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Objectives: The purpose of this study was to examine the associations of childbirth, breastfeeding, and their interaction with breast
cancer (BC) risk reduction, and to evaluate the heterogeneity in the BC risk reduction effects of these factors by menopause, hormone
receptor (HR) status, and pathological subtype.

Methods: BC patients aged 40+ from the Korean Breast Cancer Registry in 2004-2012 and controls from the Health Examinee cohort par-
ticipants were included in this study after 1:1 matching (12 889 pairs) by age and enrollment year. BC risk according to childbirth, breast-
feeding, and their interaction was calculated in logistic regression models using odds ratios (ORs) and 95% confidence intervals (Cls).
Results: BC risk decreased with childbirth (3+ childbirths relative to 1 childbirth: OR, 0.66; 95% Cl, 0.56 to 0.78 and OR, 0.80; 95% Cl,
0.68 to 0.95 in postmenopausal and premenopausal women, respectively); and the degree of risk reduction by the number of children
was heterogeneous according to menopausal status (p-heterogeneity=0.04), HR status (p-heterogeneity <0.001), and pathological
subtype (p-heterogeneity <0.001); whereas breastfeeding for 1-12 months showed a heterogeneous association with BC risk accord-
ing to menopausal status, with risk reduction only in premenopausal women (p-heterogeneity <0.05). The combination of 2 more
childbirths and breastfeeding for =13 months had a much stronger BC risk reduction of 49% (OR, 0.51; 95% Cl, 0.45 to 0.58).
Conclusions: This study suggests that the combination of longer breastfeeding and more childbirths reduces BC risk more strongly,
and that women who experience both 2 or more childbirths and breastfeed for =13 months can reduce their BC risk by about 50%.
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of mammary cells [9,10]. In parous women, the proportion of
differentiated terminal ductal lobular tissues is higher than in
nulliparous women, and the risk of malignancy is lower, be-
cause undifferentiated breast tissues have a higher risk of ma-
lignant transformation than differentiated breast tissues.
Breastfeeding triggers a continuation of the cell differentiation
process and prolongs the time during which the tissue is in a
mature state [11,12]. The second mechanism is the reduction
of lifetime estrogen exposure. According to the estrogen hy-
pothesis, higher estrogen exposure increases the risk of BC[13]
in comparison to women in whom ovulatory cycles were at-
tenuated due to pregnancy and lactation [14,15].

Prior meta-analyses have failed to demonstrate a dose-re-
sponse relationship of breastfeeding on BC risk due to high
heterogeneity among studies (>70%), a small number of co-
hort studies (only 3), and non-significant dose-response rela-
tionship in meta-analysis of cohort studies [8,16]. In addition,
the combined influence of the number of childbirths and
breastfeeding period on the risk of BC has not been clarified in
previous epidemiological studies. The reason for this is that
women with 4 or more childbirths and longer breastfeeding
periods (over 25 months) comprise less than 5 and 10% of the
total population, respectively. Furthermore, since the risk of BC
by reproductive risk factors depends on menopausal status,
the analysis should be stratified by menopausal status. There-
fore, larger study populations must be analyzed to identify a
dose-response relationship. Furthermore, since the number of
childbirths and the breastfeeding period are biologically relat-
ed, the duration of breastfeeding increases as the number of
childbirths increases. In most studies, due to limited sample
sizes, it is difficult to distinguish between women who are not
breastfed and women who are not breastfed among women
who have had one or more childbirths. Because it is known
that both factors reduce BC risk, the presence of both a longer
breastfeeding duration and more childbirths may exert a com-
bined effect. A previous study was conducted of the interaction
of these 2 factors on the risk of ovarian cancer [17], but their in-
teraction with BC risk has not been confirmed, due to various
complex situations causing limitations in statistical power.

It has recently been established that BC has different clinical
courses depending on the hormone receptor (HR) status, clas-
sified in terms of estrogen and progesterone receptors, the
HER2-receptor, and/or Ki-67 levels, and the pathological sub-
type of cancer. We hypothesized that the protective effect of
breastfeeding on BC risk would be different depending on the
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number of childbirths, and therefore we investigated whether
there was a synergistic effect between parity and breastfeed-
ing. We designed a population-based case-control study using
the Nationwide Breast Cancer Registry and woman participants
in large-scale population-based health screening programs.
The aims of this case-control study were: 1) to identify the
main effects of the number of childbirths and breastfeeding
period on BC risk reduction, while sufficiently controlling for
confounding factors; 2) to determine whether women with a
combined experience of more childbirths and longer breast-
feeding duration had a more strongly reduced BC risk than
those with exposure to a single protective factor; and 3) to in-
vestigate the heterogeneity of the associations of childbirth,
breastfeeding, and their combination with BC risk across
menopausal status, HR status, and pathological subtypes.

METHODS

Study Subjects

The Korea Breast Cancer Study has a mixed design of a large-
scale population-based case-control study and cohort study,
and is composed of man and woman BC patients from
throughout the nation and community-based healthy controls
from 2004 to 2012. The eligible BC cases were obtained from
the database of the Korean National Breast Cancer Registry,
maintained by the Korean Breast Cancer Society (KBCS) [18]. In
brief, the KBCS has conducted a nationwide BC registry for
man and woman BC patients diagnosed at 102 general hospi-
tals since 1996, and the registration data include more than
95% of new breast cancer patients in Korea. The BC cases in-
cluded in this study were woman BC patients aged 40-74 who
were registered between 2004 and 2012. We excluded individ-
uals with missing data about both the number of childbirths
and the breastfeeding period. The eligible controls were ob-
tained from the database of the Health Examinees Study
(HEXA) [19]. In brief, the HEXA is a population-based cohort
study of health screening recipients who receive biennial
health screenings covered by the National Health Insurance
Service, and is one of the cohort studies of the Korean Ge-
nome and Epidemiology Study conducted by the Korea Cen-
ters for Disease Control and Prevention. The control subjects in
this study were defined as healthy women aged between 40
and 74 with no diagnosis of BC who were registered from 2004
t0 2012 (n=101 017). We excluded women with missing data
about both the number of childbirths and the breastfeeding
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period. We matched cases and controls 1:1, according to age
and enrollment period, which was divided into 3 categories;
2004-2006, 2007-2009, and 2010-2012. Finally, a total of 25
778 case-control sets (12 889 pairs) were selected as study
subjects.

Data Collection and Management

Information about age, family history of BC among first-de-
gree and second-degree relatives, age at menarche, pregnan-
cy history, age at the first full-term pregnancy, parity and the
number of childbirths, periods of breastfeeding, oral contra-
ceptive (OC) use, and hormone replacement therapy use was
collected by personal interviews.

Statistical Analysis

Differences between BC cases and controls in the frequen-
cies of general characteristics, such as family history, number
of childbirths, breastfeeding experience, OC use, body mass
index (BMI), age at menarche, and age at first full-term preg-
nancy, were tested using the chi-square test. The number of
childbirths was classified as 0 (nulliparous women), 1, 2, and
3+. Breastfeeding duration was classified as 0 (never breast-
feeding), 1-12, 13-24, and 25+ months.

The BC risk associated with parity, number of childbirths,
breastfeeding duration, and the combination of the number
of childbirths and breastfeeding duration in the entire sample
was estimated using conditional logistic regression models
with odds ratios (ORs) and 95% confidence intervals (Cls),
stratified by age and enrollment year, and additionally adjust-
ed for BC family history, age at menarche, number of child-
births (for breastfeeding and its duration), breastfeeding dura-
tion (for parity and number of childbirths), OC use, and BMI.
The BC risk associated with these risk factors in premenopaus-
al and postmenopausal women was estimated in uncondi-
tional logistic regression models, stratified by age and enroll-
ment year and adjusted for same covariates, because the
matching pair was broken. Moreover, we classified the BC pa-
tients according to HR status (HR+ or HR— BC cases) and
pathologic subtype (such as the luminal A, luminal B, HER2-
enriched, and triple-negative BC [TNBC] subtypes); and ana-
lyzed the BC risk associated with childbirth and breastfeeding
duration for each population subset and the total control pop-
ulation in unconditional logistic regression models, account-
ing for the variability of subgroup-specific OR values across HR
and pathological types. To evaluate differences in the associa-
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tion of individual factors (number of childbirths and breast-
feeding duration) and their combination with BC risk accord-
ing to menopausal status, HR status, and pathological sub-
type, the heterogeneity across menopausal status, HR status,
and pathological subtype was tested using the Cochran Q test
at a significance level of p<0.05 and quantified by the I* statis-
tic, with an I* of 50% considered to be evidence of substantial
heterogeneity [20]. Most statistical analyses, except p-hetero-
geneity analyses, were performed in SAS version 9.4. (SAS In-
stitute Inc., Cary, NC, USA). The 1:1 matching of cases and con-
trols was made using the G-match algorithm [21] of SAS 9.4.
The Cochran Q test was performed in Stata version 14 (Stata-
Corp, College Station, TX, USA).

Ethics approval and consent to participate
This study was approved by the institutional review board

(IRB) of Seoul National University Hospital Biomedical Re-
search Institue (IRB no., 0909-048-295).

RESULTS

The baseline characteristics of the 25 778 women in the
study are described in Supplemental Table 1. Statistically sig-
nificant differences were found in most of the known risk fac-
tors, such as a family history of BC, childbirth, breastfeeding,
OC use, high BMI, and late age of the first full-term pregnancy;
but the distribution of menarche age was not significantly dif-
ferent between cases and controls.

The BC risk by individual factors, such as total childbirths
and total breastfeeding duration, premenopausal and post-
menopausal status, HR status, and pathological subtype is
shown in Tables 1-3 and Supplemental Figures 1-3. The BC risk
of nulliparous women was higher than that of parous women,
especially in postmenopausal women (OR, 1.72; 95% Cl, 1.18
to 2.50). This effect was stronger for HR+ BC (OR, 2.06; 95% Cl,
1.43 to 3.00) and luminal A BC (OR, 2.15; 95% Cl, 1.46 to 3.18)
(data not shown). Women with more childbirths had a re-
duced risk of BC. In premenopausal women, 2+ childbirths
were associated with a 20% reduced risk of BC (childbirths: 2
vs. 0, OR, 0.80; 95% Cl, 0.65 to 0.97; childbirths: 3+ vs. 1, OR,
0.81; 95% Cl, 0.70 to 0.94). Postmenopausal women with 2
childbirths had a 40% reduced risk of BC and those with 3 or
more childbirths had a much more strongly reduced risk
(childbirths: 3+ vs. 0, OR, 0.40; 95% Cl, 0.35 to 0.43; p-hetero-
geneity between premenopausal and postmenopausal wom-
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Table 1. BC risk associated with parity, number of childbirths, and breastfeeding and its duration among BC cases and popula-
tion-based matched controls in the Korea Breast Cancer Study, 2004 to 2012

Total women Premenopausal women Postmenopausal women
B%‘:;;es c‘l’l"(f,;:’)'s OR (95% CI) Bf}‘;ﬁ};"s c‘:]"(f,;:’)'s OR (95% CI) B(:l‘:;;es c‘:l"(f,;;'s OR (95% CI)

Parity

Nullipara 291(2.3) 144(1.1) 1.35(1.06, 1.69) 152 (2.4) 94(15)  1.16(0.86-1.59) 139(2.12) 50(0.8) 1.72(1.18,2.50)

Para 12598(97.7) 12745(98.9)  1.00 (reference) 6170(97.6) 6228(98.5)  1.00 (reference) 6428 (97.9) 6517(99.2)  1.00 (reference)
No. of childbirths

0 291(2.3) 144(1.1) 1.00 (reference) 152 (2.4) 94(1.5) 1.00 (reference) 139(2.1) 50(0.8) 1.00 (reference)

1 2046(15.9)  1370(10.6)  0.88(0.69, 1.14) 1200 (19.0) 853(13.5)  1.01(0.74,1.39) 846 (12.9) 517 (7.9) 0.72(0.48, 1.06)

2 7461(57.9) 7552 (58.6) 0.71(0.61, 0.83) 4248 (67.2) 4526(71.6)  0.80(0.65, 0.97) 3213 (48.9) 3026 (46.1)  0.58(0.45,0.74)

3+ 3091(24.0)  3823(29.7)  0.62(0.54, 0.80) 722(11.4) 849(13.4)  0.81(0.70, 0.94)' 2369(36.1) 2974 (45.3)  0.40(0.35, 0.43)'
Breastfeeding

No children 291(2.3) 144.(1.1) 1.38(1.10,1.75) 152 (2.4) 94(1.5)  1.17(0.86, 1.58) 139(2.1) 50(0.8) 1.80(1.24,2.62)

Never 2966 (23.0) 1975 (15.3) 1.00 (reference) 1945 (30.8) 1340(21.2)  1.00 (reference) 1021 (15.6) 635(9.7) 1.00 (reference)

Ever 9632(74.7) 10770(83.6)  0.60(0.55, 0.64) 4225(66.8)  4888(77.3)  0.59(0.54, 0.65) 5407 (82.3)  5882(89.6)  0.60(0.53,0.68)
Breastfeeding duration (mo)

0 3257 (25.3) 2119(16.4)  1.00 (reference) 2097 (33.2) 1434 (22.7) 1.0 (reference) 1160 (17.7) 685(10.4)  1.00 (reference)

1-12 4116(31.9) 3624 (28.1) 0.77(0.71,0.84) 2372 (37.5) 2470(39.1)  0.67(0.60, 0.74)" 1744 (26.6) 1154 (17.6)  0.99(0.86, 1.14)'

13-24 2901 (22.5) 3576 (27.7) 0.57(0.52, 0.62) 1293 (20.5) 1711(27.1)  0.55(0.48, 0.62) 1608 (24.5) 1865(28.4)  0.60(0.52,0.70)

25+ 1973 (15.3) 3002 (23.3) 0.41(0.37, 0.46) 398(6.3) 599 (9.5) 0.44(0.37,0.53) 1575 (24.0) 2403 (36.6)  0.44(0.38, 0.52)

The OR (95% Cl) in all women was estimated in conditional logistic regression stratified by age and enrollment year and adjusted for family history of BC, age at menarche, age
at first full-term pregnancy, duration of oral contraceptive use, BMI, and breastfeeding duration in the analyses of parity and number of childbirths; or adjusted for family history
of BC, age at menarche, age at first full-term pregnancy, duration of oral contraceptive use, BMI, and number of childbirths in the analyses of breastfeeding and its duration.
The OR (95% Cl) in premenopausal and postmenopausal women was estimated in an unconditional logistic regression model stratified by age and year and adjusted for same
covariates.

BC, breast cancer; OR, odds ratio; Cl, confidence interval; BMI, body mass index.

'pvalue for the heterogeneity of two ORs (95% Cls) from 2 subgroups classified by menopausal status: p<0.001 for [childbirths =3+]; p<0.001 for [breastfeeding=1-12 months].

Table 2. BC risk associated with number of childbirths and breastfeeding duration according to HR status among BC cases and
population-based matched controls in the Korea Breast Cancer Study, 2004 to 2012

Total women Premenopausal women Postmenopausal women
HR+ HR- HR+ HR- HR+ HR-
No. of childbirths
0 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
1 0.78(0.61,0.99) 1.25(0.87,1.79) 0.94 (0.69, 1.30)* 1.64(0.96, 2.78) 0.57(0.39, 0.85)* 0.88(0.53, 1.47)
2 0.52 (0.44, 0.60)' 1.04(0.83, 1.30)' 0.62 (0.50, 0.78)** 1.31(0.92, 1.86 0.48(0.37,0.61)** 0.78(0.57, 1.07)
3+ 0.39(0.34, 0.46)' 1.05(0.86, 1.18)' 0.55(0.48, 0.61)* 1.39(0.99, 1.83 0.22(0.18, 0.25) 0.73(0.57, 0.99)
Breastfeeding duration (mo)
0 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
1-12 0.74(0.69, 0.80) 0.77 (0.68, 0.87) 0.67 (0.61,0.73)** 0.65 (0.55, 0.77)* 1.03(0.89, 1.20%* 0.94(0.78, 1.13)?
13-24 0.52 (0.48, 0.57) 0.52 (0.46, 0.60) 0.53(0.48, 0.59) 0.48(0.39, 0.58) 0.64(0.55, 0.74) 0.55(0.46, 0.67)
25+ 0.40(0.37, 0.44) 0.40(0.34, 0.47) 0.45(0.38, 0.52) 0.49(0.37, 0.66) 0.48(0.41,0.57) 0.40(0.32, 0.49)

Values are presented as OR (95% Cl).

The OR (95% Cl) in all women was estimated in conditional logistic regression stratified by age and enrollment year and adjusted for family history of BC, age at menarche, age
at first full-term pregnancy, duration of oral contraceptive use, BMI, and breastfeeding duration in the analyses of parity and number of childbirths; or adjusted for family history
of BC, age at menarche, age at first full-term pregnancy, duration of oral contraceptive use, BMI, and number of childbirths in the analyses of breastfeeding and its duration.

HR, hormone receptor; BC, breast cancer; OR, odds ratio; Cl, confidence interval; BMI, body mass index.

'p-value for the heterogeneity of two ORs (95% Cls) from HR+ subgroup and HR- subgroup in total women: <0.001 for [childbirths=2]; <0.001 for [childbirths =3+].

2p-value for the heterogeneity of four ORs (95% Cls) from 4 subgroups classified by HR and menopausal status: 0.017 for [childbirths=1]; <0.001 for [childbirths=2]; <0.001 for
[childbirths =3+]; <0.001 for [breastfeeding=1-12 months].

*p-value for the heterogeneity of two ORs (95% Cls) from 2 subgroups classified by menopausal status in HR+ groups = 0.134 for [childbirths=2]; <0.001 for [breastfeeding=1-12
months].
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Premenopausal women Postmenopausal women

Total women

HER2-enriched Triple-negative

Luminal B

Luminal A

HER2-enriched Triple-negative

Luminal B

Luminal A

HER2-enriched Triple-negative

Luminal B

Luminal A

No. of childbirths

1.00 (reference)  1.00 (reference)  1.00 (reference)

1.00 (reference)

1.00 (reference)  1.00 (reference)  1.00 (reference)

1.00 (reference)

1.00 (reference)  1.00 (reference)  1.00 (reference)

1.00 (reference)
0.72(0.58, 0.88)'

0.85(0.42,1.72F 1.06(0.52,2.17° 0.80(0.44, 1.45)

0.56 (0.37,0.83)

1.43(0.83,2.38)" 1.19(0.78,1.82)' 1.01(0.72,1.39% 0.83(0.49,1.39 1.77(0.81,4.007 1.69(0.90, 3.13)

0.87(0.55, 1.25)'

0.80(0.63,1.03)" 1.23(0.88,1.74)" 0.96(0.75, 1.25)’ 0.63(0.50,0.79 0.88(0.65, 1.17 1.38(0.84, 2.36)* 1.41(0.94, 2.09) 0.36(0.27,0.47f 0.74(0.48,1.16)° 1.04(0.66, 1.685° 0.64(0.44, 0.91)°
1.68(1.21,2.28¢

0.45(0.40, 0.51)'

0.65(0.44,0.99° 1.03(0.68, 1.59)° 0.56 (0.40, 0.78)°

0.26(0.20, 0.33)

1.10(0.83,1.48)" 0.92(0.73,1.15) 0.55(0.46, 0.66)° 0.89(0.72, 1.08) 1.13(1.08, 1.68)

0.74(0.61,0.91)

0.34(0.30, 0.38)'

3+
Breastfeeding duration (mo)

1.00 (reference)  1.00 (reference)  1.00 (reference)

1.00 (reference)

1.00 (reference)  1.00 (reference)  1.00 (reference)

1.00 (reference)

1.00 (reference)
0.71(0.62, 0.83)
0.52(0.44,0561)
0.37(0.31, 0.45)

1.00 (reference)
0.84(0.70, 0.99)
0.50(0.42,0.61)
0.40(0.32, 0.50)

1.00 (reference)
0.80(0.68, 0.92)
0.63(0.53, 0.74)
0.42(0.34,0.51)

1.00 (reference)
0.73(0.68, 0.79)
0.51(0.45, 0.55)
0.39(0.36, 0.43)

Parity and Breastfeeding Effects for BC Risk

0.88(0.70, 1.11)*

1.00(0.79, 1.27)
0.48(0.37,0.63)
0.35(0.27,0.47)

1.00(0.78, 1.28)*
0.60 (0.46,0.77)

0.87(0.76, 0.99)"
0.50(0.44, 0.57)
0.38(0.33,0.43)

0.61(0.51,0.75)"
0.45(0.36, 0.57)
0.39(0.27, 0.55)

0.68(0.53, 0.87)°
0.50(0.37,0.67)
0.68(0.44,1.03)

0.69(0.57,0.83)"
0.65(0.51,0.87)
0.44(0.31,0.63)

0.67(0.61,0.74)"
0.51(0.45, 0.57)
0.45(0.38, 0.53)

1-12
13-24

25+

0.59(0.47,0.75)
0.41(0.32,0.53)

0.43(0.33,0.58)

Values are presented as OR (35% Cl).

The OR (95% Cl) in all women was estimated in conditional logistic regression stratified by age and enrollment year and adjusted for family history of BC, age at menarche, age at first full-term pregnancy, duration of oral contraceptive use, BMI, and breastfeeding duration

in the analyses of parity and number of childbirths; or adjusted for family history of BC, age at menarche, age at first full-term pregnancy, duration of oral contraceptive use, BMI, and number of childbirths in the analyses of breastfeeding and its duration.

HR, hormone receptor; BC, breast cancer; OR, odds ratio; Cl, confidence interval; BMI, body mass index.

=3+].

2]; <0.001 for [childbirths

1]; 0.001 for [childbirths

'pvalue for the heterogeneity of four ORs (95% Cls) from 4 pathological subtypes among total women =0.035 for [childbirths

=34].

2]; <0.001 for [childbirths

1]; 0.001 for [childbirths

“p-value for the heterogeneity of four ORs (95% Cls) from 4 pathological subtypes among premenopausal women : 0.021 for [childbirths

=3+].

=2]; <0.001 for [childbirths

1]; <0.001 for [childbirths

*p-value for the heterogeneity of four ORs (95% Cls) from 4 pathological subtypes among postmenopausal women: 0.401 for [childbirths

“p-value for the heterogeneity of eight ORs (95% Cls) from 8 subgroups classified by pathological subtypes and menopausal status: <0.001 for [breastfeeding period =1-12 months].

Table 4. BC risk associated with the combined effect of number of
childbirths and breastfeeding duration in the Korea Breast Cancer
Study, 2004 to 2012

No. of Breastfeeding ~ Premenopausal Postmenopausal
childbirths duration (mo) women women
0 0 1.00 (reference) 1.00 (reference)
1 0 0.98(0.70, 1.39) 0.65(0.43, 0.99)
2 0 0.78(0.69, 0.92) 0.63(0.54, 0.73)
3+ 0 0.89(0.86, 0.94)' 0.47 (0.44, 0.50)'
1 1-12 0.65(0.58, 0.74) 0.64 (0.55, 0.74)
1 13-24 0.69(0.51, 0.60) 0.49(0.42, 0.58)
2 1-12 0.52(0.45, 0.61) 0.52 (0.43, 0.62)
3+ 1-12 0.63(0.59, 0.68) 0.70(0.61, 0.80)
2 13-24 0.44(0.39, 0.51) 0.36(0.30, 0.44)
2 25+ 0.36(0.34, 0.39)' 0.27(0.23,0.32)'
3+ 13-24 0.36(0.35, 0.38)' 0.29(0.25, 0.33)'
3+ 25+ 0.34(0.32,0.38)' 0.21(0.18, 0.26)’

Values are presented as OR (95% Cl).

The OR (95% Cl) in all women was estimated in conditional logistic regression
stratified by age and enrollment year and adjusted for family history of BC, age at
menarche, age at first full-term pregnancy, duration of oral contraceptive use, BMI,
and breastfeeding duration in the analyses of parity and number of childbirths; or
adjusted for family history of BC, age at menarche, age at first full-term pregnancy,
duration of oral contraceptive use, BMI, and number of childbirths in the analyses of
breastfeeding and its duration. The calculated actual OR values in premenopausal
and postmenopausal women was estimated using an unconditional logistic regres-
sion model stratified by age and year and adjusted for same covariates.

BC, breast cancer, OR, odds ratio; Cl, confidence interval; BMI, body mass index.
'pvalue for the heterogeneity of two ORs (35% Cls) from 2 subgroups classified by
menopausal status: <0.001 for [children=3+ and never breastfeeding] 0.005 for
[children=3+ and breastfeeding=13-24 months]; 0.002 for [children=2 and breast-
feeding=25+ months]; <0.001 for [children=3+ and breastfeeding =25+ months].

en <0.001). This effect was much stronger for HR+ BC (p-het-
erogeneity between HR+ and HR— <0.001, 0.009, <0.001 in
total, premenopausal, and postmenopausal women, respec-
tively) (childbirths: 3+ vs. 0, OR, 0.55; 95% Cl, 0.48 to 0.61; and
OR, 0.22; 95% Cl, 0.18 to 0.25 in premenopausal and post-
menopausal women, respectively) and in luminal A BC (p-het-
erogeneity among the 4 BC subtypes in total, premenopausal,
and postmenopausal women <0.001) (childbirths: 3+ vs. 0,
OR, 0.55;95% Cl, 0.46 to 0.66; and OR, 0.26; 95%(Cl, 0.20 to 0.33
in premenopausal and postmenopausal women, respectively).
In particular, postmenopausal women with 3 or more child-
births showed a 44% reduced risk of TNBC (childbirths: 3+ vs.
0, OR, 0.56; 95% Cl, 0.40 to 0.78). Likewise, longer breastfeed-
ing was associated with a reduced risk of BC. Relative to wom-
en with no breastfeeding, premenopausal women with a
breastfeeding duration of 1-12 months had a reduced risk of
BC (OR, 0.67; 95% Cl, 0.60 to 0.74), while postmenopausal
women with the same breastfeeding duration had no reduced
risk for BC (p-heterogeneity <0.001). Women with a much lon-

405
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ger breastfeeding duration (25+ months) had a 56% reduced
risk for BC, regardless of menopausal status (OR, 0.44; 95% Cl,
0.37 to 0.53; and OR, 0.44; 95% Cl, 0.38 to 0.52 in premeno-
pausal and postmenopausal women, respectively). The pro-
tective effect of breastfeeding on BC risk was not significantly
different according to HR status or pathological subtype.

The combined effect of breastfeeding and childbirth is
shown in Figure 1 and Table 4. Since childbirth and breastfeed-
ing were events in premenopausal women, we described to
focus on the BC risk in premenopausal women. Compared to
BC risk in women with no-childbirth and never-breastfeeding,
there were no BC risk reduction in women with 1 childbirth
but never-breastfeeding. However, the BC risk in women with
2+ childbirths but never-breastfeeding began to decline and
their BC risk was reduced by at least 0.89-fold (3+ childbirths:
OR, 0.89 95% Cl, 0.86 to 0.94; 2 childbirths: OR, 0.78; 95% Cl,
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0.69 to 0.92). The BC risk was reduced by at least 0.69-fold for
women with 1 childbirth and breastfeeding for =1 month
(breastfeeding for 1-12 months: OR, 0.65; 95% Cl, 0.58 to 0.74;
breastfeeding for =13 months: OR, 0.69; 95% Cl, 0.51 to 0.60),
at least 0.63-fold for women with 2+ childbirth and breast-
feeding for 1-12 months (2 childbirths: OR, 0.52; 95% Cl, 0.45
to 0.61; 3+ childbirths: OR, 0.63; 95% Cl, 0.59 to 0.68), and at
least 0.44-fold for women with 2+ childbirth and breastfeed-
ing for =13 months (2 childbirths and breastfeeding for 13-24
months: OR, 0.44; 2 childbirths and breastfeeding for 13-24
months: OR, 0.36; 3+ childbirths and breastfeeding for 13-24
months: OR, 0.36; 3+ childbirths and breastfeeding for =25
months: OR, 0.34). The combined OR of never breastfeeding
and 3+ childbirths was different between premenopausal and
postmenopausal women (p-heterogeneity <0.001). Addition-
ally, the combined OR of a breastfeeding duration of 25+
months and 2+ childbirths was different between premeno-
pausal and postmenopausal women (p-heterogeneity=0.002,
<0.001 for 2 and 3+ childbirths, respectively).

The patients analyzed in this study had the following distri-
bution of BC stages: stage 0, 5.3%); stage |, 18.9%j; stage II,
17.7%; stage lll, 6.5%; and stage IV, 0.7%. The BC risk associat-
ed with number of childbirths, breastfeeding, and their combi-
nation by stage (0-1, 2, and 3+) was not heterogeneous (data
not shown).

DISCUSSION

In our study, individual risk factors such as childbirth and
breastfeeding were associated with a reduced risk for BC. The
effect of giving birth on BC risk reduction was heterogeneous
between premenopausal and postmenopausal women, and a
much stronger association was found in postmenopausal
women (childbirths of 3+ vs. 0: 20 and 60% risk reduction in
premenopausal and postmenopausal women, respectively). A
breastfeeding duration of 1-12 months, relative to never
breastfeeding, was associated with a strongly decreased BC
risk in premenopausal women, but no such association was
found in postmenopausal women. The longer breastfeeding
durations of 13-24 and 25+ months were associated with a
further decrease in the risk for BC, but the effect was not dif-
ferent by menopausal status. BC risk reduction by 3 or more
childbirths was strongly observed in HR+ BC, as well as in the
luminal A subtype. By contrast, the reduction of BC risk by a
longer breastfeeding period did not vary according to HR or
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pathological subtype. The combined effect of childbirth and
breastfeeding on BC risk reduction showed a multiplicative
synergistic effect. The combination of both factors had a het-
erogeneous association between premenopausal and post-
menopausal women who had breastfed for 25+ months or
had 3+ childbirths. Previous studies on the individual effect of
childbirth on BC risk showed a significantly decreased risk,
with a much larger reduction in postmenopausal women
[1,3,22]. A consistent relationship between breastfeeding and
postmenopausal status has not been found [3,4,6,8] The re-
cent meta-analyses of the relationship between breastfeeding
and BC risk confirmed an inverse association with breastfeed-
ing itself and found that a greater reduction of BC risk was as-
sociated with longer breastfeeding [8,16,23].

Few previous studies have investigated the heterogeneous
associations of childbirth and breastfeeding with BC risk, and
their results were controversial. Two case-control studies of
breastfeeding itself and longer breastfeeding periods showed
a reduced BC risk in only premenopausal women [5,7]. Those
previous results are similar to our results. However, our results
showed some differences according to breastfeeding dura-
tion. When the breastfeeding period was 1-12 months, only
premenopausal women had a risk reduction in BC, which was
a heterogeneous association. A previous cohort study of child-
birth showed a significant reduction of BC risk only in post-
menopausal women [24], whereas our findings also showed a
heterogeneously lower risk for premenopausal women than
postmenopausal women, but a reduction in BC risk associated
with 3 or more childbirths was observed in all women, regard-
less of menopausal status. Our study reported more detailed
results than previous studies because the number of subjects
in our study is the largest among the studies that have been
conducted in this field.

Our findings of a heterogeneous association with childhood
according to HR status (a stronger association in HR+ BC) and
a non-heterogeneous association of breastfeeding according
to HR status have consistently been observed in individual
studies (for childbirth: [25-27]; for breastfeeding: [27]) and re-
view papers [3,28]. However, our findings of a heterogeneous
association with childbirth according to the pathological sub-
type and a non-heterogeneous association with breastfeeding
do not correspond with those of previous studies. In our study,
a greater reduction in BC risk was shown with more childbirths
in all 4 subtypes, with a particularly strong trend for the lumi-
nal A subtype, whereas previous studies reported inconsistent

Parity and Breastfeeding Effects for BC Risk

results, such as a heterogeneous association between the lu-
minal A and B subtypes (inverse association) and the HER2/
TNBC subtypes (no significant association) [26,29] or a non-
heterogeneous association with all subtypes [27]. The finding
that BC risk was reduced with breastfeeding in all 4 subtypes
and non-heterogeneously associated with the 4 subtypes is
not concordant with the findings of previous studies [26-30].
Findings of the lowest risk in the luminal A subtype relative to
other subtypes agree with our observation of a strongly lower
risk in HR+ BC than in HR— BC. Previous studies showed vari-
ous results, such as a significantly reduced risk of luminal A
and B BC [30], a reduced risk of TNBC [26,28,30], a non-signifi-
cant association with HER2-expressing BC [26,28], and a non-
significant association with all subtypes [27].

Although a combined effect of breastfeeding and giving
birth on BC risk reduction was not reported in previous stud-
ies, a synergistic multiplicative effect was presented in this pa-
per, as the BC risk reduction was higher with an increase in
both factors (i.e., more childbirths and a longer breastfeeding
duration). It is biologically plausible that the presence of both
factors induces a much shorter duration of exposure to hor-
mones, in accordance with the estrogen hypothesis, in addi-
tion to the biochemical mechanisms associated with each
protective factor [14,15]. In particular, this combined effect
was not different across menopausal status, HR, or pathologi-
cal subtype.

This study has several limitations. First, lifestyle factors well
known as risk factors for BC (such as physical exercise [31],
smoking and drinking [32,33], and food intake [34-37]) were
not included. Second, it can be suspected that there is a recall
bias in women'’s response of breastfeeding duration because
the response to the total breastfeeding period of women was
concentrated in a particular month (such 12-month, 24-month,
36-month by an interval of 12-month). The strength of our re-
search is that it incorporated large-scale data from across the
country. In Korea, a total of 115 928 new cases of BC occurred
during the 9 years from 2004 to 2012 [38]. About 11% of these
epidemiologic data were used in this study. In addition, partici-
pants were matched by age and year of enrollment to improve
the comparability by controlling for the age effect and the
birth effect.

In conclusion, the effect of childbirth on BC risk reduction
was heterogeneous according to menopausal status, and the
BC risk reduction associated with 3 or more childbirths was
much stronger in postmenopausal women than in premeno-
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pausal women. By contrast, longer breastfeeding durations of
13+ months were non-heterogeneously associated with
menopausal status, but only women with a breastfeeding du-
ration of 1-12 months showed heterogeneity according to
menopausal status, with only premenopausal women show-
ing a significant BC risk reduction. The association of breast-
feeding and its duration on BC risk was not different according
to HR status or pathological subtype. More childbirths and
longer breastfeeding exerted a combined effect on BC risk re-
duction. The heterogeneous association of the combination of
breastfeeding (1-12 months) and any childbirths on BC risk by
menopausal status was only due to the heterogeneous associ-
ation of breastfeeding according to menopause, not the com-
bined effect. The combined effects of women’s childbirth and
breastfeeding on BC risk reduction are summarized, focusing
on premenopausal women because birth and breastfeeding
are important life events of premenopausal women who can
only be modifiable in premenopausal women. Compared to
BC risk in women with no-childbirth and never-breastfeeding,
a woman who have at least one birth can only benefit from BC
risk reduction if she experiences breastfeeding, while she does
not do breastfeeding she does not have risk reduction effect.
The BCrrisk is decreased by 10-20% for women with 2+ child-
birth but never-breastfeeding, about 30% for women with 1
childbirth but breastfeeding for at least 1 months, 40-50% for
women with 2+ childbirth but breastfeeding for 1-12 months,
and >60% for women with 2+ childbirth but breastfeeding
for =13 months.

In the view of the population-attributable fraction (PAF), two
previous Korean papers suggest that the PAF of breastfeeding
and/or pregnancy (including age at first birth) is estimated to
be 7-11% for Korean women BC [30,39]. If women with <2
childbirths and <13 months of breastfeeding are considered
to be the high-risk group, the PAF for BC prevention through
interventions in the high-risk group would be estimated to be
about 7.5% according to our data, which is similar to the prior
PAF value estimated in prior studies. The PAF (7.5%) associated
with the high-risk group defined by the combination of child-
birth and breastfeeding period accounts for about one-fourth
of the PAF (33%) from all modifiable factors [30]. Since the fer-
tility rate in Korea has rapidly decreased and still not recovered
(6.0 births per fertile woman in 1960; 1.08 in 2005 [the lowest];
1.17 in 2016; Korean Statistical Information Service [http://ko-
sis.kr]), the relative impact of these factors on breast cancer
prevention seems to be more important than in the past. Al-
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though low childbirth and/or the combination of low child-
birth and short breastfeeding can considered to make a partial
contribution to BC in Korea, this paper is expected to serve as
scientific evidence to support national cancer management
policies for BC.

Our findings regarding BC risk modification by the combina-
tion of childbirth and breastfeeding and the full evaluation of
heterogeneous associations by menopausal status, HR, and
pathological subtypes are the first such findings worldwide, to
the best of our knowledge. This study may provide a scientific
basis for national cancer management policies involving the
promotion of childbirth and breastfeeding, although child-
birth and breastfeeding contribute only partially to the devel-
opment of BC.
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