Eur J Nutr (2013) 52:217-223
DOI 10.1007/s00394-012-0305-9

ORIGINAL CONTRIBUTION

Dietary fiber intake and risk of breast cancer by menopausal

and estrogen receptor status

Qian Li - Theodore R. Holford - Yawei Zhang -
Peter Boyle - Susan T. Mayne - Min Dai -
Tongzhang Zheng

Received: 25 August 2011/ Accepted: 16 January 2012/ Published online: 16 February 2012

© Springer-Verlag 2012

Abstract

Purpose Evaluate the hypothesis that relation of breast
cancer associated with dietary fiber intakes varies by type
of fiber, menopausal, and the tumor’s hormone receptor
status.

Methods A case—control study of female breast cancer
was conducted in Connecticut. A total of 557 incident
breast cancer cases and 536 age frequency-matched con-
trols were included in the analysis. Information on dietary
intakes was collected through in-person interviews with a
semi-quantitative food frequency questionnaire and was
converted into nutrient intakes. Odds ratios and 95% con-
fidence intervals were estimated by unconditional logistic
regression.

Results Among pre-menopausal women, higher intake of
soluble fiber (highest versus lowest quartile of intake) was
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associated with a significantly reduced risk of breast cancer
(OR = 0.38, 95% CI, 0.15-0.97, Peng = 0.08). When fur-
ther restricted to pre-menopausal women with ER™ tumors,
the adjusted OR for the highest quartile of intake was 0.15
(95% CI, 0.03-0.69, Pyeng = 0.02) for soluble fiber intake.
Among post-menopausal women, no reduced risk of breast
cancer was observed for either soluble or insoluble fiber
intakes or among ER™ or ER ™ tumor groups.

Conclusions The results from this study show that dietary
soluble fiber intake is associated with a significantly
reduced risk of ER™ breast cancer among pre-menopausal
women. Additional studies with larger sample size are
needed to confirm these results.

Keywords Dietary fiber intake - Breast cancer - Estrogen
receptor - Menopausal status - Case—control studies

Introduction

More than one million women will be diagnosed with
breast cancer and over 460,000 of them will die from the
disease each year worldwide [1]. While tremendous effort
has been made, the known risk factors can only explain
about half of the disease [2]. Among various factors that
have been linked to breast cancer risk in epidemiologic
studies, low dietary fiber intake has been linked to a
reduced risk of breast cancer [3-6].

Evidence linking dietary fiber intake and breast cancer
risk, however, has been inconsistent. A meta-analysis of 12
case—control studies by Howe et al. [3] reported a signifi-
cantly reduced risk of breast cancer associated with dietary
fiber intake in post-menopausal women. The study by Cho
et al. [4] from the Nurses’ Health Study cohort, on the other
hand, found no association between fiber or fiber fractions
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and risk of breast cancer. The Canadian National Breast
Screening Study [7] also did not find a relationship
between fiber intake and breast cancer risk.

Several studies suggested that the risk of breast cancer
associated with fiber intakes may vary by type of fiber
intakes (soluble and insoluble), by menopausal status (pre-
menopausal and post-menopausal) [5, 8, 9] and by the
tumor’s hormone receptor status (estrogen receptor (ER)
positive or negative and progesterone receptor (PR) posi-
tive or negative) [6, 10—12]. For example, the National
Institutes of Health-AARP Diet and Health Study found an
inverse association between soluble fiber and breast cancer
risk, and the relationship appeared to be stronger for ER”/PR™
tumors than for ER*/PR™ tumors among post-menopausal
women [6]. Another recent study by Cade et al. [5] reported a
statistically significant inverse association between total fiber
intake and risk of breast cancer among pre-menopausal
women, but not among post-menopausal women.

Here, we report the results evaluating the hypothesis that
risk of breast cancer associated with dietary fiber intakes
varies by type of fiber, menopausal, and ER status of the
tumor using the data from our case—control study of breast
cancer in Connecticut, USA.

Subjects and methods
Study population

The study population and methods have been described
elsewhere [13, 14]. In brief, cases chosen for the study
were Connecticut residents pathologically diagnosed with
incident breast cancer (ICD-O, 174.0-174.9) with an age
range between 30 and 79, with no previous diagnosis of
cancer except non-melanoma skin cancer, between January
1, 1994, and December 31, 1997.

Cases were recruited from New Haven County and
Tolland County in Connecticut. In New Haven County, the
cases were identified from Yale-New Haven Hospital
(YNHH), where records of all newly performed breast-
related surgeries were kept. We consecutively selected all
breast cancer patients who met the study eligibility
requirements as described above. A total of 561 incident
breast cancer cases were identified from YNHH, with 432
of them (77%) completing in-person interviews. The 569
potential hospital controls from New Haven County were
randomly selected from those who underwent breast-rela-
ted surgery but who were histologically confirmed with
either normal tissue or benign breast diseases without
atypia. Of these, 404 (71%) participated in the study.

For Tolland County, the cases were ascertained by the
Rapid Case Ascertainment Shared Resource of the Yale
Comprehensive Cancer Center, where the staff was

@ Springer

assigned geographically to survey all of the state’s non-
pediatric hospitals in order to identify newly diagnosed
cases. Information for the cases identified in the field was
regularly entered, verified, and screened against the Con-
necticut Tumor Registry database. Connecticut also has
reciprocal reporting of cancer cases with adjacent states,
facilitating complete ascertainment. A total of 238 such
cases were identified from Tolland with 176 of them (74%)
completing in-person interviews. The controls from Tol-
land County were population-based and recruited through
either random digit dialing (for those below age 65) or
from the Centers for Medicare & Medicaid Services
(CMMS) files, previously known as the Health Care
Finance Administration (HCFA) (for those aged 65 and
above). The participation rate from random digit dialing-
selected controls was 64% including the initial telephone
screening and from HCFA controls, 54%. A total of 152
random digit dialing-selected controls and 53 HCFA con-
trols participated in the study. Efforts were made to fre-
quency match the cases and controls by age (within 5-year
intervals) using a 1:1 ratio by adjusting the number of
controls randomly selected in each age stratum every few
months. As noted above, certain data used in this study
were obtained from the Connecticut Tumor Registry
located in the Connecticut Department of Public Health.
The author(s) assume(s) full responsibility for analyses and
interpretation of these data.

In this study, a total of 608 incident breast cancer cases
and 609 controls were recruited and completed with in-
person interviews. Among them, 42 participants (20 cases,
22 controls) were excluded due to incomplete information
on fiber intake. An additional 82 participants were exclu-
ded because their estimated average daily energy intake
was either <800 kcal (27 cases, 46 controls) or
>4,000 kcal (4 cases, 5 controls). Thus, a total of 557 cases
and 536 controls were included in the final analysis.

Interviews

After approval by the hospitals, the Connecticut Depart-
ment of Public Health Institutional Review Board, and by
each subject’s physician, or following selection through
random sampling, potential participants were approached
by letter and then contacted by phone. Trained study
interviewers conducted in-person interviews for those who
agreed, either in the subject’s home or at a convenient
location to the participant to collect information on major
or suspected risk factors for breast cancer, including dietary
intake.

For dietary intake, a semi-quantitative food frequency
questionnaire (FFQ) developed by the Fred Hutchinson
Cancer Research Center [15] was used to record informa-
tion about usual dietary intake 1 year before the interview.



Eur J Nutr (2013) 52:217-223

219

Case interviews were completed 3 months after diagnosis,
on average. The FFQs were sent to the Fred Hutchinson
Cancer Research Center, and average daily nutrient intakes
were calculated using the University of Minnesota Nutri-
tion Coding Center Nutrient Data System database. Based
on the Institute of Medicine report on US intakes of fiber
[16], dietary fiber is found in plant foods: vegetables, fruit,
and pulses (legumes), as well as in cereals, roots, tubers,
and plantains. Based on reports, good sources of soluble
fiber include oatmeal, oat cereal, lentils, apples, oranges,
pears, oat bran, strawberries, nuts, flaxseeds, beans, dried
peas, blueberries, psyllium, cucumbers, celery, and carrots.
Sources of insoluble fiber include whole wheat, whole grains,
wheat bran, corn bran, seeds, nuts, barley, couscous, brown
rice, bulgur, zucchini, celery, broccoli, cabbage, onions,
tomatoes, carrots, cucumbers, green beans, dark leafy vege-
tables, raisins, grapes, fruit, and root vegetable skins.

Statistical analysis

Unconditional logistic regression analyses were used to
estimate the association, control for confounding factors
and test for linear trend. The dietary fiber intakes were
divided into quartiles based on the distributions of the
control group. Formal statistical testing for trend was
performed by treating each variable as a continuous vari-
able rather than several indicator variables. The following
potential confounders were included in the final model: age
(continuous), race (white or nonwhite), body-mass index
(BMI, continuous), age at first menarche period (<12,
>12), menopausal status, age at first full-term birth (nul-
liparous, <25, 25-29, 30-35, >35 years), lifetime months
of lactation (continuous), family history of breast cancer in
first-degree relatives, annual household income (<$25,000,
$25,000-$45,000, $45,001-$67,500, >$67,500, or unknown),
the presence of a positive history of cigarette smoking
(ever or never) and alcohol consumption (ever or never),
and total energy intake as a continuous variable. Data were
further stratified by ER status for cases recruited from New
Haven County where the information on ER status was
available. Data cannot be analyzed by PR status since the
information on PR status was available only from the small
number of subjects. Odds ratios (ORs) and 95% confidence
intervals (Cls) were calculated to estimate the strength of
the association and the precision of the estimates using
SAS (9.2 for Windows, SAS Institute Inc., Cary, NC, USA)
statistical software.

Results

Cases were slightly older than the controls, despite an
attempt at frequency matching; therefore, age was

controlled for in all subsequent analyses. A slightly higher
proportion of cases reported a higher BMI, positive family
histories of breast cancer and cigarette smoking. In con-
trast, controls reported longer lifetime duration of lactation
(Table 1).

The median total fiber intake (15.1 g/day) observed in
controls in this study. For soluble fibers and insoluble fibers,
the median intakes were 5.1 g/day (10th-90th percentile
range: 2.8-7.8 g/day) and 10.0 g/day (10th—-90th percentile
range: 5.3-15.7 g/day), respectively. Fiber intake did not
vary significantly with age at the age range of the study
population. It also did not vary significantly with different
racial groups. However, the fiber intake, including both
soluble and insoluble fiber intake, was associated with a
significant and positive association with income and months
of lifetime breasting feeding in this study.

As shown in Table 2, while fiber intakes were associated
with a reduced risk of breast cancer among pre-menopausal
women when the highest quartile group was compared with
the lowest, only soluble fiber intake was associated with a
statistically significant association (OR = 0.38, 95% CI,
0.15, 0.97), although no dose-response trend was found
(Pyena = 0.08). No statistically significant association was
observed among post-menopausal women for either soluble
or insoluble intake groups.

Table 3 shows the results further stratified by meno-
pausal status and ER status for subjects recruited from New
Haven County where information on ER status was avail-
able. As shown in Table 3, among pre-menopausal women,
although both ER' and ER™ cancer patients showed a
reduced risk of breast cancer associated with total, soluble
and insoluble fiber intakes when the highest quartile intake
group was compared with the lowest, only the ER™ cancer
patients had a statistically significantly reduced risk asso-
ciated with soluble fiber intake (OR = 0.15, 95% CI, 0.03,
0.69, Pyeng = 0.02). There was no evidence that dietary
fiber was associated with a reduced risk of breast cancer in
post-menopausal women for either ER or ER™ tumors,
although there was a borderline statistically significant
trend for an increased risk with increasing intake of
insoluble fibers among post-menopausal women with ER™
tumors. The association, however, does not appear to be
strong. Formal test of interactions at multiplicative model
showed a P value of 0.036 between soluble fiber intake and
menopausal status, and a P value of 0.021 for insoluble
fiber and menopausal status. No other significant interac-
tion was observed between dietary fiber intakes and other
factors.

The data were further stratified by study site and the
results for both the New Haven County and Tolland
County were quite similar, while the results were less
stable due to the further stratification of the study
population.
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Table 1 Selected characteristics of breast cancer cases and controls
among Connecticut women

Characteristics Cases (n = 557) Controls (n = 536)
n % n %

Age (years)

<50 164 29.44 201 37.50

50-59 177 31.78 147 27.43

>60 216 38.78 188 35.07
Race

White 507 91.02 492 91.79

Nonwhite 50 8.98 44 8.21
Body-mass index (kg/m?)

<22.5 146 26.21 151 28.17

22.5 to <25 136 24.42 140 26.12

25 to <30 162 29.08 139 25.93

>30 113 20.29 106 19.78
Age (years) at menarche

<12 285 51.17 286 53.36

>12 272 48.83 250 46.64
Menopausal status

Pre-menopausal 113 20.29 186 34.70

Post-menopausal 444 79.71 350 65.30
Age (years) at first full-term pregnancy

Nulliparous 77 13.82 87 16.23

<25 252 45.24 234 43.66

25-29 149 26.75 132 24.63

>30 79 14.18 83 15.49
Lifetime months of lactation

No 362 64.99 316 58.96

<12 125 22.44 134 25.00

>12 70 12.57 86 16.04
Family history of breast cancer in a first-degree relative

No 427 76.66 424 79.10

Yes 130 23.34 112 20.90
Cigarette smoking

Never 244 43.81 259 48.32

Ever® 313 56.19 277 51.68
Alcohol drinking

Never 473 84.92 461 86.01

Ever” 84 15.08 75 13.99
Annual household income

<$25,000 128 22.98 102 19.03

$25,000-$45,000 138 24.78 122 22.76

$45,000-$67,500 105 18.85 116 21.64

>67,500 92 16.52 122 22.76

Missing 94 16.88 74 13.81

* At least 100 cigarettes in the lifetime
At least 12 drinks of any type of alcoholic beverage in a year
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Discussion

In this case—control study, we found a reduced risk of
breast cancer associated with dietary soluble fiber intakes
in pre-menopausal women, but not among post-meno-
pausal women. The observed association appears to be
stronger for ER™ tumors in our study.

The median total fiber intake observed in this study was
quite similar to those reported in the study reported from
other similar US population [6, 17]. The results are con-
sistent with several, but not all, recent studies. For exam-
ple, the UK women’s cohort study by Cade et al. [5]
recently reported a statistically significant inverse rela-
tionship between fiber intakes and risk of breast cancer in
pre-menopausal women. A multi-center case—control study
conducted in Italy by La Vecchia et al. [9] also showed that
fiber intake may have a stronger protective effect on breast
cancer for pre-menopausal women than for post-meno-
pausal women. Several cohort studies were conducted in
post-menopausal women and did not find a significant
association between fiber intakes and breast cancer risk
[18-21]. Earlier studies also reported a different relation-
ship between dietary fat intakes and breast cancer risk for
pre- and post-menopausal women. For example, it has been
shown that dietary fat intakes may be related to breast
cancer in post-menopausal women, but not in pre-meno-
pausal women [3, 22].

Recent studies also showed a potential different rela-
tionship between fiber intakes and breast cancer risk by
estrogen receptor status, although all studies were con-
ducted among post-menopausal women. The National
Institutes of Health-AARP Diet and Health Study by Park
et al. [6] recently reported a stronger inverse association
between fiber intake and breast cancer risk for ER"/PR™
tumors (RR for the highest quintile compared with the
lowest quintile = 0.56; 95% CI, 0.35, 0.90) than for ER™"/
PR* tumors (RR = 0.95; 95% CI, 0.76, 1.20). The Mel-
bourne Collaborative Cohort Study [10] observed a posi-
tive association with ER/PR™ tumors (RR = 1.36; 95%
CI, 1.10, 1.67), with higher fiber intake associated with
increased risk. It should be noted, however, that three other
cohort studies that examined breast cancer by hormone
receptor status did not find a statistically significant asso-
ciation between dietary fiber intake and breast cancer risk
by ER or PR status among post-menopausal women [11,
12, 20].

Risk of breast cancer associated with fiber intake also
appears to vary by type of dietary fiber intakes. Park et al.
[6] showed that while insoluble fiber intake was not asso-
ciated with breast cancer risk, soluble fiber intake, how-
ever, was associated with a 17% significantly reduced risk
of breast cancer when the highest quintile was compared
with the lowest (RR = 0.83; 95% CI, 0.70, 0.98). These
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Table 2 Risk of breast cancer associated with fiber intake among women, stratified by menopausal status, in Connecticut

Dietary intake All (557/536)*

Pre-menopausal (113/186)*

Post-menopausal (444/350)*

Ca/Co® OR® 95% CI Ca/Co? OR°® 95% CI Ca/Co® OR°® 95% CI

Total fiber (g/day)

<10.7 105/112 1.00 28/40 1.00 77172 1.00

10.7-14.0 144/139 1.08 (0.74, 1.56) 28/42 0.91 (0.44, 1.88) 116/97 1.14 (0.74, 1.74)

14.0-18.3 161/145 1.20 (0.82, 1.78) 37/47 1.14 (0.58, 2.27) 124/98 1.21 (0.79, 1.85)

>18.3 147/140 1.17 (0.76, 1.80) 20/57 0.48 (0.23, 1.01) 127/83 1.50 (0.97, 2.32)

P-trend* 0.41 0.10 0.07
Soluble fiber (g/day)

<3.6 113/111 1.00 29/38 1.00 84/73 1.00

3.6-4.7 142/141 0.95 (0.65, 1.37) 29/46 0.87 (0.41, 1.88) 113/95 1.07 (0.69, 1.66)

47-6.2 176/144 1.16 (0.79, 1.70) 37/44 1.20 (0.54, 2.70) 139/100 1.26 (0.81, 1.97)

>6.2 126/140 0.84 (0.54, 1.30) 18/58 0.38 (0.15, 0.97) 108/82 1.15 (0.69, 1.93)

P-trend? 0.70 0.08 0.46
Insoluble fiber (g/day)

<7.0 107/111 1.00 28/43 1.00 79/68 1.00

7.0-9.2 146/140 1.04 (0.72, 1.52) 31/38 1.27 (0.62, 2.60) 115/102 1.01 (0.66, 1.56)

9.2-12.1 149/144 1.08 (0.73, 1.59) 33/47 1.06 (0.53, 2.10) 116/97 1.06 (0.69, 1.63)

>12.1 155/141 1.16 (0.76, 1.78) 21/58 0.54 (0.26, 1.13) 134/83 1.46 (0.95, 2.27)

P-trend® 0.48 0.08 0.07

CI confidence interval, OR odds ratio, ER estrogen receptor
4 Cases/controls

b Adjusted for age (years, continuous), race (white, nonwhite), body-mass index (kg/m2, continuous), age at first menarche (<12 or >12 years),
menopausal status, family history of breast cancer (yes or no), age at first full-term birth (nulliparous, <25, 25-29, 30-35, >35 years), months of
lifetime breast feeding (months, continuous), cigarette smoking (ever or never), alcohol drinking (ever or never), menopausal status, and total

energy intake (kcal, continuous)
¢ Without adjusting for menopausal status
9 Test for linear trend in adjusted OR for quartiles

results are consistent with what we observed in this study.
However, the borderline statistically significant trend was
observed in our study for an increased risk with increasing
intake of insoluble fibers among post-menopausal women
with ER™ tumors. Larger studies, however, are needed to
confirm the result of this study.

Soluble fiber has been shown to be more effective in
controlling blood glucose, insulin, and insulin-like growth
factors, which have been positively related to risk of breast
cancer [23-25]. An experimental study also showed that
pectin, a soluble fiber, had an inhibitory effect on mam-
mary tumor growth, angiogenesis, and metastasis [26].
Insoluble fiber, on the other hand, has been shown to
increase the fecal excretion of estrogens [27, 28], which
may be associated with a reduced risk of breast cancer
through the reduction in circulating estrogen level [29].
Experimental studies have shown that higher soluble fiber
intake reduces mammary tumor incidence in rats [30].

We should recognize that the relationship between die-
tary fiber intake and breast cancer risk remains unimpres-
sive as compared to the relationship between fiber and

other cancers (such as colorectal cancer and stomach can-
cer) as reviewed by an expert panel [31]. The reduced risk
of breast cancer associated with dietary fiber intake
observed in this study may in fact indirectly reflect the
effects from other dietary nutrients, and thus dietary fiber
here may simply act as a marker for other exposures which
have been linked to a reduced risk of human cancer as well,
such as folate, phytochemicals, carotenoids, vitamin C and
E which are also like dietary fiber found in plant foods,
such as vegetables, fruits, and pulses (legumes), as well as
in cereals, roots, tubers, and plantains [31]. On the other
hand, an increased consumption of fiber from foods of
plant origin (such as vegetables, fruits, and cereals) may
reflect a reduced consumption of foods of animal origin,
particularly red meat and processed meat which have been
associated with an increased risk of some human cancers.

As in any case—control study, recall bias is a potential
limitation because women knew their disease status at the
time that the interviews were conducted. However, recall
bias would not explain the inverse association that
we observed in pre- but not post-menopausal women.
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Table 3 Risk of breast cancer associated with the fiber intake, stratified by menopausal status and ER status, in New Haven County

Dietary intake Pre-menopausal

Post-menopausal

ER™ (36/132)* ER™ (45/132)*

ER™ (158/228)" ER™ (125/228)*

Ca/Co® OR® 95% CI Ca/Co® OR® 95% CI Ca/Co® OR® 95% CI Ca/Co® OR® 95% CI

Total fiber (g/day)

<10.7 8/28  1.00 (0.31,3.67) 13/28  1.00 29/48  1.00 19/48  1.00

10.7-14.0 10/28  1.06 (0.31,3.67) 13/28  0.69 (0.22,2.13) 41/72 095 (0.53,1.80) 28/72 093 (0.45, 1.90)

14.0-18.3 12/38  0.84 (0.23,3.11) 12/38  0.54 (0.16, 1.81) 46/59 122 (0.62,239) 37/59 139 (0.67,2.91)

>18.3 6/38 039 (0.07,2.05 7/38 024 (0.06,1.03) 42/49 136 (0.63,2.95) 41/49 190 (0.84, 431)

P-trend® 0.27 0.06 032 0.06
Soluble fiber (g/day)

<36 827  1.00 1327 1.00 30/52  1.00 22/52  1.00

3.6-4.7 9/31 097 (0.27,3.45) 13/31 058 (0.19,1.79) 41/65 1.09 (0.58,2.06) 31/65 1.16 (0.58,2.31)

47-6.2 14/35 141 (038,5.27) 13/35 047 (0.14,1.59) 50/65 128 (0.67,2.43) 40/65 127 (0.63,2.57)

>6.2 5/39 034 (0.07,173) 6/39 0.5 (0.03,0.69) 37/46 132 (0.61,2.85) 32/46 136 (0.60, 3.09)

P-trend® 0.33 0.02 0.42 0.44
Insoluble fiber (g/day)

<10 8/30  1.00 13/30  1.00 3045 1.00 22/45  1.00

7.0-9.2 14/25  1.86 (0.55,624) 12/25 099 (0.32,3.06) 42/78 085 (0.45,1.61) 22/78 054 (026, 1.12)

9.2-12.1 9/38 055 (0.14,2.13) 11/38 058 (0.17,1.95) 43/53  1.16 (0.58,231) 37/53 120 (0.58, 2.47)

>12.1 5/39 031 (0.06,158) 9/39 044 (0.12,1.70) 43/52  1.17 (0.55,2.50) 44/52 155 (0.71, 3.36)
P-trend® 0.06 0.18 0.46 0.05

CI confidence interval, OR odds ratio, ER estrogen receptor
4 Cases/controls

b Adjusted for age (years, continuous), race (white, nonwhite), body-mass index (kg/m2, continuous), age at first menarche (<12 or >12 years),
family history of breast cancer (yes or no), age at first full-term birth (nulliparous, <25, 25-29, 30-35, >35 years), months of lifetime breast
feeding (months, continuous), cigarette smoking (ever or never), alcohol drinking (ever or never), and total energy intake (kcal, continuous)

¢ Test for linear trend in adjusted OR for quartiles

Non-differential misclassification bias on exposure, on the
other hand, is likely and could be responsible for lack of
statistical significance association in some of the analyses.
The relatively small sample size of our study has made the
point estimates less stable, especially for the results stratified
by type of fiber and estrogen receptor status as reflected by
the wide confidence intervals of the point estimates. More-
over, considering the relative small sample size, coupled
with stratified analyses by estrogen receptor status, chance
could not be excluded as the potential alternative explanation
for some of the observed statistically significant findings.

In summary, the results from this case—control study
show that dietary soluble fiber intake is associated with a
significantly reduced risk of ER™ breast cancer among pre-
menopausal women. Further studies with larger sample
size are needed to confirm these results.

Acknowledgments This work was supported by the National
Cancer Institute/National Institute of Environmental Health Science
[CA-62986]. Preparation of the manuscript is partly supported by
grants: 5D43TW008323 and 5D43TW007864. We also appreciate
the support of personnel at Connecticut hospitals. The following

@ Springer

Connecticut hospitals have participated in the study: Yale-New
Haven Hospital, Hartford Hospital, St. Francis Hospital and Medical
Center, New Britain General Hospital, Middlesex Hospital, Mt. Sinai
Hospital, Manchester Memorial Hospital, UCONN Health Center/
John Dempsey Hospital, Windham Community Memorial Hospital,
Day Kimball Hospital, Rockville General Hospital, and Johnson
Memorial Hospital.

References

1. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM
(2008) GLOBOCAN 2008 v1.2, Cancer Incidence and Mortality
Worldwide: IARC CancerBase No. 10 [Internet]. Lyon, France:
International Agency for Research on Cancer; 2010. Available
from: http://globocan.iarc.fr. Accessed 1 Nov 2011

2. Madigan MP, Ziegler RG, Benichou J, Byrne C, Hoover RN
(1995) Proportion of breast cancer cases in the United States
explained by well-established risk factors. J Natl Cancer Inst
87:1681-1685

3. Howe GR, Hirohata T, Hislop TG, Iscovich JM, Yuan JM, Kat-
souyanni K, Lubin F, Marubini E, Modan B, Rohan T, Toniolo P,
Shunzhang Y (1990) Dietary factors and risk of breast cancer:
combined analysis of 12 case-control studies. J Natl Cancer Inst
82:561-569


http://globocan.iarc.fr

Eur J Nutr (2013) 52:217-223

223

4.

10.

11.

12.

13.

14.

15.

18.

Cho E, Spiegelman D, Hunter DJ, Chen WY, Colditz GA, Willett
WC (2003) Premenopausal dietary carbohydrate, glycemic index,
glycemic load, and fiber in relation to risk of breast cancer.
Cancer Epidemiol Biomarkers Prev 12:1153-1158

. Cade JE, Burley VJ, Greenwood DC (2007) Dietary fibre and risk

of breast cancer in the UK Women’s Cohort Study. Int J Epi-
demiol 36:431-438

. Park Y, Brinton LA, Subar AF, Hollenbeck A, Schatzkin A

(2009) Dietary fiber intake and risk of breast cancer in post-
menopausal women: the National Institutes of Health-AARP diet
and health study. Am J Clin Nutr 90:664-671

. Terry P, Jain M, Miller AB, Howe GR, Rohan TE (2002) No

association among total dietary fiber, fiber fractions, and risk of
breast cancer. Cancer Epidemiol Biomarkers Prev 11:1507-1508

. Baghurst PA, Rohan TE (1994) High-fiber diets and reduced risk

of breast cancer. Int J Cancer 56:173-176

. La Vecchia C, Ferraroni M, Franceschi S, Mezzetti M, Decarli A,

Negri E (1997) Fibers and breast cancer risk. Nutr Cancer
28:264-269

Giles GG, Simpson JA, English DR, Hodge AM, Gertig DM,
Macinnis RJ, Hopper JL (2006) Dietary carbohydrate, fibre,
glycaemic index, glycaemic load and the risk of postmenopausal
breast cancer. Int J Cancer 118:1843-1847

Suzuki R, Rylander-Rudqvist T, Ye W, Saji S, Adlercreutz H,
Wolk A (2008) Dietary fiber intake and risk of postmenopausal
breast cancer defined by estrogen and progesterone receptor
status—a prospective cohort study among Swedish women. Int J
Cancer 122:403-412

Kushi LH, Potter JD, Bostick RM, Drinkard CR, Sellers TA,
Gapstur SM, Cerhan JR, Folsom AR (1995) Dietary fat and risk
of breast cancer according to hormone receptor status. Cancer
Epidemiol Biomarkers Prev 4:11-19

Zheng T, Holford TR, Mayne ST, Owens PH, Zhang B, Boyle P,
Carter D, Ward B, Zhang Y, Zahm SH (2000) Exposure to
electromagnetic fields from use of electric blankets and other
in-home electrical appliances and breast cancer risk. Am J Epi-
demiol 151:1103-1111

Goodstine SL, Zheng T, Holford TR, Ward BA, Carter D, Owens
PH, Mayne ST (2003) Dietary (n—3)/(n—6) fatty acid ratio:
possible relationship to premenopausal but not postmenopausal
breast cancer risk in U.S. Women. J Nutr 133:1409-1414
Kristal AR, Feng Z, Coates RJ, Oberman A, George V (1997)
Associations of race/ethnicity, education, and dietary intervention
with the validity and reliability of a food frequency questionnaire:
the women'’s health trial feasibility study in minority populations.
Am J Epidemiol 146:856-869

. Institute of medicine of the national academies (2005) Dietary

reference intakes for energy, carbohydrate, fiber, fat, fatty acids,
cholesterol, protein, and amino acids (macronutrients). The
National Academies Press, Washington

. Horn-Ross PL, Hoggatt KJ, West DW, Krone MR, Stewart SL,

Anton H, Bernstei CL, Deapen D, Peel D, Pinder R, Reynolds P,
Ross RK, Wright W, Ziogas A (2002) Recent diet and breast
cancer risk: the California teachers study. Cancer Causes Control
13:407-415

Graham S, Zielezny M, Marshall J, Priore R, Freudenheim J,
Brasure J, Haughey B, Nasca P, Zdeb M (1992) Diet in the

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

epidemiology of postmenopausal breast cancer in the New York
State Cohort. Am J Epidemiol 136:1327-1337

Holmes MD, Liu S, Hankinson SE, Colditz GA, Hunter DJ,
Willett WC (2004) Dietary carbohydrates, fiber, and breast cancer
risk. Am J Epidemiol 159:732-739

Lajous M, Boutron-Ruault MC, Fabre A, Clavel-Chapelon F,
Romieu I (2008) Carbohydrate intake, glycemic index, glycemic
load, and risk of postmenopausal breast cancer in a prospective
study of French women. Am J Clin Nutr 87:1384-1391

Maruti SS, Lampe JW, Potter JD, Ready A, White E (2008) A
prospective study of bowel motility and related factors on breast
cancer risk. Cancer Epidemiol Biomarkers Prev 17:1746-1750
Sieri S, Krogh V, Ferrari P, Berrino F, Pala V, Thiébaut AC,
Tjgnneland A, Olsen A, Overvad K, Jakobsen MU, Clavel-Chap-
elon F, Chajes V, Boutron-Ruault MC, Kaaks R, Linseisen J,
Boeing H, Nothlings U, Trichopoulou A, Naska A, Lagiou P,
Panico S, Palli D, Vineis P, Tumino R, Lund E, Kumle M, Skeie G,
Gonzalez CA, Ardanaz E, Amiano P, Tormo MJ, Martinez-Garcia
C, Quirds JR, Berglund G, Gullberg B, Hallmans G, Lenner P,
Bueno-de-Mesquita HB, van Duijnhoven FJ, Peeters PH, van Gils
CH, Key TJ, Crowe FL, Bingham S, Khaw KT, Rinaldi S, Slimani
N, Jenab M, Norat T, Riboli E (2008) Dietary fat and breast cancer
risk in the European prospective investigation into cancer and
nutrition. Am J Clin Nutr 88:1304-1312

Shultz TD, Howie BJ (1986) In vitro binding of steroid hormones
by natural and purified fibers. Nutr Cancer 8:141-147

Yu H, Rohan T (2000) Role of the insulin-like growth factor
family in cancer development and progression. J Natl Cancer Inst
92:1472-1489

Lawlor DA, Smith GD, Ebrahim S (2004) Hyperinsulinaemia and
increased risk of breast cancer: findings from the British women’s
heart and health study. Cancer Causes Control 15:267-275
Nangia-Makker P, Hogan V, Honjo Y, Baccarini S, Tait L,
Bresalier R, Raz A (2002) Inhibition of human cancer cell growth
and metastasis in nude mice by oral intake of modified citrus
pectin. J Natl Cancer Inst 94:1854-1862

Aubertin-Leheudre M, Gorbach S, Woods M, Dwyer JT, Goldin
B, Adlercreutz H (2008) Fat/fiber intakes and sex hormones in
healthy premenopausal women in USA. J Steroid Biochem Mol
Biol 112:32-39

Rose DP, Goldman M, Connolly JM, Strong LE (1991) High-
fiber diet reduces serum estrogen concentrations in premeno-
pausal women. Am J Clin Nutr 54:520-525

Adlercreutz H (1984) Does fiber-rich food containing animal
lignan precursors protect against both colon and breast cancer?
An extension of the “fiber hypothesis”. Gastroenterology
86:761-764

Cohen LA, Zhao Z, Zang EA, Wynn TT, Simi B, Rivenson A
(1996) Wheat bran and psyllium diets: effects on N-methylni-
trosourea-induced mammary tumorigenesis in F344 rats. J Natl
Cancer Inst 88:899-907

World Cancer Research Fund/American Institute for Cancer
Research (2007) Food, nutrition, physical activity, and the pre-
vention of cancer: a global perspective, 2nd edn. World Cancer
Research Fund/American Institute for Cancer Research,
Washington

@ Springer



	Dietary fiber intake and risk of breast cancer by menopausal and estrogen receptor status
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Subjects and methods
	Study population
	Interviews
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


