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\ early and late maturation. /

WHAT’S KNOWN ON THIS SUBJECT: Several studies have \
documented earlier onset of pubertal maturation in girls, with
several potential factors attributed to the earlier onset.

WHAT THIS STUDY ADDS: This study demonstrates earlier
maturation in white non-Hispanic girls, with greater BMI linked as
a major factor. The entire distribution of pubertal timing has
shifted to a younger age, suggesting redefinition of ages for both

S

BACKGROUND AND OBJECGTIVES: There is growing evidence of puber-
tal maturation occurring at earlier ages, with many studies based on
cross-sectional observations. This study examined age at onset of
breast development (thelarche), and the impact of BMI and race/
ethnicity, in the 3 puberty study sites of the Breast Cancer and the
Environment Research Program, a prospective cohort of >1200 girls.

METHODS: Girls, 6 to 8 years at enrollment, were followed longitudi-
nally at regular intervals from 2004 to 2011 in 3 geographic areas: the
San Francisco Bay Area, Greater Cincinnati, and New York City. Sexual
maturity assessment using Tanner staging was conducted by using
standardized observation and palpation methods by trained and cer-
tified staff. Kaplan-Meier analyses were used to describe age at onset of
breast maturation by covariates.

RESULTS: The age at onset of breast stage 2 varied by race/ethnicity,
BMI at baseline, and site. Median age at onset of breast stage 2 was 8.8,
9.3, 9.7, and 9.7 years for African American, Hispanic, white non-
Hispanic, and Asian participants, respectively. Girls with greater
BMI reached breast stage 2 at younger ages. Age-specific and
standardized prevalence of breast maturation was contrasted to
observations in 2 large cross-sectional studies conducted 10 to 20
years earlier (Pediatric Research in Office Settings and National
Health and Nutrition Examination Survey Ill) and found to have
occurred earlier among white, non-Hispanic, but not African
American girls.

CONCLUSIONS: We observed the onset of thelarche at younger ages
than previously documented, with important differences associated
with race/ethnicity and BMI, confirming and extending patterns
seen previously. These findings are consistent with temporal changes
in BMI. Pediatrics 2013;132:1019—1027
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Over the past several years, multiple
studies have reported an earlier age at
onset of breast development. In 2007,
aconsensus panel reported there were
sufficient data to suggest a trend to-
ward earlier breast development in the
United States over the second half ofthe
20th century.! This trend has been
noted internationally as well; for ex-
ample, girls inthe Copenhagen Puberty
Study experienced breast development
nearly a year earlier than those born
15 to 16 years previously.2 These find-
ings have been linked temporally to
the increase in BMI and prevalence
of obesity. The relationship between
higher BMI and earlier onset of puberty
in girls has been noted previously; in 2
large cross-sectional studies, Pediatric
Research in Office Settings (PROS) and
the National Health and Nutrition Ex-
amination Survey (NHANES) Ill, earlier
maturation occurred inthose girls with
greater BMI® and in those with BMI
=85th percentile.* Here we report on
timing of breast development from
a longitudinal cohort of girls recruited
at ages 6 to 8 years, to examine pu-
bertal timing in association with
higher BMI and by race/ethnicity.

METHODS

This project was carried out as part ofthe
National Institute of Environmental Health
Sciences/National Cancer Institute
Breast Cancer and the Environment
Research Program (BCERP). The Puberty
Study of the BCERP is investigating en-
vironmental exposures and onset of
puberty in girls, and has been described
in detail elsewhere.® Girls were enrolled
between 2004 and 2008 at 6 through 8
years of age. They were recruited
through the 3 puberty study sites of the
Breast Cancer and the Environment
Research Program: the San Francisco
Bay Area in California (through mem-
bers of Kaiser-Permanente of Northern
California), the greater Cincinnati met-
ropolitan area in Ohio and Kentucky
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(through local schools, and Breast
Cancer Registry of Greater Cincinnati),
and east and central Harlem in New
York City, New York (through community
centers, clinics, and local schools).8
Recruitment was through a combined
convenience sample at each site, with
the sampling frame defined as those
age-eligible girls in Kaiser Permanente
membership at defined sites, selected
schools in greater Cincinnati, or with
a clinic appointment in Harlem. Each
site had a time frame for recruitment,
and used printed material for re-
cruitment, describing the study as
“a project of girls growing up today.”
The current report includes longitudinal
data in scheduled semiannual (Cincin-
nati) or annual visits (Mount Sinai
and Kaiser Permanente of Northern
California) through March 2012, with
mean follow-up of 4.3 years. The local
institutional review board approved
the study at each center; consent
was obtained from the parent/legal
guardian, and assent was obtained
from participants once they reached
10 years of age.

Sexual maturity was established
through a standardized method based
on Tanner staging.” Breast development
was assessed through both observation
and palpation.® Professional staff were
trained and certified, and periodic
cross-site validation was performed by
a master trainer visiting all 3 sites. On-
set of breast development was defined
as attaining breast stage 2 or greater.
We had noted previously that examiners
had 87% agreement (ie, same breast
stage) with a master trainer in blinded
field assessments; the remaining assess-
ments were within 1 stage.

During the examination visits, trained
and certified staff members obtained
standardized anthropometric mea-
surements, including height and weight,
and made 2 measurements of each
parameter. If the difference exceeded
a preset amount, or the amount was

outside the 5th to 95th percentile values,
a third measurement was taken and an
average of the values was used for
analysis. BMI was calculated from the
mean values of height and weight
measurements, as weight divided by the
square of height. BMI percentile and
z score were determined by using the
2000 growth charts from the Centers
for Disease Control and Prevention
(www.cdc.gov/nccdphp/dnpao/growth
charts/resources/sas.htm).

We tested for the difference in median
values for BMIpercentile across sites by
using the 2-sample median test, and for
the difference proportions in race/
ethnicity and BMI percentile groups
across sites using the X2 and Fisher’s
exact tests. Survival analyses were
performed by using SAS PROC LIFEREG
(SAS Institute, Inc, Cary, NC) first to
estimate age of breast development
and then SAS PROC LIFETEST to de-
termine the effect of race, education of
head of household (as a proxy for so-
cioeconomic status), site, and BMI on
age of breast development.

The first step in these analyses was to
determine an estimated date of breast
development (thelarche). For these
analyses, a “breast development in-
terval” was defined for each partici-
pant. For girls who reached Tanner
breast stage 2 or greater during follow-
up (interval censored), the interval was
defined as the period from the last
research study visit at breast stage 1to
the first visit where the girls was noted
to be at breast stage 2 or greater. For
some girls, progression through
breast stages was not consistent, such
as apparent regression of breast stage
2 to breast stage 1 at a subsequent
visit. For these girls, the breast de-
velopment interval encompassed the
period of inconsistency, until a consis-
tent B2 was observed. For girls who
were left-censored (breast stage 2 or
greater at the first study visit), the be-
ginning of the interval was defined as
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the race-specific 1.0 percentile value of
age from the PROS study data (data
supplied by M. Herman-Giddens, PhD
(personal communication, 2012), and
the end of the interval was the date of
the initial research study visit when
breast stage 2 was observed. For both
interval-censored and left-censored
girls, an estimated date of breast de-
velopment was calculated within the
interval using age at the beginning and
end of the interval as covariates. The
estimated date of thelarche was cal-
culated as the date associated with the
median probability over the breast
development interval. These probabili-
ties were calculated for each girl by
using an SAS macro developed by us,
which incorporated o (o, the scale
parameter of the Weibull distribution
from LIFEREG)® and the xB matrix for
the girl, and the dates at the beginning
and end of her thelarche interval.

Kaplan-Meier analyses were used to
determine mean and median age at
breast development, incorporating in-
terval censored data, with the SAS ap-
plication LIFETEST. The Wilcoxon test was
used to test trend across strata. For
hazard function estimations, the validity
of the proportionality assumption was
assessed by plotting the log-log of the
estimated survival function against
survival time; these plots were parallel,
so the proportionality assumption was
valid. Time ratios and hazard ratios, with
95% confidence intervals, were calcu-
lated from the accelerated failure time
model using a Weibull distribution de-
rived by Carroll.8 This model accounts
for varying amounts of time and varying
ages of the girls while under observa-
tion. For these analyses, girls who were
right-censored (never at breast stage 2
or greater while under observation)
contributed to observational time, but
no breast development event, to the
analyses. We used PROC GLM to de-
termine the proportion of the variance
attributable to each of the covariates.
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We compared results of age at breast
development with cross-sectional data
sets from PROS published by Kaplowitz
et al® and by Herman-Giddens et al® Dif-
ferences between our data and the mean
age of attaining breast stage 2 in the PROS
data set were tested with a 2-sample
test, assuming unequal variance. Differ-
ences in age-specific prevalence of breast
stage 2 or greater were examined by us-
ing x” and Fisher’s exact test.

RESULTS

The baseline cohort included 1239 girls
(Table 1). The percentage of BCERP girls
with BMI =85th percentile included 39%
of black, 44% of Hispanic, 26% of white
non-Hispanic, and 12% of Asian girls.
Differences in the distribution of BMI
percentile groups by race and site were
examined; the only significant differ-
ence noted was that at the end of follow-
up, the distribution of BMI percentile
groups for blacks differed significantly
between Greater Cincinnati and the San
Francisco Bay Area (P = .028), but not
New York City and the San Francisco Bay
Area (P = .174) or New York City and
Greater Cincinnati (P = .150). The pro-
portion of girls who had attained breast
stage 2 during the study varied by age,
race/ethnicity, BMI percentile, and site
(Table 1 and 2). Mean and median ages
of breast stage 2 varied by race/
ethnicity, and were 8.8 and 8.8 years
for black, 9.2 and 9.3 for Hispanic, 9.6
and 9.7 for non-Hispanic white, and 9.9
and 9.7 for Asian participants (Table 2).
Hispanic BCERP participants had matu-
ration at significantly older ages than
black participants, and younger than
non-Hispanic white BCERP participants.

Girls in all BMI categories >50th per-
centile were progressively more likely
to have reached breast stage 2 than
those <<50th percentile (P value for
trend = .001), adjusting for race/
ethnicity and site (Table 2); differ-
ences by race/ethnicity remained sig-
nificant in adjusted models.
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We examined the cumulative prevalence
of breast stage 2 or greater by age, race/
ethnicity, and BMI status (<85th per-
centile vs =85th percentile). As noted in
Figs 1 and 2, regardless of race (as well
as ethnicity, not shown), participants
with BMI =85th percentile matured
earlier than those <<85th percentile.

Non-Hispanic white BCERP participants
matured earlier than white participants
in the PROS study (mean age 9.62 vs 9.96
years, P =.0005) (Fig 1). However, non-
Hispanic white participants with BMI
<85th percentile did not mature earlier
than PROS white participants (mean
age 9.84 vs 9.96, P = .34). Black BCERP
participants matured at similar ages in
both studies (P = .36), although those of
higher BMI were younger (Fig 2).

Non-Hispanic white BCERP participants
matured earlier than white PROS par-
ticipants at every age between 7 and 12
years (Table 3). Of note, BMI accounted
for the greatest amount of variance
(14.2%) of all covariates included inthe
model, contrasted to race, which
accounted for 4.4% of the variance. The
proxy for socioeconomic status, edu-
cation level of head of household, did
not remain in the model.

DISCUSSION

This study examined timing of onset of
breast development in an ongoing
longitudinal study of girls. We observed
the onset of breast development in
white girls at younger ages than
reported in previous publications,
suggesting a continued trend to earlier
ages of breast development; black girls
continue to experience breast de-
velopment earlier than white girls.

Higher BMIwas the strongest predictor of
earlier age at breast stage 2 in our study.
Similar findings have been reported that
noted the association between BMI and
body fat with earlier timing of puberty in
girls,2=410-15 although these data sup-
port, but do not establish, causality.
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TABLE 1 BCERP Puberty Study Population Characteristics

Characteristic New York City Cincinnati San Francisco Bay Total Study
Area Population
n % n % n % n %

Total no. of participants 416 34 379 31 444 36 1239 100
Age group at enrollment

6.0-69y 154 37 154 41 88 20 396 32

70-79y 136 33 187 49 334 75 657 53

=80y 126 30 38 10 22 5 186 15
Mean age at enrollment, (y) 74 (0.9 7.1(0.6) 7.4 (04) 7.3(0.7)
Mean age at end of follow-up, (y) 1.2 (22) 11.5 (1.9) 12.0 (1.4) 11.6 (1.9)
Mean length of follow-up, (y) 3.8 (2.1) 44 (18) 46 (1.3) 43(1.8)
Race/Ethnicity®

Black 168 40 127 34 96 22 391 32

Asian 0 0 5 1 52 12 57 5

Hispanic 248 60 15 4 108 24 371 30

White 0 0 232 61 188 42 420 34
Education of family provider

Grade School (1-8), Some High School (9-11) or High School 232 58 35 10 83 20 350 31

Diploma/GED
Some College/technical/trade/vocational school or 114 29 119 35 136 34 369 32
associate’s degree

Bachelor’s degree 39 10 106 31 128 32 273 24

Master’s degree or greater 13 3 84 24 55 14 152 13
BMI% group at enrollment®

>95th 97 23 52 14 67 15 216 17

85th—94.9th 66 16 62 16 65 15 193 16

50th—84.9th 135 32 122 32 163 37 420 34

<50th 116 28 143 38 149 34 408 33

No BMI data 2 0 0 0 0 0 2 0
Median BMI percentile at enrollment® 744 64.0 69.1 70.1
BMI% group during follow-up®®

>95th 102 25 58 15 67 15 227 18.3

85th—94.9th 64 15 69 18 72 16 205 16.5

50th—84.9th 128 31 112 30 154 35 394 31.8

<50th 120 29 140 37 151 34 411 33.2

No BMI data 2 0 0 0 0 0 2 02
Median BMI% during follow-up®

All girls 76.3 65.8 66.4 709

Girls at/above the 85th percentile only® 96.5 942 94.8 95.3

Girls below the 85th percentile onlyh 52.7 449 50.1 48.7
Thelarche

Breast stage 2+ at enrollment 90 22 55 15 33 % 178 14

Breast stage 2+ observed during study 244 59 278 73 359 81% 881 7

Not attained breast stage 2+ by end of follow-up 82 20 46 12 52 12% 180 15

a Racial distributions were significantly different across sites (P < .0001).

b BMI percentile groups were significantly different across sites (P=.0021); Greater Cincinnati (P=.0013) and the San Francisco Bay Area (P=.0107) were significantly different from New York
Gity, but not each other (P = .4125).

¢ Median BMI at enroliment in Cincinnati was significantly lower than New York City (P =.0095), but not the San Francisco Bay Area (P = .3095); New York City and the San Francisco Bay Area
were not significantly different (P =.1013).

dFor girls who were breast stage 2+ at enrollment, BMI% during follow-up is BMI% at enroliment. For girls in whom breast stage 2+ was first observed during the study, BMI% during follow-up
is the BMI% at the last exam with data before thelarche. For girls who had not attained breast stage 2+ by the end of follow-up, BMI% during follow-up is the BMI% at their last exam.

e Distribution of BMI percentile groups for all girls at end of follow-up were significantly different across sites (P =.0021); Greater Cincinnati (P =.0039) and the San Francisco Bay Area (P =
.0055) were significantly different from New York City, but not each other (P = .4502).

fMedian BMI percentile for all girls at end of follow-up in New York City was significantly higher than Cincinnati (P=.0062), and the San Francisco Bay Area (P=.0041); Cincinnati and the San
Francisco Bay Area were not significantly different (P = .9699).

& Median BMI percentile for girls at/above the 85th percentile at end of follow-up in New York City was significantly higher than Cincinnati (P=.0018), but not the San Francisco Bay Area (P=
.0576); Cincinnati and the San Francisco Bay Area were not significantly different (P =.7132).

h Median BMI percentile for girls below the 85th percentile at end of follow-up were not significantly different across sites (0669 < P = 5817).

Longitudinal studies have demon- outcomes, including onset of breast prime driver in the decrease in age at

strated this relationship, where BMI,
BMI z scores, and adiposity as early as
3 years of age were related to pubertal
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development, onset of the pubertal
growth spurt, and age of menarche.214-19
The obesity epidemic appears to be a

onset of breast development in contem-
porary girls. In our study, white non-
Hispanic BCERP participants with BMI
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TABLE 2 Age at Thelarche and Hazard Ratios by BMI Percentile During Follow-Up, Race/Ethnicity and Site

Strata Unadjusted Age (in Years) at Thelarche Adjusted Likelihood of Thelarche By End of
From Kaplan-Meier Survival Analysis® Follow-up From AFT Model®
95% Cl Hazard Ratio 95% Cl
n Observed  Censored  Median  Mean SE Time Ratio  Lower  Upper Lower  Upper  Pvalue
Al girls 1239 1039 200 9.40 9.26 0.04 — — — — — — —

BMI percentile
group during

follow-up®
>95th 227 195 32 8.50 8.44 0.10 0.86 0.84 0.88 3.20 267 3.84 <.0001
85th—94.9th 205 181 24 8.70 8.69 0.11 0.89 0.87 091 260 2.18 3.09 <.0001
50th—84.9th 394 330 64 9.20 9.23 0.07 093 091 0.95 1.82 1.59 2.07 <.0001
<50th 411 333 78 10.10 9.99 0.07 1.00 1.00
Race/Ethnicity
Non-Hispanic 420 355 65 9.70 9.62 0.06 1.06 1.04 1.08 0.62 0.54 0.72 <.0001
white
Asian 57 50 7 9.70 9.92 0.15 1.04 1.00 1.08 0.72 0.56 0.94 0428
Hispanic 371 310 61 9.30 9.23 0.08 1.05 1.03 1.07 0.69 0.60 0.81 <.0001
Black 391 324 67 8.80 8.76 0.08 1.00 1.00
Site
New York City 416 330 86 9.10 9.03 0.08 1.00 1.00
Cincinnati 379 321 58 8.90 8.88 0.08 0.94 0.92 097 1.58 1.37 1.81 <.0001
San Francisco 444 388 56 9.80 9.76 0.06 1.03 1.01 1.05 0.77 0.66 0.90 0028
Bay Area

a Girls who did not reach thelarche before end of follow-up are censored.

b Hazard ratios and 95% confidence intervals calculated as described by Carroll.8

¢ For girls who were breast stage 2+ at enrollment, BMI% during follow-up is BMI% at enrollment. For girls in whom breast stage 2+ was first observed during the study, BMI% during follow-up is the BMI%
at the last examination with data before thelarche. For girls who had not attained breast stage 2+ by the end of follow-up, BMI% during follow-up is the BMI% at their last examination.
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FIGURE 1
Comparing the cumulative prevalence of Breast Stage 2+ for non-Hispanic white participants between the BCERP Puberty Study and PR0S.®
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Comparing cumulative prevalence of Breast Stage 2+ for non-Hispanic black participants between the BCERP Puberty Study and PR0S.®

<(85th percentile had similar age at
breast development as white girls in
PROS (9.96 years).3® The percentage of
girls 6 to 11 years of age who were
obese in NHANES Il (1988—1994), ap-
proximately the same time as PROS, was
9.8% for non-Hispanic white and 17.0%
for non-Hispanic black girls. By the time
of NHANES 2009-2010 (encompassing
the age of girls in our study) it was
14.4% for non-Hispanic white and 24.0%
for non-Hispanic black girls.20

Several studies have suggested that
earlier onset of breast development may
occur independent of activation of
the hypothalamic-pituitary-ovarian axis,?
perhaps through endocrine-disrupting
chemicals,'?'22 which we will examine
in future manuscripts. In a previous
report, Parent et al? questioned
whether the earliest onset had shifted
downward, or if the entire distribution

1024 BIRO et al

shifted downward. Our data suggest
that white, non-Hispanic girls through-
out the entire distribution of relative
timing of puberty (early, on-time, and
late-maturing girls) are maturing at
younger ages than previously reported.

Theimpactof earlier maturationin girls
has important clinical implications.
Clinicians may need to examine addi-
tional contemporary studies to decide
whether to lower the age for late
maturation in girls, and possibly age of
precocious puberty. Both the PROS
study and our study excluded girls with
pathologic conditions known to modify
age of pubertal maturation. However,
both studies likely included girls
with undiagnosed conditions, such as
ovarian cysts, which may explain some
of the very early ages at breast de-
velopment and some of the apparent
breast development regression that we

observed. Previous authors have com-
mented on the impact of timing of
pubertal maturation, with several
psychosocial and biologic outcomes,
perhaps due to a discrepancy between
biological and psychological tran-
sitions.24 Girls with earlier maturation
are at risk for lower self-esteem2® and
higher rates of depression.2¢ They are
more likely to be influenced by older
peers and more deviant peers,2” and
initiate intercourse, substance use,
and other norm-breaking behaviors at
younger ages.28-30 Although the great-
est impact on these psychosocial out-
comes appears during the adolescent
years, the impact on adult women who
matured early includes greater rates
of depression,2629 [ower levels of aca-
demic achievement® and greater
number of sexual partners.26 The longer-
term impact of early maturation on
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999
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0.02
0.00
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0.02
0.07
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257
294
282
269

15
38
63

7.0-79
8.0-89
9.0-9.9

21

.000

12.50
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42

32
62
85
96

62

002

7

87

80
96
99

10.0-10.9
11.0-11.9
12.0-129

004
256

8.15
1.63

92
98

96
99

190
133

923

91
a Every B visit in the BCERP Puberty Study was treated as if it were a separate girl; missing visits or visits with refused Tanner staging not included.

b Fisher’s Exact Test used where cell frequency is =<5.

¢ PROS did not separate Hispanic and Non-Hispanic white subjects; the BCERP Puberty Study did.
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psychosocial functioning may represent
a complex interaction between factors
associated with earlier maturation, such
as family stress, with developmental
outcomes during adolescence, such as
depression. Several authors have de-
scribed that girls maturing earlier are
perceived to be aging more rapidly or
have an accelerated life course, de-
scribed as “weathering.”3'82 It is unclear
if these adverse psychosocial outcomes
associated with early maturation will be
sustained when many girls mature at
a younger age. The biologic impact of
earlier maturation includes greater risk
of several cancers, including breast,3s
ovarian,3* and endometrial cancer®® as
well as obesity, hyperinsulinemia, and
hypertension.3 The increased risk of
cancer with earlier maturation might be
mediated by the increased risk of obesity
(reviewed by Renehan et al) 37 or through
the association of early maturation with
greater peak height velocity,3839 or lon-
ger exposure to endogenous estrogen
production 334041

The study does have several potential
limitations. The participants in this study
are not nationally representative, so this
may limit generalizability, but they do
include broad racial/ethnic as well as
socioeconomic diversity. Additionally, the
BMI distribution of our cohortis similar to
those published recently regarding the
NHANES data.2 There is a potential con-
founding of early maturation and greater
BMI, as several girls were noted to have
breast development at time of intake and
we did not observe exact age of transi-
tion; however, girls in this study with
later breast development have lower BMI
values, consistent with the impact of BMI
on timing of puberty. Additionally, the
determination of age of breast de-
velopment used a somewhat novel ap-
plication of a well-established approach,
an accelerated failure time model (spe-
cifically the Weibull model), which both
allows determination of event rates as
well as extension in survival time?8 The
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direct comparison of our participants,
from a longitudinal study, with partic-
ipants from 2 cross-sectional studies
that used different BMI standards from
this study, might appear to be of limited
relevance; when we excluded our par-
ticipants with elevated BMI, the BMI
distribution is similar to the results
reported by Kaplowitz et al®* and by
Rosenfield et al* and the remaining
participants had similar age of breast
maturation. Unlike the NHANES Il and
most (61%) of PROS participants, we
used breast palpation for all of our
participants, but this should have in-
creased the age of breast development,
rather than decreased it. Although
BCERP participants appear to have
ayounger median age at breast stage 2
than NHANES Il participants, because of
the differences in study design methods
we were unable to conduct statistical
analyses to determine the difference in
age between the 2 groups. Multiple
studies have cautioned against over-
classification of breast tissue in girls
with greater BMI, particularly after
onset of the obesity epidemic. Our study
procedure used palpation as well
as inspection, which limits mis-
classification of fat tissue deposited
in the chest area. Additionally, as
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