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Abstract

Background The birth cohort effect has been suggested to influence the rate of breast cancer incidence

and the trends of associated reproductive and lifestyle factors. We conducted a cohort study to determine
whether a differential pattern of associations exists between certain factors and breast cancer risk based on birth
cohorts.

Methods This was a cohort study using pooled data from 12 cohort studies. We analysed associations

between reproductive (menarche age, menopause age, parity and age at first delivery) and lifestyle (smoking

and alcohol consumption) factors and breast cancer risk. We obtained hazard ratios (HRs) with 95% confidence inter-
vals (Cls) using the Cox proportional hazard regression analysis on the 1920s, 1930s, 1940s and 1950s birth cohorts.

Results Parity was found to lower the risk of breast cancer in the older but not in the younger birth cohort, whereas
lifestyle factors showed associations with breast cancer risk only among the participants born in the 1950s. In

the younger birth cohort group, the effect size was lower for parous women compared to the other cohort groups
(HR [95% Cl] 0.86 [0.66—1.13] compared to 0.60 [0.49-0.73], 0.46 [0.38-0.56] and 0.62 [0.51-0.77]). Meanwhile, a higher
effect size was found for smoking (1.45 [1.14-1.84] compared to 1.25 [0.99-1.58], 1.06 [0.85-1.32] and 0.86 [0.69-1.08])
and alcohol consumption (1.22 [1.01-1.48] compared to 1.10 [0.90-1.33], 1.15 [0.96-1.38], and 1.07 [0.91-1.26]).

Conclusion We observed different associations of parity, smoking and alcohol consumption with breast cancer risk
across various birth cohorts.
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Key messages
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There are associations between reproductive factors and breast cancer risk.
There are associations between smoking and alcohol consumption and increased breast cancer risk among Asian

women.

There are differential patterns of parity, age at first delivery and smoking status across birth cohorts.
Reproductive risk factors were more apparent in the older birth cohorts, whereas smoking and alcohol consump-

tion were only notable in the younger generation.

Keywords Breast cancer, Birth cohort, Reproductive factors, Lifestyle factors, Women, Asia, Background

Breast cancer is reportedly the most commonly diag-
nosed type of cancer worldwide and the leading cause
of cancer mortality among women [1, 2]. Although the
incidence rate in Asia has been rather low historically,
recent trends showed that it is rapidly increasing in sev-
eral Asian countries, including Japan, China and Korea,
with the rates now approaching 76.3, 39.1 and 64.2 (per
100,000 women), respectively, in these countries [3, 4].
The change in secular breast cancer trends in Asia has
been attributed to birth cohort effects by some previous
studies [5—8].

Reproductive factors, including menarche age, par-
ity, age at first delivery and menopause age, and lifestyle
factors, such as smoking, are widely known as important
considerations in the assessment of breast cancer risk [9].
Similar to those of breast cancer, secular trends of repro-
ductive and lifestyle factors have also been observed in
previous studies, for example, a decrease in menarche
age [10, 11], an increase in menopause age [12, 13], a
decrease in parity number [12] and an increase in the
proportion of women who smoke [10]. Given that both
breast cancer incidence and its determinants have been
suggested to show notable trends based on birth cohorts,
the associations between certain factors and breast can-
cer risk may also differ according to the birth cohort.

Therefore, we conducted a cohort study to determine
whether a difference exists in the associations between
reproductive and lifestyle factors and breast cancer risk
according to birth cohorts using a large sample of the
Asian population from 12 prospective cohort studies
from China, Japan and Korea.

Methods

Study design and population

This cohort study was conducted based on the Asia
Cohort Consortium (ACC), an international collabo-
rative project to combine existing cohorts across Asia
that currently involves more than a million participants.
A more detailed description of the ACC has been given
in previous articles [14]. Among all the participating

cohorts in the ACC, 12 cohorts that had agreed to par-
ticipate in this study were included. These cohorts were
from China, Japan and Korea, comprising the following
studies: Shanghai Women’s Health Study (SWHS) [15],
Japan Public Health Centre-based Prospective Study I
and II (JPHC I and JPHC II) [16, 17], Japan Collaborative
Cohort Study (JACC) [18], Life Span Study Cohort (LSS)
[19], Miyagi Cohort Study (Miyagi) [20], Ohsaki National
Health Insurance Cohort Study (Ohsaki) [20], Korean
National Cancer Centre Cohort (KNCC) [21], Takayama
Study [22], Three Prefecture Cohort Study Miyagi (3 Pref.
Miyagi) [23], Korean Multi-center Cancer Cohort Study
(KMCC) [24], and The Namwon Study (Namwon) [25].

All data harmonisation was performed centrally by the
ACC coordinating centre. The centre sent the details of
the data processing method to each cohort so that the
data could be processed following the same method and
then sent back to the coordinating centre. After verifying
the data content, the ACC coordinating centre organised
and pooled all the data. After signing an agreement form,
investigators could access and analyse the data using
remote access to a virtual private network or the com-
puter at the National Cancer Center in Tokyo, Japan. A
working group was created to process and derive the nec-
essary reproductive variables to ensure that investigators
had standardised variables and used the data appropri-
ately. Detailed information on the cleaning of the repro-
ductive variables by the working group has been given in
another article [26].

Of the 583,334 participants from the 12 cohorts, men
(n=229,465) and participants with missing informa-
tion on sex (n=6) were excluded; thus, 353,863 women
remained. Further exclusions were made for participants
with missing information on age (n=2416), pregnancy
status or number of deliveries or parity (n=37 305), fol-
low-up duration (n=1465), as well as those with a follow-
up duration of less than 0 days (n=>53). Finally, 311,955
participants were included in this study, including 4581
breast cancer cases. A flow chart of participant selec-
tion is presented in Fig. 1, and the details of participant
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Source of Population
ACC participants
(N =583 334)

Women participants
n =353 863

A 4

Final participants
n =311 955

Fig. 1 Participants selection

selection from each cohort study are provided in Addi-
tional file 1: Table S1. Although a large number of par-
ticipants were excluded because of missing information,
most of the basic characteristics did not show large dif-
ferences between excluded and included participants in
the evaluation of the standardised differences (absolute
value<0.5), except for the number of children (Addi-
tional file 1: Table S2) [27].

The pooled analysis of the ACC cohorts was approved
by the ethics committee of the National Cancer Centre
Japan (number 2014-041), and each participating study
was approved by the respective overseeing ethics com-
mittee. Informed consent was previously collected from
the participants before each cohort study. All methods
included in the present study were performed in accord-
ance with relevant guidelines and regulations.

Exposure and outcome

The exposure in this study consisted of reproductive
factors (menarche age, parity, age at first delivery and
menopause age) and lifestyle factors (smoking and alco-
hol consumption), which were collected by self-report
questionnaire in each cohort study. Menarche age was
grouped into<13, 13-14, 15-16 and>17 vyears; par-
ity was grouped into nulliparous and parous; age at first
delivery was grouped into <20, 21-25, 26-30, > 30 years

Men (n = 229 465) and missing information on gender (n=6)

¢ Missing information on age (n = 2416)

¢ Missing information on pregnancy status or number of delivery or parity (n =37 305)
¢ Missing information on follow-up duration (n = 1 465)

e Follow-up duration less than 0 days (» = 53)
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Exclusion:

Exclusion:

and nulliparous; and menopause age was grouped
into <45, 45-49, 50-54 and >55 years. Smoking status
was defined as never and ever smokers and alcohol con-
sumption was defined as non-current drinkers and cur-
rent drinkers, with non-current drinkers comprising both
participants who never drank and past drinkers.

The reproductive working group in the ACC was
responsible for harmonising and cleaning the repro-
ductive variables. Missing data for menopausal status
was inputted as post-menopause if there was informa-
tion on the age of menopause or if the baseline age was
more than 54 years, as pre-menopause if the baseline age
was less than 44 years, and as missing or unknown if the
baseline age was 45-53 years. Furthermore, the plausi-
ble range of age at menarche was defined as 10-23 years,
menopause age as 20 years or more, and age at first deliv-
ery as 10—49 years. Responses outside these ranges were
considered implausible and thus treated as missing.

Breast cancer cases were defined with reference to the
International Classification of Diseases for Oncology as
codes C50.0-50.9 by each cohort study through linkages
with the cancer registries. Most of the cancer registries
from the participating countries meet the inclusion cri-
teria of high-quality cancer registries and have been pub-
lished in the Cancer Incidence in Five Continents by The
International Agency for Research on Cancer [28]. The
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follow-up duration was defined as the interval between
the entry date and the breast cancer incidence date for
cases or the last follow-up date for non-cases.

Statistical analysis

Cox proportional hazard regression analysis was per-
formed to obtain the hazard ratio (HR) with a 95% confi-
dence interval (CI) for the overall breast cancer risk from
the pooled data by adjusting for baseline age and age
at first delivery in model 1 and baseline age, age at first
delivery and cohort studies in model 2. Considering the
potential heterogeneity and effects of each study’s quality
and size, a meta-analysis of the dataset was performed to
assess whether the results from both analyses were com-
parable. Heterogeneity was evaluated using the Cochran
Q and Higgins I* tests; P<0.1 or 12<50% indicated a sig-
nificant difference [29].

A stratified analysis according to the birth cohort
from the pooled data was performed by categorising the
participants’ birth year into four groups: 1920s or ear-
lier, 1930s, 1940s and 1950s or later. The HR for breast
cancer risk in each birth year group was adjusted for
baseline age, age at first delivery and cohort. The birth
cohort groups in the participating cohort studies were
not equally distributed; thus, the pooled analysis results
might be weighted toward particular cohort studies.
Therefore, as for the overall analysis, a meta-analysis
was performed to determine whether the obtained risks
in each birth cohort were consistent with the results of
the stratified analysis of the pooled data. Additionally,
the standardised difference between the included and
excluded participants was assessed and stratified analyses
by menopausal status and country were performed. The
analysis of alcohol consumption only included 11 cohorts
and excluded one cohort (Takayama Study) due to data
unavailability. All analyses were performed using Stata
version 16.0 software (Stata Corporation, College Station,
TX).

Results

Overall pooled analysis

Among 311,955 participants (mean [standard deviation]
age 54.2 [10.7] years), 4581 breast cancer cases were con-
firmed during a mean of 16.5 years of follow-up, and the
mean age at diagnosis was 61.9 years (Table 1). Details
of the distributions of baseline characteristics in each
cohort are presented in Additional file 1: Table S3. Table 2
shows that there was an increased risk of breast cancer
among participants with a younger menarche age (HR
[95% CI] 1.17 [1.06-1.29] for 15-16 years, 1.34 [1.22—
1.48] for 13-14 years and 1.41 [1.23-1.61] for< 13 years
compared to those>17 years in model 2). Compared to
the group aged 50-54 years, a younger menopause age
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was associated with a decreased risk of breast cancer
(0.84 [0.76-0.93] for 45-49 years and 0.82 [0.72-0.94]
for <45 years). Furthermore, breast cancer risk was lower
among parous women than nulliparous women (0.61
[0.55-0.68]). Compared to the group aged 21-25 years
at first delivery, the younger age group showed a lower
risk of breast cancer (0.79 [0.69-0.90]); meanwhile, the
older groups and nulliparous group showed a higher
risk of breast cancer (1.24 [1.15-1.33] for 26—30 years,
1.52 [1.37-1.70] for>30 years and 1.76 [1.58—1.97] for
nulliparous). Participants who were ever smokers (1.13
[1.01-1.26]) and those who were current alcohol drinkers
at baseline (1.15 [1.05-1.26]) also showed a higher risk of
breast cancer.

The results of the meta-analysis of the association
between each variable and breast cancer risk showed
no notable heterogeneity except for the analysis of par-
ity (P value of Q test=0.02 and 12=52%). However, the
random effects model result (0.58 [0.50—0.67]) was com-
parable to the pooled analysis result (Additional file 1:
Figures S1-S5).

Breast cancer risk according to birth cohorts

The results of the stratified analysis by birth cohort
showed associations between reproductive factors and
breast cancer risk among participants who were born in
the 1920s or earlier, 1930s (except for menopause age)
and 1940s, with the same directions as the overall anal-
ysis. However, no association was identified between
smoking and alcohol consumption and breast cancer
risk among these birth cohorts. Among the participants
born in the 1950s or later, associations between smoking
(1.45 [1.14-1.84]) and alcohol consumption (1.22 [1.01—
1.48]) and a higher risk of breast cancer were observed.
Furthermore, in this younger birth cohort, a menarche
age<13 years (1.30 [1.01-1.68]) and age at first deliv-
ery>30 years (1.31 [1.08-1.60]) were also observed to
increase the risk of breast cancer.

For some factors, the observed effect sizes for breast
cancer risk varied across the birth cohorts. For a younger
menarche age, the HRs for breast cancer varied between
1.24 and 1.55 (<13 years), and between 1.12 and 1.47
(13-14 years). HRs for breast cancer appeared to be
between 0.65 and 0.98 for a menopause age<45 years,
0.75 and 1.24 for a menopause age of 45-49 years, and
0.79 and 2.66 for a menopause age>55 years. Further-
more, the HRs for breast cancer among parous women
fell between 0.46 and 0.86. Regarding older age at first
delivery, the HRs varied between 1.07 and 1.44 for those
aged 26-30 years and 1.31 and 1.77 for ages>30 years.
Among ever smokers, the HRs were between 0.89 and
1.46.
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Table 1 Baseline characteristics of participants based on birth cohort group

Total N (%) <1920sN (%) 1930sN (%) 1940sN (%) >1950sN (%) Pvalue
311,955 71,689 (23.0) 92,643 (29.7)  80,775(259) 66,848 (21.4)
Breast cancer cases 4581 (1.5) 707 (1.0) 1279 (14) 1385 (1.8) 1210(1.8) <0.001
Baseline year (min—-max) 1993-2015 1993-2007 1993-2013 1993-2014 1993-2015 <0.001
Follow-up duration (years, mean +SD) 16.5+6.6 154+84 17.1+64 178+58 154+49 <0.001
Follow-up duration among breast cancer cases (years, 10.2+6.6 11.7+85 104+6.6 104+63 89+53 <0.001
mean +SD)
Age at baseline (years, mean) 542+10.7 65.3+9.3 577472 488+7.0 4401453 <0.001
Age at baseline among breast cancer cases (years, mean) 517493 60.9+9.8 573+76 488+6.3 440+38 <0.001
Age at diagnosis of breast cancer cases (years, mean) 61.9+104 72.6+9.1 67.6+83 592+76 52.8+6.0 <0.001
Menopausal status <0.001
Premenopausal 103,195 (33.1) 4206 (5.9) 7960 (8.6) 40,040 (49.6) 50,989 (76.3)
Postmenopausal 194,390 (62.3) 66,276 (92.5) 81,975 (885) 35031(434) 11,108 (16.6)
Unknown 14,370 (4.6) 1207 (1.7) 2708 (1.68) 5704 (7.6) 4751 (7.1)
Age at menarche <0.001
<13 years 19,766 (6.3) 2074 (2.9) 3451 (3.7) 7777 (9.6) 6464 (9.7)
13-14 years 102,516 (32.9) 16,314 (22.8) 25509 (27,5) 34,057 (42.2) 26,636 (39,9)
15-16 years 107,179 (34.4) 26,198 (36.5) 34,547 (37.3) 24/411(30.2) 22,023(329)
17 +years 55,673 (17.8) 16,306 (22.8) 21,726 (23.5) 9641 (11.9) 8000 (12.0)
Missing 26,821 (8.6) 10,797 (15,1) 7410 (8,0) 4889 (6,1) 3725 (8.6)
Age at menopause® <0.001
<45 years 28,040 (14.4) 7633 (11.5) 10,080 (12.3) 6745 (19.3) 3582 (32.3)
45-49 years 61,684 (31.7) 17,886 (27.0) 26,928 (329) 13,631(389) 3239(29.2)
50-54 years 74,612 (384) 25,241 (38.1) 34,748 (424) 11,581 (33.1) 3042 (274)
55+years 8711 (45) 3588 (5.4) 3680 (4.5) 1112 (3.2) 331(3.0)
Missing 21,343 (11.0) 11,928 (18.0) 6539 (8.0) 1962 (5.6) 914 (8.2)
Parity <0.001
Nulliparous 290,865 (93.2) 63,542 (88.6) 87,281(94,2) 76,141 (943) 63,910 (96.6)
Parous 21,090 (6.8) 8147 (11.4) 5362 (5.8) 4634 (5.7) 2947 (4.4)
Number of children <0.001
0 12,601 (4.0) 3201 (4.5) 3460 (3.7) 2993 (3.7) 2947 (4.4)
1-2 148,522 47,611  13,915(194) 36444 (39.3) 44,686 (55.3) 53,477 (80.0)
3-4 93,958 [30, 1] 23,267(32.5) 36,507 (394) 24,684 (30.6) 9500 (14.2)
5+ 26,601 (8.5) 12,180 (17.0) 9934 (10.7) 3830 (4.7) 657 (1.0)
Missing 30,273 (9.7) 19,126 (26,7) 6298 (6.8) 4582 (5.7) 267 (0.4)
Age at first delivery (%) <0.001
<20 years 28,979 (9.3) 9027 (12.6) 12,580 (13.6) 5582 (6.9) 1790 (2.7)
21-25 years 146,015 (46.8) 35,408 (49.4) 47325(51.1)  42,575(52.7) 20,707 (31.0)
26-30 years 90,182 (28.9) 13411 (18.7) 21,087 (22.8) 22275 (27.6) 33,409 (49.98)
> 30 years 18,275 (5.9) 3000 (4.2) 3955 (4.3) 4227 (5.2) 7093 (10.6)
Nulliparous 21,090 (6.8) 8147 (11.4) 5362 (5.7) 2947 (4.4) 21,090 (6.8)
Breastfeeding among parous <0.001
Yes 103,181 (35.5) 14,744 (23.2) 36,073 (41.3) 30419 (40.0) 21,945 (34.3)
No 15,828 (5.4) 860 (1.4) 4084 (4.7) 6403 (8.4) 4481 (7.0)
Missing 171,856 (59.1) 47,938 (754) 47,124 (5400 39319(51,6) 37475(58.7)
Smoking status <0.001
Never 264,230 (84.7) 53,881 (75.2) 77,561 (83.7) 70,847 (87.7) 61,941(92.7)
Ever 23,058 (7.4) 6842 (9.5) 6555 (7.1) 5945 (7.4) 3716 (5.6)
Missing 24,667 (7.9) 10,966 (15.3) 8527 (9.2) 3983 (4.9) 1191 (1.8)
Alcohol drinking <0.001
Non-drinker® 208,535 (66.9) 48,200 (67.2) 60,066 (64.8) 50,061 (62.0) 50,208 (75.1)
Current drinker 53,682 (17.2) 11,320 (15.8) 14,304 (154) 16,074 (19.9) 11,984 (17.9)

Missing 49,738 (15.9) 12,169 (17.0) 18,273 (19.7) 14,640 (18,1) 4656 (7.0)
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?The result regarding menopause age was based on the analysis of post-menopausal women

b The non-drinker category of alcohol consumption included both participants who never drank alcohol and ex-drinkers

P value comparisons across class categories are based on the chi-square test for categorical variables; P values for continuous variables are based on ANOVA

Table 2 Associations of reproductive factors, smoking status and alcohol consumption with breast cancer risk

Overall Birth cohorts
HR'(95% CI)  HR?(95%CI)  <1920s HR? 1930s HR2 1940s HR2 >1950s HR? Heterogeneity Test
(95% Cl) (95% CI) (95% CI) (95% CI)
P-value (Q test) I?
Menarche age
<13 years 1.30(1.14-1.49) 141 (1.23-161) 155(1.03-233)  1.54(1.17-204) 1.24(095-1.60) 1.30(1.01-1.68) 0.62 0%
13-14 years 1.33(1.20-1.46) 134(1.22-148) 147(1.17-1.84)  1.27(1.08-1.50) 142 (1.16-1.75) 1.12(0.91-1.38) 0.28 22%
15-16 years 1.19(1.08-1.31) 1.17(1.06-1.29) 1.07(0.86-1.34)  1.23(1.05-144) 1.18(0.96-146) 1.06 (0.87-1.31) 0.63 0%
17 +years Reference Reference Reference Reference Reference Reference
(cont) 0.95(0.93-0.96) 0.94(0.92-0.96) 0.91(0.86-0.95)  0.95(0.92-0.98)  0.95(0.92-0.98)  0.96 (0.93-1.00) 0.29 20%
Menopause age®
<45 years 0.85(0.74-0.96) 0.82(0.72-0.94) 0.65(0.48-0.87) 098 (0.81-1.19)  0.87 (0.67-1.14) 092 (0.44-1.91) 0.15 43%
45-49 years 0.90 (0.82-0.99) 0.84 (0.76-0.93) 0.75(0.61-0.92) 091 (0.79-1.04)  0.80(0.66-0.98)  1.24(0.69-2.22) 0.22 32%
50-54 years Reference Reference Reference Reference Reference Reference
>55 years 1.10(0.90-1.35) 1.11(0.91-1.35) 0.79(0.52-1.19)  1.21(0.93-1.59) 1.32(0.80-2.18)  2.66 (0.98-7.21) 0.10 53%
Parity
Nulliparous Reference Reference Reference Reference Reference Reference
Parous 048 (0.43-0.53) 061 (0.55-0.68) 0.60 (0.49-0.73) 046 (0.38-0.56) 0.62(0.51-0.77)  0.86 (0.66—-1.13) <0.01 78%
Age at first delivery
<20 years 0.96 (0.85-1.09) 0.79 (0.69-0.90) 0.89 (0.69-1.14)  0.76 (0.62-0.92)  0.75(0.57-097)  0.73 (0.46-1.17) 0.73 0%
21-25 years Reference Reference Reference Reference Reference Reference
26-30 years 1.25(1.16-133) 1.24(1.15-1.33) 1.29(1.05-1.58) 144 (1.26-1.64) 1.28(1.13-145)  1.07 (0.92-1.23) 0.02 68%
>30 years 161 (144-179) 152(1.37-1.70) 1.33(093-190) 1.62(1.28-2.04) 1.77(145-2.15)  1.31(1.08-1.60) 0.15 43%
Nulliparous 235(2.11-261) 1.76(1.58-197) 1.74(1.40-2.16) 240(1.96-293) 1.77(143-220) 1.23(0.92-1.63) <0.01 80%
Smoking
Never Reference Reference Reference Reference Reference Reference
Ever 1.17(1.05-1.31) 1.13(1.01-1.26) 1.25(0.99-1.58)  1.06 (0.85-1.32)  0.86 (0.69-1.08)  1.45(1.14-1.84) 0.01 72%
Alcohol consumption
Non-drinker Reference Reference Reference Reference Reference Reference
Currentdrinker 1.03 (0.95-1.12) 1.15(1.05-1.26) 1.10(0.90-1.33)  1.15(0.96-138)  1.07 (0.91-1.26)  1.22(1.01-1.48) 0.77 0%

@The menopause age factor was only analysed among post-menopausal women
HR': Hazard ratio adjusted for baseline age and age at first delivery
HR2: Hazard ratio adjusted for baseline age, age at first delivery, and cohort

A Pvalue of the Q test < 0.1 or I>>50% implied a substantial difference by the stratified factors

The results of the meta-analysis of the association
between each variable and breast cancer risk in the
youngest and oldest birth cohort groups showed no nota-
ble heterogeneity. Furthermore, the result of the fixed
effect model appeared to be comparable to the main
results. (Additional file 1: Figures S6-S10).

Additional analyses
The results of the stratified analysis by menopausal status
are presented in Additional file 1: Table S4. Associations

between reproductive factors and breast cancer risk
among both pre- and post-menopausal women were
similar to the overall analysis. Furthermore, regarding
lifestyle factors, the results had the same direction as the
overall analysis among both pre- and post-menopausal
women.

The results of the stratified analysis by country indi-
cated substantial differences in breast cancer risk
across the country (Additional file 1: Table S5). There-
fore, we further performed an additional analysis of the
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association between reproductive factors, lifestyle fac-
tors, and breast cancer risk by including the country as
the adjusting variable (Additional file 1: Table S6). In gen-
eral, the findings of this model were comparable to the
results of the main analysis in terms of significance and
direction, except for the group with a younger age at first
delivery in the 1920s cohort, which appeared disparately.

Discussion

In this study, we aimed to determine whether there is a
differential pattern of reproductive and lifestyle factors
for breast cancer risk according to birth cohorts. The
study findings showed associations between reproductive
factors and breast cancer risk in all birth cohorts; how-
ever, the associations of lifestyle factors were only nota-
ble in the later birth cohorts. The risk of breast cancer
was observed to differ substantially across birth cohorts
among parous women, those who were 26-30 years old
at first delivery and those who had ever smoked.

In the overall pooled analysis, we observed associa-
tions between all reproductive factors and breast cancer
risk, which was an expected result and is consistent with
results from previous studies [30—33]. However, evidence
of lifestyle factors, such as smoking and alcohol con-
sumption, and their associations with breast cancer risk
were inconsistent in Asia. Results from previous stud-
ies, which used data from the cohort studies that were
included in this study, showed no association between
active smoking and breast cancer risk [34, 35], similar
to a meta-analysis among the Chinese [36]. However,
other, more recent meta-analyses that involved more
articles [37, 38] and a study with a larger sample size
[39] reported contradictory findings. The contribution of
alcohol drinking and the dose-response association to an
elevated risk of breast cancer has been widely suggested
[40—43]. However, this association was not apparent in
the present study, which included only Asians [44—46].
A meta-analysis by Sun et al. [43] found an association
between alcohol consumption and breast cancer in the
overall analysis; however, it was not notable among the
Asian population in their subgroup analysis, and articles
from Asia had the lowest attributable percentages com-
pared to those of North America and Europe. In this
study, we confirmed positive associations between ever
smoking and current drinking and an increased risk of
breast cancer.

Many previous studies suggested that the birth cohort
effect shifted the trends of reproductive and lifestyle fac-
tors, which subsequently contributed to the increasing
rate of breast cancer in each corresponding country [5, 7,
30]. A previous study even suggested differences in breast
cancer risk according to birth year [30]. In this study, we
added evidence of a differential pattern of breast cancer
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risk, which was notable for some of the factors. Parous
women were observed to have a lower breast cancer risk
in the older generations and not the younger genera-
tion (1950s-born participants), with a higher magnitude
observed among the 1930s birth cohort. Furthermore,
this study’s analyses of lifestyle factors resulted in dispa-
rate associations across the birth cohorts. The associa-
tions between smoking and breast cancer only appeared
in the younger generation group and not the older gen-
eration groups. Similarly, alcohol consumption appeared
to have the same pattern as smoking.

The differing risk of breast cancer that appeared in
the younger birth cohort in our study might be caused
by the changes in prevalence of some factors which cor-
responds to the report by previous studies. A previous
study reported a decreased number of parity [12], which
may explain our finding that the association between par-
ity and breast cancer risk was attenuated in the younger
birth cohort. Furthermore, the increased number of
women who smoke may explain the prominent asso-
ciation, with a higher effect size, between smoking and
breast cancer risk in the younger birth cohort in the pre-
sent study. Moreover, the difference between the >1950s
birth cohort and the other older birth cohorts is sup-
ported by a previous study that concluded the presence
of birth cohort effects based on the timing of westerni-
sation in several Asian countries [47]. According to the
study, Japan and Korea were assumed to have begun
westernisation in the mid-1940s, whereas the timing
in China varied according to the region [47]. This may
explain the difference in breast cancer risk between par-
ticipants born earlier (the 1920s to 1940s) and later.

Statistical significance is dependent on the sample size,
and thus, significance might be affected by a large study
population [48]. Therefore, interpreting the results using
effect sizes rather than solely assessing significance may
be justified because effect size is independent of sample
size [48]. In our study, apart from the different associa-
tions found across birth cohorts, the effect sizes of sev-
eral factors on the risk of breast cancer tended to differ
according to birth cohort. Compared to the older birth
cohorts, in the>1950s birth cohort, the effect size was
lower for parous women (HR=0.86 compared to 0.60,
0.46 and 0.62 in the<1920s, 1930s and 1940s respec-
tively), higher for smoking (HR=1.45 compared to 1.25,
1.06 and 0.89 in the<1920s, 1930s and 1940s respec-
tively), and slightly higher for alcohol consumption
(HR=1.22 compared to 1.10, 1.15 and 1.07 in the <1920s,
1930s and 1940s respectively).

This study had some limitations. First, the informa-
tion was collected by self-report questionnaires for
most variables. Second, the number of participants who
were ex-drinkers was small, and some cohorts did not
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provide this information; thus, we could not perform
an analysis of past drinking habits and had to merge
the never drinkers and past drinkers into the same
category. Third, detailed information on breast can-
cer type was unavailable, which limited the analysis to
the overall breast cancer cases only, whereas the risk
pattern might also differ according to the breast can-
cer type. Fourth, we did not include other factors that
could possibly influence the risk of breast cancer, such
as different dietary patterns in each country and cohort
study; therefore, further study is suggested to exam-
ine their influence. Fifth, we were unable to include all
cohort studies from the Asia Cohort Consortium in
this study. Only 12 cohort studies from three countries,
which provided information on the variable of interest
and agreed to participate, were included. This suggests
that expanded research on Asians is needed. Finally, in
the pooled data, only a few studies provided informa-
tion regarding the number of cigarettes and the amount
of alcohol consumed by the participants. Therefore,
we could not perform a dose-response analysis in this
study. Further study is recommended to assess the dif-
ferential pattern of breast cancer risk factors by includ-
ing the breast cancer subtype. Nevertheless, this study
has the strength of the use of a large-scale pooled anal-
ysis of prospective studies in several Asian countries to
study the differential pattern of reproductive and life-
style risk factors of breast cancer. Moreover, to the best
of our knowledge, the present study is by far the largest
to assess the association between smoking and breast
cancer risk among Asian women.

Conclusions

In conclusion, in this study of a large sample of Asian
women, positive associations between reproductive fac-
tors and breast cancer risk were observed, consistent
with previous reports. We also added evidence regard-
ing the associations of smoking and alcohol consump-
tion with the increased risk of breast cancer among Asian
women. Furthermore, we observed differential patterns
of parity, smoking and alcohol consumption across birth
cohorts. Reproductive risk factors were more apparent in
the older birth cohorts, whereas smoking and alcohol use
were only notable in the younger generation.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513058-024-01766-0.

[ Additional file 1. Supplementary material. }

Acknowledgements
Not applicable

Page 8 of 10

Author contributions

SN performed the analyses, discussed the interpretation, and made the manu-
script. JYC designed the present study, performed the analyses, discussed the
interpretation, and supervised the study. SKA, ES, MSR, and MRI coordinated
the ACC (administrative, technical, and material support). AS, MM, RK cleaned
the data and contributed to the discussion. XOS, NS, AT, RS, AH, CN, JK, SKP,
SSK, HC, ST, TK, SK, YS, KW, MHS, HA, KSC, KM, NR, PB, YLQ, WZ, MI, and DK
contributed to the data collection and discussion. All authors contributed to
the manuscript editing and approved the final manuscript.

Funding

Shanghai Women's Health Study, US National Cancer Institute (R37 CA070867
and UM1 CA182910); Japan Public Health Center-Based Prospective

Study (1 and 2), National Cancer Center Research and Development Fund
(23-A-31[toku], 26-A-4 and 2020-A-4, since 2011) and a Grant-in-Aid for Cancer
Research from the Ministry of Health, Labour and Welfare of Japan (from 1989
t0 2010); Japan Collaborative Cohort Study, National Cancer Center Research
and Development Fund (a grant-in-aid for cancer research), grant for health
services and grant for comprehensive research on cardiovascular and life-style
related diseases from Ministry of Health, Labour and Welfare, Japan, and grant
for the scientific research from Ministry of Education, Culture, Sports, Science
and Technology, Japan; Life Span Study Cohort-Radiation Effects Research
Foundation, The Japanese Ministry of Health, Labour and Welfare and the

US Department of Energy; Miyagi Cohort Study, National Cancer Center
Research and Development Fund; Ohsaki National Health Insurance Cohort
Study, National Cancer Center Research and Development Fund; Takayama
Study, National Cancer Center Research and Development Fund; Miyagi
3-prefecture Miyagi, National Cancer Center Research and Development Fund;
Korea National Cancer Center Cohort, National Cancer Center Research Grant
(1510040, 1810090, and 1910330); Korea Multi-Center Cancer Cohort Study,
National Research Foundation of Korea funded by the Ministry of Science,

ICT & Future Planning (2016R1A2B4014552); The Namwon Study, Chonnam
National University Hwasun Hospital Research grant (HCRI21019, HCRI18007-1,
HCRI16911-1); Ministry of Education of the Republic of Korea and the National
Research Foundation of Korea (NRF-2022R1A2B5B01002471).

Availability of data and materials

The data that support the findings of this study were obtained from the
Asia Cohort Consortium upon request. The data are not publicly available to
protect the privacy of the individuals who participated in the study and can
be accessed on request from the National Cancer Center Japan.

Declarations

Ethics approval and consent to participate

The pooled analysis of the ACC cohorts was approved by the ethics commit-
tee of the National Cancer Centre Japan (number 2014-041), and each partici-
pating study was approved by the respective overseeing ethics committees.
Informed consent was previously collected from the participants before each
cohort study. All methods included in the present study were performed in
accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Biomedical Sciences, Seoul National University Graduate
School, 103 Daehak-ro, Jongno-gu, 03080 Seoul, Republic of Korea. 2BK21plus
Biomedical Science Project, Seoul National University College of Medicine,
Seoul, Republic of Korea. *Institute of Health Policy and Management, Seoul
National University Medical Research Center, Seoul, Republic of Korea. “Cancer
Research Institute, Seoul National University, Seoul, Republic of Korea. °Divi-
sion of Prevention, National Cancer Center Institute for Cancer Control, Tokyo,
Japan. ®Hitotsubashi Institute for Advanced Study, Hitotsubashi University,
Tokyo, Japan. ’Research Center for Child Mental Development, Hamamatsu
University School of Medicine, Hamamatsu, Japan. National Center for Global
Health and Medicine, Institute for Global Health Policy Research, Tokyo, Japan.


https://doi.org/10.1186/s13058-024-01766-0
https://doi.org/10.1186/s13058-024-01766-0

Nabila et al. Breast Cancer Research (2024) 26:15

Department of Preventive Medicine, Seoul National University College

of Medicine, Seoul, Republic of Korea. '°The Daffodil Centre, The University
of Sydney, A Joint Venture with Cancer Council NSW, Sydney, Australia. ' Divi-
sion of Cohort Research, National Cancer Center Institute for Cancer Control,
Tokyo, Japan. '*National Institute of Health and Nutrition, National Institutes
of Biomedical Innovation, Health and Nutrition, Tokyo, Japan. *Division

of Epidemiology, Vanderbilt-lngram Cancer Center, Vanderbilt Epidemiology
Center, Vanderbilt University Medical Center, Nashville, TN, USA. '“Depart-
ment of Public Health, Faculty of Medicine, Hokkaido University, Sapporo,
Japan. "*Radiation Effects Research Foundation, Hiroshima, Japan. 'Tohoku
University Graduate School of Medicine, Sendai, Miyagi Prefecture, Japan.
"7Graduate School of Cancer Science and Policy, National Cancer Center,
Goyang-si, Gyeonggi-do, Republic of Korea. '®Department of Epidemiology
and Preventive Medicine, Gifu University Graduate School of Medicine, Gifu,
Japan. "’Department of Preventive Medicine, Chonnam National University
Medical School, Gwangju, Republic of Korea. 2Department of Public Health
Sciences, University of Chicago, Chicago, IL, USA. ?' Stony Brook Cancer
Center, Stony Brook University, Stony Brook, NY, USA. ?2Department of Medi-
cal and Surgical Sciences, University of Bologna, Bologna, Italy. *Saw Swee
Hock School of Public Health, National University of Singapore, Singapore,
Singapore. *“Division Cancer Epidemiology and Prevention, Aichi Cancer
Center Research Institute, Nagoya, Japan. 2°Department of Cancer Epidemiol-
ogy, Nagoya University Graduate School of Medicine, Nagoya, Japan. 2°School
of Population Medicine and Public Health, Chinese Academy of Medical Sci-
ences and Peking Union Medical College, Beijing, China. %’ Division of Cancer
Epidemiology and Genetics, Occupational and Environmental Epidemiology
Branch, National Cancer Institute, Bethesda, MD, USA.

Received: 15 May 2023 Accepted: 8 January 2024
Published online: 22 January 2024

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71:209-49. https://doi.org/10.3322/caac.21660.

2. Ferlay J, Ervik M, Lam F, et al. Global cancer observatory: cancer today.
International Agency for Research on Cancer. 2020. https://gco.iarc.fr/
today/home. Accessed 14 Nov 2022

3. World Health Organization. Incidence, survival and mortality for breast
cancer, in Health at a Glance: Asia/Pacific 2020: Measuring progress
towards universal health coverage. Berlin: OECD Publishing; 2020. https://
doi.org/10.1787/1becc521-en.

4. International Agency for Research on Cancer. Cancer today. 2020.
Accessed on June 2020 at https://gco.arc.fr/today/home. Accessed 10
Feb 2023.

5. ChiaKs, Reilly M, Tan CS, et al. Profound changes in breast cancer
incidence may reflect changes into a Westernized lifestyle: a compara-
tive population-based study in Singapore and Sweden. Int J Cancer.
2005;113(2):302-6. https://doi.org/10.1002/ijc.2056 1.

6.  Wong IO, Cowling BJ, Schooling CM, Leung GM. Age-period-cohort
projections of breast cancer incidence in a rapidly transitioning Chinese
population. Int J Cancer. 2007;121(7):1556-63. https://doi.org/10.1002/ijc.
22731,

7. MinamiY, Tsubono Y, Nishino Y, Ohuchi N, Shibuya D, Hisamichi S. The
increase of female breast cancer incidence in Japan: emergence of birth
cohort effect. Int J Cancer. 2004;108(6):901-6. https://doi.org/10.1002/ijc.
11661.

8. LiY, Zheng J, Deng, et al. Global burden of female breast cancer:
age-period-cohort analysis of incidence trends from 1990 to 2019 and
forecasts for 2035. Front Oncol. 2022;12:891824. https://doi.org/10.3389/
fonc.2022.891824.

9. Youn HJ, Han W. A review of the epidemiology of breast cancer in Asia:
focus on risk factors. Asian Pac J Cancer Prev. 2020;21(4):867-80. https://
doi.org/10.31557/APJCP2020.21.4.867.

10. Freedman DM, Tarone RE, Doody MM, et al. Trends in reproductive, smok-
ing, and other chronic disease risk factors by birth cohort and race in a

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

EIN

Page 9 of 10

large occupational study population. Ann Epidemiol. 2002;12(6):363-9.
https://doi.org/10.1016/51047-2797(01)00295-2.

. LyuY, Mirea L, Yang J, et al. Secular trends in age at menarche among

women born between 1955 and 1985 in Southeastern China. BMC Wom-
ens Health. 2014;14:155. https://doi.org/10.1186/512905-014-0155-0.
Lewington S, Li L, Murugasen S, et al. Temporal trends of main repro-
ductive characteristics in ten urban and rural regions of China: the

China Kadoorie biobank study of 300 000 women. Int J Epidemiol.
2014;43(4):1252-62. https://doi.org/10.1093/ije/dyu035.

Park CY, Lim JY, Park HY. Age at natural menopause in Koreans: secular
trends and influences thereon. Menopause. 2018;25(4):423-9. https://doi.
org/10.1097/GME.0000000000001019.

Song M, Rolland B, Potter JD, Kang D. Asia cohort consortium: challenges
for collaborative research. J Epidemiol. 2012;22(4):287-90. https://doi.org/
10.2188/jea je20120024.

Zheng W, Chow WH, Yang G, et al. The Shanghai Women'’s Health Study:
rationale, study design, and baseline characteristics. Am J Epidemiol.
2005;162(11):1123-31. https://doi.org/10.1093/aje/kwi322.

Watanabe S, Tsugane S, Sobue T, Konishi M, Baba S. Study design and
organization of the JPHC study. Japan Public Health Center-based
prospective study on cancer and cardiovascular diseases. J Epidemiol.
2001;11(6 Suppl):S3-7. https://doi.org/10.2188/jea.11.65up_3.

Tsugane S, Sawada N. The JPHC study: design and some findings on the
typical Japanese diet. Jpn J Clin Oncol. 2014;44(9):777-82. https://doi.org/
10.1093/jjco/hyu096.

Tamakoshi A. Overview of the Japan Collaborative Cohort Study for
Evaluation of Cancer (JACC). Asian Pac J Cancer Prev. 2007;8(Suppl):1-8.
Ozasa K, Shimizu Y, Suyama A, et al. Studies of the mortality of atomic
bomb survivors, Report 14, 1950-2003: an overview of cancer and non-
cancer diseases. Radiat Res. 2012;177(3):229-43. https://doi.org/10.1667/
m2629.1.

Tsuji I, Nishino Y, Ohkubo T, et al. A prospective cohort study on National
Health Insurance beneficiaries in Ohsaki, Miyagi Prefecture, Japan: study
design, profiles of the subjects and medical cost during the first year. J
Epidemiol. 1998;8(5):258-63. https://doi.org/10.2188/jea.8.258.

Kim J. Cancer screenee cohort study of the National Cancer Center in
South Korea. Epidemiol Health. 2014;36:22014013. https://doi.org/10.
4178/epih/e2014013.

Shimizu H. The basic report on Takayama study. Gifu: Department of
Public Health, Gifu University School of Medicine; 1996.

Sado J, Kitamura T, Kitamura Y, et al. Rationale, design, and profile of

the Three-Prefecture Cohort in Japan: a 15-year follow-up. J Epidemiol.
2017;27(4):193-9. https://doi.org/10.1016/}je.2016.05.003.

Yoo KY, Shin HR, Chang SH, et al. Korean Multi-center cancer cohort study
including a biological materials bank (KMCC-l). Asian Pac J Cancer Prev.
2002;3(1):85-92.

Kweon SS, Shin MH, Jeong SK; et al. Cohort profile: the namwon study
and the Dong-gu study. Int J Epidemiol. 2014;43(2):558-67. https://doi.
0rg/10.1093/ije/dys244.

Katagiri R, Iwasaki M, Abe SK, et al. Reproductive factors and endome-
trial cancer risk among women. JAMA Netw Open. 2023;6(9):22332296.
https://doi.org/10.1001/jamanetworkopen.2023.32296.

Yang D, Dalton JE. A unified approach to measuring the effect size
between two groups using SAS. Accessed October 25 at https://support.
sas.com/. Accessed 20 Oct 2023.

Bray F, et al. Cancer incidence in five continents volume XI. International
agency for research on cancer. 2021. Accessed October 31 at https://ci5.
jarc.fr/

West SL, Gartlehner G, Mansfield AJ, et al. Comparative effectiveness
review methods: clinical heterogeneity. Rockville: Agency for Healthcare
Research and Quality (US); 2010.

Chung S, Park SK, Sung H, et al. Association between chronologi-

cal change of reproductive factors and breast cancer risk defined by
hormone receptor status: results from the Seoul Breast Cancer Study.
Breast Cancer Res Treat. 2013;140(3):557-65. https://doi.org/10.1007/
$10549-013-2645-4.

Huang Z, Beeghly-Fadiel A, Gao YT, et al. Associations of reproductive
time events and intervals with breast cancer risk: a report from the
Shanghai Breast Cancer Study. Int J Cancer. 2014;135(1):186-95. https://
doi.org/10.1002/ijc.28644.


https://doi.org/10.3322/caac.21660
https://gco.iarc.fr/today/home
https://gco.iarc.fr/today/home
https://doi.org/10.1787/1becc521-en
https://doi.org/10.1787/1becc521-en
https://gco.iarc.fr/today/home
https://doi.org/10.1002/ijc.20561
https://doi.org/10.1002/ijc.22731
https://doi.org/10.1002/ijc.22731
https://doi.org/10.1002/ijc.11661
https://doi.org/10.1002/ijc.11661
https://doi.org/10.3389/fonc.2022.891824
https://doi.org/10.3389/fonc.2022.891824
https://doi.org/10.31557/APJCP.2020.21.4.867
https://doi.org/10.31557/APJCP.2020.21.4.867
https://doi.org/10.1016/s1047-2797(01)00295-2
https://doi.org/10.1186/s12905-014-0155-0
https://doi.org/10.1093/ije/dyu035
https://doi.org/10.1097/GME.0000000000001019
https://doi.org/10.1097/GME.0000000000001019
https://doi.org/10.2188/jea.je20120024
https://doi.org/10.2188/jea.je20120024
https://doi.org/10.1093/aje/kwi322
https://doi.org/10.2188/jea.11.6sup_3
https://doi.org/10.1093/jjco/hyu096
https://doi.org/10.1093/jjco/hyu096
https://doi.org/10.1667/rr2629.1
https://doi.org/10.1667/rr2629.1
https://doi.org/10.2188/jea.8.258
https://doi.org/10.4178/epih/e2014013
https://doi.org/10.4178/epih/e2014013
https://doi.org/10.1016/j.je.2016.05.003
https://doi.org/10.1093/ije/dys244
https://doi.org/10.1093/ije/dys244
https://doi.org/10.1001/jamanetworkopen.2023.32296
https://support.sas.com/
https://support.sas.com/
https://ci5.iarc.fr/
https://ci5.iarc.fr/
https://doi.org/10.1007/s10549-013-2645-4
https://doi.org/10.1007/s10549-013-2645-4
https://doi.org/10.1002/ijc.28644
https://doi.org/10.1002/ijc.28644

Nabila et al. Breast Cancer Research

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

(2024) 26:15

Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index
and incidence of cancer: a systematic review and meta-analysis of pro-
spective observational studies. Lancet. 2008,371(9612):569-78. https://
doi.org/10.1016/50140-6736(08)60269-X.

Liu K, Zhang W, Dai Z, et al. Association between body mass index and
breast cancer risk: evidence based on a dose-response meta-analysis.
Cancer Manag Res. 2018;10:143-51. https://doi.org/10.2147/CMAR.S1446
19.

Lin'Y, Kikuchi S, Tamakoshi K, et al. Active smoking, passive smoking, and
breast cancer risk: findings from the Japan Collaborative Cohort Study for
Evaluation of Cancer Risk. J Epidemiol. 2008;18(2):77-83. https://doi.org/
10.2188/jea.18.77.

Wada K, Kawachi T, Hori A, et al. Husband'’s smoking status and

breast cancer risk in Japan: from the Takayama study. Cancer Sci.
2015;106(4):455-60. https://doi.org/10.1111/cas.12619.

Chen C, Huang YB, Liu XO, et al. Active and passive smoking with breast
cancer risk for Chinese females: a systematic review and meta-analysis.
Chin J Cancer. 2014;33(6):306-16. https://doi.org/10.5732/cjc.013.10248.
Macacu A, Autier P, Boniol M, Boyle P. Active and passive smoking

and risk of breast cancer: a meta-analysis. Breast Cancer Res Treat.
2015;154(2):213-24. https://doi.org/10.1007/510549-015-3628-4.

He, SiY, Li X, Hong J, Yu C, He N. The relationship between tobacco

and breast cancer incidence: a systematic review and meta-analysis of
observational studies. Front Oncol. 2022;12:961970. https://doi.org/10.
3389/fonc.2022.961970.

Gaudet MM, Carter BD, Brinton LA, et al. Pooled analysis of active ciga-
rette smoking and invasive breast cancer risk in 14 cohort studies. Int J
Epidemiol. 2017;46(3):881-93. https://doi.org/10.1093/ije/dyw288.
Smith-Warner SA, Spiegelman D, Yaun SS, et al. Alcohol and breast cancer

in women: a pooled analysis of cohort studies. JAMA. 1998;279(7):535-40.

https://doi.org/10.1001/jama.279.7.535.

Choi YJ, Myung SK, Lee JH. Light alcohol drinking and risk of cancer: a
meta-analysis of cohort studies. Cancer Res Treat. 2018;50(2):474-87.
https://doi.org/10.4143/crt.2017.094.

World Cancer Research Fund/American Institute for Cancer Research.
Diet, nutrition, physical activity and cancer: a global perspective. 2018.
https:.//www.wcrf.org/wp-content/uploads/2021/02/Summary-of-Third-
Expert-Report-2018.pdf. Accessed 30 Nov 2022

Sun Q, Xie W, Wang Y, et al. Alcohol consumption by beverage type

and risk of breast Cancer: a dose-response meta-analysis of prospective
cohort studies. Alcohol Alcohol. 2020;55(3):246-53. https://doi.org/10.
1093/alcalc/agaa0i2.

Kawai M, Minami Y, Kakizaki M, et al. Alcohol consumption and

breast cancer risk in Japanese women: the Miyagi Cohort study.

Breast Cancer Res Treat. 2011;128(3):817-25. https://doi.org/10.1007/
510549-011-1381-x.

Gao Y, Huang YB, Liu X0, et al. Tea consumption, alcohol drinking and
physical activity associations with breast cancer risk among Chinese
females: a systematic review and meta-analysis. Asian Pac J Cancer Prev.
2013;14(12):7543-50. https://doi.org/10.7314/apjcp.2013.14.12.7543.
Nitta J, Nojima M, Ohnishi H, et al. Weight gain and alcohol drinking asso-
ciations with breast cancer risk in Japanese postmenopausal women-
results from the Japan Collaborative Cohort (JACC) Study. Asian Pac J
Cancer Prev. 2016;17(3):1437-43. https://doi.org/10.7314/apjcp.2016.17.3.
1437.

Chen YC, Lien WG, Su SY, et al. Birth cohort effects in breast cancer inci-
dence: global patterns and trends. Am J Epidemiol. 2022;191(12):1990—
2001. https://doi.org/10.1093/aje/kwac116.

Sullivan GM, Feinn R. Using effect size-or why the P Value is not
enough. J Grad Med Educ. 2012;4(3):279-82. https://doi.org/10.4300/
JGME-D-12-00156.1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/S0140-6736(08)60269-X
https://doi.org/10.1016/S0140-6736(08)60269-X
https://doi.org/10.2147/CMAR.S144619
https://doi.org/10.2147/CMAR.S144619
https://doi.org/10.2188/jea.18.77
https://doi.org/10.2188/jea.18.77
https://doi.org/10.1111/cas.12619
https://doi.org/10.5732/cjc.013.10248
https://doi.org/10.1007/s10549-015-3628-4
https://doi.org/10.3389/fonc.2022.961970
https://doi.org/10.3389/fonc.2022.961970
https://doi.org/10.1093/ije/dyw288
https://doi.org/10.1001/jama.279.7.535
https://doi.org/10.4143/crt.2017.094
https://www.wcrf.org/wp-content/uploads/2021/02/Summary-of-Third-Expert-Report-2018.pdf
https://www.wcrf.org/wp-content/uploads/2021/02/Summary-of-Third-Expert-Report-2018.pdf
https://doi.org/10.1093/alcalc/agaa012
https://doi.org/10.1093/alcalc/agaa012
https://doi.org/10.1007/s10549-011-1381-x
https://doi.org/10.1007/s10549-011-1381-x
https://doi.org/10.7314/apjcp.2013.14.12.7543
https://doi.org/10.7314/apjcp.2016.17.3.1437
https://doi.org/10.7314/apjcp.2016.17.3.1437
https://doi.org/10.1093/aje/kwac116
https://doi.org/10.4300/JGME-D-12-00156.1
https://doi.org/10.4300/JGME-D-12-00156.1

	Differential patterns of reproductive and lifestyle risk factors for breast cancer according to birth cohorts among women in China, Japan and Korea
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Key messages 
	Methods
	Study design and population
	Exposure and outcome
	Statistical analysis

	Results
	Overall pooled analysis
	Breast cancer risk according to birth cohorts
	Additional analyses

	Discussion
	Conclusions
	Acknowledgements
	References


