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Abstract

Background: Menarche is a critical time point for diverging fates of mammary cells of origin. African American women have 
young age at menarche, which could be associated with their high rates of estrogen receptor–negative (ER-) breast cancer.

Methods: In the AMBER Consortium, using harmonized data from 4426 African American women with breast cancer and 
17 474 controls, we used polytomous logistic regression to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for 
ages at menarche and first live birth (FLB), and the interval between, in relation to ER+ and ER- breast cancer. All statistical 
tests were two-sided.

Results: Risk of ER- breast cancer was reduced with later age at menarche among both parous and nulliparous women 
(≥15 vs <11 years OR = 0.62, 95% CI = 0.48 to 0.81 and OR = 0.56, 95% CI = 0.29 to 1.10, respectively), with no effect of age at 
FLB. For ER+ breast cancer, the inverse association was weaker among nulliparous women. While longer intervals between 
menarche and FLB were associated with increased risk of ER+ breast cancer in a dose-response fashion (OR for 20 year 
interval = 1.39, 95% CI = 1.08 to 1.79, Ptrend = .003), ER- risk was only increased for intervals up to 14 years and not beyond 
(Ptrend = .33).

Conclusions: While ER- breast cancer risk was markedly reduced in women with a late age at menarche, there was not 
a clear pattern of increased risk with longer interval between menarche and FLB, as was observed for ER+ breast cancer. 
These findings indicate that etiologic pathways involving adolescence and pregnancy may differ for ER- and ER+ breast 
cancer.

Burgeoning understanding of the heterogeneous nature of 
breast cancer, and the growing literature suggesting that etio-
logic pathways differ between specific breast cancer subtypes, 
has prompted examination of risk relationships separately by 

subtypes, characterized by estrogen receptor (ER), progesterone 
receptor (PR), and human epidermal growth factor 2 (HER2). 
Because ER-negative (ER-) and triple-negative (ER-, PR-, HER2-) 
breast cancers are more common in African American women 
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than in other groups in the United States, we formed the AMBER 
Consortium (1) in order to have the critical statistical power to 
examine risk factors for breast cancer subtypes among African 
American women.

As summarized by Palmer and colleagues (2), we and others 
have found that associations between parity, breastfeeding, and 
breast cancer differ according to ER status, with parity associ-
ated with reduced risk of ER+ breast cancer but increased risk of 
ER- disease, a difference in etiology that appears to be amelio-
rated by breastfeeding. However, less is known regarding timing 
of menarche and first live birth (FLB) and if they differentially 
affect breast cancer risk according to ER status. In the few stud-
ies that have investigated potential associations by subgroups, 
the results have not been consistent, perhaps because of the low 
prevalence of ER- tumors, resulting in small numbers (reviewed 
in [3]). Because African American girls have earlier pubertal 
onset and menarche than Americans of European descent (4–6) 
and also tend to have children at a younger age (7), the relevance 
of these exposures to development of ER- and triple-negative 
breast cancer among African American women merits investi-
gation. Here we examined associations between breast cancer 
subgroups and age at menarche, age at FLB, and the interval 
between those events, hypothesizing that these factors could 
play a role in the higher proportion of ER- breast cancer among 
African American women.

Methods

Study Population

Investigators from the Black Women’s Health Study (BWHS) 
(8), Multiethnic Cohort Study (MEC) (9), Carolina Breast Cancer 
Study (CBCS) (10), and Women’s Circle of Health Study (WCHS) 
(11,12) formed the AMBER consortium (1) in 2011, with a goal 
to merge epidemiological data and information on hormone 
receptor status, as well as to collect tumor blocks, for later iden-
tification of breast cancer–intrinsic subtypes to identify risk 
factors for more aggressive disease. Both BWHS and MEC are 
prospective cohort studies with participants enrolled by mailed 
questionnaires and followed with biennial (BWHS) and five-year 
interval (MEC) follow-up questionnaires. BWHS enrolled partici-
pants across the United States, and the MEC includes women 
from Hawaii and Southern California. CBCS and WCHS are both 
case-control studies, with CBCS 1 and 2 conducted with pop-
ulation-based sampling and in-person interviews from 1993 to 
2001 in 24 counties in North Carolina. WCHS, initiated in 2002 in 
metropolitan New York City and several counties in eastern New 
Jersey, is still ongoing. Controls were frequency-matched on age, 
race, and area of residence. For CBCS, controls younger than 
age 65  years were identified from Division of Motor Vehicles 
lists and Health Care Financing Administration (CMS) lists for 
older women. In WCHS, controls were identified using random 
digit dialing and also recruited from the community (12). Each 
study obtained informed consent from its participants and was 
approved by the relevant institutional review boards. For these 
analyses, we included women who self-reported as African 
American or were diagnosed with invasive cancer (n = 3747) or 
ductal carcinoma in situ (DCIS; n = 679), confirmed by pathol-
ogy reports or registry records from which we also obtained 
data on ER, PR, and HER2. Of the 5858 potential cases, ER status 
was available for 4426 women (2962 ER+, 1464 ER-) at the time 
of analysis. In total, there were 17 474 controls; BWHS and MEC 
controls were frequency-matched to cases on year of birth and 
completion of follow-up questionnaire.

Statistical Analyses

With the establishment of the consortium, data were harmo-
nized for key variables that were consistent across all studies. 
For this analysis, we included merged data on age at menarche 
and age at FLB, as well as variables for inclusion in multivari-
able models. BWHS, WCHS, and CBCS data on age at menarche 
and FLB were continuous; MEC data were categorical. Thus, 
data from all four studies were grouped according to MEC cat-
egories. Because the time between menarche and FLB, which 
leads to differentiation of ductal cells (13), may be the time of 
greatest susceptibility to DNA damage, we also calculated the 
length of this interval. MEC data were excluded when evalu-
ating the computed variable combining both age at menarche 
and FLB, because the MEC data were categorical. In an effort to 
better understand how parity could affect associations between 
age at menarche and risk of breast cancer subtypes, we also 
evaluated associations between risk and age at menarche, 
stratifying by whether or not participants had experienced a 
live birth (parous, nulliparous). Polytomous logistic regression 
was used to calculate odds ratios (ORs) and 95% confidence 
intervals (CIs) for associations with ER+ and ER- breast can-
cer in comparison with all controls, and unconditional logistic 
regression for triple-negative breast cancer vs all controls. All 
AMBER analyses a priori control for age (five-year categories), 
study, geographic region (New Jersey, Northeast excluding New 
Jersey, South, Midwest, and West) and time period (1993–1998, 
1999–2005, and 2006–2013). We considered potential confound-
ers for inclusion in multivariable models based on change in 
effect estimates, conservatively set at 5%, which is associated 
with low risk of introducing bias into the exposure coefficient 
(14,15). To maximize precision in estimated exposure effects in 
our full models, we also included strong predictors of breast 
cancer risk (14). Variables included in final models were educa-
tion, family history of breast cancer, number of children, body 
mass index at age 20  years, menopausal status, and, among 
postmenopausal women, age at menopause. Trend tests were 
conducted using the median value in each category, and satu-
rated tests were used for nonlinear variables. All analyses were 
performed using SAS 9.4 statistical software (SAS Institute Inc., 
Cary, NC). A P value of less than .05 was considered statistically 
significant, and all statistical tests were two-sided.

Results

Tumor characteristics and variables relevant for these analy-
ses are shown in Table 1 for AMBER overall and for each of the 
contributing studies. ER- breast cancer was more prevalent in 
CBCS, because of the intentional oversampling of younger cases. 
Conversely, MEC has an older population and higher prevalence 
of ER+ disease. Distributions of age at menarche were similar 
across studies, but there were more women with earlier age at 
FLB in CBCS. Overall distributions of key characteristics of the 
study population according to case-control status are shown in 
Supplementary Table  1 (available online). Data for ER, PR, and 
HER2 were not available for all AMBER participants; missing data 
by study and by region for invasive cancer as well as DCIS are 
shown in Table 1 and Supplementary Table 2 (available online). 
In AMBER, 24.5% were missing data on ER status and 28.4% were 
missing for PR. HER2 testing did not become routine until well 
after 2001, and 51.3% of the cases from AMBER do not have HER2 
results. Therefore, data for triple-negative status were available 
for approximately half of AMBER (n  =  2669) (Supplementary 
Table 3, available online).

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv172/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv172/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv172/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv172/-/DC1
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Results from fully adjusted logistic regression analyses for 
reproductive variables are shown in Table  2. Compared with 
women with menarche before age 11, later age at menarche 
(15 years of age and older) was associated with reduced risk of 
both ER+ (OR = 0.74, 95% CI = 0.61 to 0.89, Ptrend < .001) and ER- 
breast cancer (OR = 0.62, 95% CI = 0.49 to 0.80, Ptrend < .001). Later 
age at menarche (≥15 years) was also associated with reduced 
risk of triple-negative breast cancer (OR = 0.70, 95% CI = 0.49 to 
1.01, Ptrend = .03).

When examining associations between age at FLB and breast 
cancer subtypes with FLB of 18 years of age or younger as the 
referent (Table 2), there was a suggestion of increased risk of ER+ 
disease with FLB at 25 to 29 years of age (OR = 1.21, 95% CI = 1.02 
to 1.44), with no association observed for FLB of age 30 years or 
older (OR = 1.07, 95% CI = 0.88 to 1.30, Ptrend = .03). Results were 
similar for ER- breast cancer (OR = 1.17, 95% CI = 0.93 to 1.47 for 
FLB at age 25–29 years) and no evidence of an association with 
later age at FLB.

We also evaluated the interval between menarche and FLB 
in relation to breast cancer subgroups (Table 2). Longer intervals 
were associated with increased risk of ER+ breast cancer, with an 
odds ratio of 1.39 (95% CI = 1.08 to 1.79, Ptrend = .003) for 20 years 
or longer, compared with women with less than five years 
between menarche and FLB. For ER- breast cancer, there were no 
statistically significant trends of increased risk with increasing 
length of interval (Ptrend = .33), although odds ratios were above 
1.0 for every category, with the greatest risk at 10 to 14  years 
(OR = 1.40, 95% CI = 1.10 to 1.80). An increased risk of triple-neg-
ative disease was observed for intervals of five to 14 years, but 
not for longer intervals. Because breastfeeding has been shown 
to reduce risk associated with parity among women with ER- 
breast cancer, we further evaluated associations with longer 

intervals according to breastfeeding (ever/never). Stratification 
by breastfeeding showed higher risk of both ER+ and ER- breast 
cancer with longer intervals among women who never breast-
fed (Supplementary Table 4, available online). Increases in risk 
for women with ER+ breast cancer were attenuated and became 
statistically nonsignificant among women who breastfed, and 
odds ratios for ER- breast cancer among women who breastfed 
were lower than for those who did not.

Because of the overall importance of interval for ER+ but not 
ER- breast cancer, we next evaluated associations with age at 
menarche stratified by parity, because parity is strongly asso-
ciated with reduced risk of ER+ cancers. As shown in Table  3, 
among women who had given birth, later menarche was asso-
ciated with reduced risk of ER+ disease (Ptrend ≤ .001), particu-
larly for those with menarche at age 15 years or older (OR = 0.70, 
95% CI  =  0.56 to 0.86). However, among nulliparous women, 
there were weak, if any, associations between age at menarche 
and risk of ER+ breast cancer, with odds ratios for each age at 
menarche category close to unity. In contrast to findings for ER+ 
breast cancer of reduced risk with later age at menarche among 
parous but not nulliparous women, later age at menarche 
(≥15 years) was associated with reduced risk of ER- breast cancer 
among both parous (OR = 0.62, 95% CI = 0.48 to 0.81) and nullipa-
rous (OR = 0.56, 95% CI = 0.29 to 1.10) women. Menarche at age 
13 years or older was also associated with reduced risk of triple-
negative breast cancer among parous women (OR  =  0.81, 95% 
CI = 0.59 to 1.11 for 13- to 14-year-olds; OR = 0.74, 95% CI = 0.50 
to 1.10 for ≥15-year-olds, Ptrend = .03); there were few nulliparous 
women with triple-negative breast cancer, and estimates were 
unstable.

When we limited analyses to only women with invasive 
breast cancer, excluding those with DCIS, risk estimates were 

Table 2. Ages at menarche and first live birth and the interval between, in relation to breast cancer subgroups in the AMBER Consortium

Characteristic
Controls  
No. (%)

ER+ ER- ER-, PR-, HER2-

No. (%) OR (95% CI)* No. (%) OR (95% CI)* No. (%) OR (95% CI)*

Age at menarche, y
 <11 1744 (10.1)  306 (10.4) 1.00 (Ref) 176 (12.1) 1.00 (Ref)  74 (11.0) 1.00 (Ref)
 11–12 7319 (42.2) 1274 (43.3) .99 (.86 to 1.15) 629 (43.1) .84 (.70 to 1.02) 297 (44.0) .95 (.72 to 1.26)
 13–14 6257 (36.1) 1056 (35.9) .88 (.76 to 1.03) 501 (34.3) .75 (.62 to .91) 233 (34.5) .82 (.61 to 1.10)
 ≥15 2005 (11.6) 305 (10.4) .74 (.61 to .89) 153 (10.5) .62 (.49 to .80) 71 (10.5) .70 (.49 to 1.01)
 P† <.001 .001 .10
 Ptrend <.001 <.001 .03
Age at FLB, y
 ≤18 2371 (17.2) 427 (18.0) 1.00 (Ref) 233 (18.7) 1.00 (Ref) 114 (19.6) 1.00 (Ref)
 18–19 3133 (22.7) 517 (21.7) .97 (.83 to 1.13) 278 (22.3) 1.02 (.83 to 1.24) 134 (23.1) 1.01 (.76 to 1.35)
 20–24 4533 (32.8) 722 (30.4) .93 (.81 to 1.08) 413 (33.1) 1.08 (.89 to 1.31) 204 (35.1) 1.15 (.88 to 1.50)
 25–29 2226 (16.1) 426 (17.9) 1.21 (1.02 to 1.44) 200 (16.1) 1.17 (.93 to 1.47) 82 (14.1) 1.06 (.76 to 1.49)
 ≥30 1542 (11.2) 286 (12.0) 1.07 (.88 to 1.30) 122 (9.8) .96 (.73 to 1.26) 47 (8.1) .78 (.52 to 1.17)
 P† .01 .44 .29
 Ptrend .03 .60 .53
Interval between menarche and FLB, y
 <5 1431 (15.1) 278 (16.3) 1.00 (Ref) 158 (16.3) 1.00 (Ref)  87 (18.4) 1.00 (Ref)
 5–9 3664 (38.8) 652 (38.3) 1.05 (.89 to 1.25) 410 (42.4) 1.23 (1.00 to 1.53) 211 (44.5) 1.22 (.91 to 1.62)
 10–14 2257 (23.9) 370 (21.8) 1.14 (.94 to 1.39) 223 (23.1) 1.40 (1.10 to 1.80) 110 (23.2) 1.48 (1.06 to 2.08)
 15–19 1250 (13.2) 223 (13.1) 1.26 (1.01 to 1.58) 110 (11.4) 1.28 (.95 to 1.72) 41 (8.6) .97 (.62 to 1.51)
 ≥20 844 (8.9) 178 (10.5) 1.39 (1.08 to 1.79) 66 (6.8) 1.12 (.79 to 1.58) 25 (5.3) .84 (.50 to 1.41)
 P† .05 .04 .03
 Ptrend .003 .33 .61

* Odds ratio and 95% confidence interval adjusted for age, study, time period, geographic region, education, family history of breast cancer, parity, menopausal status/

age at menopause, and body mass index at age 20 years. ER = estrogen receptor; FLB = first live birth; HER2 = human epidermal growth factor receptor 2; OR = odds 

ratio; PR = progesterone receptor.

† P values calculated using a two-sided Wald test.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv172/-/DC1
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essentially unchanged (data not shown). We also performed 
analyses stratified by menopausal status. For age at menarche, 
results for ER- breast cancer were similar in both premenopau-
sal and postmenopausal breast cancer, with reduced risk with 
later age at menarche in both groups. For the other reproduc-
tive variables, some results were stronger or weaker in either 
premenopausal or postmenopausal women, but, for the most 
part, trends remained the same in both groups as they did in the 
overall population (data not shown).

Discussion

In this analysis in the AMBER consortium with more than 4000 
African American women with breast cancer with available data 
on hormone receptors and more than 17 000 controls, we noted 
apparent differences by ER status in risk relationships with 
age at menarche, parity, and the time span between menarche 
and FLB. Although later age at menarche was associated with 
reduced risk of both ER+ and ER- breast cancer, for ER- cancer 
the association was observed in both parous and nulliparous 
women. Relationships were weaker in nulliparous women for 
ER+ cancer. In addition, length of interval between menarche 
and first birth was more strongly associated with reduced risk of 
ER+ than ER- breast cancer.

There are few reports in the literature of breast cancer in 
African American women with adequate sample size to be 
able to assess associations between risk factors according to 
ER status. The Nashville Breast Health Study recently reported 
that there were no associations with age at menarche for either 
ER+ or ER- breast cancer among African Americans (16), but to 
date there are only 386 African American cases in that study, 
125 with ER- breast cancer. In our earlier analysis of data from 
the larger WCHS (3), which included both European American 
and African American women, later age at menarche was more 
strongly associated with reduced risk of ER- breast cancer than 
ER+ disease among African American women (3). However, 
there were no clear differences in associations between age at 
menarche and breast cancer among European American women 
by ER status, consistent with some other studies in non-African 
American populations (see review by Anderson et al. [17]). Thus, 

it is unclear if findings from this study can be generalized to 
non-African American women.

Although there were no clear trends with risk associated with 
age at FLB for ER+ or ER- breast cancer in our data, there were 
marked differences when we evaluated the time spans between 
menarche and FLB. There appears to be a clear dose-response 
association with time interval for ER+ breast cancer, but not for 
ER- disease. The observed increases in risk of ER+ breast cancer 
with increasing intervals of time are consistent with the breast 
tissue age model proposed by Pike et al. (18), which posits that 
the aging of breast tissue begins at menarche and continues at a 
constant rate until the first childbirth. It has been hypothesized 
that the terminal end buds of the breast ducts are not fully dif-
ferentiated until a full-term pregnancy occurs, and experimental 
rodent data show that undifferentiated ductal cells are highly 
susceptible to the effects of carcinogens and DNA damage (13). 
This model of carcinogenesis could explain the associations 
observed with longer intervals between menarche and FLB and 
ER+ breast cancer. This may also be relevant for our observation 
that later age at menarche was associated with reduced risk 
of ER+ breast cancer only among parous women; later age at 
menarche had no effect on risk without a full-term pregnancy, 
supporting the mechanism of the importance of a live birth upon 
cell differentiation and risk of breast cancer.

Results for associations between ER- breast cancer and the 
length of time from menarche to FLB did not show similar 
patterns of dose response as those for ER+ disease, which led 
us to question if there were differential associations between 
menarche and parity according to ER status. When examining 
associations between age at menarche and risk of ER- breast 
cancer stratified by parity, there were no differences in the pro-
tective effects of later age at menarche according to whether 
or not a woman had given birth, again supporting the notion 
that age at menarche is a critical event in the development of 
ER- breast cancer, regardless of parity. This is in contrast to the 
observation that ER+ tumors are more influenced by the dura-
tion between menarche and FLB, with weaker evidence of an 
association among nulliparous women, suggesting that the ori-
gins of ER- vs ER+ breast cancer at the cellular and molecular 
level may be different.

Table 3. Associations of age at menarche with breast cancer subgroups according to parity in the AMBER Consortium

Characteristic
Controls  
No. (%)

ER+ ER- ER-, PR-, HER2-

No. (%) OR (95% CI)* No. (%) OR (95% CI)* No. (%) OR (95% CI)*

Age at menarche among parous women†, y
<11 1340 (9.6)  243 (10.1) 1.00 (Ref) 143 (11.4) 1.00 (Ref)  59 (10.1) 1.00 (Ref)
11–12 5835 (41.7) 1030 (42.9) .97 (.82 to 1.14) 543 (43.4) .85 (.69 to 1.04) 264 (45.1) 1.00 (.73 to 1.36)
13–14 5143 (36.8) 878 (36.6) .86 (.73 to 1.02) 431 (34.5) .73 (.59 to .90) 199 (34.0) .81 (.59 to 1.11)
≥15 1674 (12.0) 250 (10.4) .70 (.56 to .86) 133 (10.6) .62 (.48 to .81) 64 (10.9) .74 (.50 to 1.10)
P* <.001 .002 .09
Ptrend <.001 <.001 .03
Age at menarche among nulliparous women, y
<11  400 (12.3)  63 (11.9) 1.00 (ref) 31 (15.3) 1.00 (Ref) 14 (16.1) 1.00 (Ref)
11–12 1455 (44.7) 242 (45.7) 1.07 (.77 to 1.47) 86 (42.4) .83 (.53 to 1.33) 33 (37.9) .76 (.37 to 1.55)
13–14 1083 (33.2) 170 (32.1) .92 (.65 to 1.29) 68 (33.5) .87 (.54 to 1.41) 33 (37.9) 1.00 (.49 to 2.06)
≥15 320 (9.8) 55 (10.4) .91 (.59 to 1.40) 18 (8.9) .56 (.29 to 1.10) 7 (8.0) .38 (.13 to 1.12)
Pⱡ .62 .37 .22
Ptrend .54 .29 .35

* Odds ratio and 95% confidence interval adjusted for age, study, time period, geographic region, education, family history of breast cancer, parity, menopausal status/

age at menopause, and body mass index at age 20 years. ER = estrogen receptor; HER2 = human epidermal growth factor receptor 2; OR = odds ratio; PR = progester-

one receptor.

† Additionally adjusted for number of children.

ⱡ P values calculated using a two-sided Wald test.
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In a recent provocative commentary, Anderson and col-
leagues (19) draw attention to a distinction between classifi-
cations of breast cancer into subtypes for etiology, eg, with a 
common set of causes, rather than for clinical prognosis, and 
propose that there are basically two etiologic subtypes to con-
sider, with bimodal peak frequencies at age 50 and 70 years, 
similar to Pike’s model (18). This coincides with the previous 
recognition that earlier (premenopausal) and later (postmen-
opausal) breast cancer could have differing etiologies, with 
premenopausal cancers more likely to be ER- and postmeno-
pausal tumors ER+ (20,21). Anderson and colleagues propose 
that there are two distinct etiologic classes that arise from 
two main cell types of origin, luminal and basal/myoepithelial, 
with the latter occurring at an earlier age. However, it is not 
clear if ER+ and ER- tumors do derive from distinct classes of 
cells, as there is some evidence that both may derive from a 
common luminal progenitor cell population origin, with sub-
sequent differentiation to ER+ or ER- cells, perhaps influenced 
by different hormonal environments during key windows of 
susceptibility (22,23).

Our findings support both of these paradigms of etiologic 
heterogeneity, with indications that menarche alone may be a 
critical event for the development of ER- breast cancer, vs the 
importance of time between menarche and reproduction to 
ER+ disease. These epidemiologic findings, viewed in the con-
text of tumor heterogeneity as a reflection of differing cells of 
origin (24), could suggest that ER- breast cancer arises from a 
cell population that is exquisitely sensitive during puberty. It is 
clear from data from survivors of atomic bombings in Japan in 
World War II that exposure to ionizing radiation during adoles-
cence, not adulthood, led to subsequent breast cancer, similar 
to breast cancer following radiation to the chest for Hodgkin’s 
disease in young adults (25,26). Importantly, breast cancers aris-
ing from childhood treatment with radiation tend to be ER- and/
or triple-negative and also to have more aggressive character-
istics (27). Investigating mechanisms behind this phenomenon, 
Barcellos-Hoff’s group showed with computational modeling 
and mouse studies that irradiation during puberty increases 
stem cell self-renewal and increases susceptibility to developing 
ER- breast cancer (28). Exposures other than ionizing radiation 
may similarly affect stem cells during puberty, thus underlying 
the importance of age at menarche in the etiology of ER- breast 
cancer in African American women.

These analyses are from the largest study of breast cancer in 
African American women, with rich epidemiological data and 
information on breast cancer subgroups, and including women 
from across the United States. Women in the cohort studies, for 
the most part, have higher education and higher socioeconomic 
status, whereas the case-control studies include women who 
have lower education levels and are from both the South (largely 
rural) and the northeast (primarily urban). Thus, we believe 
that findings from AMBER are generalizable to most African 
American women in the United States. It is unclear if results can 
be generalizable to non-African American women in the United 
States. Results may be more pronounced in African American 
women because they do tend to have earlier menarche and 
because ER- breast cancer is more common.

One limitation, however, is that there is incomplete data 
on receptor status. CBCS has the least amount of missing data 
because of collection of tumor blocks and immunohistochem-
istry performed in their laboratories. Because new cases are 
ascertained in MEC and BWHS and WCHS is still in the field, 
there is also a lag in receipt of pathology reports and tumor 
blocks for existing cases. Furthermore, the numbers of women 

with triple-negative breast cancer are relatively small, because 
of the fact that HER2 testing was not standard until well into 
the last decade. Thus, results for triple-negative breast cancer 
remain inconclusive. However, we do not believe that there 
would be any major systematic bias in missing ER status on 
approximately 25% of the cases, as it is across studies (reflected 
by regions) and across hospitals. Furthermore, findings were 
similar when DCIS cases, who are most likely to have missing 
data on receptors, were excluded.

Our findings add further evidence to the growing knowl-
edge that there are distinct etiologic pathways for ER- and 
ER+ breast cancer and underscore that these differences likely 
begin at a very early age. There is growing understanding of 
factors that affect ages at puberty and menarche, such as 
early life obesity, which may be modifiable. Moreover, these 
results lend insight into mechanisms of diverging pathways 
of carcinogenesis, and, coupled with basic science findings 
from research investigating cells of origin in breast cancer 
development, could help to unravel the underlying complexi-
ties leading to ER- breast cancer. African American women 
are more likely to experience earlier menarche than European 
American women, and age at menarche has been declining in 
the United States in recent times, with the greatest declines 
observed among African American girls (29,30). Our findings 
from this study with more than 1450 African American women 
with ER- breast cancer provide a link between the early age at 
menarche in African American girls and the higher prevalence 
of ER- breast cancer in African American women. Translational 
studies merging findings from the laboratory and population 
sciences are needed to continue to understand the etiology 
of ER- breast cancer, particularly among African American 
women.
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