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Abstract

Purpose To investigate the association between intake of

flaxseed—the richest source of dietary lignans (a class of

phytoestrogens)—and breast cancer risk.

Methods A food frequency questionnaire was used to

measure the consumption of flaxseed and flax bread by

2,999 women with breast cancer and 3,370 healthy control

women who participated in the Ontario Women’s Diet and

Health Study (2002–2003). Logistic regression was used to

investigate associations between consumption of flaxseed

and flax bread and breast cancer risk. Confounding by

established and suspected breast cancer risk factors, as well

as dietary factors, was assessed.

Results Flaxseed or flax bread was consumed at least

weekly by 21 % of control women. None of the 19 vari-

ables assessed were identified as confounders of the asso-

ciations between flaxseed or flax bread and breast cancer

risk. Consumption of flaxseed was associated with a sig-

nificant reduction in breast cancer risk (odds ratio

(OR) = 0.82, 95 % confidence interval (CI) 0.69–0.97), as

was consumption of flax bread (OR = 0.77, 95 % CI

0.67–0.89).

Conclusions This Canadian study is, to our knowledge,

the first to report on the association between flaxseed alone

and breast cancer risk and has found that flaxseed intake is

associated with a reduction in breast cancer risk. As dietary

intake of flaxseed is modifiable, this finding may be of

public health importance with respect to breast cancer

prevention.

Keywords Breast neoplasms � Flax � Lignans �
Phytoestrogens

Introduction

Two recent meta-analyses concluded that high dietary

intake of lignans, the class of phytoestrogens most com-

monly consumed in Western diets, is associated with a

modest reduction in postmenopausal breast cancer risk [1,

2]. Lignans are found in many plant foods, but flaxseed is

the richest source, containing more than 300 mg per 100 g

serving [3, 4]. Despite its contribution to dietary lignan

intake, flaxseed has not been measured in most studies

assessing lignans and breast cancer risk [e.g., 5–10]. This

omission has prevented the evaluation of associations

between breast cancer risk and flaxseed consumption and

has likely resulted in the underestimation and misclassifi-

cation of lignan exposure in previous studies.

The Ontario Women’s Diet and Health Study is a pop-

ulation-based case–control study conducted to investigate

associations between dietary phytoestrogens and breast

cancer risk. Intakes of phytoestrogen-containing foods,

including flaxseed and flax bread, were measured, and in

2008, we reported that total lignan intake may be associ-

ated with reduced risk of breast cancer [11]. Among con-

trols, flaxseed was the major lignan contributor [11];
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similarly, a Swedish study reported that flaxseed contrib-

uted substantially to total lignan intake [12]. It was there-

fore of interest to examine the association between flaxseed

consumption specifically and breast cancer risk.

Materials and methods

Data were collected in 2002–2003 from participants of the

Ontario Women’s Diet and Health Study [11, 13, 14].

Cases of first pathologically confirmed breast cancer

diagnosed in women aged 25–74 years were identified

through the Ontario Cancer Registry in Canada. Controls

were women identified through random digit dialing of

approximately 25,250 households in the province of

Ontario. Of the households dialed, 4,352 were deemed to

be eligible (*17,000 households were ineligible, for

example, they did not have a woman aged 25–74 years

with no history of breast cancer; the phone was not

answered by *2,000 households; *2,000 households

refused participation). Controls were 1:1 frequency mat-

ched to cases on 5-year age groups. The University of

Toronto Research Ethics Board approved this study.

Approximately 75 % of cases (3,101/4,109) and 80 % of

eligible controls (3,471/4,352) completed a mailed per-

sonal history questionnaire and a modified Block food

frequency questionnaire [15]. Women who reported

extreme energy intake (\600 kcal or [4,500 kcal) were

excluded from the analyses (102 cases, 101 controls),

resulting in a sample of 2,999 cases and 3,370 controls. The

food frequency questionnaire collected information

regarding consumption (2 years ago) of 178 food items

including flaxseed (alone, in baked goods, snacks or other

dishes) and flax or linseed breads (including bagels or

buns). Intake was reported using nine frequency responses

(ranging from never to daily) and four serving size options

(minimum serving size was assigned when serving size

responses were missing, *3 % of flaxseed consumers).

Intake of flaxseed oil was not assessed because it did not

contain lignans. Flaxseed and flax bread exposures were

categorized according to frequency of intake (never,

monthly or less, daily/weekly) of the minimum serving size

(� cup flaxseed, one slice flax bread); when a serving size

greater than the minimum was reported, intake frequency

was adjusted to reflect the minimum serving (e.g., intake of

a � cup serving of flaxseed at a frequency of 2–3 times per

month was categorized as daily/weekly consumption of a

� cup serving).

Logistic regression was used to estimate age group-

adjusted odds ratios (OR) and 95 % confidence intervals

(CI). Confounding was assessed by adding potential con-

founders, one at a time, to the regression model and eval-

uating the impact on the age group-adjusted OR. Potential

confounders assessed were established breast cancer risk

factors (breast cancer in a first degree relative; ages at

menarche, last menstrual period and first live birth; parity;

oral contraceptives; hormone replacement therapy; benign

breast disease; body mass index; alcohol intake), dietary

factors (total energy intake; total dietary fat; as well as

dietary fiber and omega-3 fatty acids since flaxseed con-

tains substantial amounts of these compounds [16]) and

behavioral and socioeconomic factors that may be associ-

ated with a health-conscious decision to consume flaxseed

(smoking history; mammograms; income; education;

immigrant status). A variable was considered to be a

confounder if the age group-adjusted OR changed by

[10 % [17]; none of the variables assessed met this defi-

nition. Analyses were stratified by menopausal status and

hormone receptor status of cancers, and the statistical

significance of interactions was assessed using the likeli-

hood ratio test.

Results

Consumption of flaxseed, and of flax bread, was associated

with statistically significant 20–30 % reductions in breast

cancer risk (Table 1). Reductions in risk were consistently

observed among all women consuming flaxseed, when

compared to never consumers, regardless of intake cate-

gory. After stratification by menopausal status, the asso-

ciation with flaxseed intake was observed among

postmenopausal (daily/weekly, OR = 0.73, 95 % CI

0.60–0.89), but not premenopausal, women (Table 1);

however, there was no statistically significant interaction.

Significant associations between flax bread intake and

breast cancer risk were observed for both pre- and post-

menopausal women (e.g., daily/weekly, OR = 0.74, 95 %

CI 0.62–0.88) (Table 1). Associations between flaxseed

intake and breast cancer estrogen receptor (ER)/proges-

terone receptor (PR) subgroups did not differ substantially

(e.g., daily/weekly consumption: ER? PR?, OR = 0.81,

95 % CI 0.66–1.01; ER- PR-, OR = 0.75, 95 % CI

0.53–1.06), nor did associations with flax bread intake

(e.g., daily/weekly consumption: ER? PR?, OR = 0.81,

95 % CI 0.68–0.97; ER- PR-, OR = 0.77, 95 % CI

0.58–1.01) (data not shown).

Discussion

These flaxseed findings are consistent with recent meta-

analyses suggesting that dietary lignan intake may be

associated with a modest reduction in breast cancer risk,

particularly in postmenopausal women [1, 2] and empha-

size the need to capture flaxseed in dietary assessments of
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lignan consumption. The only other study to specifically

assess lignan-rich foods reported reductions in breast

cancer risk for certain seeds, such as sunflower and

pumpkin, among German women [18].

In this study, 21 % of controls reported consuming

flaxseed or flax bread at least weekly. There is a paucity of

published literature on the prevalence of flaxseed con-

sumption among the general population; however, an

Australian study reported that 34 % of women consumed

flaxseeds in the previous month [19]. As one teaspoon

contains more than 13 mg of lignans [3], only a small daily

serving of flaxseed is required to attain the level of lignan

intake previously shown to be associated with a reduction

in breast cancer risk (e.g.,[5.4 mg/day [11]). As it appears

that most women do not consume flaxseed and that small

amounts may be associated with reduced breast cancer

risk, interventions to increase the prevalence of flaxseed

consumption might be considered. Intervention studies

have been conducted to investigate the impact of flaxseed

on markers of cardiovascular disease and diabetes man-

agement, with favorable results [20–22].

Strengths of the present study include its large sample

size, population-based selection of cases and controls, and

specific measurements of flaxseed and flax bread con-

sumption in pre- and postmenopausal women. A limitation

of the measure of flaxseed intake used is that the serving

size options provided in the food frequency questionnaire

were large (minimum response option was � cup), as they

also applied to more sizeable nut and seed items. It is likely

that persons who supplement foods (such as breakfast

cereals or blended drinks) with ground flaxseed use less

than � cup per serving. The vast majority (90 %) of

flaxseed consumers reported the minimum serving, but it is

unknown whether those whose usual serving size was

smaller accurately reported their intake frequency or

whether they accommodated for serving size by reporting a

lower intake frequency (e.g., one tablespoon of flaxseed

consumed per week was reported as � cup per month).

Reporting an altered frequency in such a manner could

explain why a dose response by frequency was not

observed, if one exists. However, as it has been suggested

that intake variation between individuals is determined

more by frequency than serving size [23], the food ques-

tionnaire may have reasonably captured variation in flax-

seed exposure despite the limitations of the serving size

options provided. Although we evaluated potential con-

founders, there is also the possibility that the associations

observed are due to residual confounding by unknown

factors associated with both flaxseed consumption and

breast cancer risk.

In summary, flaxseed and flax bread consumption was

associated with reduced breast cancer risk, particularly

among postmenopausal women. This finding is notT
a

b
le

1
D

is
tr

ib
u

ti
o

n
o

f
fl

ax
se

ed
an

d
fl

ax
b

re
ad

co
n

su
m

p
ti

o
n

an
d

o
d

d
s

ra
ti

o
s

fo
r

b
re

as
t

ca
n

ce
r

fo
r

al
l

w
o

m
en

,
an

d
p

re
-

an
d

p
o

st
m

en
o

p
au

sa
l

w
o

m
en

,
in

th
e

O
n

ta
ri

o
W

o
m

en
’s

D
ie

t
an

d
H

ea
lt

h

S
tu

d
y

A
ll

w
o

m
en

P
re

m
en

o
p

au
sa

l
w

o
m

en
P

o
st

m
en

o
p

au
sa

l
w

o
m

en

C
as

es
(2

,9
9

9
)

n
(%

)

C
o

n
tr

o
ls

(3
,3

7
0

)

n
(%

)

O
R

(9
5

%
C

I)
C

as
es

(9
3

0
)

n
(%

)

C
o

n
tr

o
ls

(1
,2

1
1

)

n
(%

)

O
R

(9
5

%
C

I)
C

as
es

(2
,0

6
6

)

n
(%

)

C
o

n
tr

o
ls

(2
,1

5
4

)

n
(%

)

O
R

(9
5

%
C

I)

F
la

x
se

ed
a

N
ev

er
2

,2
0

0
(7

4
.2

)
2

,3
2

9
(6

9
.8

)
1

.0
0

6
8

1
(7

4
.0

)
8

7
7

(7
3

.0
)

1
.0

0
1

,5
1

8
(7

4
.4

)
1

,4
4

7
(6

8
.0

)
1

.0
0

M
o

n
th

ly
o

r
le

ss
4

8
2

(1
6

.3
)

6
5

3
(1

9
.6

)
0

.7
6

(0
.6

7
–

0
.8

7
)

1
5

5
(1

6
.9

)
2

2
5

(1
8

.7
)

0
.8

5
(0

.6
8

–
1

.0
7

)
3

2
6

(1
6

.0
)

4
2

8
(2

0
.1

)
0

.7
2

(0
.6

1
–

0
.8

5
)

D
ai

ly
/w

ee
k

ly
2

8
2

(9
.5

)
3

5
4

(1
0

.6
)

0
.8

2
(0

.6
9

–
0

.9
7

)
8

4
(9

.1
)

1
0

0
(8

.3
)

1
.0

3
(0

.7
6

–
1

.4
1

)
1

9
7

(9
.7

)
2

5
4

(1
1

.9
)

0
.7

3
(0

.6
0

–
0

.8
9

)

F
la

x
b

re
ad

b

N
ev

er
1

,9
8

1
(6

7
.2

)
2

,0
5

2
(6

1
.6

)
1

.0
0

6
2

9
(6

8
.4

)
7

6
6

(6
3

.8
)

1
.0

0
1

,3
5

1
(6

6
.6

)
1

,2
8

2
(6

0
.4

)
1

.0
0

M
o

n
th

ly
o

r
le

ss
5

5
4

(1
8

.8
)

7
3

8
(2

2
.2

)
0

.7
6

(0
.6

7
–

0
.8

6
)

1
6

4
(1

7
.8

)
2

5
7

(2
1

.4
)

0
.7

4
(0

.5
9

–
0

.9
2

)
3

9
0

(1
9

.2
)

4
8

0
(2

2
.6

)
0

.7
6

(0
.6

5
–

0
.8

9
)

D
ai

ly
/w

ee
k

ly
4

1
5

(1
4

.1
)

5
4

0
(1

6
.2

)
0

.7
7

(0
.6

7
–

0
.8

9
)

1
2

7
(1

3
.8

)
1

7
8

(1
4

.8
)

0
.8

4
(0

.6
6

–
1

.0
9

)
2

8
7

(1
4

.2
)

3
6

2
(1

7
.0

)
0

.7
4

(0
.6

2
–

0
.8

8
)

O
R

o
d

d
s

ra
ti

o
,

ad
ju

st
ed

fo
r

5
-y

ea
r

ag
e

g
ro

u
p

(n
o

n
e

o
f

th
e

1
9

v
ar

ia
b

le
s

as
se

ss
ed

as
co

n
fo

u
n

d
er

s
m

et
th

e
d

efi
n

it
io

n
),

C
I

co
n

fi
d

en
ce

in
te

rv
al

a
�

C
u

p
o

f
fl

ax
se

ed
w

as
th

e
m

in
im

u
m

se
rv

in
g

si
ze

o
p

ti
o

n
o

n
fo

o
d

fr
eq

u
en

cy
q

u
es

ti
o

n
n

ai
re

an
d

co
n

ta
in

s
1

6
3

m
g

o
f

to
ta

l
li

g
n

an
s

(m
at

ai
re

si
n

o
l,

la
ri

ci
re

si
n

o
l,

p
in

o
re

si
n

o
l,

se
co

is
o

la
ri

ci
re

si
n

o
l)

[3
]

b
1

P
ie

ce
o

f
fl

ax
b

re
ad

w
as

th
e

m
in

im
u

m
se

rv
in

g
si

ze
o

p
ti

o
n

o
n

fo
o

d
fr

eq
u

en
cy

q
u

es
ti

o
n

n
ai

re
an

d
co

n
ta

in
s

3
.6

m
g

o
f

to
ta

l
li

g
n

an
s

(m
at

ai
re

si
n

o
l,

la
ri

ci
re

si
n

o
l,

p
in

o
re

si
n

o
l,

se
co

is
o

la
ri

ci
re

si
n

o
l)

[3
]

Cancer Causes Control (2013) 24:813–816 815

123



surprising given that previous studies suggest high lignan

intake may reduce breast cancer risk [1, 2, 11]. To our

knowledge, this is the first epidemiologic study to assess

the association between flaxseed alone and breast cancer

risk. Flaxseed is the most concentrated source of dietary

lignans, but it is not consumed by most women. Flaxseed

intervention studies for breast cancer prevention may

warrant future consideration.
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