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Results  During 624,423 person-years of follow-up period, 
681 breast cancer cases were identified. After adjusting for 
major confounders for breast cancer risk, inverse trends 
were observed but statistically non-significant. Extremely 
high intake of fiber was associated with decreased risk of 
breast cancer but this should be interpreted with caution 
due to limited statistical power. In stratified analyses by 
menopausal and hormone receptor status, null associations 
were observed except for ER-PR- status.
Conclusions  Our findings suggest that extreme high fiber 
intake may be associated with decreased risk of breast can-
cer but the level of dietary fiber intake among Japanese 
population might not be sufficient to examine the associa-
tion between dietary fiber intake and breast cancer risk.

Keywords  Breast cancer · Dietary fiber intake · Estrogen 
receptor (ER) · Progesterone receptor (PR)

Introduction

Breast cancer is the most frequently diagnosed cancer 
among females in both developing and developed coun-
tries with an estimated 1.67  million new cases diagnosed 
in 2012 [1]. It is also the most common cancer among Japa-
nese women with a predicted 72,500 newly diagnosed cases 
in 2011 [2]. Dissemination of breast cancer screening and 
changes in dietary, hormonal, and reproductive factors [3, 
4] have rapidly increased the incidence in most regions of 
the world [5]. Wide international disparity in breast cancer 
incidence [6] and its different patterns among immigrants 
[7] indicate the importance of not only the genetic factors 
but also modifiable risk factors including dietary factors in 
the etiology of breast cancer.

Abstract 
Purpose  Epidemiological studies have suggested a pro-
tective effect of dietary fiber intake on breast cancer risk 
while the results have been inconsistent. Our study aimed 
to investigate the association between dietary fiber intake 
and breast cancer risk and to explore whether this asso-
ciation is modified by reproductive factors and hormone 
receptor status of the tumor.
Methods  A total of 44,444 women aged 45 to 74 years 
from the Japan Public Health Center-based Prospective 
Study were included in analyses. Dietary intake assess-
ment was performed using a validated 138-item food fre-
quency questionnaire (FFQ). Hazard ratios (HRs) and 95% 
confidence intervals (CIs) for breast cancer incidence were 
calculated by multivariate Cox proportional hazards regres-
sion models.
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Dietary fiber has been hypothesized to reduce the risk 
of breast cancer over three decades ago [8]. Soluble fiber is 
contained in oats, legumes and seaweeds, and could modu-
late insulin resistance and insulin-like growth factors, the 
increased concentrations of which have been associated 
with an increased breast cancer risk [9]. Insoluble fiber is, 
on the other hand, found in seeds and whole grains, and 
may help to inhibit intestinal reabsorption of estrogens and 
thus increase fecal excretion of estrogen. While prolonged 
exposure to estrogen can increase the risk of breast cancer, 
insoluble fiber may lower the level of circulating estrogen 
concentrations [10]. A meta-analysis of 16 prospective 
studies reported an inverse association between soluble 
fiber and breast cancer risk but not insoluble fiber, fruit 
fiber, vegetable fiber, or cereal fiber [11]. The findings from 
more recent studies found that vegetable fiber was associ-
ated with a decreased risk of breast cancer but not with 
other types of fiber [12, 13].

The previous JPHC Study has investigated the associa-
tion between fiber-containing food items such as vegeta-
bles, fruits, and soyfoods including miso soup and breast 
cancer risk. While miso soup and isoflavone intake was 
significantly and inversely associated [14], and fruits and 
citrus fruits consumption with borderline significance [15], 
there has not been a study with total dietary fiber intake. 
Furthermore, fiber consumption in Japan is lower than that 
of Western populations [16], which highlights the impor-
tance of the study in Japan. Therefore, we explored the 
potential association between dietary fiber intake and risk 
of breast cancer in the Japanese population, and investi-
gated whether the association is influenced by reproductive 
factors and hormone receptor status.

Materials and methods

Study population

The Japan Public Health Center-based Prospective Study 
(JPHC Study) is an ongoing cohort study designed to assess 
the association between lifestyle factors and cancer and car-
diovascular disease in the Japanese population. The study 
was commenced in 1990 for Cohort I (n = 61,595) and 
1993 for Cohort II (n = 78,825) with 140,420 participants 
(68,772 men and 71,698 women) residing in municipalities 
supervised by 11 public health centers across Japan. Details 
of the JPHC Study methodology have been described in a 
previous study [17]. The study protocol was approved by 
an institutional review board of the National Cancer Center, 
Tokyo, Japan (approval number: 13–021) and The Univer-
sity of Tokyo (approval number: 10508).

The study population consisted of women aged 
40  to  59 years in Cohort I and 40 to 69 years in Cohort 

II. Participants from two public health center areas 
(n = 12,515) were not included in the study due to una-
vailability of complete data on cancer incidence. The self-
administered 5-year follow-up questionnaire was sent to 
subjects aged 45 to 74 years in 1995 and 1998 for Cohort I 
and Cohort II, respectively, and used as the starting point of 
this study. After excluding 208 ineligible participants and 
a total of 3,525 participants who had died, moved, or were 
lost to follow-up, the remaining 55,450 persons were eligi-
ble for participation. Of those, 48,279 returned the 5-year 
questionnaire (response rate 87.1%), and 3,835 women 
were further excluded due to past history of cancer, extreme 
caloric intake (lower and upper 2.0% of the distribution), or 
missing data on dietary fiber. The final analytical cohort of 
44,444 women was included in the multivariable analyses.

Exposure measurement

Dietary information used in the present study was obtained 
through the common 5-year follow-up survey, in which the 
dietary assessment was carried out using a validated self-
administered food frequency questionnaire (FFQ) [18]. 
Participants were asked to report average consumption fre-
quency and portion size of 138 food and beverage items 
consumed in the past year. The consumption of seasonal 
fruits and vegetables (grams/day) were also calculated by 
asking the frequency of intake and considering length of 
each season [19].

The consumption of daily nutritional intake was cal-
culated in reference to the Standard Tables of Food Com-
position in Japan (5th revised and enlarged ed.) and the 
amount of dietary fiber contained in each food item (grams/
day) was estimated by the modified Prosky method, which 
separately quantifies soluble and insoluble fiber in food by 
imitating the bodily digestive system [20]. All of the nutri-
tional covariates, except for alcohol, were adjusted for total 
energy intake using the residual method [21]. The validity 
and reproducibility of the FFQ for dietary assessment were 
evaluated and marked Spearman’s correlation coefficients 
of 0.48 for total fiber, 0.53 for soluble fiber, and 0.46 for 
insoluble fiber [22], which are comparable to previous stud-
ies [23, 24]. In addition to analyses by fiber category, two 
commonly consumed food items were added as exposure 
variables, namely natto/fermented soybean and rice. Natto 
and rice were the highest contributors to the daily intake 
of soluble and insoluble fiber, accounting for 4% and 11%, 
respectively, in this study population [22]. Natto and rice 
each comprised 3% and 8% of total fiber intake, and other 
major sources also included miso/fermented soybean baste 
(5%), carrots (3%), apples (3%), and cabbage (3%). Infor-
mation on other covariates, such as anthropometric meas-
urements, reproductive, and lifestyle-related factors was 
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acquired using the self-reported questionnaire in the 5-year 
follow-up survey.

Ascertainment of breast cancer cases and follow‑up 
of the cohort

Incidence of breast cancer was identified via active patient 
notification from major local hospitals in each study area 
and record linkage with a population-based cancer registry. 
Breast cancer cases were classified using codes C500-509 
of the International Classification of Diseases for Oncology 
(3rd ed.) [25]. Death certificates were used to ascertain 11 
cases (Death Certificate Notification; DCN: 2.0% of total 
cases), of which information on diagnosis was unavailable 
for 9 cases (Death Certificate Only; DCO: 1.6%). Ninety-
seven per cent of all the cases diagnosed during the follow-
up period were verified microscopically. Estrogen receptor 
(ER) and progesterone receptor (PR) status were defined by 
either immunohistochemistry or enzyme-linked immuno-
sorbent assay.

Participants were censored on the date of breast cancer 
diagnosis, migration from study area, death, or end of fol-
low-up period (31 December, 2011) whichever came first. 
Person-years of follow-up were calculated for each par-
ticipant from the 5-year follow-up survey until the date of 
censoring.

Statistical analysis

Participants were divided by quartiles according to their 
energy-adjusted intakes of each exposure variable, namely 
total fiber, soluble fiber, insoluble fiber, natto, and rice. The 
group with the highest consumption was indicated as Q4 
and the lowest as Q1. Their baseline characteristics were 
compared between groups, using ANOVA or Pearson’s 
chi–squared test where appropriate. A Cox proportional 
hazards regression model was used to estimate hazard 
ratios (HRs) and 95% confidence intervals (CIs), with Q1 
as the reference group. The proportional hazards assump-
tions were verified and satisfied with Schoenfeld residuals. 
All the statistical analyses in the present study were per-
formed using Stata version 13.0 (StataCorp, College Sta-
tion, Texas USA).

In the primary analyses, the multivariable models 
were adjusted for age, areas of public health centers, 
BMI at 5-year follow-up (< 18.5, 18.5–23.9, >23.9), age 
at menarche (≤ 13, 14, 15, ≥16 years), age at first birth 
(< 26, ≥26 years), parity (nulliparous, 1–2, 3, ≥4), age at 
menopause (pre-menopause, ≤44, 45–54, ≥55 years), use 
of exogenous female hormones (never, ever), smoking sta-
tus (never: non-smokers, ever: past or current smokers), 
leisure-time physical activity (≤ 3 days/month, 1–2 days/
week, ≥3 days/week), alcohol intake (regular drinker: 

>150  g of ethanol/week, non-regular drinker: ≤150  g 
of ethanol/week), total energy intake, and total energy-
adjusted intakes of fat, isoflavones, carbohydrates, and 
vitamin C. Vitamin C was included in the model since high 
intake of vitamin C was associated with increased risk of 
breast cancer in our previous report [15]. Missing data were 
created for each covariate as an indicator variable. Further 
analysis explored whether extremely high intake of dietary 
fiber could modify the risk of breast cancer and was per-
formed by dividing the highest consumption group (Q4) 
into tertiles.

In the secondary analyses, stratification by menopausal 
status (pre or post) and sub-group analysis by ER/PR status 
were further performed. All statistical tests were 2-sided, 
and p < 0.05 was considered statistically significant.

Results

During 624,423 person-years of follow-up (an average of 
14.0 years), 681 cases of breast cancer were newly diag-
nosed. The median age of diagnosis was 65 years. Of 
which, 333 cases (48.9%) had information on ER status and 
326 cases (47.9%) on PR status. Mean age at 5-year follow-
up was 58.4 years and people with higher fiber consump-
tion were slightly older. The amount of total fiber intake 
ranged from the median of 7.9 g/day in the lowest category 
to 18.1 g/day in the highest.

Table  1 shows the characteristics of the study partici-
pants by categories of dietary fiber intake. Participants who 
consumed more fiber were less likely to be current smok-
ers, regular drinkers, and more likely to be physically active 
on a regular basis. They also had higher level of isoflavone, 
fat, vitamin C, and carbohydrate intakes.

Table 2 shows the results of multivariate analyses. Over-
all, no significant association was detected between the 
consumption of fiber and breast cancer risk in this cohort 
after adjusting for all potential confounding factors (HR 
0.78, 95% CI 0.55–1.09, comparing Q4 with Q1). Adjust-
ing for total energy-adjusted intake of vitamin C and car-
bohydrates made an inverse trend with total fiber intake 
becoming evident but non-significant. These results did 
not substantially change in the analysis by dose or with 
non-smokers (results not shown). In the subtertile analy-
sis, extremely high intake of dietary fiber was significantly 
associated with decreased risk of breast cancer. HRs for the 
highest tertile of total fiber were 0.63 (95% CI 0.40–0.98) 
for the highest category (Sub3); 0.68 (95% CI 0.45–1.04 for 
the middle category (Sub2); and 0.93 (95% CI 0.64–1.34) 
for the lowest category (Sub1), with ptrend of 0.04 and the 
lowest quartile (Q1) as the referent group (Fig. 1).

Table 3 reports the association of dietary fiber intake and 
risk of breast cancer by menopausal status. Among 41,501 
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women whose menopausal status was available, 31,931 of 
them were postmenopausal with 465 cases of breast cancer. 
There was an overall reduction in the risk of postmenopau-
sal breast cancer but it was statistically non-significant.

In sub-group analysis by ER/PR status of breast tumors, 
information on both receptors was available in 323 (47.4% 
of all) cases, as presented in Table 4. Consumption of sol-
uble fiber showed a significant positive association with 
ER−PR−breast cancer risk (HR 5.45, 95% CI 1.02–29.20, 
ptrend: 0.03) but this should be interpreted with caution, as 
the number of cases was limited. Null associations were 
observed with the other types of hormone receptor-defined 
breast cancer.

Discussion

In the present population-based prospective study, extreme 
high intake of total fiber was associated with decreased risk 
of breast cancer. However, the findings with other types of 
dietary fiber showed inverse yet statistically non-significant 
trends. Given these results, the association between dietary 
fiber and breast cancer risk appears non-linear since only 
high level of consumption was significantly associated, but 
it should be interpreted with caution since the number of 
cases in the subtertile analysis was small. The overall null 
associations in the present study might be explained by 
small ranges of fiber consumption between quartiles. In 
a meta-analysis of 16 prospective cohort studies [11], the 
mean fiber intake of the highest category in an Asian cohort 
was the lowest in comparison to the rest of the cohorts in 
European and American countries (16.3, 29.9, and 25.7 g/
day, respectively). Indeed, the inverse association was only 
evident among studies with high levels (≥25  g/day) or 
large ranges (≥13 g/day) of fiber consumption. Moreover, 
regional difference in sources of dietary fiber may be also 
noted as cereal, vegetables, and fruits were the main con-
tributors in European countries [12, 13].

The overall risk of postmenopausal breast cancer was 
non-significantly lower than that of pre-menopausal breast 
cancer and the observation was consistent with some of 
the previous studies, which found an inverse association 
with postmenopausal cancer [26, 27]. Dietary fiber con-
sumption may indirectly reduce the risk of postmenopau-
sal breast cancer by preventing obesity and Type 2 diabetes 
through insulin resistance control [28, 29]. In the subanaly-
sis by ER/PR status, the risk of ER-PR- breast cancer was 
significantly elevated with consumption of soluble fiber. 
However, previous studies found a strong inverse associa-
tion with ER-PR- breast tumor [13, 30]. The interpretation 
of this result should be made with caution due to limited 
statistical power. Epidemiological studies have also sug-
gested that factors related to estrogen metabolism are more Ta
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strongly associated with ER+ tumors, while ER- tumors 
may be more susceptible to non-hormonal exposures such 
as diet [13, 30]. Further research may be needed to explore 

the association in the Japanese population to investigate 
how dietary fiber could play a role in carcinogenesis of 
both ER+ and ER− tumors.

Moreover, high intakes of citrus fruit [15] and carbohy-
drate [31] are observed to have an increased risk of breast 
cancer in previous studies. Although a null association was 
observed, participants with higher level of dietary fiber 
intake had higher vitamin C and carbohydrate intake in 
this study and thus the possibility of diluted effect of fiber 
in our data may not be eliminated. The latest report from 
the World Cancer Research Fund suggested a reduction in 
the breast cancer mortality with consumption of high-fiber 
foods [31], whilst the association with its incidence has 
yet been inconclusive [32]. Further research is required to 
examine the association between a wider range of dietary 
fiber intake and breast cancer mortality and recurrence.

There are a few limitations in the present study. First, 
the self-reported questionnaire would have introduced to a 
measurement bias. The FFQ may be a less accurate estima-
tion of dietary intake when compared to a 24-hour recall 
method, and therefore has the potential to attenuate the 
estimated hazard ratios [33]. The correlation coefficients 

Table 2   Associations between 
dietary fiber intake and breast 
cancer risk in the JPHC Study

a Multivariable Cox proportional hazards models were adjusted for age, area (10), BMI at 5-year follow-up 
(<18.5, 18.5–23.9, >23.9), age at menarche (≤13, 14, 15, ≥16 years), age at first birth (<26, ≥26 years), 
parity (nulliparous, 1–2, 3, ≥4), age at menopause (pre-menopause, ≤44, 45–54, ≥55 years), use of exog-
enous female hormones (never, ever), smoking status (never, ever), leisure-time physical activity (≤3 days/
month, 1–2 days/week, ≥3 days/week), alcohol intake (regular drinker: >150 g of ethanol/week, non-reg-
ular drinker: ≤150 g of ethanol/week), and total energy-adjusted intakes of fat, isoflavones, vitamin C, and 
carbohydrate

Food group All (n = 44,444 681 cases)

Q1. (low) Q2 Q3 Q4. (high) ptrend

Total fiber
 Median (g/day) 7.9 g/day 11.3 g/day 14.1 g/day 18.1 g/day
 Number of cases 180 164 170 167
 Multivariable adjusteda 1.00 (ref) 0.89 (0.70–1.13) 0.83 (0.63–1.10) 0.78 (0.55–1.09) 0.15

Soluble fiber
 Median (g/day) 1.7 g/day 2.7 g/day 3.4 g/day 4.4 g/day
 Number of cases 182 154 177 168
 Multivariable adjusteda 1.00 (ref) 0.79 (0.62–1.01) 0.84 (0.64–1.11) 0.77 (0.55–1.06) 0.20

Insoluble fiber
 Median (g/day) 5.9 g/day 8.2 g/day 10.1 g/day 13.1 g/day
 Number of cases 177 166 165 173
 Multivariable adjusteda 1.00 (ref) 0.97 (0.76–1.23) 0.88 (0.67–1.17) 0.89 (0.64–1.24) 0.47

Natto/fermented soybean
 Median (g/day) 0 g/day 3.3 g/day 10.7 g/day 25.0 g/day
 Number of cases 158 180 187 156
 Multivariable adjusteda 1.00 (ref) 0.87 (0.69–1.09) 0.98 (0.79–1.23) 0.87 (0.69–1.10) 0.68

Rice
 Median (g/day) 91.4 g/day 137.0 g/day 182.7 g/day 243.6 g/day
 Number of cases 181 182 155 163
 Multivariable adjusteda 1.00 (ref) 1.06 (0.85–1.32) 0.92 (0.73–1.17) 1.01 (0.78–1.31) 0.75
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Fig. 1   Hazard ratios (HRs) and 95% confidence intervals (CIs) for 
breast cancer risk within the highest quartile of total fiber intake. aThe 
reference group is the lowest quartile (Q1) of total fiber intake and a 
subtertile (Sub 1–3) is tertiles of the highest quartile (Q4). Numbers 
of breast cancer cases were 180 for Q1, 164 for Q2, 170 for Q3, 63 
for Sub 1, 52 for Sub 2, and 52 for Sub 3
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between the FFQ and 28-day (or 14-day) dietary records 
were rather low (0.48 for total fiber, 0.53 for soluble fiber, 
and 0.46 for insoluble fiber). However, the results are simi-
lar to previous reports from Japan [23, 24].

Second, there is a possibility of further confounding 
due to the effect of health-conscious behavior of people 
who had breast cancer screening. In Japan, biennial mam-
mography screening in combination with a clinical breast 
examination is recommended for women aged 40 years or 
older since 2004 [34]. The health-conscious behavior could 
affect the dietary pattern and thus be a confounding factor. 

Nevertheless, the questionnaire asked whether a partici-
pant had mammography in the past year only and therefore 
was unable to capture the effect of biennial mammography 
screening.

Finally, information on ER/PR subtypes is available for 
50% of the breast cancer cases in the present study. This 
was unavoidable since ER/PR status was not used to be 
regarded as substantial information for clinical treatment, 
and data prior to 2002 were attained by retrospective review 
of medical records or pathology reports [35]. In addition, 
some categories in the subanalyses by menopausal status 

Table 4   Associations between dietary fiber intake and breast cancer risk stratified by ER/PR status in the JPHC Study

a Asterisk denotes statistically significant values (p<0.05)
b Cox propotional hazards models were adjusted for age, area (10), BMI at 5-year follow-up (<18.5, 18.5-23.9, >23.9), age at menarche (≤13, 14, 
15, ≥16 years), age at first birth (<26, ≥26 years), parity (nulliparous, 1-2, 3, ≥4), age at menopause (premenopause, ≤44, 45-54, ≥55 years), 
use of exogenous female hormones (never, ever), smoking status (never, ever), leisure-time physical activity (≤3 days/month, 1-2 days/week, ≥3 
days/week), alcohol intake (regular drinker: >150 g of ethanol/week, non-regular drinker: ≤150 g of ethanol/week), and total energy-adjusted 
intakes of fat, isoflavones, vitamin C and carbohydrate

All (n = 44,444 681 cases)

ER/PR subtype ER+ PR+ (n = 157)

Q1. (low) Q2 Q3 Q4. (high) ptrend

Total fiber 1.00 (ref) 1.20 (0.62–2.32) 0.94 (0.47–1.88) 1.03 (0.41–2.57) 0.80
Soluble fiber 1.00 (ref) 1.58 (0.84–2.96) 0.97 (0.50–1.89) 1.53 (0.70–3.37) 0.57
Insoluble fiber 1.00 (ref) 0.96 (0.50–1.85) 0.86 (0.42–1.78) 0.84 (0.36–1.95) 0.63
Natto/fermented soybean 1.00 (ref) 0.83 (0.44–1.57) 1.00 (0.55–1.81) 0.82 (0.42–1.61) 0.84
Rice 1.00 (ref) 0.53 (0.28–1.02) 1.38 (0.73–2.63) 1.11 (0.55–2.22) 0.21

ER/PR subtype ER− PR− (n = 91)

Q1. (low) Q2 Q3 Q4. (high)

Total fiber 1.00 (ref) 1.21 (0.36–4.13) 1.05 (0.30–3.74) 1.50 (0.28–7.94) 0.73
Soluble fiber 1.00 (ref) 1.53 (0.43–5.36) 2.72 (0.65–11.31) 5.45 (1.02–29.20) 0.03*
Insoluble fiber 1.00 (ref) 1.97 (0.53–7.38) 0.89 (0.24–3.32) 1.19 (0.23–6.25) 0.83
Natto/fermented soybean 1.00 (ref) 0.27 (0.09–0.75) 0.70 (0.29–1.69) 0.47 (0.13–1.76) 0.52
Rice 1.00 (ref) 0.50 (0.20–1.24) 0.36 (0.10–1.26) 0.34 (0.08–1.54) 0.09

ER/PR subtype ER PR Known (n = 323)

Q1. (low) Q2 Q3 Q4. (high)

Total fiber 1.00 (ref) 1.20 (0.84–1.73) 1.19 (0.79–1.81) 1.08 (0.66–1.78) 0.93
Soluble fiber 1.00 (ref) 1.05 (0.73–1.49) 1.01 (0.67–1.52) 0.88 (0.54–1.42) 0.48
Insoluble fiber 1.00 (ref) 1.23 (0.86–1.76) 1.15 (0.76–1.73) 1.02 (0.63–1.66) 0.82
Natto/fermented soybean 1.00 (ref) 0.96 (0.69–1.35) 1.33 (0.97–1.84) 0.96 (0.67–1.35) 0.23
Rice 1.00 (ref) 1.13 (0.82–1.56) 0.92 (0.65–1.30) 1.14 (0.79–1.64) 0.88

ER/PR subtype ER PR Unknown (n = 358)

Q1. (low) Q2 Q3 Q4. (high)

Total fiber 1.00 (ref) 1.16 (0.78–1.71) 1.13 (0.72–1.79) 1.16 (0.68–1.99) 0.65
Soluble fiber 1.00 (ref) 0.76 (0.52–1.12) 0.96 (0.63–1.47) 0.95 (0.59–1.55) 0.90
Insoluble fiber 1.00 (ref) 0.99 (0.66–1.48) 1.09 (0.69–1.72) 1.01 (0.57–1.80) 0.94
Natto/fermented soybean 1.00 (ref) 1.12 (0.79–1.59) 0.73 (0.50–1.06) 0.74 (0.50–1.08) 0.37
Rice 1.00 (ref) 1.11 (0.78–1.58) 1.04 (0.72–1.52) 0.91 (0.62–1.34) 0.68
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and ER/PR status had small number of cases. Interpreta-
tion should be made with caution due to limited statistical 
power and possibility of chance finding.

Despite these limitations, to our knowledge, this is 
the first large prospective study to investigate the poten-
tial link between dietary fiber and risk of ER/PR-defined 
breast cancer in the Japanese population although overall 
associations were not significant. The incidence of breast 
cancer in Japan has been steeply increasing over the past 
few decades, but it is still lower than that of European or 
North American countries [36]. The incidence of breast 
cancer observed in this study is in accordance with that in 
Japan [37]. Major strengths of this study also include high 
response rate (87.1%) and long follow-up period with neg-
ligible number of subjects lost to follow-up (0.1%). Pos-
sibility of recall and selection bias has been kept minimal 
as information on exposure was collected before diagnosis 
of breast cancer. Moreover, incidence of breast cancer was 
confirmed by cancer registry, rather than self-reporting, to 
reduce the potential for misclassification of the outcome.

In conclusion, while previous studies have found protec-
tive effects of high dietary fiber consumption against breast 
cancer, our findings were unable to draw clear comparison 
due to lower intake of fiber among Japanese population. 
Future research is needed to further investigate the associa-
tion in the Japanese or Asian population between high lev-
els of dietary fiber intake and the potential effect on breast 
cancer survival and recurrence.
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