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Abstract

Background: Pubertal milestones, such as onset of breast development and menstruation, play an important role
in breast cancer etiology. It is unclear if these milestones are different in girls with a first- or second-degree breast
cancer family history (BCFH).

Methods: In the LEGACY Girls Study (n = 1040), we examined whether three mother/guardian-reported pubertal
milestones (having reached Tanner Stage 2 or higher (T2+) for breast and pubic hair development, and having
started menstruation) differed by BCFH. We also examined whether associations between body size and race/
ethnicity and pubertal milestones were modified by BCFH. We used mother/guardian reports as the primary
measure of pubertal milestones, but also conducted sensitivity analyses using clinical Tanner measurements
available for a subcohort (n =204). We analyzed cross-sectional baseline data with logistic regression models for the
entire cohort, and longitudinal data with Weibull survival models for the subcohort of girls that were aged 5-7
years at baseline (n = 258).

Results: BCFH was modestly, but not statistically significantly, associated with Breast T2+ (odds ratio (OR) = 1.36,
95% confidence interval (Cl) =0.88-2.10), with a stronger association seen in the subcohort of girls with clinical
breast Tanner staging (OR = 2.20, 95% Cl=0.91-5.32). In a longitudinal analysis of girls who were aged 5-7 years at
baseline, BCFH was associated with a 50% increased rate of having early breast development (hazard ratio (HR) = 1.
49, 95% Cl=1.0-2.21). This association increased to twofold in girls who were not overweight at baseline (HR = 2.04,
95% Cl=1.29-3.21). BCFH was not associated with pubic hair development and post-menarche status. The median
interval between onset of breast development and menarche was longer for BCFH+ than BCFH- girls (2.3 versus 1.
7 years), suggesting a slower developmental tempo for BCFH+ girls. Associations between pubertal milestones and
body size and race/ethnicity were similar in girls with or without a BCFH. For example, weight was positively
associated with Breast T2+ in both girls with (OR=1.06 per 1 kg, 95% Cl=1.03-1.10) and without (OR = 1.14 per

1 kg, 95% Cl =1.04-1.24) a BCFH.

Conclusions: These results suggest that BCFH may be related to earlier breast development and slower pubertal
tempo independent of body size and race/ethnicity.
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Background
In the US, breast cancer incidence, particularly late-stage
disease, has been increasing in women under 40 years of
age [1-4]. Breast cancer risk factors also have changed
over time, with some changes occurring over several
generations (e.g., increasing height [5]), and other
changes occurring more recently (e.g., declining age at
onset of puberty [6]). These trends in risk factors are ob-
served both in the US and globally [7, 8]. While declines
in age at menarche began in the early 1900s and stabi-
lized more recently [9, 10], landmark US studies have
reported declines in the age at onset of breast develop-
ment over the last generation [11, 12]. Taller height and
heavier weight are two established predictors of earlier
pubertal timing [11, 13, 14], but they only partially ex-
plain the temporal trends in pubertal timing [15]. Earlier
onset of breast development has recently been associ-
ated with increased breast cancer risk. In a prospective
cohort of 104,931 women, height, age at menarche, and
longer interval between onset of breast development and
menarche (i.e., slower tempo) were each independently
associated with a 20-30% increase in breast cancer risk
[16]. As the age at onset of breast development has been
declining more rapidly than the age at first menses, the
window between these two events has become wider in
most populations [17, 18]. Thus, breast cancer incidence
may continue to increase, particularly in young women.
Despite these intriguing lines of evidence, limited data
exist on whether the timing of pubertal milestones (i.e.,
age at onset of breast and pubic hair development and
first menses) differs between girls with or without a
breast cancer family history (BCFH). One exception is
the finding that, in girls with a maternal history of breast
cancer, risk of early menarche was increased relative to
girls without a BCFH (hazard ratio (HR) = 2.2, 95% con-
fidence interval (CI) = 1.0-5.0) [19]. Studies to date have
not examined variation in other pubertal development
measures by BCFH. If the timing of the individual mile-
stones or tempo between the pubertal events differs by
BCFH, then this suggests that the window of susceptibil-
ity for environmental exposures and targeted prevention
efforts may need to be tailored according to BCFH. If
the timing of pubertal milestones is similar between
girls with and without a BCFH, then this suggests
that pathways related to growth and development and
pubertal timing may be equally important in girls
with a positive family history (BCFH+) and those
without a family history (BCFH-) and therefore po-
tentially modifiable in both groups. We examined
whether BCFH was independently related to pubertal
milestones after adjusting for race/ethnicity and body
mass index (BMI), and whether BCFH modified the
associations of body size and race/ethnicity with
pubertal milestones.
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Methods

Study population

The LEGACY (Lessons in Epidemiology and Genetics of
Adult Cancer from Youth) Girls Study, a prospective co-
hort, enrolled 1040 girls at five study sites in the US
(New York City, NY; Philadelphia, PA; Salt Lake City,
UT; San Francisco Bay Area, CA) and Canada (Toronto,
Ontario) from 2011-2013 [20, 21]. These sites comprise
the five North American sites of the Breast Cancer
Family Registry (BCFR), a multigenerational cohort of
breast cancer families (for details, see [22—24]). The girls
were primarily between the ages of 6 and 13 years at
recruitment, and half had a BCFH. Girls were classified
as BCFH+ if the participating mother/guardian reported
a BCFH in the daughter’s first- or second-degree rela-
tives or a relative with an identified BRCAI or BRCA2
mutation. Girls were the daughters of BCFR participants
or breast cancer patients recruited through regional
cancer registries or family genetics and oncology clinics.
BCFH- girls were recruited through friend referrals,
social media, and community outreach.

Data collection

We assessed pubertal development and exposures
through questionnaires and measurements, with most
items collected at baseline and every 6 months there-
after. We administered the Growth and Development
Questionnaire to mothers/guardians who assessed their
daughter’s sexual maturation using drawings that show
five Tanner stages of breast and pubic hair development
[25], and reported whether or not their daughter had
had her first menses. We also performed clinical breast
Tanner staging at the LEGACY sites in New York and
Utah. Trained female research staff or a physician com-
pleted the visual assessment of breast development
according to a standard protocol and assigned a breast
Tanner score from 1 to 5. A second score based on both
visualization and palpation was recorded for girls when
it was difficult to distinguish between breast bud devel-
opment and fat tissue. In a subset of girls with multiple
measures, we previously observed almost perfect agree-
ment between clinical raters for the onset of breast
development (Kappas >0.94 for Breast T2+ vs. T1) [26].
We used the clinical breast Tanner stage data for sensi-
tivity analyses. Anthropometric measurements, including
height and weight, were taken every 6 months by trained
research staff. We measured height without shoes using
a stadiometer and weight in light clothing using a digital
scale. We repeated the height and weight measurements
and averaged the two measures.

Statistical analysis
We assessed the associations of BCFH with the three
pubertal outcomes performing logistic regression to
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determine the odds of being breast and pubic hair
Tanner stage 2 or higher (Breast T2+ and Pubic T2+,
respectively) vs. 1 (no development yet), and the odds of
having experienced menstruation vs. being pre-
menarcheal at study enrollment, adjusting for age, BMI,
race/ethnicity, and study site. Because of the study
design, with multiple siblings enrolled in some families,
we used generalized estimating equations (GEE) to
account for the correlation between siblings. All analyses
using Breast T2+ or Pubic T2+ as an outcome were
restricted to girls younger than 13 years because all older
girls had mother/guardian-reported Breast T2+ or Pubic
T2+. Analyses using first menses as an outcome were
restricted to girls 10 years and older because none of the
younger girls had started menses as reported by their
mother/guardian.

We also estimated median ages at Breast T2+ for each
BCFH category using Weibull survival models that were
adjusted for the same covariates as in the logistic
models. We used bootstrapping with 200 replications to
calculate the 95% CI around the medians. In addition,
we ran Weibull survival models using prospective data
from the subcohort of girls that were 5-7 years old at
study enrollment to estimate the associations between
BCFH and body size measures with breast development
longitudinally. Due to small cell counts, we did not ad-
just for study site or include girls of mixed race/ethnicity
in the longitudinal models.

After examining the association between BCFH and
pubertal milestones, we then examined whether the as-
sociations of weight, height, and BMI with pubertal
milestones were similar in girls with or without a BCFH.
To ascertain the influence of BMI on pubertal outcomes,
we calculated BMI percentiles by age based on Centers
for Disease Control (CDC) growth charts [27]. Girls in
the 85th percentile or above for their age were catego-
rized as overweight. Girls with missing data on mother/
guardian-reported breast Tanner stage (n=104), pubic
hair Tanner stage (n=70), or menarche status (n =24),
and girls without body measurements (n = 20) were ex-
cluded from relevant analyses. We tested for interactions
between the main exposures and covariates using a
cross-product term in the regression models and the
Wald test to assess statistical significance. For the weight
and height models, we adjusted for age, race/ethnicity,
and study site, and found no statistically significant in-
teractions for any of these variables. We also formally
tested for interactions with weight, height, and over-
weight status and BCFH, and stratified the adjusted
models by BCFH. For analyses using the full cohort with
BCFH as the exposure, we adjusted for age, BMI at
study enrollment, race/ethnicity, and study site and
found no interactions for Breast T2+, but a significant
interaction between age and BCFH when Pubic T2+ was
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the outcome. For first menses, the interaction between
age and BMI was statistically significant. Interactions by
study site for each exposure were not statistically signifi-
cant. In the longitudinal model for breast development,
the interaction between overweight and BCFH was
statistically significant. Therefore, we examined the
association between BCFH and breast development
overall and only for girls that were not overweight.

We conducted supplemental analyses to examine how
robust the findings were under different assumptions.
First, instead of a categorical BCFH variable, we used
the Breast and Ovarian Analysis of Disease Incidence
and Carrier Estimation Algorithm (BOADICEA) risk
model to estimate lifetime breast cancer risk for each
girl [28], by estimating the absolute risk based on family
pedigree information. The model produces a continuous
score ranging from zero to 100 (data not shown). The
scores were used to rank the girls according to their risk
of breast cancer and to provide greater precision for the
subcohort of BCFH+ girls, but the scores cannot be
interpreted as absolute risks because BOADICEA has
been validated only for use in adult women [29]. Second,
we conducted sensitivity analyses using only data from
the two LEGACY sites with information on clinical
breast Tanner stage. Based on the validity data from the
clinical Tanner scoring (i.e., sensitivity and specificity),
we then adjusted the final results for the entire cohort,
estimating the adjusted cell counts separately for those
with and without a BCFH given the different sensitivity
and specificities from our validity studies [26]. Results
adjusted for differential reporting are reported in the
text, but not in the tables. All analyses were conducted
using SAS 9.3, except for Weibull survival analyses that
were conducted using StataSE 13 and R 3.3.2.

Results

The proportion of girls who, at study enrollment (base-
line), had started breast development (Breast T2+) or
pubic hair development (Pubic T2+) or had experienced
first menses varied by age, BMI, race/ethnicity, and
study site (Table 1). Overall, 45% of girls were Breast T2+,
41% were Pubic T2+, and 19% were post-menarcheal.
Girls who had reached pubertal milestones were older,
taller, and heavier compared to girls who had not started
pubertal development. Figure 1 summarizes the propor-
tion of Breast T2+ by age group and separately by race/
ethnicity and BCFH. Black girls were more likely to be
Breast T2+ at all ages, but the difference was more pro-
nounced in girls under age 10 years.

BCFH+ girls were more likely to be Breast T2+ than
BCFH- girls, but this association was not statistically
significant (odds ratio (OR)=1.36, 95% CI=0.88-2.10
adjusted for age, BMI, race/ethnicity, and study site)
(Table 2). The positive association between Breast T2+
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Table 1 Characteristics of participating girls, by pubertal outcomes; the LEGACY Girls Study

Category Entire cohort

Breast Tanner, girls aged

Pubic hair Tanner, girls Menarche, girls 210

(n=1040) <13 (n=2801) aged <13 (n=2835) (n=1506)
Stage T1 Stage T2+  Stage T1 Stage T2+  No menses Menses
(n=506) (n=295) (n=556) (n=279) (n=313) (n=193)
Continuous variables, mean (SD)
Age (years) 10.1 (2.4) 8.7 (1.7) 112 (1.3) 8.7 (1.7) 112 (1.4) 114 (1.0) 132 (1.2)
Weight (kg) 37.8 (14.6) 296 (84) 46.0 (124)  30.1 (94) 447 (13.2) 411 (108) 555 (13.1)
Height (cm) 1426 (15.3) 1335 (11.0) 1518 (10.7) 1334 (11.1) 1512 (11.1) 1499 (9.2) 1612 (7.5
BMI (kg/mz) 180 (4.3) 164 (34) 19.8 (4.3) 16.7 (3.7) 19.3 (4.3) 182 (3.8) 213 (43)
Maternal age at menarche 12.7 (1.5 12.9 (1.5 124 (1.5) 12.8 (1.5) 126 (1.5) 129 (1.5 124 (1.5
Maternal age at daughter’s birth 323 (5.5) 326 (54) 318 (5.7) 325 (54) 320 (5.7) 324 (5.2) 312 (5.8)
Categorical variables, count (%)

Overweight

2 85th percentile 193 (18.6) 60 (11.9) 90 (30.5) 81 (14.6) 71 (25.5) 46 (14.7) 55 (28.5)
Race/ethnicity

Hispanic 193 (18.6) 79 (15.6) 60 (20.3) 88 (15.8) 60 (21.5) 44 (14.1) 58 (30.1)

Black 78 (7.5) 27 (5.3) 34 (11.5) 27 (49) 36 (12.9) 22 (7.0 17 (8.8)

Non-hispanic white 646 (62.1) 343 (67.8) 172 (58.3) 371 (66.7) 160 (57.4) 209 (66.8) 91 (47.2)

Asian 93 (89) 46 (9.1) 19 (64) 55 (99) 16 (5.7) 31 (99 19 (94)

Mixed race/ethnicity 30 (29 11 22) 10 (34) 15 2.7) 7 (2.5) 7(2.2) 8 (4.2)
Study site

Philadelphia 154 (14.8) 72 (14.2) 53 (18.0) 74 (133) 52 (18.6) 63 (20.1) 25 (13.0)

Utah 164 (15.8) 86 (17.0) 32 (109 100 (18.0) 30 (10.8) 45 (14.4) 16 (8.3)

New York 168 (16.2) 95 (18.8) 45 (15.2) 102 (184) 38 (13.6) 39 (12.5) 28 (14.5)

Ontario, Canada 192 (185) 103 (204) 53 (180) 113(203) 49 (176) 53 (16.9) 37(19.2)

San Francisco Bay Area 362 (34.8) 150 (29.6) 112 (38.0) 167 (30.0) 110 (394) 113 (36.1) 87 (45.1)
Maternal education

Some college/vocational/technical school or less 284 (27.3) 114 (225) 101 (35.1) 139 (250)  85(30.5) 77 (24.6) 73 (37.8)

Bachelor's degree 377 (363) 194 (383) 85 (29.5) 210 (378) 90 (323) 107 (342) 62 (32.0)

Graduate degree 353 (339 191 (37.8) 102 (354) 199 (35.8) 98 (35.1) 124 (396) 45 (233)
Breast cancer family history (BCFH)

No BCFH 497 (47.8) 267 (52.7) 142 (48.1) 277 (49.8) 146 (52.3) 154 (492) 84 (435)

Any BCFH 533 (51.3) 239 (47.2) 153 (51.9) 279 (50.2) 133 (47.7) 159 (50.8) 109 (56.5)

First-degree BCFH 219 (21.1) 89 (17.6) 64 (21.7) 99 (17.8) 63 (22.6) 71 (22.7) 53 (27.5)

Second-degree BCFH Only 313 (30.1) 150 (296) 89 (30.2) 180 (324) 70 (25.1) 88 (28.1) 56 (29.0)

BMI body mass index, SD standard deviation.

and BCFH was limited to girls with a second-degree
BCFH (adjusted OR=1.8, 95% CI=1.07-3.05). When
we further examined Model 2 presented in Table 2 using
a BOADICEA risk score, the results were also consistent
with earlier breast development in girls with a higher
score (data not shown). In the subcohort of LEGACY
girls with clinical breast Tanner staging (n=204), the
ORs (95% CI) for Breast T2+ after adjusting for age,
BMI, and study site were 2.20 (0.91-5.32), 1.78 (0.41-
7.69), and 2.27 (0.82-6.25) for BCFH+, first-degree
BCFH+, and second-degree BCFH+ girls, respectively

(data not shown). We did not observe an association
between BCFH and pubic hair development or age at
menarche (adjusted OR =0.81, 95% CI=0.55-1.20 and
adjusted OR=0.69, 95% CI=0.38-1.23, respectively)
(Table 2).

Further analyses in the subcohort of girls with clinical
Tanner staging showed that the difference in breast
Tanner stage by degree of BCFH was driven by measure-
ment error in maternal Tanner reporting that differed by
degree of BCFH [26]. Compared to the clinical breast
Tanner staging, the sensitivity of maternal breast Tanner
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report was 684% for first-degree BCFH, 77.8% for
second-degree BCFH, and 69.4% for no BCFH. This
means that mothers with breast cancer were less likely
to report that their daughters have started breast devel-
opment compared to mothers with a BCFH, but who
themselves did not have breast cancer. The specificities

Table 2 Associations of measures of breast cancer family history (

were 93.8%, 97.8%, and 92.8%, respectively. In the overall
LEGACY cohort, adjustment for sensitivity and specifi-
city of maternal breast Tanner reporting by degree of
BCFH altered the overall association of Breast T2+ with
BCFH very little (OR=1.2, 95% CI=0.9-1.7), but
strengthened the association with first-degree BCFH

BCFH) with pubertal outcomes; LEGACY Girls Study

Odds ratio (95% confidence interval)

Breast Tanner stage T2 +° Pubic hair Tanner stage T2 +° Post-menarche status®
Measures of BCFH® Model 1¢ Model 2¢ Model 1¢ Model 2¢ Model 1¢ Model 2°
n=2801 n=786 n=2835 n=819 n=>506 n=493
Any BCFH 135 1.36 0.83 081 0.69 0.69
(0.92-1.98) (0.88-2.10) (0.58-1.20) (0.55-1.20) (042-1.14) (0.38-1.23)
First-degree BCFH 1.05 099 0.98 0.94 0.66 067
(0.63-1.75) (0.58-1.68) (0.60-1.58) (0.58-1.55) (0.35-1.25) (0.32-1.38)
Second-degree BCFH Only 1.60 1.80 0.76 0.75 0.74 0.72
(1.03-2.50) (1.07-3.05) (0.50-1.16) (048-1.17) (041-1.32) (0.35-147)

“Models exclude girls aged >13 years (n = 135)

PExcludes girls aged <10 years (n=510)

“No BCFH is the referent group for all models

dAdjusted for age

€Adjusted for age, body mass index (BMI), race/ethnicity, and study site
fadjusted for age, BMI, race/ethnicity, site, and BMI x age
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(OR=1.6, 95% CI=1.1-2.4). No association remained
with second-degree BCFH after adjustment for sensitivity
and specificity (OR=1.1, 95% CI=0.8-1.5). Consistent
with these results from the subcohort of girls with clinical
Tanner staging, the overall cohort analyses suggest that
girls with a BCFH may have earlier breast development.
When we considered the interval between onset of breast
development and first menses (i.e., tempo), we found that
the median interval was longer for girls with a BCFH
(2.3 years, 95% CI=1.5-3.1) compared to girls without a
BCFH (1.7 years, 95% CI=1.3-2.1) (Additional file 1:
Table S1). The difference in tempo between girls with or
without a BCFH was 0.6 years (95% CI=-0.30 to 1.51),
but was not statistically significant.

In a longitudinal analysis of girls who were 5-7 years
at baseline, BCFH was associated with a 50% higher rate
of early breast development (HR=1.49, 95% CI=1.0-
2.21 adjusted for age, BMI, and race/ethnicity). This
association increased to twofold in girls who were not
overweight at baseline (adjusted HR =2.04, 95% CI=
1.29-3.21) (Table 3). In girls who were not overweight
(BMI <85th percentile), 51.2% of BCFH+ girls experi-
enced breast development by age 10 years, compared to
33.5% for BCFH- (Fig. 2).

Weight and overweight (BMI =85th percentile for age)
were positively associated with being Breast T2+ and post-
menarcheal, adjusting for age, height, race/ethnicity, and
study site (Table 4). For example, for each kilogram increase
in weight, there was a 9% increase in the odds of girls
having started breast development (adjusted OR =1.09,
95% CI = 1.05-1.12). Height was associated with pubic hair
development (adjusted OR =1.06, 95% CI =1.03-1.10 per
centimeter). Even after controlling for age, weight, and
height, black race was associated with being Breast T2+
(OR =3.88, 95% CI = 1.74—8.65) and Pubic T2+ (OR =5.27,
95% CI =2.38-11.65); Asian race was associated with a
lower odds of being Pubic T2+ (OR = 0.44, 95% CI=0.21-
0.95); and Hispanic ethnicity was associated with being
post-menarcheal (OR =241, 95% CI=1.15-5.04) com-
pared with non-Hispanic whites.
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When we stratified the logistic regression models by
BCFH, the odds of reaching each pubertal milestone were
influenced by BMI and race/ethnicity in both BCFH+ and
BCFH- girls (Table 4), but the associations were stronger
in BCFH- girls. In both groups of girls, BMI (as reflected
by z scores) increased with higher breast Tanner stage and
was higher for girls at Breast T2+ than for those at Breast
T1, but the means were generally larger for the BCFH—
girls (Additional file 2: Figure S1). The associations
between height and Pubic T2+ and between weight and
post-menarche status were similar for BCFH+ and
BCFH- girls (Table 4). Height was associated with being
post-menarcheal in BCFH- girls only (adjusted OR = 1.09,
95% CI=1.03-1.16 per centimeter). We did not find
statistically significant interactions between BCFH and
weight, overweight, or height for any of the pubertal out-
comes (p >0.05), with the exception of BCFH and height
in relation to being post-menarcheal (p =0.02). Longitu-
dinal analyses also supported associations between body
size and timing of pubertal milestones in both girls with
and without a BCFH (Table 5).The interaction between
overweight and BCFH was significant in the longitudinal
analysis (p < 0.05), with a stronger association for BCFH—
girls.

Discussion

We observed that BCFH, independent of body size and
race/ethnicity, was related to earlier breast development,
but not to early pubarche or menarche. The findings
were modest, and not statistically significant in the
cross-sectional analyses of the overall cohort analyzing
baseline data, but were stronger and statistically signifi-
cant in the longitudinal analyses of the subcohort of girls
who were 5-7 years old at baseline. We also observed
stronger associations in the subcohort of girls where
breast development was measured through clinical Tan-
ner rather than maternal/guardian report. In cross-
sectional analyses, we also found that higher weight and
overweight (BMI >85th percentile for age) were associ-
ated with having started breast development and

Table 3 Associations of measures of breast cancer family history (BCFH) with breast development among girls aged 5-7 years at

first visit using Weibull longitudinal models; LEGACY Girls Study

Hazard ratio (95% confidence interval)

All girls aged 5-7 years at first visit

Girls aged 5-7 years at first visit, BMI <85th percentile

Measures of BCFH? Model 1° Model 2< ¢ Model 1° Model 2< ¢
n=258 n=248 n=210 n=206

Any BCFH 1.33 (0.93-1.91) 1.49 (1.00-2.21) 1.69 (1.12-2.55) 2.04 (1.29-3.21)

First-degree BCFH 1.28 (0.83-1.98) 1.24 (0.76-2.03) 1.88 (1.13-3.12) 221 (131-3.73)

Second-degree BCFH only 1.38 (0.93-2.04) 1.68 (1.09-2.59) 1.63 (1.03-2.56) 1.94 (1.17-3.24)

#No BCFH is the referent group for all models
PAdjusted for age as the underlying time scale

“Adjusted for age as the underlying time scale, body mass index at baseline, and race/ethnicity

dGirls with mixed race/ethnicity were excluded due to small cell counts
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menstruation, whereas taller height was associated with
having started pubic hair development. The timing of
pubertal milestones also varied by race/ethnicity. The as-
sociations between weight, overweight, and height and
pubertal milestones were seen in girls with and without
a BCFH.

While menarche status and pubic hair development
were similar in girls with or without a BCFH, our find-
ings suggest that onset of puberty, marked by the begin-
nings of breast development, may be earlier in BCFH+
girls. We observed modest differences in timing of
breast development by degree of BCFH. The differences
between girls with a first- or second-degree BCFH were
likely driven by maternal differences in breast Tanner
reporting, as the associations by degree of BCFH were
stronger for clinical Tanner assessment than maternal
assessment and were similar to each other in magnitude
when we examined the subcohort of girls with clinical
breast Tanner staging. The clinical breast Tanner staging
results are unlikely to be driven by measurement error
given the high reliability between clinical raters in the
study [26]. The consistency of the clinical Tanner results
with those from the maternal assessment after adjust-
ment for measurement error suggests a modest associ-
ation between BCFH and earlier breast development.
Modest associations between BCFH and the timing of
any individual pubertal milestones may indicate a slower
pubertal tempo, especially since the results suggest that
a BCFH may accelerate breast development. Even
though the age at menarche did not differ by BCFH, the
earlier breast development in girls with a BCFH trans-
lated into differences in pubertal tempo measured in
cross-sectional analyses which was 2.3 years in girls with
any BCFH and 1.7 years in BCFH- girls. Longer follow-
up will be needed to confirm if these differences are

statistically significant in longitudinal analyses as the
subcohort of girls we followed prospectively for onset of
breast development was too young to have precision for
estimates of age at menarche. The Breakthrough Gener-
ations Study found that a pubertal tempo of more than
2 years was associated with a 27% higher risk of breast
cancer [16]. Thus, the BCFH+ girls with an average
tempo greater than 2 years and at least 0.5 years longer
than that of BCFH- girls may be at higher breast cancer
risk from this wider window as well as other factors.
Furthermore, longitudinal analyses of girls who were 5—
7 years at baseline support an earlier onset of breast de-
velopment in BCFH+ girls compared with BCFH- girls.
There is emerging and compelling evidence from large
genome-wide association studies (GWAS) that specific
genetic variants are associated with growth in height
during puberty, BMI, and age at menarche; many of the
variants that are related to height and pubertal outcomes
have also been associated with breast cancer risk. For ex-
ample, GWAS have found at least 180 single nucleotide
polymorphisms (SNPs) that are associated with height;
of these, 168 are also associated with breast cancer risk,
as well as age at menarche, weight, and BMI [30-33].
Five genes (MAPK3, PXMP3, VGLL3, ADCY3/POMC,
and LIN28B) have been associated with pubertal timing,
affecting tempo and timing of growth before and during
puberty [34, 35]. ADCY3/POMC has been implicated in
obesity among children and adults [36, 37]. Interestingly,
many of these same genes, including MAPK3, are also
associated with breast cancer risk [38—40]. Variants in
the IGF signaling pathway have been associated with
height [41-44] and, recently, LIN28B has been shown to
regulate the miRNA let-7 family, which in turn affects
the IGF signaling pathway in the head and neck and
other cancers [39, 45]. If BCFH+ girls are more likely to
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Table 4 The associations of weight and height with pubertal outcomes, by breast cancer family history (BCFH)
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Odds ratio (95% confidence interval)

Overall BCFH+ girls BCFH- girls
Breast Tanner stage T2 +°
n 786 383 403
Model 1¢
Weight (per 1 kg) 1.09 (1.05-1.12) 1.06 (1.03-1.10) 1.14 (1.04-1.24)
Height (per 1 cm) 1.03 (0.99-1.07) 1.03 (0.99-1.08) 1.01 (0.94-1.09)
Race/ethnicity
Non-Hispanic white 1.00 (reference) 0 (reference) 1.00 (reference)
Asian 0.55 (0.22-1.41) 0.66 (0.18-2.37) 0.55 (0.16-1.86)
Black 3.88 (1.74-8.65) 5.04 (1.21-20.94) 3.80 (143-10.11)
Hispanic 1.18 (0.65-2.13) 4 (0.58-3.14) 1(0.37-2.25)
Mixed race/ethnicity 2.54 (0.75-8.54) 761 (0.11-533.98) 1 (0.56-5.78)

Model 2¢
Overweight (285th percentile)
Pubic hair Tanner stage T2 +°
n
Model 1¢
Weight (per 1 kg)
Height (per 1 cm)
Race/ethnicity
Non-Hispanic white
Asian
Black
Hispanic
Mixed race/ethnicity
Model 2¢
Overweight (285th percentile)
Post-menarche status®
n
Model 1¢
Weight (per 1 kg)
Height (per 1 cm)
Race/ethnicity
Non-Hispanic white
Asian
Black
Hispanic
Mixed race/ethnicity
Model 2¢
Overweight (285th percentile)

465 (2.58-8.398)
819

1.02 (0.99-1.05)
1.06 (1.03-1.10)

1.00 (reference)
44 (0.21-0.95)
5.27 (2.38-11.65)
1.55 (0.85-2.84)
146 (0.37-5.77)

1.24 (0.75-2.06)
493

1.08 (1.04-1.12)
1.03 (0.99-1.08)

1.00 (reference)
1.06 (0.46-245)
1.69 (0.65-4.40)
241 (1.15-5.04)
2.21 (0.20-23.96)

4.19 (2.15-8.14)

332 (143-7.69)
403

1.02 (0.98-1.06)
1.05 (1.00-1.11)

0 (reference)
039 (0.13-1.20)
9.58 (2.53-36.19)
1 (0.65-4.47)
245 (0.54-11.05)

1.26 (0.56-2.83)
260

1.09 (1.03-1.16)
0.98 (0.93-1.05)

0 (reference)
052 (0.15-1.81)
7 (0.34-5.51)
2 (0.49-3.09)
029 (0.02-3.51)

4.75 (2.08-10.82)

6.72 (2.70-16.74)
416

1.02 (0.98-1.06)
1.07 (1.02-1.12)

1.00 (reference)
046 (0.17-1.24)
3.88 (1.48-10.17)
1.36 (0.60-3.11)
1.09 (0.16-7.53)
140 (0.71-2.75)
233

1.06 (1.00-1.12)
1.09 (1.03-1.16)

1.00 (reference)
1.60 (0.46-5.58)
2.07 (0.50-8.54)
8.08 (2.24-29.19)
5.28 (0.06-480.69)

373 (1.21-11.51)

?Excludes girls aged >13 years (n =135)

PExcludes girls aged <10 years (n=510)

“Model includes weight, height, race/ethnicity, and is adjusted for age and study site. Non-Hispanic white is the referent race/ethnicity
9Model includes overweight and is adjusted for height, race/ethnicity, age, and study site. Non-Hispanic white is the referent race/ethnicity
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Table 5 The associations of weight and height with breast development among girls aged 5-7 years old at first visit using Weibull

longitudinal models; LEGACY Girls Study

Hazard ratio (95% confidence interval)

Overall BCFH+ girls BCFH- girls
Breast Tanner stage T2+
n 248 127 121
Model 1°
Weight (per 1 kg) 1.05 (1.03-1.08) 1.05 (1.02-1.08) 1.10 (1.03-1.17)

Height (per 1 cm)

1.01 (0.98-1.04)

0.99 (0.95-1.02)

0.98 (0.93-1.04)

Race/ethnicity

Non-Hispanic white 1 (reference)

Asian 1.12 (0.54-2.35)

Black 1.31 (0.73-2.37)

Hispanic 1.52 (0.95-2.44)
Model 2°

Overweight (285th percentile) 361 (216-6.02)

1 (reference)

1.18 (0.35-3.98)
1.36 (0.76-242)
2.75 (148-5.11)

1 (reference)

1.31 (0.53-3.25)
1.51 (0.56-4.08)
0.88 (0.37-2.08)

2.02 (0.99-4.11) 940 (4.94-17.91)

BCFH breast cancer family history

“Model is adjusted for age as the underlying time scale and includes weight, height, and race/ethnicity. Mixed race/ethnicity is excluded due to small cell counts
PModel is adjusted for age as the underlying time scale and includes overweight, height, and race/ethnicity. Mixed race/ethnicity is excluded due to small

cell counts

have a greater clustering of genetic variants in these
genes compared to BCFH- girls, then these genes may
account for some of the associations we observed be-
tween BCFH and onset of breast development.

Our study has several strengths, including the racial/
ethnic diversity of the study population, the measure-
ment of weight and height rather than relying on self-
report, and the collection of several indices of pubertal
development. Furthermore, we recruited girls across a
wide spectrum of breast cancer risk and collected
detailed data on first- and second-degree BCFH, both on
the maternal and paternal side. This allowed us to exam-
ine whether pubertal development varies by extent of
BCFH. We acknowledge that BCFH changes over time
and we regularly update this information in our cohort.
However, we cannot exclude the possibility of misclassi-
fication of BCFH. The longitudinal analysis we included,
however, defines BCFH for a specific time window based
on the daughter’s age at baseline. Our cohort also is the
only youth cohort worldwide that is enriched for girls
with a BCFH and is the first to assess the relation
between early-life exposures and pubertal development
in girls who are at increased risk of developing breast
cancer due to their family history. Our LEGACY cohort
complements other youth cohorts, such as the Breast
Cancer Environmental Research Program (BCERP) co-
hort [46], which includes only a small proportion of girls
from families with breast cancer. Women with a BCFH
are more likely to be diagnosed with premenopausal
breast cancer [2], and early-life exposures are more
strongly associated with premenopausal than postmeno-
pausal breast cancer risk [47]. Thus it is essential to have

a cohort like ours that can evaluate the role of early-life
factors across the continuum of risk to inform breast
cancer prevention. Environmental factors are important
modifiers of breast cancer risk, even within the 5-30%
of cancers attributed to familial clustering [48, 49]. Our
work in adults suggests that, even in high-risk families,
biomarkers such as DNA repair phenotype and DNA
methylation, which are known to differ across the life
course based on environmental exposures, differ be-
tween affected and unaffected sisters [50—52].

Conclusions

These results suggest that BCFH may be related to earlier
onset of breast development independent of body size and
race/ethnicity, and support the premise that body size is
an important predictor of pubertal milestones even in girls
with a BCFH. The findings from our study also suggest
that girls with a BCFH may have a slower tempo between
onset of breast development and menarche, indicating a
wider window of breast cancer susceptibility.
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