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Abstract
Prior studies reported the association of reproductive factors with breast cancer (BC), 
but the evidence is inconsistent. We conducted a pooled analysis of nine cohort stud-
ies in Japan to evaluate the impact of six reproductive factors (age at menarche/age 
at first birth/number of births/age at menopause/use of female hormones/breastfeed-
ing) on BC incidence. We conducted analyses according to menopausal status at the 
baseline or at the diagnosis. Hazard ratio (HR) and 95% confidence interval (CI) 
were estimated by applying Cox proportional- hazards model in each study. These 
hazard ratios were integrated using a random- effects model. Among 187,999 women 
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1 |  INTRODUCTION

Among women, breast cancer is one of the most prevalent 
cancer types.1- 3 Although its incidence is lower in Asian 
countries than in Western countries,4,5 it has been increasing 
in Asian countries.4 Reproductive factors are one of the pos-
sible risk factors.3,6- 8

Although previous epidemiological studies have re-
ported the impact of reproductive factors on breast 
cancer,9- 15 results were inconsistent between studies, espe-
cially in Asian countries. Particularly, the impact of age 
at menarche/breastfeeding history on breast cancer were 
inconsistent between studies,9- 15 mainly because some 
studies could not conduct stratified analyses according to 
the menopausal status. The impact of age at menarche on 
the incidence of breast cancer was evaluated in previous 
studies,9- 12,14,15 but results were inconsistent. Nagata C 
and colleagues 9 and Liu R and colleagues 15 reported that 
breast cancer occurrence was significantly lower among 
women with age at menarche ≥16  years than those with 
≤13 years. Iwasaki M and colleagues 11 reported that breast 
cancer incidence was significantly lower among women 
with ≥16 years than those with <14 years. However, other 
studies in Asia 10,12,14 reported that the incidence did not 
change according to age at menarche. The association be-
tween the history of breastfeeding and breast cancer was 
also inconclusive. Pooled analysis of epidemiological 

studies 7 revealed that breastfeeding decreased the risk of 
breast cancer. The systematic review conducted in Japan13 
showed that breastfeeding possibly decreased that risk, but 
they did not report such an association in cohort studies.13

We aimed to elucidate the impact of reproductive factors 
on breast cancer incidence by conducting a pooled analysis of 
nine population- based cohort studies in Japan.

2 |  METHODS

2.1 | Study participants

The methods of the study were previously published in 
detail.16- 19 In this study, the study participants were females 
collected from nine population- based cohort studies conducted 
in Japan: the Japan Public Health Center- based Prospective 
Study, Cohort I (JPHC- I),11 Cohort II (JPHC- II),11 the Japan 
Collaborative Cohort Study (JACC),10 the Miyagi Cohort 
Study (MIYAGI- I),12 the Three- Prefecture Cohort Study in 
Miyagi (MIYAGI- II),15,20 the Three- Prefecture Cohort Study 
in Aichi (AICHI),15,20 the Takayama Study (TAKAYAMA),21 
the Ohsaki National Health Insurance Cohort Study 
(OHSAKI),22 and the Life Span Study (LSS).23 The relevant 
ethics review committee approved each study. Details on in-
formed consent were previously published.10,12,20,22- 25 Since 
JPHC, JACC, MIYAGI- I, MIYAGI- II, and AICHI published 
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Development Fund, Grant/Award 
Number: 27- A- 4, 24- A- 3 and 30- A- 15

(premenopausal: 61,113, postmenopausal: 126,886), we observed 873 premenopau-
sal and 1,456 postmenopausal cases. Among premenopausal women, use of female 
hormones significantly increased BC incidence (HR: 1.53 [1.04– 2.25]). Although P 
value for trend was not significant for age at first birth and number of births (P for 
trend: 0.15 and 0.30, respectively), women giving first birth at ages ≥36 experienced 
significantly higher BC incidence than at ages 21– 25  years, and women who had 
≥2 births experienced significantly lower BC incidence than nulliparous women. 
Among postmenopausal women, more births significantly decreased BC incidence 
(P for trend: 0.03). Although P value for trend was not significant for age at first birth 
and age at menopause (P for trend: 0.30 and 0.37, respectively), women giving first 
birth at ages 26– 35 years experienced significantly higher BC incidence than at ages 
21– 25 years, and women with age at menopause: ≥50 years experienced significantly 
higher BC incidence than age at menopause: ≤44 years. BC incidence was similar ac-
cording to age at menarche or breastfeeding history among both premenopausal and 
postmenopausal women. In conclusion, among Japanese women, use of female hor-
mones increased BC incidence in premenopausal women, and more births decreased 
BC incidence in postmenopausal women.
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the results of analyses on the same topic,10- 12,15 we used the 
latest version of the dataset and re- analyzed the study results.

2.2 | Exposures

We categorized six reproductive factors as follows: age at 
menarche [≤ 12, 13– 14, 15– 16, ≥17 years], age at first birth 
[≤20, 21– 25, 26– 30, 31– 35, ≥36  years], number of births 
[nulliparous, 1, 2, ≥3], age at menopause [≤44, 45– 49, 50– 
54, ≥55  years], use of female hormones [never, ever] (for 
cohort studies excluding MIYAGI- II, AICHI, LSS), and 
breastfeeding history [never, ever] (for cohort studies exclud-
ing JACC, MIYAGI- II, AICHI, Takayama).

2.3 | Statistical analyses

In each population- based cohort study, patients were ex-
cluded if (i) they had breast cancer history at baseline, (ii) 
their menopausal status at baseline was missing, or (iii) they 
were exposed to estimated radiation doses due to the atomic 
bomb of 100 mGy or more (for LSS only). Person years were 
calculated from the baseline date till the date of breast cancer 
diagnosis, date of death, and lost to follow- up or the end of 
the study follow- up, whichever occurred earliest.

We conducted analyses according to the menopausal 
status at baseline and according to the menopausal status 
at breast cancer diagnosis. Because none of the studies col-
lected information on menopausal status after baseline, we 
hypothesized that women who were in premenopausal status 
at baseline became postmenopausal when they passed their 
51st birthday. We set a cut point at age 51 based on prior 
studies.16,26,27 For women younger than 51 years old at the 
date of censoring who were reported to not be postmeno-
pausal at baseline, we considered years of observation as the 
premenopausal period. For women who were 51 years old or 
older and/or were reported to be postmenopausal at baseline, 
we considered years of observation as the postmenopausal 
period. If women who were reported to not be postmeno-
pausal at baseline became 51 years old during their obser-
vation period, we divided their years of observation into 
premenopausal period and postmenopausal period according 
to the 51st birthday.16,26,27

For all population- based cohort studies, we calculated 
hazard ratio (HR) and 95% confidence interval (CI) by ap-
plying the Cox proportional- hazards model. The reference 
category of each reproductive factor was defined as follows: 
≤12 years (age at menarche), 21– 25 years (age at first birth), 
nulliparous (number of births), ≤44 years (age at menopause), 
never (use of female hormones), and never (breastfeeding 
history). We applied two different models: model 1 in which 
we adjusted age and area (for multicentric studies including 

JPHC- I, JPHC- II, JACC, and LSS), model 2 in which we ad-
justed age, area (for multicentric studies including JPHC- I, 
JPHC- II, JACC, and LSS), history of smoking [never, former, 
current], body mass index (BMI) [<18.5, 18.5- <23, 23- <25, 
≥25], history of drinking [nondrinker, occasional drinker 
(one to three times a month or less than once a week), one 
to four times a week, current drinker (more than five times a 
week)], environmental tobacco smoke (ETS) exposure during 
childhood [yes, no] (for studies excluding TAKAYAMA and 
LSS), environmental tobacco smoke (ETS) exposure at home 
and/or at work [yes, no] (for studies excluding TAKAYAMA 
and LSS), and mutually adjusted by each reproductive fac-
tor. Model 2 was the primary analytic model for the present 
study. Analyses on age at first birth were conducted among 
parous women. Age at menopause was not adjusted in the 
analyses on premenopausal at baseline or premenopausal at 
diagnosis. We created indicator terms for missing data of cat-
egorical variables. We also estimated the increase of breast 
cancer incidence per category of each reproductive factor by 
calculating P value for trend.

In each population- based cohort study, the cohort- 
specific hazard ratio and 95% CI were calculated. Then, they 
were combined by applying the random- effects model.28 
Heterogeneity between studies was evaluated by calculating 
I2- statistic.29

We conducted analyses by using SAS statistical soft-
ware package version 9.3 (JPHC- I, JPHC- II) or version 9.4 
(MIYAGI- I, MIYAGI- II, TAKAYAMA, and OHSAKI), 
SPSS Statistics version 25.0 (JACC), Stata/MP 14.2 (AICHI), 
Stata/SE 15.1 (LSS), and Stata/MP 16.0 (random- effects 
model). p values were two- sided, and we considered p value 
<0.05 as statistically significant.

3 |  RESULTS

The baseline information of nine studies included in our 
analyses was summarized (Table 1). 187,999 women from 
nine population- based cohorts were included: 61,113 women 
(32.5%) who were premenopausal at baseline and 126,886 
women (67.5%) who were postmenopausal at baseline. The 
total breast cancer cases were 873 and 1456 for premenopau-
sal and postmenopausal cancer, respectively.

Table  2 describes the results of analyses according to 
menopausal status at the baseline. Among premenopausal 
women at baseline, model 1 showed that age at menarche, 
age at first birth, number of births, and use of female hor-
mones were not associated with breast cancer incidence (P 
for trend: 1.00, 0.12, 0.05, and 0.10, for age at menarche, age 
at first birth, number of births, and use of female hormones, 
respectively). Model 1 also showed that breastfeeding history 
significantly decreased breast cancer incidence (HR: 0.78, 
95% CI: 0.61– 1.00). Model 2 showed that age at menarche, 
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use of female hormones, and breastfeeding history were not 
associated with breast cancer incidence (P for trend: 0.76, 
0.14, and 0.65, for age at menarche, use of female hormones, 
and breastfeeding history, respectively). Although P value for 
trend was not significant for age at first birth and number 
of births (P for trend: 0.15 and 0.30, respectively), women 
giving birth for the first time at ages ≥36 experienced signifi-
cantly higher breast cancer incidence than at ages 21– 25 years 
(Adjusted HR: 2.30, 95% CI: 1.39– 3.79), and women who 
had 2 or ≥3 births experienced significantly lower breast can-
cer incidence than nulliparous women (Adjusted HR: 0.39, 
95% CI: 0.19– 0.81 and 0.28, 95% CI: 0.15– 0.53, for 2 and 
≥3 births, respectively).

Among postmenopausal women at baseline, model 1 
showed that higher age at first birth significantly increased 
breast cancer incidence (p for trend: <0.01), and breastfeed-
ing history significantly decreased breast cancer incidence 
(HR: 0.66, 95% CI: 0.51– 0.86). Model 1 also showed that 
age at menarche, number of births, age at menopause, and 
use of female hormones were not associated with breast 
cancer incidence (P for trend: 0.47, 0.17, 0.45, and 0.80, 
for age at menarche, number of births, age at menopause, 
and use of female hormones, respectively). Model 2 showed 
that more births significantly decreased breast cancer inci-
dence (p for trend: 0.03). Model 2 also showed that age at 
menarche, use of female hormones, and breastfeeding his-
tory were not associated with breast cancer incidence (P 
for trend: 0.17, 0.60, and 0.39, for age at menarche, use of 
female hormones, and breastfeeding history, respectively). 
Although P value for trend was not significant on age at 
first birth and age at menopause (p for trend: 0.30 and 0.37, 
respectively), women giving first birth at ages 26– 30 or 31– 
35 years experienced significantly higher breast cancer in-
cidence than women giving first birth at ages 21– 25 years 
(Adjusted HR: 1.38, 95% CI: 1.21– 1.58 and 1.52, 95% CI: 
1.16– 2.00, for ages 26– 30 and 31– 35 years, respectively), 
and women whose age at menopause: 50– 54 or ≥55 years 
experienced significantly higher breast cancer incidence 
than age at menopause: ≤44 years (Adjusted HR: 1.27, 95% 
CI: 1.02– 1.57 and 1.48, 95% CI: 1.01– 2.17, for 50– 54 and 
≥55 years, respectively).

Supplementary Table  S1 describes the results of our 
analyses according to the menopausal status at the diag-
nosis of breast cancer. Results were mostly consistent with 
those presented in Table  2, excluding use of female hor-
mones among premenopausal women and age at first birth 
among postmenopausal women. Female hormones signifi-
cantly increased breast cancer incidence among premeno-
pausal women at cancer diagnosis (Adjusted HR: 1.53, 95% 
CI: 1.04– 2.25) in model 2. Higher age at first birth sig-
nificantly increased the incidence of breast cancer among 
postmenopausal women at cancer diagnosis (p < 0.001) in 
model 2.

4 |  DISCUSSION

The present study targeted more than 180,000 Japanese 
women, and elucidated the association of reproductive factors 
with the incidence of breast cancer. Among premenopausal 
women, use of female hormones significantly increased pre-
menopausal breast cancer. Although P value for trend was not 
significant for age at first birth and number of births, women 
giving first birth at ages ≥36 experienced significantly higher 
incidence and women who had ≥2 births experienced sig-
nificantly lower incidence. Among postmenopausal women, 
more births significantly decreased breast cancer incidence. 
Although P value for trend was not significant for age at first 
birth and age at menopause, women giving first birth at ages 
26– 35 years and women with age at menopause ≥50 years 
experienced significantly higher breast cancer incidence. 
Breast cancer incidence was similar regardless of age at me-
narche or breastfeeding history among both premenopausal 
and postmenopausal women.

Lower age at menarche has been regarded as one of the 
risk factors of breast cancer.6,9,11,15 Kelsey et al6 indicated 
that younger age of menarche increased breast cancer be-
cause of earlier onset of ovulatory cycles, longer period of 
exposure to estrogen or higher estrogen level for some years 
after menarche. However, we did not observe such an asso-
ciation in our study, which might be due to the small breast 
cancer cases (=34) in our study of women whose age at men-
arche: ≥17  years. Improved nutrition has resulted in lower 
age at menarche in Asian countries as well as in Western 
countries.30- 32 In our study, the percentage of women whose 
age at menarche: ≥17  years old was 4.8% (premenopausal 
women at baseline) and 22.3% (postmenopausal women 
at baseline), which may have resulted in the failure to find 
a significant result. It is also speculated that breast cancer 
incidence is higher among women whose age at menarche: 
≥17 years due to factors except for reproductive factors.

Significantly higher breast cancer incidence was observed 
in women with age at menopause: 50– 54 and ≥55 years than 
those with age at menopause: ≤44 years. Although a previ-
ous meta- analysis in Japan 9 compared women whose age 
at menopause: ≥50 years with women whose age at meno-
pause ≤49 years, the present pooled analysis created another 
category of age at menopause (≥55 years). Previous studies 
have showed that longer exposure to female hormones may 
have resulted in higher breast cancer risk among women with 
higher age of menopause.6,33

The association of parity with breast cancer incidence was 
also reported in previous studies.11,34- 36 Previous reports have 
showed that parity decreased breast cancer risk because dif-
ferentiation of mammary gland epithelium was promoted by 
pregnancy, and these differentiated cells would be protected 
from neoplastic transformation.6,37 The impact of parity on 
breast cancer was greater among postmenopausal women 
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T A B L E  2  Reproductive factors and breast cancer risk according to menopausal status at baseline.

Number of 
subjects (n=) Person Years

Number of Cases 
(n=)

Model 1† Model 2§ 

HR* 95% CI*

Heterogeneity

p for trend HR* 95% CI*

Heterogeneity

p for trendI2 (%) p I2 (%) p

Premenopausal women

Age at menarche

≤12 8943 132652.6 129 Reference Reference

13– 14 29733 437791.1 489 1.06 0.87– 1.30 0.0 0.45 1.10 0.90– 1.35 0.0 0.53

15– 16 14081 208713.7 202 0.95 0.75– 1.20 0.0 0.61 1.00 0.79– 1.27 0.0 0.59

≥17 2641 40047.3 34 0.93 0.54– 1.60 41.0 0.12 1.00 0.96 0.57– 1.60 32.3 0.18 0.76

Age at first birth¶ 

≤20 2958 47971.8 35 0.81 0.58– 1.15 0.0 0.81 0.81 0.57– 1.15 0.0 0.90

21– 25 32991 494463.9 485 Reference Reference

26– 30 15972 226166.9 238 1.10 0.92– 1.32 14.9 0.31 1.07 0.88– 1.30 21.2 0.25

31– 35 2314 32745.2 41 1.39 1.01– 1.92 0.0 0.66 1.24 0.89– 1.73 0.0 0.67

≥36 645 9549.1 19 2.69 1.57– 4.59 19.4 0.29 0.12 2.30 1.39– 3.79 0.0 0.46 0.15

Number of births

Nulliparous 2821 38720.0 67 Reference Reference

One 3640 53675.8 72 0.73 0.52– 1.03 0.0 0.79 0.50 0.22– 1.13 26.1 0.23

Two 20663 319145.7 328 0.53 0.41– 0.70 0.0 0.74 0.39 0.19– 0.81 21.4 0.27

More than three 22205 319953.3 314 0.45 0.34– 0.59 0.0 0.83 0.05 0.28 0.15– 0.53 0.0 0.65 0.30

Use of female hormones

Never 41982 653631.3 690 Reference Reference

Ever 4531 78728.2 93 1.22 0.96– 1.55 8.3 0.36 0.10 1.20 0.94– 1.52 5.6 0.38 0.14

Breastfeeding history

Never 3735 70074.8 75 Reference Reference

Ever 29375 562441.3 534 0.78 0.61– 1.00 0.0 0.47 0.05 0.94 0.71– 1.24 0.0 0.75 0.65

Postmenopausal women

Age at menarche

≤12 5681 68191.8 70 Reference Reference

13– 14 36535 426582.0 453 0.97 0.76– 1.26 0.0 0.79 0.99 0.77– 1.28 0.0 0.79

15– 16 47051 536820.1 505 0.85 0.66– 1.10 0.0 0.51 0.88 0.68– 1.14 2.0 0.42

≥17 25672 296025.7 241 0.78 0.59– 1.03 0.0 0.90 0.47 0.82 0.62– 1.08 0.0 0.92 0.17

Age at first birth¶ 

≤20 8748 105549.8 65 0.86 0.67– 1.12 0.0 0.76 0.88 0.68– 1.14 0.0 0.76

21– 25 63813 761635.6 604 Reference Reference

26– 30 29440 332021.8 400 1.47 1.29– 1.67 0.0 0.56 1.38 1.21– 1.58 0.0 0.76

31– 35 4355 48847.8 65 1.80 1.37– 2.37 6.6 0.38 1.52 1.16– 2.00 0.0 0.45

≥36 1167 13557.9 17 1.92 1.18– 3.12 0.0 0.66 <0.01 1.48 0.89– 2.44 0.0 0.55 0.30

Number of births

Nulliparous 6802 71902.9 95 Reference Reference

One 7548 90537.4 134 0.94 0.72– 1.25 0.0 0.79 1.14 0.68– 1.89 0.0 0.90

Two 28574 377216.9 378 0.63 0.48– 0.84 23.3 0.25 0.81 0.49– 1.33 0.0 0.77

More than three 60005 626936.5 517 0.47 0.33– 0.65 47.4 0.08 0.17 0.63 0.39– 1.04 0.0 0.56 0.03

Age at menopause

≤44 15645 192259.3 161 Reference Reference

(Continues)
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T A B L E  2  Reproductive factors and breast cancer risk according to menopausal status at baseline.
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(Continues)
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than among premenopausal women in our study, which may 
mean that parity has long- term effects rather than short- term 
effects.

In the present study, use of female hormones significantly 
elevated the incidence of breast cancer among premenopausal 
women. However, we did not observe this association among 
postmenopausal women. Few studies in Asia analyzed the 
impact of female hormones on breast cancer, mainly due 
to lower prevalence of such hormone use compared with 
Western countries.11,12 In contrast, the results of our study are 
consistent with those from studies in Western countries.38- 41 
A previous pooled analysis 38 reported significantly higher 
breast cancer risk among women who currently used female 
hormones or used them in the past 10 years, while such an 
association was not reported among women who had used fe-
male hormones ≥10 years ago. Another study 41 reported that 
use of female hormones significantly increased breast cancer 
risk among premenopausal women, but such a harmful ef-
fect declined among postmenopausal women. These findings 
may indicate that timing of the use of female hormones is 
important; use of female hormones mainly as oral contracep-
tives may increase the risk of breast cancer during the pre-
menopausal period, but such an effect will not continue into 
the postmenopausal period.

We did not find an association between history of breast-
feeding and breast cancer, and this result was inconsistent 
with some of the previous studies.6,7,42,43 Possible mecha-
nisms for such an association have been proposed, including 

hormonal changes (reduced estrogen and progesterone levels 
and increased prolactin level),6,44 delaying re- establishment 
of ovulation,6,44 and excreting estrogens and carcinogens 
out of breast ducts.44 A pooled analysis of epidemiological 
studies 7 revealed that breastfeeding significantly decreased 
breast cancer incidence. In contrast, other epidemiolog-
ical studies including our study did not find such an asso-
ciation.11- 14 The lack of statistical significance in our study 
could be explained by sample size; among nine cohort stud-
ies which were included in our pooled analysis, the infor-
mation on breastfeeding was not available for four studies. 
Therefore, we could not include these four cohort studies in 
the analysis of breastfeeding, which could have resulted in 
the small breast cancer cases. Furthermore, we observed a 
significant reduction in breast cancer risk among breastfed 
postmenopausal women in the analysis adjusted by age and 
area (model 1). Because the cohort of premenopausal women 
may have included women who lived in the relatively recent 
era compared with the cohort of postmenopausal women, we 
speculate that duration of breastfeeding has become shorter 
in the recent era in Japan.

This study has four limitations: (1) we could not con-
duct pooled analyses according to hormone receptor or his-
tology because this information was missing in some of the 
included cohort studies; (2) we could not evaluate the asso-
ciation between breast cancer risk and duration of female 
hormones’ use, type of female hormones including hormone 
replacement therapy (HRT), oral contraceptive (OC), or 

Number of 
subjects (n=) Person Years

Number of Cases 
(n=)

Model 1† Model 2§ 

HR* 95% CI*

Heterogeneity

p for trend HR* 95% CI*

Heterogeneity

p for trendI2 (%) p I2 (%) p

45– 49 36784 441502.6 394 1.09 0.88– 1.34 17.5 0.29 1.12 0.90– 1.40 19.0 0.27

50– 54 52112 607618.3 614 1.23 1.00– 1.52 21.3 0.25 1.27 1.02– 1.57 22.6 0.24

≥55 5735 61345.6 69 1.47 0.97– 2.22 39.9 0.10 0.45 1.48 1.01– 2.17 30.2 0.18 0.37

Use of female hormones

Never 81141 966615.8 934 Reference Reference

Ever 7387 109707.2 95 0.97 0.79– 1.21 0.0 0.79 0.80 0.94 0.76– 1.17 0.0 0.80 0.60

Breastfeeding history

Never 5212 83449.5 91 Reference Reference

Ever 55087 928418.0 700 0.66 0.51– 0.86 21.8 0.28 <0.01 0.88 0.66– 1.17 0.0 0.59 0.39

*CI, confidence interval; HR, hazard ratio.  
†Model 1: adjusted by age and area (for multicentric studies including JPHC- I, JPHC- II, JACC, and LSS).  
§Model 2: adjusted by age, area (for multicentric studies including JPHC- I, JPHC- II, JACC, and LSS), history of smoking [never, former, and current], Body Mass  
Index [<18.5, 18.5- <23, 23- <25, ≥25], history of drinking [nondrinker, occasional drinker (one to three times a month or less than once a week), one to four times a  
week, current drinker (more than five times a week)], environmental tobacco smoke (ETS) exposure during childhood [yes, no] (for studies excluding TAKAYAMA  
and LSS), environmental tobacco smoke (ETS) exposure at home and/or at work [yes, no] (for studies excluding TAKAYAMA and LSS), and mutually adjusted by  
age at menarche [≤12, 13– 14, 15– 16, ≥17], age at first birth [≤20, 21– 25, 26– 30, 31– 35, ≥36], number of births [nulliparous, 1, 2, ≥3], use of female hormones  
[never, ever] (for studies including JPHC- I, JPHC- II, JACC, MIYAGI- I, TAKAYAMA, and OHSAKI), and breastfeeding history [never, ever] (for studies including  
JPHC- I, JPHC- II, MIYAGI- I, OHSAKI, and LSS).  
¶Analyses on age at first birth were conducted among parous women.  

TABLE 2 (Continued)
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breastfeeding because most of included studies did not col-
lect this information; (3) we could not calculate hazard ratio 
per 1- year increase in age at menarche/menopause/first birth 
because several studies which were included in this pooled 
analysis collected this information as categorical variables, 
not as continuous variables; (4) there might be other unmea-
sured confounding factors that affected our study results.

In conclusion, in Japan, use of female hormones signifi-
cantly increased premenopausal breast cancer, and greater 
number of births significantly decreased breast cancer risk 
in postmenopausal women. However, breast cancer risk was 
similar according to age at menarche/breastfeeding history in 
both premenopausal and postmenopausal women. Although 
some of reproductive factors studies in the present study are 
not modifiable factors, understanding high- risk population 
would be important for preventing breast cancer including 
chemoprevention and early detection. Further studies would 
be needed to elucidate the impact of reproductive factors ac-
cording to hormone receptors or histology.

ACKNOWLEDGMENTS
Taro Takeuchi was supported by the Osaka University 
Medical Doctor Scientist Training Program. The Radiation 
Effects Research Foundation (RERF) is funded by Japan and 
The US government (RERF Research Protocol A2- 15). This 
study was supported by the National Cancer Center Research 
and Development Fund (30- A- 15, 27- A- 4, 24- A- 3) and the 
Health and Labour Sciences Research Grants for the Third 

Term Comprehensive Control Research for Cancer (H21- 
3jigan- ippan- 003, H18- 3jigan- ippan- 001, H16- 3jigan- 010)

CONFLICT OF INTEREST
None declared.

AUTHOR CONTRIBUTIONS
All the authors 1) have made substantial contributions to 
conception and design, or acquisition of data, or analysis 
and interpretation of data; 2) were involved in drafting the 
manuscript or revising it critically for important intellectual 
content; 3) gave final approval of the version to be published. 
Each author participated sufficiently in the work to take public 
responsibility for appropriate portions of the content; and 4) 
agreed to be accountable for all aspects of the work in ensur-
ing that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved.

DATA AVAILABILITY STATEMENT
The datasets used in the manuscript are not publicly avail-
able. A collaboration with each cohort study groups would 
be required to access the datasets.

ORCID
Taro Takeuchi   https://orcid.org/0000-0002-9900-9608 
Yuri Kitamura   https://orcid.org/0000-0001-7665-3524 
Tomotaka Sobue   https://orcid.org/0000-0003-2817-3483 
Yumi Sugawara   https://orcid.org/0000-0002-0197-6772 

Number of 
subjects (n=) Person Years

Number of Cases 
(n=)

Model 1† Model 2§ 

HR* 95% CI*

Heterogeneity

p for trend HR* 95% CI*

Heterogeneity

p for trendI2 (%) p I2 (%) p

45– 49 36784 441502.6 394 1.09 0.88– 1.34 17.5 0.29 1.12 0.90– 1.40 19.0 0.27

50– 54 52112 607618.3 614 1.23 1.00– 1.52 21.3 0.25 1.27 1.02– 1.57 22.6 0.24

≥55 5735 61345.6 69 1.47 0.97– 2.22 39.9 0.10 0.45 1.48 1.01– 2.17 30.2 0.18 0.37

Use of female hormones

Never 81141 966615.8 934 Reference Reference

Ever 7387 109707.2 95 0.97 0.79– 1.21 0.0 0.79 0.80 0.94 0.76– 1.17 0.0 0.80 0.60

Breastfeeding history

Never 5212 83449.5 91 Reference Reference

Ever 55087 928418.0 700 0.66 0.51– 0.86 21.8 0.28 <0.01 0.88 0.66– 1.17 0.0 0.59 0.39

*CI, confidence interval; HR, hazard ratio.  
†Model 1: adjusted by age and area (for multicentric studies including JPHC- I, JPHC- II, JACC, and LSS).  
§Model 2: adjusted by age, area (for multicentric studies including JPHC- I, JPHC- II, JACC, and LSS), history of smoking [never, former, and current], Body Mass  
Index [<18.5, 18.5- <23, 23- <25, ≥25], history of drinking [nondrinker, occasional drinker (one to three times a month or less than once a week), one to four times a  
week, current drinker (more than five times a week)], environmental tobacco smoke (ETS) exposure during childhood [yes, no] (for studies excluding TAKAYAMA  
and LSS), environmental tobacco smoke (ETS) exposure at home and/or at work [yes, no] (for studies excluding TAKAYAMA and LSS), and mutually adjusted by  
age at menarche [≤12, 13– 14, 15– 16, ≥17], age at first birth [≤20, 21– 25, 26– 30, 31– 35, ≥36], number of births [nulliparous, 1, 2, ≥3], use of female hormones  
[never, ever] (for studies including JPHC- I, JPHC- II, JACC, MIYAGI- I, TAKAYAMA, and OHSAKI), and breastfeeding history [never, ever] (for studies including  
JPHC- I, JPHC- II, MIYAGI- I, OHSAKI, and LSS).  
¶Analyses on age at first birth were conducted among parous women.  

TABLE 2 (Continued)

https://orcid.org/0000-0002-9900-9608
https://orcid.org/0000-0002-9900-9608
https://orcid.org/0000-0001-7665-3524
https://orcid.org/0000-0001-7665-3524
https://orcid.org/0000-0003-2817-3483
https://orcid.org/0000-0003-2817-3483
https://orcid.org/0000-0002-0197-6772
https://orcid.org/0000-0002-0197-6772


2162 |   TAKEUCHI ET Al.

Norie Sawada   https://orcid.org/0000-0002-9936-1476 
Hidemi Ito   https://orcid.org/0000-0002-8023-4581 
Keiko Wada   https://orcid.org/0000-0002-5467-8592 
Keitaro Matsuo   https://orcid.org/0000-0003-1761-6314 
Manami Inoue   https://orcid.org/0000-0003-1276-2398 

REFERENCES
 1. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and 

mortality worldwide: sources, methods and major patterns in 
GLOBOCAN 2012. Int J Cancer. 2015;136:E359- E386.

 2. Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 2012. 
CA Cancer J Clin. 2015;65:87- 108.

 3. Harbeck N, Gnant M. Breast cancer. Lancet. 
2017;389(10074):1134- 1150.

 4. Katanoda K, Hori M, Matsuda T, et al. An updated report on the 
trends in cancer incidence and mortality in Japan, 1958– 2013. Jpn 
J Clin Oncol. 2015;45:390- 401.

 5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer 
J Clin. 2020;70(1):7- 30.

 6. Kelsey JL, Gammon MD, John EM. Reproductive factors and 
breast cancer. Epidemiol Rev. 1993;15(1):36- 47.

 7. Collaborative Group on Hormonal Factors in Breast Cancer. Breast 
cancer and breastfeeding: Collaborative reanalysis of individual 
data from 47 epidemiological studies in 30 countries, including 
50302 women with breast cancer and 96973 women without the 
disease. Lancet. 2002;360(9328):187- 195.

 8. Lambertini M, Santoro L, Del Mastro L, et al. Reproductive be-
haviors and risk of developing breast cancer according to tumor 
subtype: a systematic review and meta- analysis of epidemiological 
studies. Cancer Treat Rev. 2016;49:65- 76.

 9. Nagata C, Hu Y- H, Shimizu H. Effects of menstrual and repro-
ductive factors on the risk of breast cancer: meta- analysis of the 
case- control studies in Japan. Jpn J Cancer Res. 1995;86:910- 915.

 10. Tamakoshi K, Yatsuya H, Wakai K, et al. Impact of menstrual and 
reproductive factors on breast cancer risk in Japan: results of the 
JACC study. Cancer Sci. 2005;96(1):57- 62.

 11. Iwasaki M, Otani T, Inoue M, Sasazuki S, Tsugane S. Role and 
impact of menstrual and reproductive factors on breast cancer risk 
in Japan. Eur J Cancer Prev. 2007;16(2):116- 123.

 12. Kawai M, Minami Y, Kuriyama S, et al. Reproductive factors, ex-
ogenous female hormone use and breast cancer risk in Japanese: the 
Miyagi Cohort Study. Cancer Causes Control. 2010;21(1):135- 145.

 13. Nagata C, Mizoue T, Tanaka K, et al. Breastfeeding and breast 
cancer risk: an evaluation based on a systematic review of epi-
demiologic evidence among the Japanese population. Jpn J Clin 
Oncol. 2012;42(2):124- 130.

 14. Li H, Sun X, Miller E, et al. BMI, reproductive factors, and breast 
cancer molecular subtypes: a case- control study and meta- analysis. 
J Epidemiol. 2017;27(4):143- 151.

 15. Liu R, Kitamura Y, Kitamura T, et al. Reproductive and lifestyle 
factors related to breast cancer among Japanese women: an obser-
vational cohort study. Medicine. 2019;98(51):e18315.

 16. Wada K, Nagata C, Tamakoshi A, et al. Body mass index and 
breast cancer risk in Japan: a pooled analysis of eight population- 
based cohort studies. Ann Oncol. 2014;25(2):519- 524.

 17. Kashino I, Akter S, Mizoue T, et al. Coffee drinking and colorectal 
cancer and its subsites: a pooled analysis of 8 cohort studies in 
Japan. Int J Cancer. 2018;143(2):307- 316.

 18. Koyanagi YN, Matsuo K, Ito H, et al. Body- mass index and pan-
creatic cancer incidence: a pooled analysis of nine population- 
based cohort studies with more than 340,000 Japanese subjects. J 
Epidemiol. 2018;28(5):245- 252.

 19. Koyanagi YN, Ito H, Matsuo K, et al. Smoking and pancre-
atic cancer incidence: a pooled analysis of 10 population- based 
cohort studies in Japan. Cancer Epidemiol Biomarkers Prev. 
2019;28(8):1370- 1378.

 20. Sado J, Kitamura T, Kitamura Y, et al. Rationale, design, and pro-
file of the three- prefecture Cohort in Japan: a 15- year follow- up. J 
Epidemiol. 2017;27(4):193- 199.

 21. Nakamura K, Nagata C, Wada K, et al. Cigarette smoking and 
other lifestyle factors in relation to the risk of pancreatic cancer 
death: a prospective cohort study in Japan. Jpn J Clin Oncol. 
2011;41(2):225- 231.

 22. 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 medi-
cal cost during the first year. J Epidemiol. 1998;8(5):258- 263.

 23. Brenner AV, Preston DL, Sakata R, et al. Incidence of breast can-
cer in the life span study of atomic bomb survivors: 1958– 2009. 
Radiat Res. 2018;190(4):433- 444.

 24. Sasaki KM, Wada K, Zeredo JLL, Nagata C. Prospective study of 
dietary energy density and weight gain in a Japanese adult popula-
tion. Br J Nutr. 2017;117(6):822- 828.

 25. Shirabe R, Saito E, Sawada N, et al. Fermented and nonfermented 
soy foods and the risk of breast cancer in a Japanese population- 
based cohort study [published online ahead of print, 2020 Dec 19]. 
Cancer Med. 2020;https://doi.org/10.1002/cam4.3677.

 26. Vatten LJ, Kvinnsland S. Body mass index and risk of breast 
cancer. A prospective study of 23,826 Norwegian women. Int J 
Cancer. 1990;45(3):440- 444.

 27. Galanis DJ, Kolonel LN, Lee J, et al. Anthropometric predictors 
of breast cancer incidence and survival in a multi- ethnic cohort of 
female residents of Hawaii, United States. Cancer Causes Control. 
1998;9(2):217- 224.

 28. DerSimonian R, Laird N. Meta- analysis in clinical trials. Control 
Clin Trials. 1986;7(3):177- 188.

 29. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta- 
analysis. Stat Med. 2002;21(11):1539- 1558.

 30. Stark O, Peckham CS, Moynihan C. Weight and age at menarche. 
Arch Dis Child. 1989;64(3):383- 387.

 31. Minami Y, Tsubono Y, Nishino Y, et al. The increase of female 
breast cancer incidence in Japan: emergence of birth cohort effect. 
Int J Cancer. 2004;108(6):901- 906.

 32. Onland- Moret NC, Peeters PHM, van Gils CH, et al. Age at men-
arche in relation to adult height: the EPIC study. Am J Epidemiol. 
2005;162(7):623- 632.

 33. Kvale G, Heuch I. Menstrual factors and breast cancer risk. 
Cancer. 1988;62(8):1625- 1631.

 34. Lambe M, Hsieh C, Trichopoulos D, et al. Transient increase 
in the risk of breast cancer after giving birth. N Engl J Med. 
1994;331(1):5- 9.

 35. Leon DA, Carpenter LM, Broeders MJ, et al. Breast cancer in 
Swedish women before age 50: evidence of a dual effect of com-
pleted pregnancy. Cancer Causes Control. 1995;6(4):283- 291.

 36. Clavel- Chapelon F. Differential effects of reproductive fac-
tors on the risk of pre-  and postmenopausal breast cancer. 
Results from a large cohort of French women. Br J Cancer. 
2002;86(5):723- 727.

https://orcid.org/0000-0002-9936-1476
https://orcid.org/0000-0002-9936-1476
https://orcid.org/0000-0002-8023-4581
https://orcid.org/0000-0002-8023-4581
https://orcid.org/0000-0002-5467-8592
https://orcid.org/0000-0002-5467-8592
https://orcid.org/0000-0003-1761-6314
https://orcid.org/0000-0003-1761-6314
https://orcid.org/0000-0003-1276-2398
https://orcid.org/0000-0003-1276-2398
https://doi.org/10.1002/cam4.3677


   | 2163TAKEUCHI ET Al.

 37. Russo J, Russo IH. Toward a physiological approach to breast 
cancer prevention. Cancer Epidemiol Biomarkers Prev. 
1994;3(4):353- 364.

 38. Collaborative Group on Hormonal Factors in Breast Cancer. Breast 
cancer and hormonal contraceptives: collaborative reanalysis of 
individual data on 53297 women with breast cancer and 100239 
women without breast cancer from 54 epidemiological studies. 
Lancet. 1996;347(9017):1713- 1727.

 39. Norman SA, Berlin JA, Weber AL, et al. Combined effect of oral 
contraceptive use and hormone replacement therapy on breast 
cancer risk in postmenopausal women. Cancer Causes Control. 
2003;14(10):933- 943.

 40. Kahlenborn C, Modugno F, Potter DM, Severs WB. Oral con-
traceptive use as a risk factor for premenopausal breast cancer: a 
meta- analysis. Mayo Clin Proc. 2006;81(10):1290- 1302.

 41. Shantakumar S, Terry MB, Paykin A, et al. Age and meno-
pausal effects of hormonal birth control and hormone replace-
ment therapy in relation to breast cancer risk. Am J Epidemiol. 
2007;165(10):1187- 1198.

 42. Yoo KY, Tajima K, Kuroishi T, et al. Independent protective effect 
of lactation against breast cancer: a case- control study in Japan. 
Am J Epidemiol. 1992;135(7):726- 733.

 43. Minami Y, Ohuchi N, Fukao A, Hisamichi S. Risk factors for 
breast cancer: a case- control study of screen- detected breast 
cancer in Miyagi Prefecture, Japan. Breast Cancer Res Treat. 
1997;44(3):225- 233.

 44. Eden JA. Breast cancer, stem cells and sex hormones. Part 2: 
the impact of the reproductive years and pregnancy. Maturitas. 
2010;67(3):215- 218.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Takeuchi T, Kitamura Y, 
Sobue T, et al. Impact of reproductive factors on 
breast cancer incidence: Pooled analysis of nine 
cohort studies in Japan. Cancer Med. 2021;10:2153–
2163. https://doi.org/10.1002/cam4.3752

https://doi.org/10.1002/cam4.3752

