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Abstract
Evidence that diet is associated with breast cancer risk is inconsistent. Most of the studies have focused on risks associated with specific foods
and nutrients, rather than overall diet. In this study, we aimed to evaluate the association between dietary patterns and breast cancer risk in
Japanese women. A total of 49 552 Japanese women were followed-up from 1995 to 1998 (5-year follow-up survey) until the end of 2012 for
an average of 14·6 years. During 725 534 person-years of follow-up, 718 cases of breast cancer were identified. We identified three dietary
patterns (prudent, westernised and traditional Japanese). The westernised dietary pattern was associated with a 32% increase in breast cancer
risk (hazard ratios (HR) 1·32; 95% CI 1·03, 1·70; Ptrend= 0·04). In particular, subjects with extreme intake of the westernised diet (quintile (Q)
Q5_5th) had an 83% increase in risk of breast cancer in contrast to those in the lowest Q1 (HR 1·83; 95% CI 1·25, 2·68; Ptrend= 0·01). In
analyses stratified by menopausal status, postmenopausal subjects in the highest quintile of the westernised dietary pattern had a 29%
increased risk of breast cancer (HR 1·29; 95% CI 0·99, 1·76; Ptrend= 0·04). With regard to hormone receptor status, the westernised dietary
pattern was associated with an increased risk of oestrogen receptor-positive/progesterone receptor-positive tumours (HR 2·49; 95% CI 1·40,
4·43; Ptrend< 0·01). The other dietary patterns were not associated with the risk of breast cancer in Japanese women. A westernised dietary
pattern is associated with an increased risk of breast cancer in Japanese women.
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Breast cancer is a leading cause of cancer mortality worldwide
and the most common form of cancer affecting women(1).
In 2012, approximately 1·7 million women were diagnosed
with breast cancer, with 522 000 related deaths – an increase
in breast cancer incidence and related mortality by nearly
18% from 2008(2). In Japan, the incidence of breast cancer
has continuously and rapidly increased over the last three
decades, and breast cancer is currently the most common
cancer affecting females, as in Western countries(3). Diet is a
modifiable risk factor for breast cancer, and several single
foods and nutrients have been examined in association

with breast cancer risk, including vegetables, fibre and
vitamins(4–6). However, results from studies on individual
foods and nutrients may be inconsistent because these
cannot account for the complex interactions that occur between
the various nutrients and other components of different
foods(7,8). Furthermore, dietary patterns in Asian countries
differ from those in Western countries: the traditional Japanese
diet, for example, is composed primarily of steamed rice,
miso soup, various vegetables, fermented foods with salt and
fish. Thus, many researchers have recently focused on dietary
pattern analysis, a statistical method that describes the overall
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diet. Several previous studies investigating dietary
patterns in relation to breast cancer risk have shown an inverse
association with the prudent/healthy dietary pattern, which
usually includes high intake of vegetables, fruits, whole grains
and fish(9–13), and a positive association with the western/
unhealthy pattern, which is generally characterised by high
intake of red meat, refined grains, potatoes and fat(14–17). Given
that dietary patterns are likely to vary among populations
because of geographic characteristics and cultural differences in
food habits, preferences and availability(18), these reports are of
limited value for the prevention and management of breast
cancer in the Japanese population. Moreover, information from
Japanese populations is scant: one study in Japanese women
reported that the prudent dietary pattern decreased the risk of
breast cancer, but this was carried out using a case–control
design(10), and no prospective study among Japanese women
has yet been conducted.
In this study, using data from the Japan Public Health Center-

based Prospective Study (JPHC Study), we evaluated the rela-
tionship between dietary pattern and risk of breast cancer
among Japanese women. Further, we identified associations by
subtype and hormone receptor status using principal compo-
nent factor analysis.

Methods

Study population

The JPHC Study was launched in 1990 for Cohort I and in 1993
for Cohort II. Details of the study design have been described
previously(19). This study was approved by the Institutional
Review Board of the National Cancer Center of Japan and the
University of Tokyo. A total of 140 420 subjects were invited to
participate in the baseline survey (1990–1994), of whom 71698
were women. Subjects registered at one public healthcare centre
area (n 4178) were excluded because information on cancer
incidence was not available. Cohort participants responded to a
self-administered questionnaire at baseline from 1990 to 1994.
A 5-year follow-up survey was conducted from 1995 to 1998.
Compared with the original baseline survey, the follow-up pro-
vided greater detail on the frequency of food intake, and was
therefore selected as baseline for the present study. After
exclusion of subjects who were ineligible (non-Japanese ethni-
city, late report of migration occurring before the start of the
study or incorrect birth data), deceased or had moved out of a
study area, 62 787 women were eligible for participation. Of
these, 52 484 women responded to the 5-year follow-up survey
(response rate= 84%). We further excluded participants with a
self-reported history of cancer occurring before the start of the
follow-up (n 1861), and those with extreme total energy intake
(±3 SD) at the 5-year follow-up survey (n 581). Consequently,
49 552 women were ultimately enrolled to assess the association
between dietary pattern and breast cancer risk.

Assessment of dietary pattern

Dietary assessment was performed using a validated self-
reported FFQ. The 5-year follow-up survey enquired about the

consumption of 147 food and beverage items over the previous
year(20). The frequency of most food items was divided
into nine categories (never, 1–3 times/month, 1–2 times/week,
3–4 times/week, 5–6 times/week, 1 time/d, 2–3 times/d,
4–6 times/d, and ≥7 times/d). Slightly different categories were
used for beverage intake. A standard portion size was specified
for each food item, and respondents were asked to choose their
usual portion size from three options (less than half, standard or
>1·5 times). Daily food intake was calculated by multiplying
daily consumption frequency by the individual’s usual portion
size. The validity and reproducibility of the FFQ have both been
described previously(21–23).

Details regarding the identification of dietary patterns have
been described elsewhere(24). In brief, we used 134 food and
beverage items from the FFQ to derive dietary patterns. Some
foods or food groups that were similar in nutritional content or
culinary use were combined, making a total of forty-eight food
groups. We performed principal component analysis based on
log-transformed intakes of these forty-eight food groups. We
determined factors by eigenvalues of >1·75 and a scree plot and
interpretability of the derived factors. The factors were then
rotated by orthogonal transformation (varimax rotation) to
increase interpretability while maintaining uncorrelated factors.
Dietary patterns were named according to food items that had
the highest weight in each of the three factors. The factor scores
for each dietary pattern were calculated for each participant by
summing the intake of food items weighted by their factor
loadings. Scores were energy adjusted using the residual
method. The validity and reproducibility of the identified diet-
ary patterns were determined to be acceptable(24). Regarding
reproducibility, Spearman’s correlation coefficients between the
two FFQ ranged from 0·55 for the prudent pattern to 0·71 for
the westernised pattern in women(24). Regarding validity, the
corresponding values between dietary records and the FFQ
ranged from 0·36 for the prudent pattern to 0·63 for the
traditional pattern in women(24).

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

Breast cancer cases were identified through active patient
notification from major local hospitals in the study area and data
linkage with population-based cancer registries, with permis-
sion from the local governments responsible for the registries.
Breast cancer cases were defined with reference to the Third
Edition of the International Classification of Diseases for
Oncology as codes C500-509. Information on oestrogen
receptor (ER) and progesterone receptor (PR) status was
evaluated by either immunohistochemical assay or ELISA. The
cut-off points for a positive status for ER and PR were defined
by clinical estimation for medical treatment or were specified by
the assay method.

Subjects were enrolled to the study on the administration date
of the 5-year follow-up survey, and contributed person-time
from enrolment until the date of diagnosis with breast
cancer, date of death, date of moving away from the study area
or the end of follow-up (31 December 2012), whichever
occurred first.

1770 S. Shin et al.

https://doi.org/10.1017/S0007114516000684  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114516000684


Statistical analysis

We used multivariable Cox proportional hazards regression
models to examine the hazard ratios (HR) and 95% CI for breast
cancer risk across the quintile categories of each dietary pattern
score, taking the lowest quintile category as reference. The
basic model was adjusted for age (<50, 50–54·9, 55–59·9,
60–64·9, 65–69·9, ≥70 years) and public healthcare centre area,
whereas the multi-variable model was further adjusted for
log-transformed energy intake (continuous), BMI (<22·5,
22·5–24·9, 25–27·4, ≥27·5 kg/m2), smoking status (never, past,
current), leisure-time physical activity (<1 d/month, 1–3 d/
month, ≥1 d/week), total physical activity (metabolic equivalent
task-h/d), age at menarche (≤13, 14, 15, ≥16 years, missing),
parity (nulliparous, 1, 2–3, ≥4), age at first birth (nullipar-
ous,< 26, ≥26 years, missing), menopause status (pre-
menopause, age at menopause <51, ≥51 years) and use of
exogenous female hormones (never, ever). Trend associations
were assessed by assigning ordinal numbers (0–4) to quintile
categories of each dietary pattern. We performed an analysis
stratified by menopausal status. We focused on menopausal
status obtained at the time of diagnosis (the censored date). As
no previous study had direct information on menopausal status
at the time of diagnosis for breast cancer, we used 51 years as a
proxy cut-off for menopausal age at the 5-year follow-up
survey, the time at which approximately 50% of the women
had become postmenopausal(25). Postmenopausal breast
cancer was defined in those who reported being post-
menopausal at the 5-year follow-up survey and/or were
51 years or older at the time of diagnosis. All other breast
cancers were defined as premenopausal. For non-cases of
breast cancer, when participants were 51 years or older and/or
reported being postmenopausal at baseline, the years of
observation were considered as postmenopausal period. When
women who reported no to being postmenopausal at baseline
were younger than 51 years of age at the censored date, the
years of observation were considered as premenopausal per-
iod. We computed Pinteraction values using a likelihood-ratio test
to compare Cox proportional hazards models with and without
cross-product terms for menopausal status and each dietary
pattern category in analyses stratified by menopausal status.
The associations were also evaluated according to ER and PR
status, as well as for combinations of them. All P values pre-
sented are two-tailed and were considered to be statistically
significant when P< 0·05. All statistical analyses were con-
ducted using SAS version 9.3 software (SAS Institute Inc.).

Results

Three main dietary patterns were derived from 49 552 Japanese
women from the JPHC Study (Table 1). Patterns were named
according to the food groups that had high loadings or the
characteristics of the food group that composed the dietary
pattern. The prudent dietary pattern was characterised by high
consumption of vegetables, fruits, soya products, potatoes,
seaweed, mushroom, and fish; the westernised dietary pattern
was correlated with high intake of bread, meat, processed
meats, dairy products, soup, coffee, soft drinks, black tea,

sauces, mayonnaise and dressing; and the traditional Japanese
dietary pattern was characterised by high intake of salmon,
seafood other than fish, oily fish, lean fish, salty fish, chicken
and pickles. These three dietary patterns account for 29·9% of
the variability in the standardised dietary intake, at 20·7, 5·5 and
3·7% for the prudent, westernised and traditional Japanese
diets, respectively.

Subject characteristics by quintile category of the three dietary
patterns are presented in Table 2. Women in the highest quintile
of the prudent dietary pattern score were more likely to be older,

Table 1. Factor-loading* matrix for major dietary patterns identified by
principal component analysis (n 49552)

Factor 1 Factor 2 Factor 3

Foods/food groups Prudent Westernised Traditional

Noodles 0·55 0·20 0·14
Rice 0·20
Bread 0·45 0·34
Potatoes 0·72
Soya products 0·68
Miso soup 0·13 0·22
Nuts 0·31 0·23 0·24
Green, leafy vegetables 0·65 0·18
Other green vegetables 0·65 0·24
Dark-yellow vegetables 0·56 0·08
Tomatoes 0·45 0·16 0·25
Other vegetables 0·71 0·14
Pickles 0·46 0·42
Other fruits 0·74 0·22
Citrus fruits 0·63 0·20
Fruit juice 0·17 0·34
Mushrooms 0·63 0·15 0·20
Seaweeds 0·73
Seafood other than fish 0·37 0·15 0·54
Oily fish 0·39 0·46
Salmon 0·18 0·62
Eel 0·40 0·22
Lean fish 0·25 0·22 0·48
Salty fish 0·24 0·62
Fish products 0·36 0·19 0·29
Pork 0·35 0·40
Beef 0·46 0·26
Chicken 0·31 0·53
Liver 0·32 0·33
Processed meats 0·14 0·48 0·33
Eggs 0·24 0·17 0·32
Milk 0·18 0·22 0·19
Dairy products 0·25 0·37 0·24
Soup 0·14 0·57
Confectioneries 0·48 0·31 0·19
Green tea 0·39
Coffee 0·16 0·47
Soft drink 0·38
Oolong tea 0·14 0·46
Black tea 0·16 0·50
Sauces 0·40 0·46
Mayonnaise 0·40 0·38 0·17
Dressing 0·32 0·53
Beer 0·25
Whisky 0·14
Wine 0·21
Eigenvalue 9·9 2·6 1·8
Variance explained by each

factor
20·7 5·5 3·7 29·9

* Factor loading scores less than −0·14 and +0·14 are not shown.
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Table 2. Subject characteristics according to quintiles (Q) of dietary pattern score at the 5-year follow-up study
(Mean values and standard deviations)

Q1 Q2 Q3 Q4 Q5

Mean SD Mean SD Mean SD Mean SD Mean SD Ptrend*

Prudent
Age at baseline (years) 56·9 8·1 56·2 7·9 57·0 7·9 57·6 7·8 59·0 7·9 <0·01
BMI at baseline (kg/m2) 23·6 3·3 23·5 3·2 23·5 3·2 23·4 3·1 23·6 3·2 0·62
Height (cm) 151·6 5·8 152·0 5·6 151·9 5·5 151·7 5·5 151·4 5·4 0·02
Total physical activity (MET-h/d) 29·9 5·9 30·2 6·0 30·1 5·9 30·0 5·8 30·1 5·7 0·01
Total energy intake (kJ/d) 8253·7 3406·6 8488·4 2709·5 7986·4 2328·3 7468·0 2075·2 6585·6 1985·3
Total energy intake (kcal/d) 1972·7 814·2 2028·8 647·6 1908·8 556·5 1784·9 496·0 1574·0 474·5 <0·01
Smoking status (past or current) (%) 12·1 7·6 5·7 4·1 4·0 <0·01
Alcohol drinking status (ever drinkers) (%) 30·5 25·6 19·5 13·5 8·7 <0·01
Age at menarche (years) 14·9 2·0 14·7 1·9 14·6 1·8 14·7 1·9 14·8 1·9 <0·01
Age at first birth (years) 24·7 3·6 24·9 3·4 24·9 3·3 25·0 3·4 24·9 3·4 <0·01
No. of children (n) 2·8 1·6 2·7 1·4 2·7 1·4 2·7 1·4 2·8 1·6 0·09
Age at menopause (years) 48·1 4·9 48·2 4·9 48·4 4·7 48·4 4·7 48·5 4·8 <0·01
Use of exogenous female hormones (ever) (%) 27·5 26·5 25·7 25·5 25·2 0·09

Westernised
Age at baseline (years) 61·0 7·3 58·6 7·8 57·1 7·9 55·9 7·8 54·1 7·4 <0·01
BMI at baseline (kg/m2) 23·5 3·2 23·5 3·2 23·5 3·2 23·5 3·2 23·5 3·2 0·22
Height (cm) 150·6 5·7 151·2 5·5 151·8 5·5 152·2 5·5 152·7 5·5 <0·01
Total physical activity (MET-h/d) 29·9 5·7 30·2 5·9 30·2 5·9 30·2 5·8 29·9 5·8 0·96
Total energy intake (kJ/d) 7635·8 2725·8 7703·1 2608·7 7823·6 2630·0 7937·0 2648·4 7682·2 2583·6
Total energy intake (kcal/d) 1825·0 651·5 1841·1 623·5 1869·9 628·6 1897·0 633·0 1836·1 617·5 0·22
Smoking status (past or current) (%) 4·1 5·2 6·5 7·7 9·6 <0·01
Alcohol drinking status (ever drinkers) (%) 8·2 13·1 17·8 22·1 35·8 <0·01
Age at menarche (years) 15·1 1·9 14·9 1·9 14·7 1·9 14·5 1·9 14·4 1·8 <0·01
Age at first birth (years) 24·5 3·3 24·7 3·3 24·9 3·4 25·0 3·4 25·2 3·5 <0·01
No. of children (n) 2·9 1·6 2·8 1·5 2·7 1·4 2·7 1·5 2·7 1·5 <0·01
Age at menopause (years) 48·5 4·6 48·4 4·7 48·3 4·8 48·2 4·8 48·0 4·9 <0·01
Use of exogenous female hormones (ever) (%) 24·8 24·9 26·2 26·2 29·4 <0·01

Traditional
Age at baseline (years) 58·6 8·4 57·0 8·1 56·4 7·9 56·6 7·7 58·0 7·7 <0·01
BMI at baseline (kg/m2) 23·8 3·4 23·4 3·2 23·4 3·2 23·4 3·1 23·4 3·1 <0·01
Height (cm) 151·1 5·6 152·1 5·6 152·3 5·4 151·9 5·6 151·2 5·6 0·18
Total physical activity (MET-h/d) 30·0 5·9 30·2 5·8 30·2 5·8 30·1 5·8 29·9 5·9 0·42
Total energy intake (kJ/d) 7468·4 2938·4 8113·6 2844·2 8184·7 2597·8 7870·1 2345·9 7141·6 2268·1
Total energy intake (kcal/d) 1785·8 702·3 1939·2 679·8 1956·2 620·9 1881·0 560·7 1706·9 542·1 <0·01
Smoking status (past or current) (%) 6·7 6·5 6·9 6·6 6·5 0·85
Alcohol drinking status (ever drinkers) (%) 12·8 18·0 21·9 21·9 22·9 <0·01
Age at menarche (years) 15·3 2·1 14·6 1·9 14·4 1·8 14·5 1·7 14·8 1·8 <0·01
Age at first birth (years) 24·8 3·8 25·0 3·5 25·0 3·4 24·8 3·3 24·7 3·2 0·03
No. of children (n) 3·2 1·9 2·8 1·6 2·6 1·3 2·5 1·3 2·6 1·2 <0·01
Age at menopause (years) 48·4 4·8 48·2 5·0 48·4 4·8 48·2 4·8 48·4 4·5 0·85
Use of exogenous female hormones (ever) (%) 27·8 27·1 26·2 25·7 24·8 0·08

MET, metabolic equivalent task.
* χ2 Test for ordinal qualitative variables and linear regression for continuous variables.
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shorter, more active, have low total energy intake, low tobacco
use, low alcohol use, earlier menarche, later first delivery and
later menopause compared with women in the lowest quintile of
the prudent dietary pattern. Subjects with a higher score for the
westernised dietary pattern were more likely to be younger, taller,
have higher use of tobacco, higher use of alcohol, earlier
menarche, later first delivery, less parity, earlier menopause and
use of exogenous female hormones. Subjects with a higher score
for the traditional Japanese dietary pattern tended to be younger,
have low BMI, low total energy intake, high alcohol consumption,
earlier menarche, earlier first delivery and less parity.
During 725534 person-years of follow-up (average follow-up:

14·6 years) for 49552 women, a total of 718 cases of breast cancer
were newly diagnosed and included in the analyses. Information
on ER and PR status was available for 356 cases (50% of total
breast cancer), of which 155 were oestrogen receptor-positive
(ER+)/progesterone receptor-positive (PR+), fifty-eight were
ER+/progesterone receptor-negative (ER-), eighty-five were
oestrogen receptor-negative (ER-)/PR- and eleven were ER-/PR+
(310 cases had known ER/PR status). HR of overall breast cancer
according to quintile category of each dietary pattern score are
shown in Table 3. The westernised dietary pattern was associated
with an overall increase in breast cancer risk (HR 1·32; 95% CI
1·03, 1·70; Ptrend= 0·04). We conducted additional analyses to
identify the association between extreme intake of a westernised
diet and breast cancer risk among women in the highest quintile
category (Q5) of the westernised dietary pattern. Q5 of the wes-
ternised dietary pattern was further divided into additional extreme
quintile categories labelled Q5_1st, Q5_2nd, Q5_3rd, Q5_4th and
Q5_5th. Women categorised in Q5_5th of the westernised dietary
pattern were thus in the top 4% of total subjects. The results
showed that they had a 63% increase in the risk of breast cancer
(HR 1·83; 95% CI 1·25, 2·68; Ptrend=0·01) compared with those in
the original lowest Q1 (Tables 4).
In analyses stratified by menopausal status, although the

positive association between the westernised dietary pattern and
breast cancer risk was not significant in the full model adjusted for
covariates, postmenopausal women in the highest quintile
of the westernised dietary pattern had a 29% increase in risk of
breast cancer (95% CI 0·99, 1·76; Ptrend= 0·04) (Table 5).
In subanalyses that considered hormone receptor status (ER, PR),
the association between the westernised dietary pattern and
breast cancer risk was statistically significant only for ER+/PR+
tumours (for Q5 v. Q1, multivariable HR 2·49; 95% CI 1·40, 4·43;
Ptrend< 0·01) (Table 6).
No clear association was found between breast cancer risk

and the prudent and traditional Japanese dietary patterns in
Japanese women.

Discussion

In this study, we identified three dietary patterns in a large
sample of Japanese women, which we labelled prudent,
westernised and traditional dietary patterns. We found that
the westernised dietary pattern was associated with an
increased risk of breast cancer. This increased risk was more
pronounced in women with extreme intake of a western diet

(Q5_5th category of the westernised dietary pattern), post-
menopausal women and for ER+/PR+ tumours.

Results from previous studies on the association between
dietary pattern and breast cancer risk have been inconsistent.
Most previous prospective analyses were conducted in Western
populations(8,9,11,12,17,26–29), and little prospective data from
Asian populations with a western dietary pattern have
been reported. In agreement with our findings, a previous
prospective cohort study of the association between dietary
pattern and breast cancer risk in France found that a western
dietary pattern was positively associated with breast cancer risk
(HR = 1·20), especially in women with ER+/PR+ tumours(30).
Only one Asian prospective cohort study reported a trend
for lower breast cancer risk in those with higher intake of a
vegetable–fruit–soya (prudent) dietary pattern, with particularly
stronger effects among postmenopausal women(31).

In the present study, the westernised dietary pattern was
positively associated with breast cancer risk. Identifying the
specific components (nutrients or foods) of the westernised
dietary pattern that contribute to this positive association with
breast cancer risk is difficult. The westernised dietary pattern in
our study was characterised by high intakes of meats, processed
meats, dairy products, several beverages and sauces, and alco-
hol, but a low intake of vegetables and fruits. A refined grain–
meat–pickles pattern in Chinese women(32) and a fatty dietary
pattern in Japanese women(10) were positively associated with
breast cancer risk. A recent meta-analysis of studies concluded
that the risk of breast cancer for the highest v. lowest categories
increased by 10% for red meat and 8% for processed meat(33). It
has been hypothesised that diets with a high intake of meat and
processed meat promote carcinogenesis via certain carcinogenic
compounds such as heterocyclic amines (HCA) and polycyclic
aromatic hydrocarbons (PAH), which are by-products of cooking
meat at high temperatures(34,35). Evidence for positive associa-
tions between HCA and PAH intake and overall breast cancer
risk has been identified in human studies(36,37).

In addition, a World Cancer Research Fund/American Institute
for Cancer Research report(38) states that alcohol consumption is
a risk factor for breast cancer, and most epidemiological studies
have consistently identified an association between breast cancer
risk and alcohol intake(39,40). Several biological mechanisms for
this association have been proposed, including an increase in
circulating hormone levels, direct carcinogenic effects of alcohol
metabolites such as acetaldehyde and an antagonistic effect on
folate absorption and metabolism(41,42). Furthermore, dietary
behaviours such as frequent consumption of sweet soda, coffee
and tea with added sugar and sauces with high fat and sugar
content increase blood glucose levels. Hyperinsulinemia may be
a risk factor for breast cancer as insulin is mitogenic, and thereby
encourages cellular proliferation and promotes tumour growth;
excess insulin is also indirectly related to increased levels of free
oestrogen via inhibition of the production of sex-hormone-
binding globulin(43).

Considered broadly, these various findings may suggest that
one reason for the positive association between the westernised
dietary pattern and risk of breast cancer is the complex or
synergistic effects achieved by combining food/food groups on
breast cancer. In addition, the combined effects of dietary
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Table 3. Breast cancer risk according to quintiles (Q) of dietary pattern score
(Hazard ratios (HR) and 95% confidence intervals)

Quintiles, all (n 49552 breast cancer cases= 718)

Q1 Q2 Q3 Q4 Q5

Dietary patterns HR HR 95% CI HR 95% CI HR 95% CI HR 95% CI Ptrend*

Prudent
No. of cases 143 131 159 146 139
Total person-years 144 188 146261 145 767 146 298 143 019
Age and area adjusted 1·00 (Ref.) 0·90 0·71, 1·14 1·10 0·88, 1·38 1·01 0·80, 1·28 1·01 0·80, 1·27 0·62
Multivariable adjusted† 1·00 (Ref.) 0·88 0·69, 1·11 1·07 0·85, 1·35 0·97 0·77, 1·23 0·96 0·75, 1·23 0·93

Westernised
No. of cases 125 138 147 142 166
Total person-year 146 764 147353 146 200 144 550 140 667
Age and area adjusted 1·00 (Ref.) 1·09 0·85, 1·38 1·16 0·91, 1·48 1·14 0·89, 1·46 1·37 1·07, 1·75 0·02
Multivariable adjusted 1·00 (Ref.) 1·07 0·84, 1·37 1·14 0·89, 1·46 1·10 0·86, 1·42 1·32 1·03, 1·70 0·04

Traditional
No. of cases 123 151 161 140 143
Total person-years 140 015 142114 145 143 148 408 149 854
Age and area adjusted 1·00 (Ref.) 1·18 0·93, 1·50 1·21 0·96, 1·54 1·02 0·80, 1·31 1·04 0·81, 1·33 0·73
Multivariable adjusted 1·00 (Ref.) 1·15 0·91, 1·47 1·18 0·93, 1·50 1·00 0·78, 1·28 1·03 0·80, 1·32 0·69

Ref., referent values.
* Based on a Cox proportional hazards model, with ordinal numbers 0–4 assigned to the quintile categories of each dietary pattern.
† Multivariable adjusted: multivariable Cox proportional hazards model were adjusted for age (<50, 50–54·9, 55–59·9, 60–64·9, 65–69·9, ≥70 years), public healthcare centre area (ten), log-transformed energy intake (continuous), BMI

(<22·5, 22·5–24·9, 25–27·4, ≥27·5 kg/m2), smoking status (never, past, current), leisure-time physical activity (<1 d/month, 1–3 d/month, ≥1 d/week), total physical activity (<30, ≥30 metabolic equivalent task-h/d, missing), age at
menarche (≤13, 14, 15, ≥16 years, missing), parity (nulliparous, 1, 2–3, ≥4), age at first birth (nulliparous, <26, ≥26 years, missing), menopause status (premenopause, age at menopause <51, ≥51 years) and use of exogenous female
hormones (never, ever).

Table 4. Breast cancer risk according to quintiles (Q) among the highest quintile group (Q5) (n 9 910, breast cancer cases= 166)
(Hazard ratios (HR) and 95% confidence intervals)

Q1 (total) Q5_1st Q5_2nd Q5_3rd Q5_4th Q5_5th

Westernised dietary pattern HR HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI Ptrend*

No. of cases 125 27 33 31 29 46
Total person-years 146 764 28 344 28 589 28279 27 827 27 628
Age and area adjusted 1·00 (Ref.) 1·05 0·68, 1·61 1·26 0·84, 1·88 1·19 0·79, 1·80 1·13 0·74, 1·74 1·80 1·24, 2·61 0·01
Multivariable adjusted† 1·00 (Ref.) 1·03 0·67, 1·60 1·25 0·84, 1·88 1·18 0·78, 1·80 1·13 0·73, 1·74 1·83 1·25, 2·68 0·01

Ref., referent values.
* Based on a Cox proportional hazards model, with ordinal numbers 0–4 assigned to the quintile categories of each dietary pattern.
† Multivariable adjusted: multivariable Cox proportional hazards model was adjusted for age (<50, 50–54·9, 55–59·9, 60–64·9, 65–69·9, ≥70 years), public health centre area (ten), log-transformed energy intake (continuous), BMI

(<22·5, 22·5–24·9, 25–27·4, ≥27·5 kg/m2), smoking status (never, past, current), leisure-time physical activity (<1 d/month, 1–3 d/month, ≥1d/week), total physical activity (<30, ≥30 metabolic equivalent task-h/d, missing), age at
menarche (≤13, 14, 15, ≥16 years, missing), parity (nulliparous, 1, 2–3, ≥4), age at first birth (nulliparous, <26, ≥26 years, missing), menopause status (premenopause, age at menopause <51, ≥51 years) and use of exogenous female
hormones (never, ever).
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Table 5. Breast cancer risk according to quintile (Q) of dietary pattern score with stratification by menopausal status*
(Hazard ratios (HR) and 95% confidence intervals)

Quintiles

Q1 Q2 Q3 Q4 Q5

Dietary patterns HR HR 95% CI HR 95% CI HR 95% CI HR 95% CI Ptrend†

Premenopausal (n 10 714; breast cancer cases= 185)
Prudent

No. of cases 37 29 41 46 32
Total person-years 31 894 32 346 31 856 31995 32 308
Age and area adjusted 1·00 (Ref.) 0·77 0·48, 1·26 1·11 0·71, 1·73 1·24 0·80, 1·91 0·85 0·53, 1·37 0·76
Multivariable adjusted‡ 1·00 (Ref.) 0·79 0·48, 1·29 1·10 0·70, 1·73 1·21 0·78, 1·89 0·83 0·51, 1·36 0·87

Westernised
No. of cases 43 38 30 29 45
Total person-years 33 732 32 625 31 993 31570 30 478
Age and area adjusted 1·00 (Ref.) 0·94 0·61, 1·46 0·77 0·48, 1·23 0·76 0·47, 1·24 1·24 0·80, 1·92 0·61
Multivariable adjusted 1·00 (Ref.) 0·96 0·62, 1·49 0·78 0·49, 1·25 0·77 0·48, 1·25 1·26 0·81, 1·96 0·59

Traditional
No. of cases 31 34 43 36 41
Total person-years 31 070 31 380 31 928 32555 33 467
Age and area adjusted 1·00 (Ref.) 1·09 0·67, 1·77 1·35 0·85, 2·15 1·11 0·68, 1·80 1·20 0·74, 1·94 0·51
Multivariable adjusted 1·00 (Ref.) 1·12 0·69, 1·83 1·39 0·87, 2·23 1·12 0·69, 1·84 1·22 0·75, 1·98 0·50

Postmenopausal (n 38 838; breast cancer cases=533)
Prudent

No. of cases 109 93 116 103 112
Total person-years 112 096 114097 113927 114 162 110 853
Age and area adjusted 1·00 (Ref.) 0·84 0·63, 1·10 1·05 0·81, 1·36 0·93 0·71, 1·22 1·06 0·81, 1·38 0·47
Multivariable adjusted 1·00 (Ref.) 0·81 0·61, 1·07 1·01 0·77, 1·32 0·89 0·68, 1·18 1·01 0·77, 1·34 0·70

Westernised
No. of cases 90 103 106 117 117
Total person-years 114 178 114546 113822 112 689 109 899
Age and area adjusted 1·00 (Ref.) 1·14 0·86, 1·51 1·18 0·89, 1·57 1·32 1·00, 1·75 1·37 1·03, 1·82 0·02
Multivariable adjusted 1·00 (Ref.) 1·13 0·85, 1·50 1·15 0·86, 1·53 1·28 0·97, 1·70 1·29 0·99, 1·76 0·04

Traditional
No. of cases 95 115 118 103 102
Total person-years 108 924 110822 112993 115 820 116 576
Age and area adjusted 1·00 (Ref.) 1·16 0·88, 1·52 1·15 0·87, 1·51 0·96 0·72, 1·28 0·94 0·71, 1·25 0·31
Multivariable adjusted 1·00 (Ref.) 1·13 0·86, 1·48 1·09 0·83, 1·44 0·92 0·69, 1·23 0·92 0·69, 1·23 0·24

* Age 51 years was used as a proxy cut-off point for menopausal age, the time at which approximately 50% of the women had become postmenopausal, as no study had direct information on menopausal status after the start of follow-up.
Pinteraction value between menopausal status and each dietary pattern category were 0·4703 (prudent), 0·3542 (westernised), and 0·6152 (traditional), respectively, in the age- and area-adjusted model; and 0·5058 (prudent), 0·3492
(westernised), and 0·5146 (traditional), respectively, in the multivariable adjusted model.

† Based on Cox proportional hazards model, with ordinal numbers 0–4 assigned to the quintile categories of each dietary pattern.
‡ Multivariable adjusted: multivariable Cox proportional hazards model was adjusted for age (<50, 50–54·9, 55–59·9, 60–64·9, 65–69·9, ≥70 years), public health centre area (ten), log-transformed energy intake (continuous), BMI

(<22·5, 22·5–24·9, 25–27·4, ≥27·5 kg/m2), smoking status (never, past, current), leisure-time physical activity (<1 d/month, 1–3 d/month, ≥1 d/week), total physical activity (<30, ≥30 metabolic equivalent task-h/d, missing), age at
menarche (≤13, 14, 15, ≥16 years, missing), parity (nulliparous, 1, 2–3, ≥4), age at first birth (nulliparous, <26, ≥26 years, missing), menopause status (premenopause, age at menopause <51, ≥51 years), use of exogenous female
hormones (never, ever).
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Table 6. Breast cancer risk according to quintiles (Q) of dietary pattern score by hormone receptor status
(Hazard ratios (HR) and 95% confidence intervals)

Quintiles

Q1 Q2 Q3 Q4 Q5

HR HR 95% CI HR 95% CI HR 95% CI HR 95% CI Ptrend*

ER+/PR+ (n 155 cases)
Prudent

No. of cases 30 33 32 33 27
Multivariable adjusted† 1·00 (Ref.) 1·14 0·69, 1·88 1·12 0·67, 1·86 1·15 0·69, 1·91 0·96 0·56, 1·66 0·95

Westernised
No. of cases 20 30 38 30 37
Multivariable adjusted 1·00 (Ref.) 1·58 0·90, 2·80 2·15 1·24, 3·73 1·82 1·02, 3·25 2·49 1·40, 4·43 <0·01

Traditional
No. of cases 21 31 35 35 32
Multivariable adjusted 1·00 (Ref.) 1·34 0·77, 2·33 1·36 0·79, 2·34 1·24 0·71, 2·14 1·03 0·59, 1·81 0·85

ER+/PR- (n 58 cases)
Prudent

No. of cases 13 9 10 15 11
Multivariable adjusted 1·00 (Ref.) 0·69 0·29, 1·63 0·77 0·33, 1·78 1·14 0·53, 2·45 0·86 0·37, 1·98 0·84

Westernised
No. of cases 16 9 6 13 14
Multivariable adjusted 1·00 (Ref.) 0·55 0·24, 1·25 0·37 0·14, 0·96 0·82 0·38, 1·77 0·94 0·43, 2·04 0·85

Traditional
No. of cases 12 8 15 13 10
Multivariable adjusted 1·00 (Ref.) 0·58 0·24, 1·44 0·99 0·45, 2·15 0·78 0·35, 1·75 0·57 0·24, 1·36 0·38

ER-/PR- (n 85 cases)
Prudent

No. of cases 18 18 15 17 17
Multivariable adjusted 1·00 (Ref.) 0·96 0·50, 1·87 0·83 0·41, 1·67 0·94 0·48, 1·86 1·06 0·53, 2·12 0·92

Westernised
No. of cases 16 15 10 22 22
Multivariable adjusted 1·00 (Ref.) 0·91 0·45, 1·84 0·62 0·28, 1·39 1·46 0·75, 2·85 1·61 0·80, 3·22 0·06

Traditional
No. of cases 10 17 20 20 18
Multivariable adjusted 1·00 (Ref.) 1·45 0·66, 3·20 1·48 0·68, 3·22 1·37 0·63, 2·97 1·18 0·53, 2·61 0·92

ER/PR unknown (n 310 cases)
Prudent

No. of cases 56 56 73 62 63
Multivariable adjusted 1·00 (Ref.) 0·97 0·66, 1·42 1·21 0·84, 1·75 1·06 0·73, 1·56 1·13 0·77, 1·67 0·44

Westernised
No. of cases 64 68 73 47 58
Multivariable adjusted 1·00 (Ref.) 1·03 0·72, 1·46 1·08 0·76, 1·53 0·66 0·44, 0·99 0·80 0·54, 1·19 0·06

Traditional
No. of cases 61 71 57 50 71
Multivariable adjusted 1·00 (Ref.) 1·09 0·77, 1·56 0·87 0·60, 1·27 0·77 0·52, 1·13 1·12 0·77, 1·62 0·97

ER+, oestrogen receptor positive; PR+, progesterone receptor positive; Ref., referent values; ER–, oestrogen receptor negative; PR–, progesterone receptor negative.
* Based on Cox proportional hazards model, with ordinal numbers 0–4 assigned to the quintile categories of each dietary pattern.
† Multivariable adjusted: multivariable Cox proportional hazards model was adjusted for age (<50, 50–54·9, 55–59·9, 60–64·9, 65–69·9, ≥70 years), public health centre area (ten), log-transformed energy intake (continuous), BMI

(<22·5, 22·5–24·9, 25–27·4, ≥27·5 kg/m2), smoking status (never, past, current), leisure-time physical activity (<1 d/month, 1–3 d/month, ≥1 d/week), total physical activity (<30, ≥30 metabolic equivalent task-h/d, missing), age at
menarche (≤13, 14, 15, ≥16 years, missing), parity (nulliparous, 1, 2–3, ≥4), age at first birth (nulliparous, <26, ≥26 years, missing), menopause status (premenopause, age at menopause <51, ≥51 years) and use of exogenous female
hormones (never, ever).
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pattern on breast cancer likely reflect overall dietary
behaviours, which may in turn explain a mixture of social,
cultural, environmental, health, economic and lifestyle
factors(44). In the present study, we could not obtain consistent
findings for any associations of westernised dietary pattern with
risk of breast cancer among premenopausal women. The
possible differential effect by menopausal status could be due
to the influence of genetic factors and early-life events, which
are stronger for premenopausal breast cancer(45,46). For exam-
ple, a prospective study performed on breast cancer in Italy
reported that a higher ratio of 2-hydroxyestrone (lower
oestrogenic activity):16α-hydroxyestrone (biologically strong
oestrogens) was associated with reduced risk of breast cancer
among premenopausal women, but not in postmenopausal
women(47). Furthermore, age-related changes in local tissue
metabolism of sex steroids such as oestrogen, testosterone and
progesterone(48) may be partially explained by some
differences between dietary factor and breast cancer risk in
premenopausal and postmenopausal women. Another possible
reason is that the lack of statistical significance in
premenopausal women might be due to chance, given the
relatively small number of cases of breast cancer in our pre-
menopausal subjects. In our study, the westernised dietary
pattern had a strong positive effect on ER+/PR+ tumours.
Although a few studies have assessed dietary patterns and
nutrients with regard to ER/PR subtype, two studies reported a
significant inverse association for the prudent dietary
pattern and ER- breast cancer in black women(27) and in
postmenopausal women in the Nurses’ Health Study(17).
Regarding components of the westernised diet, alcohol
intake(49) and excess dietary fat(50,51) were more strongly
associated with ER+ than ER– tumours, although other studies
found no evidence of an association with dietary fat by ER/PR
status(52,53). Thus, future aetiological studies of breast cancer
should stratify analyses by tumour receptor type.
The major strengths of this study include its large sample size

and population-based prospective design, in which information
was collected before the subsequent diagnosis of breast cancer,
thereby avoiding the exposure recall bias inherent to case–
control studies. Our subjects were recruited from the general
population, the sample was large, the response rate to the
questionnaire was more than 80% and loss to follow-up was a
negligible 0·4%(19). In addition, the cancer registry of the study
population was of sufficient quality to reduce the possibility of
misclassification of outcomes. To examine the association
between breast cancer risk and dietary factors, we used the
dietary pattern method to identify the overall dietary habits of our
subjects. This approach is particularly useful when planning
dietary preventive strategies or carrying our nutritional education,
because it considers the overall diet, and therefore encompasses
complex relations, potential interactions and synergetic effects
among nutrients, food and other food components.
Several limitations to the present study warrant mention. First,

principal component analyses require several subjective deci-
sions in determining the number of factors to be retained, the
method of rotation of the initial factors and the labelling of
dietary patterns(18,54). Although the dietary patterns in this study
cannot be compared directly with those of other studies

because of differences in the process, they are similar to those
reported previously among Japanese(55,56). Moreover, we con-
firmed that the validity and reproducibility of the three dietary
patterns derived from subsamples were reasonable(24). Second,
we assessed the usual dietary intake only at one time point, and
long-term dietary changes may not be accurately reflected
during the follow-up period. Third, although we examined and
adjusted for several potential confounders in the statistical
model, the possible effects of confounding by unmeasured
variables and residual confounding cannot be totally discarded.

In summary, we found that a westernised dietary pattern with
high intake of meat, processed meat, bread, dairy products, coffee,
soft drinks, tea, sauces and alcohol was associated with an increase
in the risk of breast cancer in a large sample of Japanese women.
In particular, the increased risk associated with this dietary pattern
was more pronounced among those women with extremely
high intake (top of 4%) of a western diet, those who were post-
menopausal and those with ER+/PR+ tumours. This increased risk
with the western dietary pattern in this cohort study may be due to
the intake of specific combinations of food or food components,
the diet pattern as a whole or other unconsidered characteristics of
individuals who consume this diet. Therefore, these findings may
indicate a potential avenue for public health intervention.
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