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Abstract

Background It has been suggested that the association between body mass index and breast cancer risk dif-
fers between Asian women and Western women. We aimed to assess the associations between body mass index
and breast cancer incidence in East Asian women.

Methods Pooled analyses were performed using individual participant data of 319,189 women from 13 cohort
studies in Japan, Korea, and China. Participants’ height and weight were obtained by measurement or self-reports

at cohort baseline. Breast cancer was defined as code C50.0-C50.9 according to the International Classification. Using
a Cox proportional hazards model, hazard ratios of breast cancer were estimated for each body mass index category,
with the reference group set as the group with a body mass index of 21 to < 23 kg/m? The hazard ratio for a 5 kg/m?
increase in body mass index was also calculated.

Results During a mean 16.6 years of follow-up, 4819 women developed breast cancer. Similar to Westerners,

a steady increase in breast cancer risk with increasing body mass index was observed in postmenopausal women,

but the slope of the risk increase appeared to slow at a body mass index of 26-28 kg/m?. In premenopausal women,
the inverse association seen in Westerners was not observed. The risk of developing breast cancer after 50 years of age
increased slightly with increasing body mass index, which was more pronounced in the older birth cohort. There

was no significant association between body mass index and the risk of developing breast cancer before 50 years

of age, but the risk estimates changed from positive to negative as the birth cohort got younger.

Conclusions In East Asia, the role of body mass index in breast cancer in premenopausal women may be chang-
ing along with the increase in obesity and breast cancer. The increased risk of postmenopausal breast cancer
with a higher body mass index was as robust as that of Western women.
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Background

Breast cancer is the most common female cancer world-
wide [1]. The incidence of breast cancer has been increas-
ing in Asian countries, especially China, Korea, and
Japan, although it remains lower than that in Western
countries [2, 3]. The prevalence of overweight and obe-
sity has also increased over the same period, but the
burden of postmenopausal breast cancer attributable to
overweight is not thought to be high, with estimates of
0.4-2.9% in Japan, 8.2% in Korea, and 5.9-8.8% in China
[4-7]. The burden of premenopausal breast cancer is
unknown.

Obesity is known to be a main risk factor for post-
menopausal breast cancer. Numerous cohort studies have
universally and consistently revealed a positive associa-
tion between body mass index (BMI) and breast cancer
risk in postmenopausal women [8—24], which has been
confirmed in several meta-analyses [25—28]. This is pre-
sumed to be due primarily to the estrogenic effects of
adipose tissue rather than the ovaries in postmenopausal
women [29]. A nonlinear positive association with a pla-
teau in increasing breast cancer risk at higher BMIs has
been suggested in Western women [28], whereas a linear
association has been observed among Asian women, for
whom severe obesity is less common [26].

It has been suggested that the effect of BMI on pre-
menopausal breast cancer differs between Asian women
and Western women [27, 30, 31]; BMI has been inversely
associated with breast cancer incidence in premeno-
pausal women in most Western cohort studies [21, 27,
28, 32-34], but such an association has scarcely been
observed in Asian studies [9-11, 15, 16, 18-20, 26]. A
2014 pooled analysis of 0.2 million women from eight
population-based prospective cohort studies in Japan
suggested a possible positive association between BMI
and breast cancer risk in premenopausal women [26].
However, a 2022 Japanese cohort study of 0.8 million
women and a 2021 Korean cohort study of 6.6 million
women based on data from a health checkup database
managed by the National Health Insurance Service retro-
spectively revealed an inverse association between BMI
and breast cancer incidence in premenopausal women
[14, 35].

Thus, it is necessary to determine whether the posi-
tive association between BMI and breast cancer in
postmenopausal Asian women is linear or nonlin-
ear and whether BMI is positively or inversely associ-
ated with breast cancer in premenopausal women. The
aim of this study was to investigate the role of BMI in
the incidence of breast cancer in premenopausal and
postmenopausal East Asian women using more than
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300,000 individual-level data pooled through the col-
laboration of several cohort studies.

Methods
Study population
This project was conducted by the Asia Cohort Consor-
tium (ACC), an international collaboration involving
more than a million participants across Asia aimed at
elucidating the etiology of various diseases [36, 37]. The
present pooled analysis included twelve population-
based cohorts and one hospital-based cohort, all from
Japan, Korea, and China (Supplementary Table 1). To
pool the data, the relevant cohort investigators pro-
vided the following individual participant data: age, sex,
height, weight, and other confounders such as smoking
status and alcohol consumption at baseline as well as
breast cancer incidence during the follow-up period.
The ACC’s coordinating center harmonized the data.
Women who reported no history of any cancers and/
or had data on height, weight, and menopausal status
were included in the analysis (Supplementary Fig. 1).
After women with a BMI of< 14 kg/m? or>50 kg/m?
were excluded, a total of 319 189 participants were
included in the analysis.

Assessment of exposure
Participants’ height and weight were obtained by either
measurement or self-administered questionnaires at
baseline in each study. BMI was calculated as (weight
in kg)/(height in m)2. In some cohorts with self-reports,
the correlation coefficients between the responses
reported on the questionnaire and the actual measure-
ments were 0.93-0.97 for height, 0.85-0.97 for weight,
and 0.90-0.91 for BMI [38-40]. Other studies for
which validation was unavailable used questions similar
to those for cohorts for which validation was available.
Identical cutoff points for BMI were used for the pooled
data. To examine the association with breast cancer in
finer BMI categories, BMI was divided into the follow-
ing seven categories: < 18.5 kg/m?, 18.5 to <21 kg/m?, 21
to <23 kg/m?, 23 to <25 kg/m?, 25 to<27.5 kg/m?, 27.5
to <30 kg/m? and>30 kg/m? using the cutoff points
recommended by the World Health Organization [41].
Menopausal status data were obtained from the ques-
tionnaire at baseline. Smoking status, alcohol consump-
tion, age at menarche and menopause, parity number,
and age at first delivery were also obtained from the
baseline questionnaire. Details of the definitions of
reproductive factors were described previously [42].
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Outcomes and follow-up

Information on migration and death was obtained from
the residential registry and death certificates. The inci-
dence of cancer was confirmed mainly with reference to
local cancer registries and/or through active patient noti-
fication from major local hospitals. The causes of cancer
were coded according to the International Classification
of Diseases for Oncology (ICD-O-2 or -3) or the Interna-
tional Classification of Diseases and Health Related Prob-
lems, 10th Revision (ICD-10). Breast cancer was defined
as code C50, and the first primary cancer was included in
this study.

Statistical analyses

Hazard ratios (HRs) and 95% confidence intervals (Cls)
of breast cancer incidence were estimated for each BMI
category using a Cox proportional hazards model. Fol-
low-up periods were calculated as the time from baseline
to the date of breast cancer diagnosis, date of death, date
of moving out of the study area, or the end of follow-up,
whichever came first. The reference group was defined
as the group with a BMI ranging from 21 to<23 kg/m?
Tests for a linear trend were performed using the Cox
model with BMIs treated as continuous variables, thereby
providing HRs for every 5-kg/m? increase in BML.

Because some premenopausal women undergo meno-
pause during the follow-up period, additional analyses
focused on breast cancer that developed before or after
menopause among premenopausal women at baseline.
Because no study collected information on menopausal
status after the start of follow-up, 50 years of age, when
approximately 50% of the participants were reported to
be postmenopausal, was used as a proxy cutoff point;
breast cancer was divided into breast cancer that devel-
oped before 50 years of age (early-onset) and breast
cancer that developed after 50 years of age (later-onset).
Then, the HRs for early-onset breast cancer were esti-
mated by censoring the years of observation when par-
ticipants reached 50 years of age. The HRs for later-onset
breast cancer were estimated by using the years of obser-
vation thereafter. Sensitivity analysis was performed
when 45 years of age, at which 16% of the participants
were reported to be postmenopausal, was used as a cutoff
point.

In addition, restricted cubic splines [43] with four
knots placed at the 5th, 35th, 65th, and 95th percentiles
of the BMI were used to delineate the dose-response
relationship between BMI and breast cancer and to test
the nonlinear associations. A BMI of 22 kg/m?* was used
as the spline reference.

After potential risk factors for breast cancer were
identified through a literature review, the confounding
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factors included cohort (13 cohorts), age at enrollment
(years, continuous), smoking status (never, former, or
current smoker), alcohol consumption (non-drinkers or
current drinkers), age at menarche (<10 years, 11-12
years, 13—14 years, 15-16 years, or > 17 years), nulliparity
(yes or no), age at first delivery (<20 years, 21-25 years,
26-30 years, or >31 years), and age at menopause (<44
years, 45—49 years, 50—54 years, or > 55 years; postmeno-
pausal women only). All analyses were adjusted for these
confounders. Dummy variables were created for missing
categorical covariate data.

To evaluate the cohort effect by birth year on the asso-
ciations, the analysis was repeated with the participants
divided into three groups by birth year tertile. Country-
specific associations were also evaluated.

Sensitivity analysis was performed after excluding
patients who were diagnosed with breast cancer in the
first three years because they might have had latent can-
cer at baseline, as well as after excluding one hospital-
based study (Korean National Cancer Center cohort).

All analyses were conducted using SAS version 9.4
(SAS Institute, Inc., Cary, NC). P values were calculated
by a two-sided test.

Results

Among 118,786 premenopausal and 200,403 postmeno-
pausal women at baseline, 2,202 and 2,617 had developed
breast cancer, respectively, during the mean 16.6 years of
follow-up (Supplementary Table 1).

The mean age and BMI at baseline were 43.7 years and
23.0 kg/m?, respectively, for premenopausal women and
60.6 years and 23.5 kg/m? respectively, for postmeno-
pausal women (Table 1). More than 90% of the premeno-
pausal and postmenopausal women were never smokers
and/or had ever given birth.

A higher BMI was associated with an increased risk for
breast cancer among both premenopausal and postmen-
opausal women at baseline (Table 2). In postmenopau-
sal women, spline regression analysis revealed a steady
increase in breast cancer risk with increasing BMI, but
the slope of the increase in risk appeared to decrease as
BMI reached approximately 2628 kg/m? (p for nonlin-
earity=0.01) (Fig. 1b). In premenopausal women, BMI
at baseline was not associated with the risk of develop-
ing breast cancer before 50 years of age, whereas a slight
increase in the risk of developing breast cancer after 50
years of age was observed with increasing BMI (Table 3
and Fig. 1a). The results were essentially unaltered when
45 years of age was used as a cutoff point; the fully mul-
tivariate adjusted HRs per 5-kg/m? increase in BMI were
1.00 (95% CI 0.80-1.25) and 1.11 (95% CI 1.03-1.19) for
breast cancer developed before and after 45 years of age,
respectively.
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Table 1 Characteristics of women at baseline by menopausal

status
n Premenopausal Postmenopausal
women women
118,786 200,403
Age at enrollment, mean, sd  43.7 5.1 60.6 8.1
Body mass index, mean, s.d 23.0 3.1 235 35
Body mass index, n, %
<185 5,862 49% 11,885 5.9%
18.5-<21 27,243 229% 34,326 17.1%
21-<23 32,295 272% 46,852 23.4%
23-<25 26,556 224% 45,963 22.9%
25-<27.5 17,294 14.6% 37,651 18.8%
27.5-<30 6,566 55% 16,091 8.0%
30- 2,970 25% 7,635 3.8%
Smoking status, n, %
Never 104385 919% 164,467 91.2%
Former 1567 14% 3678 2.0%
Current 7598 6.7% 12,198 6.8%
Alcohol consumption, n, %
Non-drinkers 87,553 76.1% 150,976 81.5%
Current drinkers 27444 239% 34,300 18.5%
Age at menarche (years), n, %
<10 257 02% 157 0.1%
11-12 12,330 11.1% 7778 4.4%
13-14 52,410 473% 52,241 29.5%
15-16 35427 320% 71,843 40.5%
>17 10,330 93% 45,165 25.5%
Nulliparity, n, %
No 108,760  94.0% 174919 92.3%
Yes 6961 6.0% 14,623 7.7%
Age at first delivery (years), n, %
<20 4992 47% 23,160 13.6%
21-25 49,110 458% 93919 553%
26-30 43,940 41.0% 43,971 25.9%
>3] 9134 85% 8786 52%
Age at menopause (years), n, %
<44 27,861 16.0%
45-49 62,059 35.5%
50-54 75,850 43.4%
>55 8818 5.1%

s.d. standard deviation

When patients diagnosed with breast cancer during
the first 3 years of follow-up were excluded, none of the
results were substantially altered (Tables 2 and 3). The
exclusion of one hospital-based study also did not change
the associations; the fully multivariate adjusted HRs
of breast cancer for the lowest (<18.5 kg/m?) and high-
est (>30 kg/m?) BMIs were 0.80 (95% CI 0.64—1.00) and
1.71 (95% CI 1.42-2.05), respectively, in postmenopausal
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women. The corresponding HRs were 0.90 (95% CI 0.57—
1.43) and 1.23 (95% CI 0.71-2.13), respectively, for breast
cancer before 50 years of age, and 0.91 (95% CI 0.70-
1.18) and 1.12 (95% CI 0.82-1.52), respectively, for breast
cancer after 50 years of age in premenopausal women.

In premenopausal women, a significant positive associ-
ation between BMI at baseline and the risk of developing
breast cancer after 50 years of age was observed in the
oldest birth cohort, but not in the younger birth cohorts
(Table 4). There was no significant association between
BMI at baseline and the risk of developing breast cancer
before 50 years of age in all birth cohorts, but the risk
estimates changed from positive to negative as the birth
cohort got younger; the HR per 5-kg/m? increase in BMI
was 1.25 (95% CI 0.85-1.84) in women with a birth year
of 1944 or earlier and 0.92 (95% CI 0.76—1.12) in women
with a birth year of 1953 or after. BMI at baseline was
positively associated with the risk of developing breast
cancer after 50 years of age in the Japanese cohorts, while
an inverse association was observed between BMI at
baseline and the risk of developing breast cancer before
50 years of age in the Korean cohorts. A positive associa-
tion between BMI and breast cancer in postmenopausal
women was observed across all birth cohorts and coun-
tries, although the association was weaker in the Korean
cohorts. The oldest cohort was predominantly Japanese,
while the youngest birth cohort consisted mainly of
Korean and Chinese participants.

Discussion

This pooled analysis, including 13 ongoing prospective
cohorts in East Asia, showed that BMI was positively
associated with subsequent risk of breast cancer in both
premenopausal and postmenopausal women.

A 2021 pooled analysis of 20 prospective studies, con-
sisting mainly of Western studies and one Japanese study,
reported a nonlinear positive association with a pla-
teau in increasing postmenopausal breast cancer risk at
a BMI>30 kg/cm? [28]. The present pooled analysis of
Asians revealed a steady increase in breast cancer risk
with increasing BMI in postmenopausal women, but
the slope of the increase in risk appeared to decrease at
a BMI of approximately 26-28 kg/m?> Although nonlin-
ear, the overall risk increase of 32% per 5-kg/m? increase
in BMI was compatible with the results of previous
meta-analyses in Asians [26, 27, 30]. As has been sug-
gested, the magnitude of risk increase may be greater
in Asian women than in Western women [27, 30]. One
reason may be that Asian women are less likely to use
hormone replacement therapy (HRT) than Western
women are. It was reported that only approximately 3%
of Asian women had received HRT [42], whereas approx-
imately 30% of European women had [44]. The positive
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Table 2 The association between body mass index and breast cancer risk in Asian women by menopausal status at baseline

Body mass index at baseline (kg/m?)

<18.5 18.5-<21 21-<23 23-<25 25-<27.5 27.5-<30 30- Trend (per
5 kg/m?)

HR (95% Cl) HR (95% Cl) HR HR (95% Cl) HR (95% Cl) HR (95% ClI) HR (95% ClI) HR (95% ClI) p
Premenopausal women
Number of par- 5,862 27,243 32,295 26,556 17,294 6,566 2,970
ticipants
Person-years 115,078 509,956 589,871 483,623 315,679 119,619 53,686
Number 92 470 578 496 370 135 61
of cases
Crude rate (per  79.95 92.16 97.99 102.56 117.21 112.86 113.62
100,000)
Age- 0.86 (0.69-1.07) 0.97 (0.86-1.10) 1 (ref) 1.01 (0.89-1.14) 1.12(0.99-1.28) 1.07(0.89-1.29) 1.11(0.85-1.44) 1.08(1.01-1.16) 0.02
and study-

adjusted (HR1)

Multivariate- 0.86 (0.69-1.07) 0.97 (0.86-1.10) 1 (ref) 1.01 (0.90-1.14) 1.13(0.99-1.28) 1.07(0.89-1.29) 1.11(0.85-1.44) 1.08(1.01-1.16) 0.02
adjusted (HR2)?

Multivariate- 0.83(0.67-1.04) 0.96 (0.85-1.08) 1 (ref) 1.01(0.90-1.14) 1.13(0.99-1.29) 1.08(0.89-1.30) 1.11(0.85-1.44) 1.09(1.02-1.17) 0.01
adjusted (HR3)®

(Excluding cases within 3 years)

Multivariate- 0.85 (0.66-1.08) 0.93 (0.81-1.07) 1 (ref) 1.01(0.89-1.16) 1.13(0.98-1.30) 1.13(0.93-1.38) 1.03(0.77-1.39) 1.10(1.02-1.18) 0.01
adjusted (HR2)?

Multivariate- 0.82 (0.64-1.05) 0.92 (0.80-1.05) 1 (ref) 1.01(0.89-1.16) 1.14(0.99-1.31) 1.15(0.94-1.40) 1.03(0.77-1.39) 1.11(1.03-1.20) 0.005
adjusted (HR3)P

Postmenopausal women

Number of par- 11,885 34,326 46,852 45,963 37,651 16,091 7,635

ticipants

Person-years 167,878 526,765 734,224 727835 595,491 254,248 117,526

Number 98 331 526 669 564 276 153

of cases

Crude rate (per 5838 62.84 71.64 91.92 94.71 108.56 130.18

100,000)

Age- 0.83(0.67-1.03) 0.89(0.77-1.02) 1 (ref) 1.26 (1.12-141) 127(1.13-143) 140(1.21-1.62) 1.64(1.37-1.96) 1.28(1.21-1.35) <0.001
and study-

adjusted (HR1)

Multivariate- 0.83(0.67-1.03) 0.89(0.77-1.02) 1 (ref) 126(1.12-141) 127 (1.13-144) 140(1.21-162) 1.64(137-1.97) 1.28(1.22-1.35) <0.001
adjusted (HR2)?

Multivariate- 0.80 (0.64-1.00) 0.87 (0.76-1.00) 1 (ref) 127 (1.13-142) 130(1.15-1.46) 143 (1.24-1.66) 1.72(1.43-2.06) 132(1.25-1.39) <0.001
adjusted (HR4)

(Excluding cases within 3 years)

Multivariate- 0.80 (0.63-1.02) 0.87 (0.75-1.02) 1 (ref) 122(1.08-139) 1.28(1.12-146) 146(1.24-1.71) 1.72(1.42-2.10) 131(1.24-1.39) <0.001
adjusted (HR2)?

Multivariate- 0.77 (0.60-0.99) 0.85 (0.73-1.00) 1 (ref) 1.23(1.08-140) 1.31(1.14-149) 1.50(1.28-1.75) 1.80(1.48-2.19) 1.35(1.27-143) <0.001
adjusted (HR4)"

HR hazard ratio, C/ confident interval, ref reference

2 Estimated hazard ratio after adjustments for age at enrollment (continuous), study (13 cohorts), smoking status (never, former, current smokers), and alcohol
consumption (non-drinkers or current drinkers)

b Estimated hazard ratio after adjustments for age at enroliment (continuous), study (13 cohorts), smoking status (never, former, current smokers), alcohol
consumption (non-drinkers or current drinkers), age at menarche (< 10y, 11-12y, 13-14y, 15-16 y,> 17 y), nulliparity (yes, no), and age at first delivery (<20y, 21-25
y,26-30y,>31y)

¢ Estimated hazard ratio after adjustments for age at enrollment (continuous), study (13 cohorts), smoking status (never, former, current smokers), alcohol
consumption (non-drinkers or current drinkers), age at menarche (< 10y, 11-12y, 13-14y, 15-16 y,> 17 y), nulliparity (yes, no), age at first delivery (<20y, 21-25y,
26-30y,>31y), and age at menopause (<44 y, 45-49y, 50-54y,>55y)

association between BMI and breast cancer in postmeno- The potential biological mechanism underlying this
pausal women has been reported to be stronger among  association may be related to estrogen. After estro-
never HRT users than ever HRT users [22, 23, 25,27,28].  gen production in the ovary decreases, adipose tissue
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a) Premenopausal women at baseline

a-1. Breast cancer that developed before 50 years of age

p for nonlinearity=0.33

Hazard ratio of breast cancer
p
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BMI at baseline (kg/m?)
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a-2. Breast cancer that developed after 50 years of age
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b) Postmenopausal women at baseline
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CI: confidence interval.
Fig. 1 Spline regression curves for the association between body
mass index and breast cancer risk by menopausal status at baseline

and age at diagnosis.

becomes the primary source of estrogen in postmeno-
pausal women [29]. The positive association between
BMI and breast cancer risk in postmenopausal women
has been shown to be more pronounced for estrogen
receptor-positive (ER+) and progesterone receptor-pos-
itive (PR +) tumors [16, 24, 25, 28].

In contrast with the inverse association between BMI
and breast cancer risk observed mainly in premenopausal
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Western women [34], this pooled analysis of premeno-
pausal Asian women revealed a positive association, sim-
ilar to the results of a previous pooled analysis in Japan
(eight studies in our analyses overlapped with the pooled
analysis) [26]. This positive association was attributed to
an increase in the risk of breast cancer that developed
after 50 years of age, suggesting that this may be due pri-
marily to the effect of BMI carried over after menopause.
The positive association with BMI was weaker compared
with postmenopausal women. This may be because the
postmenopausal period before breast cancer diagno-
sis was shorter in premenopausal women (average age
at diagnosis: 60 years) than in postmenopausal women
(average age at diagnosis: 70 years). The association
between BMI and breast cancer risk has been reported to
become stronger with increasing age [27, 45].

There was no significant association between BMI
and breast cancer that developed before 50 years of
age. The reason for the lack of an inverse association in
Asian women is unclear. One possible explanation may
be the lower prevalence of overweight or obese Asian
women [46, 47], especially severely obese women, who
are more prone to anovulation and result in lower expo-
sure to estrogen [48, 49]. However, in Western women,
the inverse association was observed even in the range of
BMI less than 30 kg/cm? The difference in risk between
Western and Asian women with the same BMI may be
due to BMI in young adulthood in the twenties or earlier.
Lower early-adult BMI has been reported to be associ-
ated with an increased risk of breast cancer in Asian and
Western women [17, 28, 33, 34, 50]. It is likely that the
Asian women included in this pooled analysis had much
lower early-adult BMI than Western women. Another
possibility is that Asian women might have a lower inci-
dence of ER+ or PR+ breast cancer [51], which has been
implicated in the reduced risk associated with a higher
BMI in premenopausal women [16, 25, 28, 33, 51]. Other
factors might include race, ethnicity, and obesity-related
lifestyles.

Moreover, the current pooled analysis suggested a
positive association between BMI and breast cancer in
premenopausal women among Japanese and an inverse
association among Koreans. All the Japanese cohorts
were population-based studies, whereas the Koreans
included one hospital-based study. The Japanese cohorts
had a baseline in the 1980s and the early 1990s, whereas
the Korean cohorts included data of the 2000s or later.
In addition, two larger-scale retrospective cohort studies
in Japan and Korea, conducted in the 2000s to the 2010s
with shorter follow-up periods and likely composed of
health-conscious participants, suggested an inverse asso-
ciation [14, 35]. Furthermore, the current study revealed
that a positive association between BMI and the risk of
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Table 3 The association between body mass index and breast cancer by age at diagnosis in premenopausal women at baseline

Body mass index at baseline (kg/m?)

<18.5 18.5-<21 21-<23 23-<25 25-<27.5 27.5-<30 30- Trend (per 5 kg/m?)
HR (95% Cl) HR (95% Cl) HR HR (95% Cl) HR (95% Cl) HR (95% Cl) HR (95% Cl) HR (95% Cl) p
Breast cancer that developed before 50 years of age
Number of par- 5,571 25,518 29,294 23,556 14,804 5,566 2484
ticipants
Person-years 48,597 194,531 197,523 146,036 86,777 31,975 14,699
Number 24 160 161 122 91 26 15
of cases
Crude rate (per  49.39 82.25 81.51 83.54 104.87 81.31 102.05
100,000)
Age-and study- 0.85(0.55-1.31) 1.15(0.92-1.43) 1 (ref) 0.97(0.77-123) 1.19(0.92-1.54) 092 (0.61-139) 1.19(0.70-2.02) 1.02(0.89-1.17) 0.80
adjusted (HR1)
Multivariate- 0.84 (0.55-1.29) 1.14(0.92-1.42) 1 (ref) 097(0.77-1.23)  1.19(0.92-154) 091 (0.60-1.38) 1.18(0.69-2.00) 1.02(0.89-1.17) 0.78
adjusted (HR2)?
Multivariate- 0.84 (0.55-1.30) 1.15(0.92-1.43) 1 (ref) 0.97(0.77-1.23) 1.19(0.92-1.54) 091 (0.60-1.37) 1.18(0.69-2.00) 1.02(0.89-1.16) 0.81
adjusted (HR3)®
(Excluding cases within 3 years)
Multivariate- 0.80 (0.44-1.48) 1.02(0.75-1.40) 1 (ref) 0.93(0.67-1.30) 1.09(0.75-1.59) 1.13(0.66-1.93) 0.65(0.24-1.77) 1.02 (0.84-1.23) 0.86
adjusted (HR2)?
Multivariate- 0.80 (0.44-1.48) 1.02(0.75-1.40) 1 (ref) 093 (067-1.30) 1.10(0.76-1.60) 1.13(0.66-1.93) 0.66 (0.24-1.80) 1.02(0.84-1.24) 0.84
adjusted (HR3)P
Breast cancer that developed after 50 years of age
Number of par- 5147 24,698 29,973 25,109 16,544 6263 2806
ticipants
Person-years® 66,481 315,425 392,348 337,587 228,903 87,644 38,987
Number 68 310 417 374 279 109 46
of cases
Crude rate (per  102.28 98.28 106.28 110.79 121.89 12437 117.99
100,000)
Age- and study- 0.94 (0.72-1.22) 0.91(0.79-1.06) 1 (ref) 1.03(0.90-1.19) 1.14(0.98-1.32) 1.15(0.93-142) 1.09(0.80-1.48) 1.10(1.02-1.19) 0.02
adjusted (HR1)
Multivariate- 094 (0.73-1.23) 092 (0.79-1.06) 1 (ref) 1.03(0.90-1.19) 1.14(0.98-1.33) 1.15(0.93-142) 1.10(0.81-1.49) 1.10(1.02-1.19) 0.02
adjusted (HR2)?
Multivariate- 0.90 (0.69-1.16)  0.90 (0.78-1.04) 1 (ref) 1.04(091-120) 1.16(0.99-1.35) 1.17(0.94-144) 1.10(0.81-149) 1.12(1.04-1.21) 0.004
adjusted (HR3)®
(Excluding cases within 3 years)
Multivariate- 094 (0.72-1.22)  0.93(0.80-1.08) 1 (ref) 1.04(0.90-1.20) 1.17(1.01-1.37) 1.18(0.95-1.46) 1.11(0.81-1.52) 1.11(1.03-1.20) 0.009
adjusted (HR2)?
Multivariate- 0.89 (0.68-1.16) 091 (0.79-1.06) 1 (ref) 1.05(091-121) 1.19(1.02-1.39) 1.19(0.96-148) 1.11(0.81-1.52) 1.13(1.05-1.22) 0.002

adjusted (HR3)®

HR hazard ratio, C/ confident interval

2 Estimated hazard ratio after adjustments for age at enrollment (continuous), study (13 cohorts), smoking status (never, former, current smokers), and alcohol

consumption (non-drinkers or current drinkers)

b Estimated hazard ratio after adjustments for age at enroliment (continuous), study (13 cohorts), smoking status (never, former, current smokers), alcohol
consumption (non-drinkers or current drinkers), age at menarche (< 10y, 11-12y, 13-14y, 15-16 y,> 17 y), nulliparity (yes, no), and age at first delivery (<20y, 21-25

y,26-30y,>31y)
¢ Follow-up period after 50 years of age

developing breast cancer after 50 years of age was more
pronounced in the older birth cohort, and the association
between BMI and the risk of developing breast cancer
before 50 years of age changed from positive to inverse as
the birth cohort became younger. Although we were una-
ble to distinguish the effect by birth cohort or country,

the association between BMI and breast cancer in pre-
menopausal Asian women might be moving towards an
inverse association like that in Western women, given
that newer Asian generations show a greater preva-
lence of obesity starting in childhood with Westerniza-
tion. Further investigations will be needed in the form
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of prospective Asian studies of these newer generations
with longer follow-up periods.

The strengths of this study include the large num-
ber of participants from Japan, Korea, and China. Each
study had a long follow-up period as well as informa-
tion on several confounders. Because only cohort stud-
ies were included in the pooled analysis, the recall bias
of exposure should be minimal. Unlike with meta-anal-
yses of published studies, common approaches for expo-
sures, outcomes, covariates, and statistical models were
applied to the pooled data, and publication bias is con-
sidered limited because of the inclusion of studies that
have not previously been published on the association.
Although self-reported height and weight data were used
in the Japanese cohort studies, the validity was high, and
Japanese people are suggested to be more accurate in
reporting their weight and height compared with other
populations [52]. Although BMI at baseline might have
changed due to preclinical signs, the exclusion of patients
during the first three years of follow-up did not change
the results.

Several limitations should be considered. None of the
analyzed studies obtained information on menopausal
status after the start of follow-up. Although 50 years of
age was used as a proxy cutoff point, some misclassifica-
tion might have occurred. However, sensitivity analyses
using another cutoff point did not substantially change
the results. Because information on exposures and con-
founders was obtained only at baseline, changes during
follow-up were not considered. The lack of information
on tumor subtypes, including ER, PR, and human epi-
dermal growth factor receptor 2 (HER2), as well as expe-
rience with HRT, was also a limitation because these
factors might modify the association between BMI and
breast cancer risk. The possibility of residual confound-
ing could not be fully ruled out even after accounting for
several factors.

Conclusions

This pooled analysis of prospective studies in Japan,
Korea, and China confirmed increased risks of breast
cancer among postmenopausal women with higher BMIs.
In premenopausal women, the association between BMI
and the risk of breast cancer tended to be positive in the
older birth cohorts and inverse in the younger cohorts. In
Asia, the role of BMI in breast cancer in premenopausal
women may be changing along with the increase in obe-
sity and breast cancer. New-generation prospective Asian
studies with longer follow-up periods warrant further
investigation. Understanding changes in the association
over time will help to elucidate the mechanism by which
obesity contributes to the etiology of breast cancer.
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