated; younger at menarche; more likely to have used hormone replacement
therapy, to be nulliparous, to be former or current smokers, and to have a slightly higher body mass index; and
less likely to have used oral contraceptives (all P<.001). There were no statistically significant differences
between low and high consumers of lignans with regard to height at baseline, age at menopause, personal history
of lobular carcinoma in situ or benign breast disease, family history of breast cancer in first- or second-degree
relatives, or, among parous women, the number of children born and the woman’s age at the first full-term birth.
The risk of postmenopausal breast cancer was statistically significantly and positively associated with alcohol



intake, height, menarche before 13 years of age, personal history of benign breast disease or lobular carcinoma in
situ at baseline, family history of breast cancer, and use of hormone replacement therapy for more than 1 year
(data not shown). Inverse associations were observed for being younger than 30 years at first full-term birth and
for reaching menopause before 45 years of age (data not shown).

T
=
2
5 Table 1. Characteristics of the study population (N = 58 049) by quartile of total lignan intake
g Quartiles of total lignan intake*
é Characteristics 1(n=14513) 2(n=14512) 3(n=14512) 4 (n=14512) Pt
2 Mean age at baseline, y (SD) 52.4 (6.5) 53.4 (6.6) 54.0 (6.6) 54.3 (6.6) <.001
8 Mean height at baseline, cm (SD) 161.3 (5.7) 161.3 (5.8) 161.3 (5.7) 161.5 (5.7) .14
= Years of educationf, No.(%)
- <12 2039(14.0) 1728(11.9) 1539(10.6) 1433(9.9)
= 13-16 10327 (71.2) 10385(71.6) 10431(71.9) 10050(69.2) <.001
L >17 2147(14.8) 2399(16.5) 2542(17.5) 3029(20.9)
i Age at menarche, No.(%)
= <13y 6362 (43.8) 6560(45.2) 6664 (459) 6873 (47.3)
3 13-14y 6588 (45.4) 6642(45.8) 6498 (44.8) 6323 (43.6) <.001
= 215y 1563 (10.8) 1310(9.0) 1350 (9.3) 1316 (9.1)
£9 Age at menopause§, No.(%)
s <45y 869 (6.0) 862 (5.9) 869 (6.0) 865 (6.0)
9, 45-55y 13170 (90.7) 13191(90.9) 13116 (90.4) 13132 (90.5) 26
S >56y 474 (3.3) 459 (3.2) 527 (3.6) 515 (3.5)
L Ever use of oral contraceptive at baseline,
No.(%) 8764 (60.4) 8547(58.9) 8252(56.9) 8364(57.6) <.001
Ever use of hormone replacement therapy at
baseline, No.(%) 4186 (28.8) 4873(33.6) 5275(36.3) 5516(38.0) <.001
Age at 1st full-term birth and no. of live
births, No.(%)
<30y, 1-2 7136(49.2) 7059(48.6) 7128(49.1) 6959 (48.0)
<30y,>3 4130 (28.4) 4290(29.6) 4159(28.7) 4124(284) <.001
>30y, 21 1638 (11.3) 1452(10.0) 1444(9.9) 1362 (9.4)
Nulliparous 1609 (11.1) 1711(11.8) 1781(12.3) 2067 (14.2)
Personal history of benign breast disease || or
LCIS at baseline, No.(%) 4059(28.0) 4102(28.3) 4053(27.9) 4198(28.9) .20
Family history of breast cancer in 1* or 2™
degree relatives, No.(%) 3297(22.7) 3411(23.5) 3371(23.2) 3392(23.4) 41
Body mass index at baseliney, No.(%)
<18 kg/m? 597 (4.1) 438 (3.0) 400 (2.8) 427 (2.9)
18 to <25 kg/m? 10847 (74.7) 10994 (75.8) 10826(74.6) 10746(74.1) <.001
25 to <30 kg/m? 2447(16.9) 2526(17.4) 2660(18.3) 2765(19.0)
>30 kg/m? 622 (4.3) 554 (3.8) 626 (4.3) 574 (4.0)
Smoking status at baseline, No.(%)
Never smoked 8793(60.6) 8569(59.0) 8135(56.1) 7614(52.5)
Former smoker 3733(25.7) 3987(27.5) 4412(304) 4853(33.4) <.001
Current smoker 1987(13.7) 1956(14.5) 1965(13.5) 2045(14.1)

* Total lignan intakes were computed as the sum of the intakes of pinoresinol, lariciresinol, secoisolariciresinol, and matairesinol and
were adjusted for energy intake from food (excluding energy from alcohol from total energy intake) by the residual method (41). The
range of each quartile (Q1: <878 pg/day; Q2: 878-1111 pg/day; Q3: 1112-1394 pg/day; Q4: 1395-5701 ng/day) was calculated by
adding the residual range to the predicted lignan intake for the mean caloric intake from food (2082 kcal) for the study population
according to the linear regression model. SD = standard deviation; LCIS = lobular carcinoma in situ.

T Calculated using the global two-sided chi-square test (for nominal variables), the two-sided Mantel-Haenszel chi-square test (for
ordinal variables), or the two-sided Wald chi-square test (for continuous variables in the linear regression on quartiles of lignan intake);
the lignan intake quartiles were used as an ordinal variable to which we assigned the median values measured in the population of each
category.
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1 The 2378 (4%) missing values (590 in quartile 1, 590 in quartile 2, 560 in quartile 3, and 638 in quartile 4) were assigned the modal
value of 13—16 years, which did not change the results.

§ Determined after baseline for women who were premenopausal at the time they completed the dietary questionnaire.

|| Includes fibrocystic breast disease, mastosis, and adenoma.

9 Weight in kg/(height in m)*.

Overall, the median daily dietary intakes were 2031 kcal of energy from food (range = 536-5183
kcal/day), 6 g of alcohol (range = 0—180 g/day), and 23 g of fiber (range = 2-81 g/day). Across all four quartiles
of lignan intake, women had generally similar diets in terms of their carbohydrate, protein, and total fat intakes
(Table 2). However, higher consumers of lignans drank more alcoholic beverages; ate more fruits, vegetables,
and fiber; and consumed smaller amounts of cereal products and potatoes than lower consumers of lignans.
Among all participants, median intakes were 1112 pg/day of total lignans (range of residual values = 0-5702
ug/day) and 768 pg/day of total enterolignans (range of residual values = 0-2538 pg/day). Lariciresinol
contributed 45% of the total lignan intake, pinoresinol 38%, secoisolariciresinol 16%, and matairesinol 1%;
enterolactone contributed 63% of the total estimated enterolignan exposure and enterodiol 37%. Fruits and
vegetables were the main sources of lignans (66% of total intake, with 35% of lignans from fruits, 30% from
vegetables, 0.6% from potatoes, and 0.2% from legumes), followed by tea (11%), cereal products (7% of total
intake, with 4% of lignans from bread, 2% from cold breakfast cereals, and 1% from rice and pasta), coffee
(5%), and alcoholic drinks (5%).

Table 2. Median dietary intakes within each quartile of total lignan intake

Quartiles of total lignan intake*

Variable 1(n=14513) 2(n=14512) 3(n=14512) 4(n=14512) rt
Energy from food, kcal/d 2 088 1998 1986 2 060 0
Alcohol, g/d 4.6 6.6 7.1 7.0 .08
Carbohydrates, g/d 228 220 217 225 -.01
Protein, g/d 92 88 88 91 0
Total fat, g/d 88 84 83 87 -.01
Dietary fiber, g/d 20 22 24 28 40
Total plant foods, g/d 558 709 833 1029 .60
Fruits 175 266 329 436 .55
Vegetables 274 348 408 495 45
Potatoes, 63 57 51 43 -17
Legumes, 13 13 13 13 -.02
Total cereal products, g/d 215 198 189 181 -.13
Alcoholic beverages, mL/d 52 74 79 77 .08

* Total lignan intakes were computed as the sum of the intakes of pinoresinol, lariciresinol, secoisolariciresinol, and matairesinol and
were adjusted for energy intake from food (excluding energy from alcohol from total energy intake) by the residual method (41). The
range of each quartile (Q1: <878 pg/day; Q2: 878-1111 pg/day; Q3: 1112-1394 pg/day; Q4: 1395-5701 ng/day) was calculated by
adding the residual range to the predicted lignan intake for the mean caloric intake from food (2082 kcal) for the study population
according to the linear regression model.

T Spearman correlation coefficients were computed to assess the overall association between continuous dietary variables and the median
value in each quartile of energy-adjusted total lignan intake, which was computed as a continuous variable. As a result of the residual
method for energy adjustment, energy intake from food was not correlated with total lignan intake.

Compared with women in the lowest quartile of plant lignan intake (<878 ug/day), women in the highest
quartile ( >1395 pg/day) had a statistically significant reduced risk of postmenopausal breast cancer (RR = 0.83,
95% CI =0.71 to 0.96, Pyeng = .02) (Table 3). The incidence of breast cancer was 8.5% lower among women in
the highest quartile (376 cases per 100 000 person-years) than in the lowest quartile (411 cases per 100 000
person-years) of total lignan intake. Of the individual lignans, only intake of lariciresinol was statistically
significantly associated with postmenopausal breast cancer risk (RR = 0.82, 95% CI = 0.71 to 0.95, Pyeng = .01).
Pinoresinol (RR = 0.87, 95% CI = 0.76 to 1.01, Pyeng = .12) and secoisolariciresinol (RR = 0.93, 95% CI = 0.79
to 1.09, Pyend = .34) showed associations with breast cancer risk similar to that observed for lariciresinol without
reaching statistical significance. Although estimated total enterolignan exposures were well correlated with
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lignan intakes (Spearman r = .63), the association between total enterolignan exposure and postmenopausal
breast cancer risk was of only borderline statistical significance (RR = 0.89, 95% CI = 0.77 to 1.03, Pyenq = .06,
374 versus 415 cases per 100 000 personyears in the highest versus lowest quartile of intake). There was no
interaction between phytoestrogen intakes and hormone replacement therapy use with respect to breast cancer
risk (all P values for this interaction were between .10 and .66). Further sequential adjustment of our model of
total lignan intakes for intakes of fiber and vitamin C, each of which was correlated with total lignan intake
(Spearman r = .42 for fi ber and .71 for vitamin C), did not substantially modify the results (RR for highest
versus lowest quartile of lignan intake after adjusting for fiber intake = 0.83, 95% CI = 0.69 to 1.01, Pyeng = .07
and RR for highest versus lowest quartile of lignan intake after adjusting for vitamin C intake = 0.82, 95% CI =
0.68 t0 0.99, Pyeng = .08). Intakes of fiber and vitamin C were not associated with postmenopausal breast cancer
risk ( P =.97 and .89, respectively).

Table 3. Relative risk (RR) of breast cancer among 58 049 postmenopausal women in the E3N cohort by quartile of
phytoestrogen intake*

No of cases subjects/

Daily dietary intake Quartile  Ranget,ug/day No of person-years} RR§ (95 % CI) P trendl|
Total plant lignans 1 <878 373/90 650 1.00 (referent)
2 878-1 111 353/95 302 0.86 (0.74 to 0.99)
3 1 112-1 394 368/97 889 0.85 (0.74 to 0.99) .02
4 1 395-5 701 375/99 584 0.83 (0.71 to 0.95)
Pinoresinol 1 <312 369/90 349 1.00 (referent)
2 312-417 352/94 826 0.88 (0.76 to 1.01)
3 418-548 363/98 259 0.86 (0.74 to 0.99)
4 549-2 390 385/99 991 0.87 (0.76 to 1.01) A1
Lariciresinol 1 <394 377/91 068 1.00 (referent)
2 394-499 361/95 664 0.88 (0.76 to 1.02)
3 500-627 370/97 693 0.86 (0.75 to 0.99)
4 628-2 581 361/99 000 0.82 (0.71 to 0.95) .01
Secoisolariciresinol 1 <137 358/91 554 1.00 (referent)
2 137-172 353/96 022 0.90 (0.78 to 1.05)
3 173-214 344/97 568 0.84 (0.72 t0 0.97)
4 215-750 414/98 281 0.93 (0.79 to 1.09) 34
Matairesinol 1 <7 316/94 188 1.00 (referent)
2 7-10 382/95 661 1.14 (0.98 to 1.32)
3 11-16 370/96 634 1.06 (0.90 to 1.23)
4 17-95 401/96 942 1.05 (0.87 to 1.27) 91
Total enterolignans 1 <653 377/90 658 1.00 (referent)
2 653-767 379/94 912 0.95 (0.82 to 1.09)
3 768-895 339/98 051 0.82 (0.70 to 0.95) .06
4 896-2 538 374/99 804 0.89 (0.77 to 1.03)
Enterodiol 1 <240 360/90 760 1.00 (referent)
2 240-286 394/95 187 1.03 (0.89 to 1.19)
3 287-338 355/97 394 0.91 (0.78 to 1.05)
4 339-918 360/100 084 0.90 (0.77 to 1.04) .07
Enterolactone 1 <407 382/90 714 1.00 (referent)
2 407-478 365/95 268 0.90 (0.78 to 1.04)
3 479-559 350/98 053 0.84 (0.73 t0 0.97)
4 560-1 646 372/99 390 0.88 (0.76 to 1.02) .08

* E3N = Etude Epidémiologique auprés de femmes de la Mutuelle Générale de 1'Education Nationale; CI = confidence interval.

+ The range of each energy-adjusted phytoestrogen quartile was calculated by adding the residual range to the predicted phytoestrogen
intake for the mean caloric intake from food (2082 kcal, excluding energy from alcohol from total energy intake) for the whole population
according to the linear regression model.

1 Total number of case subjects/total number of person-years = 1469/383 425.

§ Multivariable Cox regression analyses used age as the underlying time metric, were stratified by 5-year birth cohorts, and were adjusted
for age at menarche (<13, 13—14, or >15 years); height (continuous); body mass index category (time-dependent variable according to
height at baseline and weight at each follow-up questionnaire); personal history of benign breast disease (includes fibrocystic breast
disease, mastosis, and adenoma) or lobular carcinoma in situ (yes or no); family history of breast cancer in first- or second-degree
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relatives (yes or no); lifetime use of oral contraceptives (ever or never); hormone replacement therapy use initiated before the previous
year (as a time-dependent variable, yes or no); age at first full-term birth and number of live births (nulliparous, <30 years and 1-2, <30
years and >3, or >30 years and >1); age at menopause (<45, 4-55, or >56 years); geographic area at baseline; alcohol consumption
(continuous); smoking status (never, former, or current); and dietary energy intake from food (continuous) using the residual method.

|| To test for linear trend across phytoestrogen quartiles, we assigned the median value for the study population to each category and used
these values as a continuous variable.
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We next stratified the risk analyses according to the combined ER/PR status of the tumor. Among the
1180 breast tumors with known ER and PR status, 695 (59%) were positive for both ER and PR (ER"/PR"), 250
(21%) were positive for ER only (ER"/PR"), 198 (17%) were negative for both ER and PR (ER /PR"), and 37
(3%) were positive for PR only (ER/PR"). All of the statistically significant inverse associations we observed
between phytoestrogen intakes and postmenopausal breast cancer risk were limited to ER"/PR" disease (Table
4). Compared with women in the lowest intake quartiles, women in the highest intake quartiles for total plant
lignans and total enterolignans had a statistically significant reduced risk of ER'/PR" breast cancer (RR = 0.72,
95% CI = 0.58 to 0.88, Pyeng = .01 and RR = 0.77, 95% CI = 0.62 to 0.95, Pyena = .009, respectively). The
incidence of postmenopausal ER"/PR" breast cancer was 18.4% lower among women in the highest quartile (174
cases per 100 000 person-years) than in the lowest quartile (214 cases per 100 000 person-years) of total lignan
intake; for total enterolignan intake, the absolute risk was 19.5% lower among women in the highest (164 cases
per 100 000 person-years) than the lowest (204 cases per 100 000 person-years) quartiles. Among the plant
lignans, lariciresinol intake was statistically significantly associated with a reduced risk of ER"/PR" breast cancer
and pinoresinol and secoisolariciresinol intakes were borderline statistically significantly associated. Estimated
exposures to both enterolignans (enterodiol and enterolactone) were statistically significantly associated with a
reduced risk of ER"/PR" breast cancer (Table 4). There was no statistically significant association between
intakes of total plant lignans or estimated total enterolignan exposures and the risks of ER'/PR", ER /PR’, or
ER /PR breast cancer, although the results for the ER"/PR™ tumors suggested an inverse relationship (Table 4).

Discussion

In this large prospective study, women who had the highest dietary intakes of total plant lignans, and of
lariciresinol in particular, had a statistically significant lower risk of postmenopausal breast cancer compared
with women who had the lowest intakes. These inverse associations were restricted to ER'/PR" breast cancers,
for which we also observed inverse associations between breast cancer risk and intakes of enterolignans. All
studies published to date that have shown that higher levels of circulating or excreted enterolignans are
associated with a statistically significant reduction in the risk of postmenopausal breast cancer have been
biomarker studies (13, 43, 44). To our knowledge, this is the first prospective study using dietary questionnaire
data to show statistically significant inverse associations between dietary lignan intakes or estimated levels of
metabolized enterolignans and breast cancer risk in postmenopausal women.

The inverse associations between dietary lignan intakes and postmenopausal breast cancer risk in
Western populations have been investigated in two prospective (45, 46) and four case—control (5, 47—49) studies.
None of these studies found an overall association, but two studies (45, 48) reported a suggestive trend for an
inverse association on the basis of subanalyses of postmenopausal participants. In all six study populations, the
levels of dietary lignan intake were defined as the sum of the secoisolariciresinol and matairesinol intakes, which
were of the same order of magnitude as the combined secoisolariciresinol and matairesinol intakes in our study
(approximately 0 to 0.8 mg/day). Intakes of lariciresinol and pinoresinol were not evaluated in those six previous
studies, whereas in our study they accounted for 83% of the plant lignan intake. It is therefore likely that all six
previous studies underestimated dietary lignan intake, which may explain why no association with breast cancer
risk was detected.

In our study, the median total plant lignan intake was 1.1 mg/day and ranged from approximately 0 to 5
mg/day. The lignans consumed by our cohort originated from a wide variety of sources including fruits,
vegetables, tea, coffee, and cereal products, similarly to diets estimated in other studies of Western countries (33,
50, 51); in particular, in this study, the main sources of lariciresinol were cruciferous vegetables, green beans,
citrus fruits, pears, tea, coffee, and bread. As for the food sources of lignans, we note that the traditional French
diet does not contain flaxseed, which is the food containing the highest concentration of lignans. However,
lignan intakes are probably increasing in France, as they are in other Western countries such as Finland and
North America, because the recent introduction of flaxseeds in multigrain bread making may provide a major
source of lignans (52). Although the main sources of lignans in Western countries probably vary according to the
foods eaten there, assessments of more types of lignans in dietary studies might well reveal more consistent
associations between phytoestrogen intakes and the risk of breast cancer.
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Our findings of inverse associations between enterolignan exposure and the risk of postmenopausal
breast cancer are consistent with those of the four case—control studies of serum or urinary biomarkers conducted
to date (13—-16), even though ours are based on indirectly estimated enterolignan levels. Of six prospective
biomarker studies (6, 8-12), only one (6) reported an inverse association between plasma enterolactone
concentrations and postmenopausal breast cancer risk; it is unclear why the five other studies (8—12) did not
detect any association, especially because the level of enterolignan exposure was consistent across all biomarker
studies.

It may be argued that lignan and enterolignan information is redundant in our study and that lignans
alone should be considered because those are compounds provided by the diet. Nevertheless, we examined
enterolignans as well as plant lignans to provide two different approaches to study the effects of dietary lignans
and also because enterolignans are the bioactive components relevant to cancer prevention (1). The amounts of
enterolignans that are produced from different foods have been measured by a technique that involves in vitro
fermentation of plant foods with human fecal microbiota, which simulates colonic fermentation (7). In this study,
we used enterolignan values estimated by this technique to indirectly estimate all lignans (precursors of the
enterolignans) present in foods. Total enterolignan values estimated by this technique integrate other lignans and
unknown precursors that cannot be assessed otherwise due to the unavailability of food composition data. For
example, the lignins, which are polyphenolic plant constituents responsible for the rigidity of wood, were
suggested to be major dietary precursors of enterolignans, at least in rats (53), but have never been analyzed in
foods.

Our finding that all of the statistically significant inverse associations we observed between
phytoestrogen intakes and postmenopausal breast cancer risk were restricted to ER"/PR" breast cancers supports
a differential role of phytoestrogens or their food sources according to hormonal receptor status as has been
previously suggested (1, 19, 21, 22). This finding is consistent with that of a large case—control study (19) that
reported a reduced risk of postmenopausal ER'/PR" breast cancer associated with higher intakes of leafy or
yellow vegetables. The authors of that study found no clear association between the risk of postmenopausal
ER'/PR" breast cancer and the carotenoids contained in such vegetables. By contrast, our results suggest that
lignans, especially lariciresinol, might be among the bioactive plant compounds involved in reducing
postmenopausal ER"/PR" breast cancer risk. These results differ from those of a large prospective study (21),
which showed a reduced risk of ER™ postmenopausal breast cancer with higher intakes of fruits, vegetables, and
whole grains after adjustment for hormonal exposure factors, and from another prospective study, which
reported a reduced risk of ERa-negative postmenopausal breast cancer associated with a higher consumption of
fruits and vegetables (22) or higher plasma enterolactone concentrations (6). One case—control study (49) and
two prospective studies (11, 46) found no association between postmenopausal ER" or ER™ breast cancer risk
and dietary, plasma, or urinary lignans; however, those studies had limited statistical power to detect such
associations because the dietary lignan intakes were relatively low and too homogeneous (46, 49) or because of a
small study size (11).

We cannot conclude definitely from our results that lignans have specific biologic effects that influence
their association with breast carcinogenesis or that they are good biomarkers for particular nutrients or food
sources. However, our finding that adjustments for fiber and vitamin C intakes did not remove the statistical
significance for the association between lignan intake and postmenopausal breast cancer risk suggests that
lignans have specific biologic effects. Furthermore, the inverse associations we observed between lignan intakes
and risk of ER"/PR" breast cancer suggest that the biologic effects may be mediated through hormonal receptors,
a plausible interpretation given that phytoestrogens have hormone-like properties whereas vitamins, which did
not show any association with breast cancer risk (19), do not (54). Because of their structural similarity to 17 -
estradiol, phytoestrogens are natural ligands of ERs and are believed to be naturally existing SERMs (1). They
might therefore act as anticarcinogens, either through antiestrogenic actions (e.g., by competing with estradiol to
bind ERs) or by initiating their own anticarcinogenic effects (e.g., by recruiting specific transcriptional
coregulators to phytoestrogen-activated ERs). Finally, phytoestrogens or their plant sources might modulate ER
protein expression and degradation and therefore influence the hormonal status of both normal tissues and
tumors, as has been previously suggested (25, 55), just as estradiol decreases expression of ER (56).

This study found no statistically significant association between lignan or enterolignan intakes and
ER'/PR” postmenopausal breast cancer risk. Given the small number of ER'/PR™ tumors and the magnitude of
the risks for these cases, low statistical power is probably a large part of the reason for these non—statistically
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significant associations. An alternative explanation would be based on molecular aspects. In this study, ER status
most likely referred to the expression of the nuclear a subtype of the receptor, the predominant subtype in breast
tissue and the subtype commonly detected by the analytical methods used in clinical practice. Because PR
expression mostly depends on ERa activity (57), our observation that there were no inverse associations between
phytoestrogen intakes and the risk of postmenopausal breast cancer in the absence of PR despite ERa expression
(i.e., ER'/PR™ tumors) agrees with the molecular theories that, in the absence of PR expression, ER is
nonfunctional (57) or other growth factor receptor pathways are activated (58). In other words, it is possible that
ER'/PR™ tumors are “resistant” to phytoestrogens, just as they are to SERM therapy (57).

The strengths of our study include the large population, the long follow-up, and the use of a
comprehensive food composition table for lignans and enterolignans. The resulting large range of intakes
provided increased statistical power to detect associations other than those that occurred by chance. Because we
included lariciresinol and pinoresinol, whose associations with breast cancer risk were evaluated here for the first
time, to our knowledge, the estimated lignan intakes were much higher than those reported in previous dietary
studies. The prospective design of our study precluded differential recall bias between case subjects and non—
case subjects. Finally, we adjusted for a large number of hormonal factors that could have acted as potential
confounders, including age at menarche and at menopause, parity, age at first full-term birth, and lifetime use of
exogenous hormones (oral contraceptive and hormone replacement therapy).

Our study also has limitations related to exposure misclassification, confounding, endpoint
misclassification, and generalizability of the results. First, we cannot exclude possible misclassification bias
arising from reporting error although this would most likely result in the underestimation of the true association.
In general, we assumed that the diet reported over the previous year reflected long-term dietary habits. However,
we were not able to assess possible changes in dietary habits during the follow-up period. As for lignans
specifically, our use of a simple summation of four lignans to provide a total lignan intake did not account for
other lignans or other potential enterolignan precursors, such as lignins, for which food composition data are not
available; therefore, we also evaluated each individual lignan in risk analyses. Our estimates of lignan dietary
intakes were also potentially limited by the food database used in this study. We had to rely on data compiled
from various sources because, at present, there is no complete food composition database for lignans. The values
assigned to the foods were based on food supplies that originated from different countries and on different
analytical techniques and were estimated in different laboratories. Although values for the same foods may vary
in the literature according to the source of data, most of the different values available for one food were
consistent with each other. As for enterolignans, our indirect estimation of enterolignan exposures from the
dietary intake data did not take into account interindividual differences in the characteristics of intestinal
microflora or in enterolignan metabolism, such as absorption and excretion rates (1); however, enterolignan
production obtained via the in vitro method has been shown to be well correlated with urinary lignan excretion
(7). Also, we do not know the relative bioactivity of each enterolignan but the summation of all enterolignans
would likely result in misclassification bias and would decrease the statistical power.

Second, as in other observational studies, we cannot rule out that the associations we observed have
resulted from confounding bias, although we adjusted the analyses for known risk factors of breast cancer, in
particular hormonal factors. With respect to phytoestrogens specifically, we note that our dietary questionnaire
did not cover soy foods. However, given that soy foods were probably consumed at very low levels by our study
population (59), it is unlikely that their omission from the dietary questionnaire affected our assessment of lignan
intake or was a potential confounding factor in this study of lignan intake and breast cancer risk. Third, endpoint
misclassification may have hampered our analysis of breast cancer by receptor status because assessment of ER
status probably referred only to the expression of ERa and not ERP, which is the subtype of ER that
phytoestrogens preferentially bind (60). However, our results are relevant to breast carcinogenesis because ERa
is the predominant form of the receptor expressed in normal breast tissue and its level increases dramatically in
premalignant tissues (61). Fourth, the women in our cohort were self-selected volunteers who were recruited
from among employees of the public education health system or their families and thus were not a representative
sample of the general French population. The cohort members were highly educated and, compared with
nationally representative samples of the French population, had higher rates of breast cancer (62) even though
they may have had more health-conscious dietary practices. Thus, as is true for many other large cohort studies
based on selected populations, it may not be possible to extrapolate our findings to the general population.
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However, if the association between dietary lignan intakes and breast cancer risk in our population reflects a true
biologic mechanism, this mechanism may be relevant to the general population.

In conclusion, the results of this large prospective study of French women showed that higher dietary
intakes of lignans were associated with a reduction in the risk of postmenopausal breast cancers, particularly
those positive for both ER and PR. This finding is potentially important for public health policies because the
increasing ER"/PR" subtype incidence rates are thought to explain most of the increasing incidence of breast
cancer in Western countries (63) and the higher rates in Western countries than in Asia (64). Although the
possible role of plant foods in breast cancer prevention is still debated, increasing dietary lignan intake may be
an interesting potential preventive approach. In particular, individual differences in the metabolism of plant
lignans into enterolignans and the mechanisms behind the potential biologic actions of enterolignans in breast
carcinogenesis need to be better understood. In view of the epidemiologic results of this study, the
recommendation that women should consume diets that consist largely of fruits, vegetables, and cereals (65) —
all foods rich in lignans— should continue.
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