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Abstract

Background Associations between reproductive factors and breast cancer (BC) risk vary by molecular subtype (i.e,,
luminal A, luminal B, HER2, and triple negative/basal-like [TNBC]). In this systematic review and meta-analysis, we sum-
marized the associations between reproductive factors and BC subtypes.

Methods Studies from 2000 to 2021 were included if BC subtype was examined in relation to one of 11 reproduc-
tive risk factors: age at menarche, age at menopause, age at first birth, menopausal status, parity, breastfeeding, oral
contraceptive (OC) use, hormone replacement therapy (HRT), pregnancy, years since last birth and abortion. For each
reproductive risk factor, BC subtype, and study design (case—control/cohort or case-case), random-effects models
were used to estimate pooled relative risks and 95% confidence intervals.

Results A total of 75 studies met the inclusion criteria for systematic review. Among the case—control/cohort studies,
later age at menarche and breastfeeding were consistently associated with decreased risk of BC across all subtypes,
while later age at menopause, later age of first childbirth, and nulliparity/low parity were associated with increased
risk of luminal A, luminal B, and HER2 subtypes. In the case-only analysis, compared to luminal A, postmenopausal
status increased the risk of HER2 and TNBC. Associations were less consistent across subtypes for OC and HRT use.

Conclusion Identifying common risk factors across BC subtypes can enhance the tailoring of prevention strategies,
and risk stratification models can benefit from subtype specificity. Adding breastfeeding status to current BC risk pre-
diction models can enhance predictive ability, given the consistency of the associations across subtypes.
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Introduction

Breast cancer (BC) is the most common cancer type
and a leading cause of cancer death among women
globally [1, 2]. Established risk factors for BC include
genetic, reproductive, and lifestyle-related factors, con-
tributing to variations in worldwide BC incidence rates
[3]. Reproductive factors that have been linked with
BC risk include age at menarche, age at menopause,
menopausal status, pregnancy-related factors (age at
first birth, parity, breastfeeding, years since last birth),
oral contraceptive (OC) use, and hormone replacement
therapy (HRT) [3-6]. These factors likely influence
breast cancer risk through alterations in circulating
levels of hormones such as estrogen [4]. Certain repro-
ductive risk factors such as HRT and pregnancy may
directly change hormonal levels, while other risk fac-
tors such as age at menarche and age at menopause are
markers for the lifetime duration of hormonal expo-
sures [5].

BC is recognized as a heterogeneous cancer due to
differences in tumor and genomic features that indi-
cate different etiology and prognosis [6]. Based on hor-
mone receptors (estrogen (ER) and progesterone (PR))
and expression level of human epidermal growth fac-
tor receptor 2 (HER2), BC can be classified as luminal
A (ER+and/or PR+, HER2-), luminal B (ER+and/
or PR+, HER2 +), HER 2-overexpression (ER—, PR—,
and HER2+), triple-negative, and basal-like (ER-—,
PR —, and HER2-),~luminal A being the most common
of all the subtypes [7]. Although several studies have
evaluated the associations between reproductive fac-
tors and molecular subtypes, results have been incon-
sistent [8-10]. A 2016 meta-analysis that evaluated
15 studies reported that parity was associated with
decreased risk of luminal subtype and later age at first
birth was associated with increased risk; while breast-
feeding was associated with decreased risk of both
luminal and triple-negative BC subtypes [6]. The meta-
analysis included studies published up to 2014 and
evaluated only three reproductive factors; age at first
birth, parity, and breastfeeding. In the present system-
atic review and meta-analysis, we extend the review
period through 2021 and examine 11 separate repro-
ductive factors associated with each BC molecular sub-
type: age at menarche, age at menopause, age at first
birth, menopausal status, parity, breastfeeding, OC use,
HRT use, pregnancy, years since last birth, and abor-
tion. The purpose of this study is to: i) comprehensively
summarize the published literature on reproductive
risk factors and molecular BC subtypes, and ii) gener-
ate summary estimates of the associations between
reproductive risk factors and BC molecular subtypes.

Page 2 of 29

Methods

This systematic review and meta-analysis were conducted
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) recommen-
dations (Fig. 1) [11, 12]. Primary studies published in the
English language between January 2000 and April 2021
were retrieved from PubMed, Scopus, and Embase. We
focused on studies published after 2000 to account for
the updated research based on breast tumor classifica-
tions and different subtypes. For instance, a study con-
ducted by Perou et al., 2000 demonstrated how tumors
can be categorized into different subtypes of breast can-
cer based on their unique patterns of gene expression,
which may contribute to differential analysis of molecu-
lar gene expression patterns of BC tumors in studies
conducted after 2000 [13]. The search strategy included
MeSH and non-MeSH key terms for 1) “Breast Neo-
plasms’, and specific subtypes evaluated which included:
luminal A, luminal B, HER-2- overexpression (HER2),
basal-like, and triple-negative/basal-like (TNBC) breast
neoplasms; 2)“Reproductive behavior” as well as spe-
cific reproductive factors, including menarche, abortion,
parity (children born alive), breastfeeding, pregnancy
(including live pregnancies and abortions), contracep-
tives, menopause, menstruation, menstrual period, age
at first birth, birth control, birth intervals, and hormone
replacement therapy. The specific search strategy is pre-
sented in the Supplementary materials.

Study eligibility

Included studies focused on BC subtypes and reproduc-
tive factors of interest. Studies were excluded if they were
published in languages other than English; full texts were
not available; examined BC subtypes other than luminal
A, luminal B, HER-2, TNBC, or outcomes other than BC
subtypes; only analyzed non-reproductive risk factors or
none of our a priori reproductive risk factors of interest;
if effect estimates (i.e., odds ratios, relative risks, hazard
ratios) were unavailable; or were study designs other than
case—control, case-case, or cohort.

Selection

Two authors (CO, SK) reviewed the titles, abstracts,
and full text of all studies retrieved from electronic
databases. Discrepancies in selection were resolved by
consensus, and disagreements were resolved in consul-
tation with a third author (XM). A total of 12,243 stud-
ies were retrieved from database searches. We excluded
7,702 duplicate articles, and 4,396 articles after the title
and abstract review, resulting in 145 articles for full-text
review. Of these, 40 studies were excluded due to non-
relevant outcomes (e.g., percentages, proportions, means
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Fig. 1 PRISMA flow chart for BC subtypes systematic review and meta-analysis

rather than OR or RR estimates); 11 studies due to other
subtype classifications; 12 studies due to study design;
4 full texts were not available in English; and 3 stud-
ies lacked reproductive variables, resulting in 75 eligible
studies. Of these, 56 studies reported estimates for the
association between reproductive factors and BC sub-
types and were included in meta-analysis (Fig. 1).

Data extraction

Data was abstracted by one author (CO) and indepen-
dently reviewed and verified based on original full texts
by the two other authors (SK and AJ). Information on
author, year, study design, study characteristics (coun-
try of study, sample size, data source, patient race, etc.),
BC subtypes (luminal A, luminal B, HER-2, and TNBC),
reproductive factors, covariates, and corresponding risk
estimates and their 95% confidence intervals (CI) were
recorded.

Statistical analysis

Odds ratios (OR), relative risks (RR), and hazard
ratios (HR) for reproductive factors comparing the
most extreme (e.g., highest vs. lowest) categories were
extracted. To ensure consistency in the meta-analysis, if

needed, ratio measures were inverted to ensure reference
categories matched across studies. Odds ratios and haz-
ard ratios were converted to approximate RRs and 95%
ClIs. Studies were included in the meta-analysis when at
least three studies of the same exposure-outcome combi-
nation were available. The meta-analysis was conducted
separately for each combination of exposure and BC sub-
type. All 11 reproductive factors were included in the
systematic review, but only eight that were examined in
at least three studies were included in the meta-analysis:
1) age at menarche, 2) age at menopause, 3) age at first
birth, 4) menopausal status, 5) parity, 6) breastfeed-
ing, 7) OC use and 8) HRT use. Pregnancy, years since
last birth, and abortion were qualitatively summarized.
Study-level results are presented in supplemental mate-
rials (Supplementary Figs. 1-16). Random effects models
were used to compute pooled estimates with 95% Cls for
each reproductive factor and molecular subtype for both
case—control/cohort, and case-case studies separately.
We combined cohort and case—control studies together
in our analysis based on similarity in results and strength
of study design. In the case-case analysis, luminal A was
the reference group as it was the most common subtype
reported as a reference in the studies. The Q-statistic was
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used to assess the presence of between-study heteroge-
neity; the °-statistic was used to examine the proportion
of variation between studies due to heterogeneity (p-val-
ues reported with effect estimates correspond to the 12
p-value); [14] and the Egger test was used to assess pub-
lication bias [15]. Analyses were conducted using STATA
version 15 (Stata Corp LLC, College Station, TX).

Results

Seventy-five studies met the inclusion criteria and were
deemed suitable for the systematic review (Fig. 1). The
characteristics of included studies are summarized in
Table 1 and Supplementary Table 1. Most eligible stud-
ies were published between 2011 and 2021 (n=59), and
about 40% of the studies were conducted in the United
States. Of the seventy-five studies, thirteen were cohort
studies, thirty-six studies were case—control, twenty-
two were case-case studies, and four studies were both
case—control and case-case study designs. Nineteen of
the seventy-five studies reported data that could not be
meta-analyzed, resulting in fifty-six studies included in
meta-analysis. Four cohort studies [16—19] that reported
hazard ratios to evaluate the association of reproductive
factors and subtypes were combined with case—control
studies in the meta-analysis.

Age at menarche

Forty-six studies evaluated the association between age
at menarche and BC subtypes (twenty-four case—control
studies [9, 22, 28, 36, 37, 39-42, 44, 46, 48, 53, 57, 61, 63,
65, 66, 72, 79, 80, 83, 85, 86], fourteen case-only studies
[20, 27, 30, 35, 43, 59, 69, 71, 74-77, 81, 89], three case—
control/case-case studies [24, 52, 60], and five cohort
studies [17, 18, 55, 70, 88]), and were included in the
systematic review. Among the cohort and case—control
studies, later age at menarche was associated with lower
risk of BC in the majority of studies regardless of sub-
type [9, 17, 18, 22, 24, 28, 36, 37, 39-42, 44, 46, 48, 52, 53,
55, 57, 60, 61, 63, 65, 66, 70, 72, 79, 80, 83, 85, 86, 88], of
which fourteen studies [17, 18, 24, 39, 40, 42, 52, 57, 63,
72,79, 83, 85, 86] were luminal A, nine studies [17, 24, 39,
42, 52, 57, 63, 85, 86] were luminal B, twelve studies [17,
22, 24, 39, 42, 44, 53, 63, 65, 79, 83, 85] were HER2, and
eighteen studies were TNBC [9, 18, 22, 37, 39, 40, 46, 52,
53,57, 60, 63, 65, 66, 72, 79, 85, 86]. Among the case-only
studies [20, 24, 27, 30, 35, 43, 52, 59, 60, 69, 71, 74-77, 81,
89], compared to luminal A, later age of menarche was
associated with lower risk of luminal B in seven studies
[20, 24, 30, 43, 52, 69, 89], HER2 subtype in six studies
[20, 30, 59, 74, 76, 89], and TNBC in eight studies [27,
30, 52, 60, 71, 74, 76, 89]. Sung et.al. compared luminal
A basal-positive with luminal A basal-negative cases but
reported a non-significant lower association between age
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at menarche and BC subtypes [77]. Yaun et. al., reported
younger age at menarche was more often observed in
patients with HER2-positive compared to patients with
HER2- negative status, while Ly et. al., and Rauh et. al,,
observed no significant differences between mean age of
menarche and BC subtypes [55, 70, 88].

In meta-analysis of two cohort and twenty-seven case—
control studies (Fig. 2; Supplementary Fig. 1), later vs
earlier age at menarche was associated with a 12% lower
risk of luminal A (RR: 0.88, 95% CI: 0.83, 0.93, I =64.1%,
p<0.001) and 14% lower risk of TNBC (RR:0.86, 95%
CI: 0.79, 0.95, I*=57.6%, p<0.001). Associations with
luminal B (RR: 0.95, 95% CIL 0.90, 1.00, *=12.1%,
p=0.315) and HER2-overexpressing (RR: 0.95, 95% CI:
0.86, 1.05, I’=37.2%, p=0.038) subtypes were lower
but not significant. There was evidence of heterogene-
ity and publication bias among the studies (Egger test:
-0.631, p=0.004). In analysis of thirteen case-case stud-
ies (Fig. 2; Supplementary Fig. 2), compared to luminal
A, other subtypes were not significantly associated with
age at menarche. There was some heterogeneity among
the case-case studies, but no evidence of publication bias
(Egger test:0.43, p=0.309).

Age at menopause

Twenty-one studies evaluated the association between
age at menopause and BC subtypes (ten case—control
studies, seven case-case studies, one case—control/case-
case study, and three cohort studies). In the cohort stud-
ies and eleven case—control studies [9, 17, 18, 36, 38, 40,
46, 48, 52, 53, 63, 65, 66, 72, 85—-88], later age at meno-
pause was associated with higher risk among nine lumi-
nal A studies [17, 18, 38, 40, 63, 72, 85—87], four luminal B
studies [17, 18, 40, 86], ten HER2-overexpressing studies
[17, 18, 38, 40, 46, 63, 65, 72, 86, 87], and eleven TNBC/
basal-like studies [17, 18, 36, 38, 46, 63, 65, 66, 72, 85, 86].
Ye et al. [87] and Yuan et al. [88] observed no significant
differences in mean age at menopause and BC subtypes.
Among the eight case-case studies [35, 59, 69, 74, 76, 77,
87, 89], compared to luminal A, later age of menopause
was associated with higher risk of HER2 subtype in three
studies [35, 74, 87], but conflicting associations with risk
of TNBC in four studies [35, 71, 76, 81].

In meta-analysis of two cohort and eleven case—con-
trol studies (Fig. 2; Supplementary Fig. 3), later vs. ear-
lier age at menopause was associated with a 7% higher
risk of luminal A (RR:1.07, 95% CI: 1.03, 1.10, I>=56.1%,
p=0.025), 6% higher risk of luminal B (RR:1.06, 95%
CIL: 1.03, 1.08, I’=9.2%, p=0.359) and 13% higher
risk of HER2-overexpressing (RR:1.13, 95% CI: 1.04,
1.23, ’=69.6%, p=0.001), while the association with
TNBC subtype (RR:1.02, 95% CI: 0.94, 1.11, I*=58.8%
p=0.005 was not significant. There was no evidence of
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Reproductive Risk Factor Study Heterogeneity
and Molecular Subtype Design RR (95% Cl) P-Value
Age at Menarche
Luminal A Case-Control - 0.88 (0.83, 0.93) <0.001
Luminal B Case-Control - 0.95 (0.90, 1.00) 0.315
HER2 Case-Control — 0.95 (0.86, 1.05) 0.038
Triple-Negative/Basal-Like Case-Control —— 0.86 (0.79, 0.95) <0.001
Luminal B Case-Case —1— 1.05 (0.93, 1.19) 0.007
HER2-overexpression Case-Case —+— 1.05 (0.95, 1.16) 0.100
Triple-Negative/Basal-Like Case-Case —— 0.97 (0.88, 1.06) 0.410
Age at menopause
Luminal A Case-Control - 1.07 (1.03, 1.10) 0.025
Luminal B Case-Control L 4 1.06 (1.08, 1.08) 0.359
HER2 Case-Control —— 1.13 (1.04, 1.23) 0.001
Triple-Negative/Basal-Like Case-Control —— 1.02 (0.94, 1.11) 0.005
HER2-overexpression Case-Case L g 1.11 (0.84, 1.47) 0.128
Triple-Negative/Basal-Like Case-Case & 0.91 (0.63, 1.32) 0.003
Age at First Birth
Luminal A Case-Control - 1.19 (1.13, 1.26) <0.001
Luminal B Case-Control —— 1.19 (1.10, 1.30) <0.001
HER2 Case-Control — 1.15 (1.05, 1.26) 0.009
Triple-Negative/Basal-Like Case-Control —— 0.99 (0.92, 1.07) 0.002
Luminal B Case-Case — 0.83 (0.68, 1.01) 0.007
HER2-overexpression Case-Case —— 0.82 (0.73, 0.92) 0.517
Triple-Negative/Basal-Like Case-Case —_— 0.84 (0.72, 0.97) 0.004
| | |
75 1 1.25 1.5

Decreased Risk

Increased Risk

Fig. 2 Summary of meta-analysis results for age at menarche, age at menopause and age at first birth (Estimates for case—control studies

also include cohort studies)

publication bias (Egger’s test: 0.615, p=0.074). In the
case-case analyses (Fig. 2; Supplementary Fig. 4), later
age at menarche was not significantly associated with

any of the subtypes compared to luminal A. There was
some heterogeneity in the studies, but no evidence of
publication bias (Egger’s test -1.04, p =0.06).
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Age at first birth

Forty-three studies evaluated the association between
age at first birth and BC subtypes (twenty-three case—
control studies, fourteen case-case studies, three case—
control/case-case studies, and three cohort studies).
In the cohort and case—control analysis [9, 17, 18, 22,
24, 28, 37-40, 42, 44, 46, 52, 53, 56, 57, 61, 65, 67, 72,
79, 80, 83, 85, 88], later age at first birth/nulliparity vs.
earlier age /parity was associated with higher risk in fif-
teen studies [9, 17, 18, 24, 38—40, 42, 52, 56, 57, 60, 63,
79, 86] except one [85] evaluating luminal A, ten [17,
24, 38-40, 42, 52, 57, 79, 86] studies evaluating luminal
B, thirteen [17, 18, 24, 28, 38, 39, 42, 53, 61, 67, 72, 80,
85] studies evaluating HER2 and twelve [17, 18, 37-40,
42, 52, 56, 67, 72, 79] studies evaluating TNBC. Yuan
et al. did not find any difference in the mean age at first
birth comparing HER2-positive vs. HER2-negative [88].
In case-case analysis [20, 24, 27, 30, 35, 43, 49, 52, 59,
60, 71, 74-77, 81, 82, 89], compared to luminal A, later
age/nulliparity was associated with lower risk of lumi-
nal B in five [24, 43, 52, 81, 89] studies, three studies
[24, 49, 60] evaluating HER2-overexpression, and six
TNBC studies [27, 43, 49, 71, 74, 89]. Five studies had
other comparison groups other than luminal A [43, 75,
77, 81, 82], and found later age at first birth was associ-
ated with a higher risk of luminal B, lower risk of HER2
and a mixed association with TNBC.

In the meta-analysis of two cohort and twenty-six
case—control studies (Fig. 2; Supplementary Fig. 7), later
age at first birth/nulliparity vs. younger age was associ-
ated with a 19% higher risk of luminal A (RR:1.19 95%
CL 1.13, 1.26, P=87.6%, p=0.000), 19% for luminal B
(RR:1.19, 95% CI: 1.10, 1.30, *=76.6%, p<0.001) and
15% for HER2 (RR:1.15, 95% CIL: 1.05, 1.26, *=45.2%,
p=0.009), while there was no difference in risk for TNBC
(RR:0.99, 95% CI: 0.92, 1.07, F=51.3%, p=0.002). There
was heterogeneity among the studies and evidence of
publication bias (Egger 0.778, p=0.001). In meta-anal-
ysis of case-case studies (Fig. 2; Supplementary Fig. 8),
compared to luminal A, later age at first birth/nullipar-
ity vs. younger age was associated with a 18% lower risk
of HER2 subtype (RR: 0.82, 95% CI: 0.73, 0.92, I*=0.0%,
p=0.517) and 16% lower risk of TNBC (RR: 0.84, 95%
CL 0.72, 0.97, >=55.6%, p=0.004). Lower risk was also
observed in studies evaluating luminal B but the asso-
ciation was not significant (RR: 0.83, 95% CI: 0.68, 1.01,
P=60.6%, p=0.007). There was heterogeneity among the
studies but no evidence of publication bias (Egger’s test
-1.043, p=0.059).

Menopausal status
Eighteen studies evaluated the association between
menopausal status and BC subtypes (five case—control
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studies, seven case-case studies, three case—control/
case-case studies, and three cohort studies). In the
cohort and case—control study analysis [9, 18, 22, 29, 38,
45, 52, 60, 65, 85, 87], post/peri vs pre/natural meno-
pause was associated with a lower risk of luminal A in
four studies [18, 38, 52, 85], luminal B in four studies
[18, 38, 52, 85], and TNBC in seven studies [9, 18, 38,
52, 65, 85, 87], but higher risk in five HER-2 overex-
pressing studies [22, 38, 45, 52, 65]. Ihemelandu et al.
observed that molecular subtypes did not differ by
menopausal status, however basal cell-like subtype also
showed an age-specific bimodal distribution with a peak
in the <35 and 51 to 65 years age groups [45]. Chauhan
et. al., reported a higher percentage of Her2-neu recep-
tor in post-menopausal compared to pre-menopausal
women, while the opposite was seen in TNBC patients
[29]. In the ten case-case analysis studies [35, 49, 52,
58, 60, 71, 75, 76, 87, 89], compared to luminal A, post/
perimenopausal status was associated with a higher risk
in four [52, 58, 60, 89] luminal B studies, six HER2-over-
expressing studies [49, 52, 58, 60, 87, 89], and six TNBC
studies [49, 52, 58, 60, 75, 89].

In the meta-analysis of one cohort and six case—control
studies (Fig. 3; Supplementary Fig. 5) post/peri menopau-
sal status was associated with a 39% lower risk of lumi-
nal A (RR: 0.61, 95% CI: 0.49, 0.76, I*=79.0%, p=0.001),
20% lower risk of luminal B (RR:0.80, 95% CI: 0.68, 0.94,
P=0%, p=0.630); however the association was statisti-
cally non-significantly higher for HER2-overexpressing
(RR: 1.07, 95% CI: 0.86, 1.33, ?=0.0%, p=0.967) and
lower for TNBC (RR: 0.99, 95% CI: 0.84, 1.15, F=0%,
p=0.844). There was heterogeneity among luminal A
studies, as well as evidence of publication bias (Egger’s
test 2.17, p <0.001). In the case-case meta-analysis (Fig. 3;
Supplementary Fig. 6), compared to luminal A, post/
peri-menopausal status was associated with 61% higher
risk of HER2-overexpressing (RR: 1.61 95% CI: 1.04, 2.49,
P=78.8%, p<0.001), though the association was not
significant with luminal B (RR: 1.10, 95% CI: 0.86, 1.40,
P=41.0%, p<0.001) or TNBC (RR: 1.07, 95% CI: 0.74,
1.56, P=60.5%, p=0.019). There was significant hetero-
geneity but no evidence of publication bias (Egger -0.138,
p=0.910).

Parity

Fifty-three studies evaluated the association between
parity and BC subtypes (twenty-three case—control stud-
ies, nineteen case-case studies, three case—control/case-
case studies, and eight cohort studies). In the cohort and
case—control studies [16-18, 21, 22, 24, 26, 31, 34, 39, 40,
42,46-48, 51-53, 55-57, 60-62, 64—67, 72,79, 80, 83, 85,
86], higher parity was associated with a lower risk in fif-
teen studies [16-18, 26, 39, 40, 42, 47, 52, 56, 57, 60, 79,
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gﬁgﬁgr:émgrﬁsiiléractor Study . Heterogeneity

ype Design RR (95% ClI) -Value
Menopausal Status
Luminal A Case-Control é‘— 0.61 (0.49, 0.76) 0.001
Luminal B Case-Control — 0.80 (0.68, 0.94) 0.630
HER2 Case-Control —_— 1.07 (0.86, 1.33) 0.967
Triple-Negative/Basal-Like Case-Control —_— 0.99 (0.84, 1.15) 0.844
Luminal B Case-Case 4 1.10 (0.86, 1.40) 0.148
HER2-overexpression Case-Case % 1.61 (1.04, 2.49) <0.001
Triple-Negative/Basal-Like Case-Case _‘9 1.37 (1.03, 1.83) 0.249
Parity
Luminal A Case-Control «— 0.59 (0.49, 0.71) <0.001
Luminal B Case-Control é‘— 0.61 (0.47, 0.80) <0.001
HER2 Case-Control — 0.92 (0.79, 1.07) 0.225
Triple-Negative/Basal-Like Case-Control —— 1.03 (0.93, 1.15) 0.165
Luminal B Case-Case - 1.06 (0.96, 1.18) 0.126
HER2-overexpression Case-Case —— 1.13 (0.99, 1.30) <0.001
Triple-Negative/Basal-Like Case-Case —— 1.32 (1.19, 1.46) 0.003
Breastfeeding
Luminal A Case-Control —— 0.72 (0.60, 0.86) <0.001
Luminal B Case-Control —_— 0.71 (0.59, 0.85) <0.001
HER2 Case-Control —_—— 0.77 (0.64, 0.92) <0.001
Triple-Negative/Basal-Like Case-Control —— 0.66 (0.58, 0.74) <0.001
Luminal B Case-Case —— 0.90 (0.80, 1.00) 0.333
HER2-overexpression Case-Case — 0.92 (0.79, 1.07) 0.008
Triple-Negative/Basal-Like Case-Case — 0.85 (0.74, 0.99) <0.001
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Fig. 3 Summary of meta-analysis results for menopausal status, parity, and breastfeeding (Estimates for case—control studies also include cohort

studies)
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83, 86] evaluating luminal A, twelve [16, 17, 39, 40, 42, 47,
52,56, 57,79, 83, 86] studies evaluating luminal B, twelve
[18, 26, 39, 42, 53, 56, 57, 61, 65, 67, 79, 83] studies evalu-
ating HER2-overexpression, and higher risk in eleven
[22, 26, 37, 42, 46, 47, 53, 57, 65, 79, 83] studies evaluat-
ing TNBC. In 22 case-case studies [20, 24, 27, 30, 35, 43,
49, 50, 52, 59, 60, 69, 71, 74-78, 81, 82, 84, 89] compared
with luminal A, higher parity was associated with higher
risk in five luminal B studies, [24, 27, 52, 69, 78] seven
HER2-overexpressing studies, [24, 43, 59, 69, 74, 78, 81],
and six TNBC studies [49, 69, 75, 76, 78, 81]. Ten studies
had either different comparison groups other than lumi-
nal A or reported proportions to evaluate associations
[31, 34, 43, 50, 51, 55, 75, 77, 81, 82]. These studies found
a lower risk of HER2 and mixed associations between
higher parity and luminal B and TNBC.

In the meta-analysis of three cohort and twenty-six
case—control studies (Fig. 3; Supplementary Fig. 9),
higher parity was associated with a 39% lower risk
of luminal A (RR: 0.59, 95% CI: 0. 49, 0.71, I>=92.4%,
»<0.001) and 39% lower risk of luminal B (RR: 0.61, 95%
CI: 0.47, 0.80, I’ =91.9%, p <0.001). There was no signifi-
cant association for HER2-overexpressing BC (RR: 0.92,
95% CI: 0.79, 1.07, ’=17.7%, p=0.225) or TNBC (RR:
1.03, 95% CIL: 0.93, 1.15, *=21.0%, p=0.165). There
was no heterogeneity between the studies and no evi-
dence of publication bias (Egger’s test 0. 465, p =0.304).
For the sixteen case-case studies (Fig. 3; Supplementary
Fig. 10), compared to luminal A, higher parity was asso-
ciated with a 32% higher risk of TNBC (RR: 1.32, 95%
CI: 1.19, 1.46, I’ =45.7%, p=0.003). No significant asso-
ciation was found in luminal B (RR: 1.06, 95% CI: 0.96,
1.18) and HER2-overexpressing BC (RR: 1.13, 95% CI:
0.99, 1.30). There was heterogeneity between the groups
and evidence of publication bias (Egger’s test: 1.07,
p=0.007).

Breastfeeding

Forty-seven studies evaluated the association between
breastfeeding and BC subtypes (twenty-five case—con-
trol studies, fifteen case-case studies, three case—con-
trol/case-case studies, and four cohort studies). In the
cohort and case—control studies [9, 16-18, 21, 22, 24,
28, 36-39, 41, 42, 44, 46-48, 52, 53, 56, 57, 60-63, 65,
72,79, 83, 88], breastfeeding was associated with lower
risk in all subtypes: thirteen studies [17, 18, 39, 42,
47, 56, 57, 60, 63, 72, 79, 83, 85] evaluating luminal A,
thirteen studies [17, 18, 24, 39, 42, 47, 56, 57, 63, 72,
79, 83, 85] evaluating luminal B, 15 studies [9, 18, 24,
28, 39, 42, 44, 47, 52, 61, 63, 72, 79, 83, 85] evaluating
HER2-overexpression, and twenty-three studies evalu-
ating TNBC [9, 17, 18, 21, 22, 24, 39, 42, 46-48, 52, 53,
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56, 57, 60, 62, 63, 65, 72, 79, 83, 85]. In the case-case
analysis [24, 30, 35, 43, 49, 52, 59, 60, 71, 74-78, 81,
82, 84, 89], ever/higher duration of breastfeeding was
associated with lower risk in all subtypes: five [30, 52,
60, 84, 89] luminal B studies, ten HER2-overexpressing
studies [24, 43, 49, 52, 59, 60, 74, 76, 81, 84], and 13
evaluating TNBC [24, 30, 35, 49, 52, 60, 71, 74-76, 78,
81, 84] vs. luminal A. Six studies had different compar-
ison groups or used proportions [43, 75, 77, 81, 82, 88],
and found a higher association between longer dura-
tion of breastfeeding with HER2 subtype and mixed
associations between longer duration of breastfeeding
and luminal B and TNBC.

In the meta-analysis of thirty studies (Fig. 3; Supple-
mentary Fig. 11), ever/longer duration of breastfeeding
was associated with lower risk of all subtypes compared
to the controls; 28% lower risk of luminal A (RR: 0.72,
95% CI: 0.60, 0.86, I’=93.6%, p<0.001), 29% lower risk
of luminal B (RR: 0.71, 95% CI: 0.59, 0.85, I*=82.5%,
p<0.001), 23% lower risk of HER2-overexpressing
(RR: 0.77, 95% CI: 0.64, 0.92, I’=74.3%, p<0.001), and
42% lower risk of TNBC (RR: 0.66, 95% CI: 0.58, 0.74,
P=58.8%, p<0.001) with significant heterogeneity
between the studies, but no evidence of publication bias
(Egger: -0.333, p=0.499). In case-case studies (Fig. 3;
Supplementary Fig. 12) compared to luminal A, there
was 15% lower risk of TNBC (RR: 0.85, 95% CI: 0.74, 0.99,
?=58.8%, p<0.001), while luminal B breast cancer (RR:
0.90 95% CI: 0.80, 1.00) and HER2-overexpressing BC
(RR: 0.92 95% CI: 0.79, 1.07) results were not significant.
There was heterogeneity between the studies reporting
HER?2 subtype but no evidence of publication bias (Egg-
er’s test -0.27, p=0.529).

Oral contraceptive (OC) use

Twenty-three studies evaluated the association between
OC use and BC subtypes (thirteen case—control studies,
nine case-case studies, and two case—control/ case-case
studies). In the case—control analysis [23-25, 28, 3741,
44, 56, 60, 63, 66, 80], OC use was associated with higher
risk in all subtypes: three [24, 38, 63] luminal A studies,
six [24, 38—40, 56, 63] luminal B studies, seven [24, 37-39,
44, 56, 63] HER2-overexpressing studies and eight [23-25,
37-39, 63, 66] TNBC studies. In the case-case analysis in
comparison to luminal A subtype [24, 49, 50, 54, 59, 60,
74, 76, 81, 84, 89], OC use was associated with a higher
risk in one [81] study evaluating luminal B, six [24, 49, 60,
74, 76, 84] studies evaluating HER2 and six [24, 50, 54, 74,
76, 84] studies evaluating TNBC. Two studies had differ-
ent comparison groups [50, 81]. Turkoz et al. observed no
significant difference with OC use (<2 years,>2 to 5 years
and>5 years vs. no use) among breast cancer subtypes
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Reproductive Risk Factor Study Heterogeneity
and Molecular Subtype Design RR (95% Cl) P Value
OC use
Luminal A Case-Control —— 1.02 (0.94, 1.11) 174
Luminal B Case-Control -—— 1.07 (0.97,1.17) .851
HER2 Case-Control N B S 1.14 (0.95, 1.38) 102
Triple-Negative/Basal-Like Case-Control — 1.16 (1.05, 1.29) 174
Luminal B Case-Case —— 0.83 (0.73, 0.94) 358
HER2-overexpression Case-Case —— 1.02 (0.92, 1.14) .633
Triple-Negative/Basal-Like Case-Case —t— 1.04 (0.93, 1.16) 314
HRT use
Luminal A Case-Control — 1.50 (1.27,1.77)

Luminal B Case-Control —— 1.23 (1.07, 1.40) .001
HER2 Case-Control —_—— 1.01 (0.81, 1.25) .022
Triple-Negative/Basal-Like Case-Control —— 1.10 (0.97, 1.25) .656
Luminal B Case-Case 0.98 (0.62, 1.54) .028
HER2-overexpression Case-Case 1.02 (0.82, 1.27) .088
Triple-Negative/Basal-Like Case-Case —_— 1.05 (0.87, 1.26) 211

| | | |
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Fig. 4 Summary of meta-analysis results for OC use and HRT use (Estimates for case—control studies also include cohort studies)

comparing luminal A to non-luminal A and luminal B
to non-luminal B [81]. Lee et al. did not find any risk of
TNBC with OC use compared to non-TNBC [50].

In the meta-analysis of fifteen case—control studies
(Fig. 4; Supplementary Fig. 13), ever/longer duration OC
use was associated with a 16% higher risk of TNBC (RR:

1.16, 95% CI: 1.05, 1.29, *=26.0%, p=0.174). The higher
association was not statistically significant for luminal A
(RR:1.02, 95% CI: 0.94, 1.11), luminal B (RR: 1.07, 95% CL:
0.97,1.17) or HER2 (RR: 1.14, 95% CI: 0.95, 1.38). There was
no heterogeneity between these studies, but there was pub-
lication bias (Egger 0.545, p=0.030). In the meta-analysis
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of nine case-case studies (Fig. 4; Supplementary Fig. 14)
compared to luminal A, ever/longer duration OC use was
associated with a 17% lower risk of luminal B (RR: 0.83, 95%
CI: 0.73, 0.94, P=9.4%, p=0.358). There was a higher risk
of HER2-overexpression (RR: 1.02, 95% CI: 0.92, 1.14) and
TNBC subtypes (RR: 1.04, 95% CI: 0.93, 1.16), but these
were not significant. There was no evidence of heterogene-
ity or publication bias (Egger: -0.36, p=0.527).

Hormone replacement therapy (HRT)

Twenty-one studies evaluated the association between
HRT use and BC molecular subtypes (ten case—control
studies, six case-case studies, one case—control/case-
case study, and four cohort studies). In the cohort and
case—control analysis [17, 18, 28, 33, 36, 38, 42, 44, 60,
65, 70, 72, 73, 80], any use of HRT was associated with
higher risk in all BC subtypes: all seven luminal A stud-
ies [17, 33, 38, 42, 70, 72, 73] and lower risk among sub-
groups of estrogen and progesterone therapy (<5 years
vs. never) [17] and women with BMI <25 [33], higher risk
in three [17, 38, 72] luminal B studies, four [36, 42, 60,
72] HER2-overexpressing studies and six [17, 19, 33, 38,
42, 72] TNBC studies. In the case-case analysis [49, 59,
60, 74, 75, 81, 89], ever use of HRT was associated with
a lower risk in three luminal B studies [60, 81, 89], while
higher risk was observed in five [59, 60, 74, 81, 89] HER2
studies, and one [74] TNBC study compared to lumi-
nal A. Three studies that were excluded from the meta-
analysis because they had different comparison groups
or reported frequencies [70, 75, 81] found an association
between higher duration of HRT use with higher risk of
luminal B and HER?2, and mixed results with TNBC.

In the meta-analysis of eleven case—control studies
and two cohort studies (Fig. 4; Supplementary Fig. 15),
ever use of HRT was associated with a 50% higher risk
of luminal A (RR: 1.50, 95% CI: 1.27, 1.77, *=90.3%,
p<0.001) and 23% higher risk of luminal B (RR: 1.23,
95% CL: 1.07, 1.40, >=60.0%, p=0.001), however no sig-
nificant association with HER2-overexpressing (RR: 1.01,
95% CI: 0.81, 1.25) and TNBC (RR: 1.10, 95% CI: 0.97,
1.25) with significant heterogeneity between the studies,
but no publication bias (Egger -0.77, p=0.108). For the
five case-case studies (Fig. 4; Supplementary Fig. 16), any
use of HRT was not associated with any BC molecular
subtypes. There was some heterogeneity but no evidence
of publication bias: (Egger: -1.61, p=0.123).

Pregnancy

Four studies [38, 57, 72, 89] evaluated the associa-
tion between pregnancy and BC molecular subtypes
(three case—control studies and one case-case study).
However, we did not have a sufficient number of stud-
ies for meta-analysis; studies by Rojas-Lima, Ma, and
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Ellingford-Dale et al. showed a similar association
between the number of pregnancies with lower risk of
luminal B, HER2-overexpressing, and TNBC [38, 57,
72]. In Zhang et al, the results show a higher risk of
luminal B breast cancer and lower risk of HER2-over-
expressing and TNBC with number of pregnancies [89].

Years since last birth/pregnancy

Six studies [31, 32, 34, 53, 59, 68] evaluated the associa-
tion between years since last birth/pregnancy and BC
molecular subtypes (two case—control studies, one case-
case, and two cohort studies). DeMudler et. al., reported
that diagnosis of BC within 5 years after last birth was
proportionally more likely to be TNBC and HER2-over-
expressing BC compared to luminal A breast cancer sub-
type [34]. Pilewskie et. al., found BCs diagnosed in parous
women 0-2 years from last parity were more likely to
be diagnosed with TNBC and HR negative compared
to nulliparous women [68]. However, Li et. al [53], and
Martinez et al. [59] did not find any significant associa-
tion between years since last birth and any BC molecular
subtypes. Martinez et al. adjusted for age at menopause,
though the four other studies did not adjust for age or
menopausal status (potential confounding variables).

Abortion

Five studies [37, 44, 80, 85, 87] evaluated the asso-
ciation between abortion and BC molecular subtypes
(four case—control studies and one case—control/case-
only study), which were included in the systematic
review. However, we did not have enough studies to
conduct a meta-analysis. Ye et al. reported no signifi-
cant association with lower risk for all subtypes except
TNBC, which showed a non-significant higher risk
[87], while Huang et al. reported no significant associa-
tion with HER2 + subtype but the studies had different
reference groups [44]. Dolle et al. reported a non-sig-
nificant association for higher risk in TNBC [37]. Xing
et al. reported a significant association for lower risk
of luminal A and luminal B breast cancer, but a lower
non-significant association for HER2+and TNBC for
spontaneous abortion [85]. For induced abortion, Xing
et al. reported a significant association for higher risk of
luminal A, and a higher non-significant association for
luminal B, HER2 overexpressing, and TNBC subtypes
[85]. Tsakountakis et. al. reported that history of ever
abortion was associated with a lower risk of HER-2/
neu + tumors among postmenopausal women [80].

Summary of meta-analyses
Out of eight reproductive factors included in this
meta-analysis, three were consistently associated
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Table 2 Summary of meta-analysis results for case—control/cohort studies (=42 studies)

Reproductive factors Contrast Luminal A/ Luminal B/ HER2- Triple Negative/
ER+, PR+, ER+, PR+, overexpressing/ basal-like/ER-, PR-,
HER- HER + ER-, PR-, HER+ HER-

Age at menarche (n=29) Later vs. earlier S- NO NO S-

Age at menopause (1=13)  Later vs. earlier S+ S+ S+ NS+

Menopausal status (n=7) Post vs. pre/peri S- S- NS+ NS-

Age at first birth (n=28) Nulliparous/later vs. earlierage at FB~ S+ S+ S+ NS+

Parity (n=29) Higher parity vs. low/nulliparity S- S- NS- NS+

Breastfeeding (n=30) Ever /longer vs. never/shorter S- S- S- S-

OCuse (n=15) Ever/longer vs. never/shorter NS+ NS+ NS+ S+

HRT (n=13) Ever/longer vs. never/shorter S+ S+ NS+ NS+

Abbreviations: S- Significant lower risk, S+ Significant higher risk, NS+ Non-significant higher risk, NS- Non-significant lower risk, NO No difference (0.95 < RR < 1.05 and

NS), FB First birth, OC Oral contraceptive

HRT Hormone replacement therapy, HER2 Human epidermal growth factor receptor 2

Table 3 Summary of meta-analysis results for case-case analyses (Reference group: Luminal A; n=18 studies)

Reproductive factors Contrast Luminal B/ ER+, HER2-overexpressing/  Triple Negative/
PR+, HER+ ER-, PR-, HER+ basal-like/ER-, PR-,

HER-

Age at menarche (n=13) Later vs. earlier NS+ NS+ NS-

Age at menopause (n=6) Later vs. earlier - NS+ NS-

Menopausal status (n=7) Post vs. pre/peri NS+ S+ S+

Age at first birth (n=12) Nulliparous/later vs. earlier age at FB NS- S- S-

Parity (n=16) Higher parity vs. low/nulliparity NS+ NS+ S+

Breastfeeding (n=10) Ever /longer vs. never/shorter NS- NS- S-

OCuse (n=9) Ever/longer vs. never/shorter S- NS+ NS+

HRT (n=5) Ever vs. never NS- NS+ NS+

Abbreviations: S- Significant lower risk, S+ Significant higher risk, NS+ Non-significant higher risk, NS- Non-significant lower risk, FB First birth, OC Oral contraceptive,

HRT Hormone replacement therapy

with BC risk across subtypes: age at menopause, age
at first birth, and breastfeeding, with the strongest
associations observed in the luminal A subtype among
case—control and cohort studies (Table 2). The asso-
ciations for parity, age at menarche, OC use, HRT
use, and menopausal status were less consistent, and
the strongest associations were observed for the lumi-
nal B subtype (Table 2). In the case-case analysis, the
strongest associations were menopausal status and age
at first birth for HER2-enriched and TNBC subtypes,
but not for luminal B breast cancer (Table 3). The
associations for parity, age at menarche, OC use, HRT
use, and breastfeeding were less consistent and the
strongest associations overall were observed in TNBC
(Table 3).

Discussion

This systematic review and meta-analysis summarizes
the current published literature examining eleven repro-
ductive factors and the risk of breast cancer molecular

subtypes. To ensure consistency in contemporary classi-
fications of BC based on molecular subtypes, the scope
of this review was limited to luminal A, luminal B, HER2-
overexpressing, and TNBC/basal-like breast cancer. In
the 75 included studies, we observed that the strength
and consistency of associations across subtypes differed
by risk factors.

Late age at menarche was protective for all four BC
subtypes. However, the other factors were most con-
sistently associated with the luminal A subtype. Except
for OC use, most of the associations between repro-
ductive risk factors were observed for the luminal
subtypes, similar to a prior systematic review showing
stronger associations among hormone receptor-posi-
tive BC [3].

The prior meta-analysis on this topic evaluated three
risk factors: parity, age at first birth, and breastfeeding
[6]. Our meta-analysis updates these previous findings by
including more recently conducted studies, and includes
additional reproductive factors (age at menarche, age
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at menopause, menopausal status, OC use, and HRT
use) for evaluation. Consistent with these mechanisms,
we observed that later age at menarche was associated
with reduced risk of all four subtypes regardless of study
design, although the association was weakest for luminal
B and HER2-overexpressing BC. Post/peri-menopau-
sal status was also associated with reduced BC risk for
luminal A and luminal B, but not HER-2 overexpressing
or TNBC in case—control studies. Misclassification of
menopausal status may be possible here because most
post-menopausal breast cancers are hormone-receptor
positive. In case-only analysis, there was an increased
risk of HER2-overexpressing and TNBC compared with
luminal A breast cancer. Older age at menopause was
associated with increased BC risk, with the strongest
association seen in HER2-overexpressing BC. In the case-
only analysis, younger vs. older age at menopause was
associated with increased TNBC risk compared with
luminal A [30, 59].

Higher parity was protective against BC risk regardless
of study design, except for TNBC, where no significant
association was observed across 27 studies. Lambertini
et al. and Islami et al. observed that breastfeeding was
associated with a lower risk of luminal and TNBC [6, 8],
consistent with our findings showing significantly lower
risk for luminal A, luminal B, HER2+and TNBC sub-
types with ever breastfeeding and with longer duration of
breastfeeding. Breastfeeding is associated with additional
prolonged reductions in estrogen levels locally in breast
fluid by increased secretion of hormones like prolactin,
glucocorticoids, and insulin [90]. Parous women experi-
ence reduced breast fluid estrogen due to the destruction
of alveolar lobular breast tissue during post-partum [90].
Increased parity, younger age at first pregnancy, and lac-
tation in breastfeeding women are found to be protective
reproductive risk factors and restriction of these factors
can cause prolonged exposure to endogenous estro-
gens and lead to breast cancer [90, 91]. We observed the
strongest associations of OC use with TNBC subtype [23,
25, 37, 38]. In case-only studies, duration of OC use was
associated with increased risk of HER2-overexpressing
and TNBC, but not luminal B breast cancer [54, 76, 84,
89]. For HRT use, there was a strong association between
duration of HRT use and ever use with all BC subtypes,
[17, 19, 33, 36, 38, 42, 72], although the strongest asso-
ciation was observed in luminal A breast cancer [16,
17]. OC and HRT may drive BC risk via estrogen and/or
progesterone-related pathways [92], as estrogens acceler-
ate the mitotic rates of both normal and cancerous breast
epithelial cells, and metabolites of estradiol are carcino-
genic in this tissue type [93-95].

This review identified several gaps in the literature
on luminal A, luminal B, HER2-overexpressing, and
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TNBC/basal-like subtypes and reproductive factors.
History of abortion, pregnancy, and years since last
birth could not be included in the meta-analysis due to
an insufficient number of studies examining risk asso-
ciations by molecular subtype. However, the existing
studies indicate that women with a history of abortion
have an increased risk of BC regardless of subtype, even
though studies on abortion with BC subtypes are lack-
ing [87]. Pregnancy has been shown to have a protective
effect against BC; pregnancy has a shortterm increase
in exposure to estrogen and progesterone, but overall
reduces risk of breast cancer [93]. However, this also
must be considered in relation to age at first pregnancy,
because at later age of first pregnancy there is a higher
probability of existing abnormal cells in the breast epi-
thelium (due to accumulation of genomic errors with
aging), and the burst of estrogens during pregnancy
stimulates the growth of these pre-existing abnormal
cells. This will then contribute to cancer progression in
the breast tissue. Additional studies of subtype-specific
risk associations for the history of abortion (spontane-
ous vs. induced), years since last pregnancy, and age at
pregnancy at which abortion occurred are needed. Risk
factors for breast cancer are thought to differ across
menopausal status [96], however, due to the insufficient
number of studies, a meta-analysis of reproductive risk
factors by menopausal status could not be conducted.
This review also reported that certain reproductive
factors have a protective effect against BC; these fac-
tors include increased breastfeeding, higher parity and
early age at first birth. We report that OC and HRT use
have a high probability of increasing risk of BC and are
non-protective risk factors. This review also includes a
meta-analysis of eight reproductive risk factors, more
than previously published systematic reviews and
meta-analyses.

According to the American Cancer Society preventa-
tive guidelines, not having children, not breastfeeding,
use of OC, and use of HRT after menopause increase
the risk of breast cancer [97]. However, BC preventative
guidelines lack information specific to molecular breast
cancer subtypes, and breastfeeding information is not
included in the most commonly used BC risk prediction
model [98, 99]. This study demonstrates the potential
utility of targeting interventions for modifiable repro-
ductive factors such as breastfeeding to populations with
high incidences of luminal A, luminal B, HER2-overex-
pressing, and TNBC/basal-like subtypes, which have a
significant association with breastfeeding. Future stud-
ies might benefit from including reproductive risk fac-
tor associations combined with family history and other
known risk factors to predict the risk of developing spe-
cific breast cancer subtypes.
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Potential risk of biases of included studies should be
considered. Meta-analytic associations between age
at menarche, age at first birth, menopausal status, and
parity with BC subtypes were often in opposing direc-
tions for case—control/cohort studies compared to case-
case studies. Selection bias in the case—control/cohort
studies is possible; additionally, interpretation of case-
case studies has its limitations, as true risks relative to
a cancer-free population cannot be directly estimated.
Further, some of the results were unexpected in regards
to the hypothesized associations in relation to biologi-
cal mechanisms. For instance, hormone-dependent sub-
types are more common in post-menopausal women,
though we observed the opposite in case—control/
cohort studies. Misclassification of menopausal status
may be a contributing factor to these findings. Addition-
ally, exposure to OC is expected to increase hormone-
dependent BC, though we found a protective effect for
luminal B in the case-case studies. Comprehensive data
on OC formulation was not available for our analy-
sis, though warrants further investigation to assess
heterogeneity of effect by estrogen and progestin dos-
ages. This review has several limitations: first, eligible
studies were restricted to papers published in English,
which may have excluded relevant studies from other
populations. We did not conduct a formal risk of bias
assessment, though we have discussed potential biases
in the observed associations. Additionally, there were
not enough studies examining pregnancy, abortion, and
time since last birth associated with luminal breast can-
cer and TNBC subtypes, and we only included studies
from the year 2000 to 2021. However, this study serves
as the first comprehensive review and meta-analysis of
the association between luminal A, luminal B, HER2-
overexpressing, and TNBC subtypes and a wide range
of reproductive factors.

Conclusions

This study offers a comprehensive and up-to-date eval-
uation of the scientific literature on the associations
between reproductive factors and luminal A, luminal B,
HER2-overexpressing, and TNBC molecular subtypes.
We identified a need for additional studies examining
abortion as a risk factor and studies examining repro-
ductive risk factors for BC subtypes stratified by patient
menopausal status. Across all reproductive factors exam-
ined, age at menarche, age at first birth, parity, preg-
nancy, and breastfeeding showed relatively consistent
risk associations across breast cancer subtypes. Consid-
ering this finding, common risk prediction models may
be improved upon with the inclusion of breastfeeding
status as a predictor.
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