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Abstract

Objective: Define the relative effects of ethnic background and excess 
body weight on peri-pubescent girls’ hormonal profiles, skeletal maturation and 
age of pubertal onset.

Methods: 28 girls, comprising 4 groups (Hispanic and Caucasian with and 
without BMI>85%) were studied every 6 months approaching pubertal onset.

Results: Age of onset of breast development varied by ethnicity and by 
BMI. Girls with greater BMI reached breast stage 2 at younger ages. Ethnicity 
and excess body weight appear to independently affect pubertal onset as BMI 
alone did not explain the differences in breast onset. Ethnicity may play more 
of a role than BMI. Hispanic girls reached breast onset earlier than Caucasian 
girls. Bone maturation was advanced prior to puberty in girls with BMI>85th%, 
but did not accelerate as puberty approached. No hormonal measures were 
robust enough to predict pubertal onset.

Conclusion: Our small subset confirms previous work showing that Hispanic 
girls on average enter puberty earlier that Caucasian girls and that ethnicity is a 
stronger influence on pubertal onset than weight status. The results also portray 
the subtle changes in hormonal variables prior to breast development, as well 
as the pattern of advanced bone maturation in girls with higher BMI in the peri-
pubertal years.

What is already known about this topic?

• Ethnicity influences pubertal onset.

• BMI influences pubertal onset.

What does this study add?

• Longitudinal study of hormonal changes approaching puberty.

• Shorter interval of study of hormonal changes and detection of breast 
onset.

• Single observer in longitudinal study.
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at puberty. This regulates production and release of Luteinizing 
Hormone (LH) and Follicle-Stimulating Hormone (FSH) causing 
gonadal maturation and release of sex steroids. Estradiol, the 
predominant estrogen during a girl’s reproductive years, promotes 
the development of secondary sex characteristics at puberty. Estradiol 
also drives the pubertal growth spurt and bone maturation. Estradiol 
is predominantly produced by aromatization of testosterone in the 
ovaries, but lesser amounts are derived from adrenal testosterone. 
Moreover, fat cells are known to convert testosterone and 
precursors into estradiol. Sex Hormone-Binding Globulin (SHBG) 
is a glycoprotein that binds and inhibits testosterone and estradiol. 
The level of SHBG in the bloodstream is thus correlated to the 
bioavailability of these sex hormones. Dehydroepiandrosterone 
Sulfate (DHEAS) is used as an indicator for adrenarche. We studied 

Introduction
Across ethnicities, several large studies now report that puberty is 

starting earlier than it used to for girls [1,2]. With childhood obesity 
being an increasing problem in the United States, obesity has been 
discussed as one of the causes of a possible trend toward earlier 
puberty in children [3,4]. The age of normal pubertal onset in African 
American, Hispanic and Caucasian girls has been controversial. The 
traditional view of puberty is that it usually begins between the ages of 
8-13 years in girls and 9-14 years in boys. The prevailing view over the 
last 9 years has been that puberty begins earlier in African American 
and Hispanic girls as compared to Caucasian girls [1,2].

The onset of puberty has physical and hormonal definitions. 
Gonadotropin-Releasing Hormone (GnRH) pulses are activated 
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Caucasian normal weight Caucasian BMI>85% Hispanic normal weight
Hispanic

BMI>85%

Age

time-18 mo 9.65±1.13δ 9.43±1.18δ 8.87±0.77δ 8.65±0.28

-12 mo 10.09±0.93δ 9.96±1.00 9.52±0.69 9.09±0.90δ

-6 mo 10.64±0.87 10.45±1.14 9.96±0.77 10.05±1.02

breast onset 11.25±0.96 11.01±0.91 10.45±0.77 10.50±1.05

Height

time-18 mo 135.32±7.63 137.42±6.67δ 134.8±2.6 138.9±5.09δ

-12 mo 139.54±6.60 142.70±8.14 135.32±4.73 139.76±3.91δ

-6 mo 143.28±6.66 146.16±9.63 136.93±4.06 143.56±3.09**

breast onset 146.91±7.78 148.87±8.40 140.51±4.13 146.50±3.02**

Weight

time-18 mo 29.88±3.89δ 43.66±8.08** 31.07±3.35 49.6±2.69**

-12 mo 31.34±3.92 45.38±7.79** 31.6±3.70 54.22±6.40**

-6 mo 34.22±4.80 51.08±8.11** 31.77±3.27 55.94±9.66**

breast onset 35.55±4.43 53.18±7.14** 33.29±4.56 59.71±10.13**

BMI

time-18 mo 16.27±0.89 22.95±2.54** 17.07±1.35 25.71±0.49**

-12 mo 16.06±1.32 22.30±3.45** 17.21±0.99 27.75±3.00**#

-6 mo 16.63±1.72 23.85±2.62** 16.92±1.21 27.10±4.34**

breast onset 16.43±1.14 24.00±2.66** 16.83±1.93 27.78±4.38**

Growth Velocity

time-18 mo 5.74±1.32 4.83±0.33 5.74±1.72 6

-12 mo 6.48±0.36 6.22±2.31 6.27±0.63 5.30±1.27

-6 mo 4.62±1.14δ 6.24±2.66 3.68±2.32δ 6.37±1.16*

breast onset 6.85±0.70 5.40±1.45 7.41±0.45 6.89±0.89

Rate of weight gain

time-18 mo 1.15±1.85 8.37±4.29 4.76±5.06 9.9

-12 mo 2.65±2.51 4.39±4.95 4±2.85 2.5±2.97

-6 mo 3.20±2.34 9.6±10.5 3.24±2.89 6.40±4.29

breast onset 4±2.56 6.7±3.84 3.54±4.87 8.63±2.71*

Bone Age

time-18 mo 9.00±1.39 10.27±0.90 9.22±0.67δ 9.92±0.83

-12 mo 9.26±1.30 10.39±0.86 10.17±0.83 10.27±0.83

-6 mo 9.78±1.17 10.8±0.45 9.78±1.11 10.62±0.81

breast onset 10.35±1.00 10.83±0.41 10.5±0.58 11.12±1.16

BA/CA

time-18 mo 0.93±0.09 1.10±0.12* 1.04±0.05 1.15±0.13

-12 mo 0.92±0.13 1.05±0.10 1.07±0.13 1.13±0.04

-6 mo 0.92±0.10 1.04±0.09* 0.99±0.15 1.06±0.07

breast onset 0.92±0.07 0.99±0.07 1.01±0.09 1.06±0.09

Waist circumference

time-18 mo 59.90±2.10 76.08±6.35** 60.8±3.30 87.5**

-12 mo 60.65±4.33 77±10.31** 61.42±3.63 87.83±9.01**

-6 mo 60.83±6.31 79.88±5.30** 61.60±3.44 85.87±8.84**

breast onset 60.27±4.32 78.33±9.22** 63.60±8.24 87.24±10.03**

Hip circumference

time-18 mo 69.98±3.55δ 83.12±9.02* 73.9±5.18 90*

-12 mo 71.90±4.43 84.58±5.41** 72.4±5.59 91.38±2.93**

-6 mo 73.79±5.43 87.3±11.42* 73.07±3.54 94.27±8.84**

breast onset 75.77±3.31 90.52±7.01** 76.39±8.24 96.39±10.03**

Table 1: Clinical characteristics and bone age by group.

Data are represented as the mean±standard deviation.
*p<0.05 vs. normal weight, same ethnicity; **p<0.01 vs. normal weight, same ethnicity; #p<0.05 vs. Caucasian; ##p<0.01 vs. Caucasian; δp<0.05 vs. time of breast 
onset; n as in methods, except at time-18 m; n is missing 3 in Caucasian<85%, missing 1 in Caucasian>85%, missing 2 in Hispanic<85% and missing 4 in Hispanic>85%.
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these markers of puberty to identify the immediate prepubertal 
period.

This study was designed to further delineate ethnic differences 
and the impact of excess body weight on the timing of pubertal onset, 
as well as to determine whether the hormonal profile is reflective 
of the onset of puberty or degree of bone maturation. Girls were 
followed longitudinally as they approached pubertal onset.

Methods
Subjects

Volunteers were recruited through advertisement and from 
the Endocrinology clinic at Rady Children’s Hospital San Diego. 
28 prepubertal Caucasian and Hispanic girls were recruited and 
followed every 6 months until they reached onset of puberty. Eight 
were Caucasian with BMI<85%, 6 were Caucasian with BMI>85th%, 7 
were Hispanic with BMI<85% and 7 were Hispanic with BMI>85th%. 
Ethnicity was determined by history of 4 grandparents, with all 4 
grandparents being the same ethnicity. The girls were ages 8-10 at 
the first visit and 9-12 at the last visit. Girls were classified by BMI 
greater than or equal to, or less than the 85th percentile. All had 
normal physical examinations and no significant past medical illness 
other than excess body weight. No girl was taking any medications at 
the time of the study. Girls with any endocrine cause of excess body 
weight, such as hypothyroidism or Cushing’s syndrome were not 
included. The study was approved by the joint Institutional Review 
Board at Rady Children’s Hospital and University of California, San 
Diego, where the girls were studied. Consent was given by one parent 
and assent by each child.

Study design
Girls were evaluated every 6 months. Evaluations included 

measurement of height by a Harpender Stadiometer, weight 
and pubertal staging by a single observer (KOK). Waist and hip 
circumference were measured to the nearest 0.1 cm. Pubertal staging 
was assessed based on a modification of Tanner’s classification [5] 
evaluated by palpation. Breast stage 2 or more was considered to be 
the marker of pubertal onset. If there was any question whether the 
breast tissue was true breast tissue as opposed to adipose tissue, the 
girls was seen again in follow up 6 months later to confirm. This was 
only needed in 2 of the girls and no outliers were observed in those 
girl’s data. Most girls were followed for 2 years, but a few were in the 
study for 3-4 years prior to breast onset.

Body Mass Index (BMI) was calculated based on height and 
weight measurements and growth velocity was calculated based on 
changes in height between two consecutive visits.

Bone age was assessed at each visit and read blinded by a single 
observer (KOK) according to the method of Greulich and Pyle [6]. 
Laboratory studies were performed at each visit including, estradiol 
by recombinant cell bioassay, estradiol by GCMSMS, LH, FSH, 
SHBG, DHEAS and testosterone.

Hormonal measurements
Estrogen assay: The bioassay for estradiol has been previously 

described in detail [7]. Briefly, it uses recombinant yeast cells 
containing plasmids coding for the estrogen receptor and coding fora 
β-galactosidase reporter. The sensitivity of the bioassay was 0.07-0.7 
pmol/L (0.02-0.2 pg/mL) during the time frame of the study. The 
intraassay and interassay Coefficients of Variation (CV) ranged from 
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Figure 1: Clinical characteristics and hormonal parameters of 4 cohorts measured at 3 visits prior to puberty and at the visit with breast onset (time 0). Caucasian 
BMI< 85% (◊); Caucasian BMI>85% (□); Hispanic BMI<85% (Δ); Hispanic BMI>85% (○).
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10% at 7 pmol/L (2 pg/mL) to 10-50% at 0.7 pmol/L (0.2 pg/mL) 
during the time frame of the study.

Other assays: LH, FSH, SHBG and ultrasensitive estradiol were 
measured at Endocrine Sciences (Calabasas, CA). LH was measured 
by chemiluminescent assay. Intra and inter assay CV were 5.35% 
and 7.07% maximum, respectively. The sensitivity was 0.3 ml U/
ml. FSH was measured by chemiluminescent assay. Intra and inter 
assay CV were 6.8% and 6.9% maximum, respectively. The sensitivity 
was 0.5 m U/ml. ultrasensitive estradiol was measured by GCMSMS. 
All CV’s were less than 17.8% and assay sensitivity was 0.63 pg/
ml.SHBG was measured by Electrochemiluminescence Immunoassay 
(ECLIA). Intra and inter assay CV were 2.9% and 3.3% maximum, 
respectively. The functional sensitivity was at least 0.74 nmol/L. 
DHEAS was measured by RIA after enzymolysis of the DHEAS. Intra 
and inter assay CV were 6.9% and 8.4% maximum, respectively. The 
sensitivity was 10 ug/dL. Serum concentrations of testosterone and 
DHEAS were measured by well-established RIA [8,9] using column 

chromatographic separation in assays as previously published with 
intra-assay CV less than 7%. (Diagnostic Systems Laboratories, Inc). 
Any value less than the detection limit were set equal to the detection 
limit for purposes of analysis. This occurred for E2 in 2 girls at time-
18 months and 1 girl at 12 months and for LH in 3 girls at 18 months 
and 2 girls at 12 months.

Statistical methods and data analysis: Data was analyzed 
by setting the onset of breast development to time 0 in all girls so 
that comparisons were made relative to pubertal onset. Unadjusted 
analyses used paired t tests to compare differences between Caucasian 
and Hispanic girls, as well as between girls of different BMI groups. 
ANOVA was used to compare differences across all four groups. 
Correlations were done using simple linear regression analysis. 
Differences were considered significant at P<0.05.

Results
Indices of pubertal onset

Age, height, weight and bone age all increase significantly across 
time in the 18 months leading up to breast onset, as expected in 
all girls (p<0.05) (Table 1 & Figure 1). Weight, BMI, waist and hip 
circumference are all greater in the groups with BMI>85% than 
the groups with BMI<85%, as expected and confirming the weight 
categories (Table 1). BMI was relatively stable in all girls during the 
18 months of participation in this study, allowing easier comparisons 
between groups. Waist and hip circumference changes paralleled 
BMI and did not contribute any different information.

When all girls are taken together, hormonal indices of puberty 
also increased across time leading up to breast onset including: LH, 
FSH, E2 and T (Table 2 & Figure 1). There was also a significant 
increase in these same variables between 6 months prior to breast 
onset and breast onset (p<0.05). When analyzed by groups, the same 
trends are seen, but not all reached significance (Table 3 & Figure 
1). Considering each ethnic group or each weight category, the same 
hormonal changes were also seen, but not all reached significance 

Estradiol (GCMS) (pg/ml)

time-18 mo 2.58±1.72*

-12 mo 4.47±3.18*

-6 mo 4.88±4.76*

breast onset 8.68±7.62

FSH (mlU/ml)

time-18 mo 1.92±0.99*

-12 mo 2.15±0.88*

-6 mo 2.46±1.11*

breast onset 3.26±1.67

DHEAS (ug/dl)

time-18 mo 592.79±665.77

-12 mo 556.48±654.93

-6 mo 634.88±636.95

breast onset 391.19±571.25

Testosterone (ng/dl)

time-18 mo 5.44±2.12*

-12 mo 6.96±3.26*

-6 mo 6.56±2.73**

breast onset 10.65±6.61

E2 Bioassay

time-18 mo 19.26±8.79*

- 12 mo 21.50±16.74*

- 6 mo 20.59±20.26*

breast onset 37.12±17.83

LH (mlU/ml)

time-18 mo 0.06±0.10*

-12 mo 0.04±0.04*#

-6 mo 0.13±0.19*

breast onset 0.42±0.67

SHBG (nmol/L)

time-18 mo 76.79±43.11

-12 mo 70.52±43.45

-6 mo 67.24±46.43

breast onset 57.40±34.51

Table 2: Hormonal parameters of all participants.

Data are represented as the mean ± standard deviation.
*p<0.05 vs. time of breast onset; **p<0.01 vs. time of breast onset; #p<0.05 vs. 
time-6 mo n as in methods, except at time-18 m; n is missing 3 in Caucasian<85%, 
missing 1 in Caucasian>85%, missing 2 in Hispanic<85% and missing 4 in 
Hispanic>85%.

 
Figure 2: Prevalence of breast maturation in each cohort at each age. 
Hispanic participants reached breast maturation earlier than Caucasian 
participants. Caucasian BMI<85% (◊); Caucasian BMI>85% (□); Hispanic 
BMI<85% (Δ); Hispanic BMI>85% (○).



J Pediatri Endocrinol 1(2): id1007 (2016)  - Page - 05

Klein KO Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

(Table 4).

DHEAS did not increase over the time period of this study 
(Table 2), which was consistent with not all girls having pubic hair 
development prior to breast onset. SHBG decreased across time in 
all girls together (Table 2). SHBG was lower in girls with BMI<85% 
than in girls with BMI>85th%, as expected and this was independent 
of ethnicity. Estradiol was also assessed by an ultrasensitive 
recombinant cell bioassay for further comparison with the GCMSMS 
assay. While the 2 assays showed strong correlation (R=0.66, p<0.01), 
the GCMSMS assay proved more consistent and was able to better 
detect increasing trends of estradiol levels while approaching puberty.

The intervals for measuring growth velocity and variation 
between girls did not allow for accurate assessment over the short 
time in the individual groups (Table 1).

Timing of pubertal onset
Our small cohort had onset of breast development slightly 

Caucasian normal weight Caucasian with BMI>85% Hispanic normal weight Hispanic with BMI>85%

E2 Bioassay

time-18 mo 19.53±7.97δ 16.01±11.35δ 22.28±6.26 20.57±14.53

-12 mo 28.77±20.19 19.23±13.79δ 17.64±17.13 18.81±18.18

-6 mo 21.97±10.75δ 31.71±3.10 24.03±34.89 10.82±7.58δ

breast onset 38.43±14.15 49.01±17.89† 15.05±9.50 34.62±8.08

Estradiol (GCMS)

time-18 mo 2.12±0.73δ 3.97±2.14 2.73±2.66 1.40±0.57

-12 mo 4.94±3.37 3.75±0.76 3±1.61 5.8±5.71

-6 mo 4.41±2.91 3.62±2.02 6.30±8.75 5.16±4.07

breast onset 6.79±4.57 11.9±9.50† 7.48±9.27 9.29±8.08

LH

time-18 mo 0.03±0.02 0.08±0.12 0.13±0.15 0.03±0.01

-12 mo 0.05±0.03 0.04±0.06 0.05±0.03 0.03±0.01

-6 mo 0.05±0.04 0.18±0.32 0.12±0.14 0.21±0.24

breast onset 0.47±0.74 0.31±0.45 0.12±0.12 0.85±1.00

FSH

time-18 mo 1.70±0.63 1.90±1.01 2.73±1.50 1.33±0.67

-12 mo 2.63±0.75 1.57±0.55* 2.46±1.11 1.86±0.85

-6 mo 2.06±0.67 1.87±0.87 3.47±1.37# 2.4±0.94

breast onset 2.84±1.62 3.08±1.95 3.09±0.81 4.03±2.17

SHBG

time-18 mo 101.89±38.72 41.15±9.27** 112.34±28.45 22.9

-12 mo 106.45±47.30 38.56±11.73** 96.21±22.40 33.87±10.86**

-6 mo 104.69±53.16 33.98±12.09* 79.94±18.92 25.40±8.36**

breast onset 84.53±33.52 43.85±28.33* 78.66±17.13 23.65±10.14**

DHEAS

time-18 mo 1011.99±912.74 404.86±466.81 391.59±194.97 40

- 2 mo 1036.53±886.02 467.17±447.62 372.15±459.40 175.92±285.21

-6 mo 966.24±803.72 502.38±521.15 358.09±412.64 561.34±564.43

breast onset 577.29±817.48 105.17±41.34 352.19±453.44 483.60±620.42

Testosterone

time-18 mo 5.56±1.43δ 7.43±2.14δ 3.67±1.10 3.85±1.91

-12 mo 9.1±4.94 6.68±1.61δ 5.38±1.38 5.87±2.72

-6 mo 7.22±3.45 6.88±2.12δ 5.99±1.82 6.04±3.15

breast onset 11.63±5.52 15.6±6.11 6.01±2.10# 10.77±8.71

Table 3: Hormonal parameters by group.

Data are represented as the mean ± standard deviation. 
*p<0.05 vs. normal weight, same ethnicity; **p<0.01 vs. normal weight, same ethnicity; #p<0.05 vs. Caucasian; ##p<0.01 vs. Caucasian; δp<0.05 vs. time of breast 
onset n as in methods, except at time-8 m; n is missing 3 in Caucasian<85%, missing 1 in Caucasian>85%, missing 2 in Hispanic<85%, and missing 4 in Hispanic>85%.

laterthan reported in the previous large NHANES III study groups 
[10], but with a similar difference between Caucasian and Hispanic 
groups of about 1 year (average age 10.45 y for Hispanic girls with 
BMI>85th%, 10.5 y for Hispanic girls with BMI<85% vs. 11 y and 11.25 
y for Caucasian girls with BMI>85% and BMI<85%, respectively).

Similar to previous studies [10], girls with BMI>85th% reached 
breast onset earlier than those with BMI<85th% (Figure 2). Ethnicity 
played a greater role on determining breast onset than did weight 
status. Hispanic girls reached breast maturation earlier than 
Caucasian participants, with even Hispanic girls with BMI<85% 
reaching puberty earlier than Caucasian girls with BMI>85th%. 40% 
of Hispanic girls regardless of BMI group had breasts by age 10 years, 
compared to 30% of Caucasian girls with BMI>85% and only 10% 
of Caucasian girls with BMI<85%. A greater percentage of Hispanic 
girls had breast development at each age, with 100% by age 12 years. 
In Caucasian girls, a greater percentage of girls with BMI>85% had 
breast development at each age compared girls of normal weight, 
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with 100% of both groups having breast development by age 13 years.

Predictors of pubertal onset
There was an increasing trend in LH values as participants 

approached puberty. LH levels in all girls showed a gradual increase 
from 18 months before puberty to 6 months before puberty and then 
a more dramatic increase from 6 months before puberty to the onset 
of puberty (Figure 3). LH ranged from 0.02-2.3 IU/L at the time of 
breast onset. Half of the girls had LH levels greater than 0.1 IU/L and 
40% had levels greater than 0.3 IU/L, a cutoff proposed by Neely [11]. 
12 months prior to the onset of breast development, only 3/28 (10%) 
had an LH level greater than 0.1 IU/L. Six months prior to detection 
of breast development, 10/28 (35%) girls had LH levels greater than 
0.1 IU/L, with 4 of those greater than 0.3 IU/L (14%) and none had 
LH levels greater than 1 IU/L.

Age of onset of breasts was not directly correlated with BMI by 
regression analysis across all girls. On average estradiol levels were 
greater than 6 pg/mL at observation of breast development and less 
than 6 pg/mL prior to breast development (Figure 1).

Bone maturation
Girls with BMI>85th% have higher BA/CA at all time points 

compared to girls with BMI<85%, although this only reached 
statistical significance (p<0.05) at 6 and 18 months prior to breast 
onset, probably due to sample size. BA/CA was also higher in 
Hispanic girls compared to Caucasian girls at all time points, but only 
reached statistical significance at 12 months prior to breast onset and 
at the time of breast onset (p<0.05) (Table 4). BA/CA was highest 
in all groups 18 months prior to breast onset and decreased closer 
to onset (Tables 1 & 4 and Figure 4). Higher BMI correlated with 

 

Figure 3: LH pediatric laboratory measurements for all participants and 
averages for the 4 cohorts. There is an increasing trend in LH values as 
participants approach puberty. Caucasian BMI<85% (◊); Caucasian 
BMI>85% (□); Hispanic BMI<85% (Δ); Hispanic BMI>85% (○).

 
Figure 4: Bone age to chronological age ratios for Caucasian and Hispanic 
participants at 18 months prior to puberty and at the visit with breast onset. 
Caucasian girls with BMI>85% had a significantly higher BA/CA at 18 months 
before puberty compared to the time of onset of puberty (p<0.05). BMI< 85% 
at 18 months prior to puberty (speckled bars); BMI<85% at puberty (gray 
bars); BMI>85% at 18 months prior to puberty (gray striped bars); BMI>85% 
at puberty (black striped bars).

higher BA/CA in all girls together (R=0.4, p<0.1). Caucasian girls 
with BMI<85% have a consistent ratio of BA to CA just under one, 
but the other 3 groups have higher ratios that trend downward as 
puberty approaches, such that bone age at the time of breast onset, is 
similar between all groups (Table 1 & Figure 4).

Discussion
We confirm the finding that pubertal onset is earlier in Hispanic 

girls than in Caucasian girls and earlier in girls with BMI>85% 
compared to those with BMI<85% [12]. Ethnicity was a larger 
contributor to pubertal onset than BMI with Hispanic girls with 
BMI<85% entering puberty prior to Caucasian girls with BMI>85%. 
Rosenfield et al. [13] likewise concluded from the NHANES III 
survey that adiposity and ethnicity were independently associated 
with earlier pubertal development in girls.

Bone maturation was accelerated in girls with BMI>85% 18 
months prior to pubertal onset but was closer to chronological age 
by onset of puberty, suggesting that the weight gain accelerated 
bone maturation and may have started the process toward pubertal 
onset, but did not continue to accelerate. In fact, BA/CA decreases as 
puberty approaches.

We and others have previously described increased bone 
maturation in children with excess body weight compared to those 
without excess body weight [14-17].

LH has been the most sensitive marker of pubertal onset so far 
in the study of puberty. In the present study, the onset of breasts 
was detected within 6 months of their appearance. Of note, most of 
the LH levels were still less than 1 IU/L at first detection of breast 
development, a cutoff for puberty suggested by Biro and others [10], 
indicating that LH is not a sensitive enough marker to define pubertal 
onset.

Obviously biochemical changes happen prior to physical changes, 
but are not able to be measured accurately enough, or variability 
among girls sensitivity is too great to generalize to rigorous cutoff 
values. However, the trend of increasing LH levels is clearly seen and 
most dramatic the 6 months prior to pubertal onset, supporting both 
a slowly increasing hormonal milieu and an “on switch” for puberty. 
Not only do Hispanic girls and girls with BMI>85% enter puberty 
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Caucasian participants Hispanic participants

Age (years)

time-18 mo 9.54±1.10** 8.79±0.58**

-12 mo 10.03±0.93** 9.31±0.79**

-6 mo 10.58±0.93 10.00±0.87

breast onset 11.15±0.91 10.47±0.88

Height (cm)

time-18 mo 136.37±6.85** 136.44±3.86**

-12 mo 141±7.21* 137.54±4.71**

-6 mo 144.31±7.61 140.24±4.88

breast onset 147.75±7.79 143.51±4.66

Weight (kg)

time-18 mo 36.77±9.41 38.48±10.51

-12 mo 37.82±9.27 42.91±12.90

-6 mo 40.24±10.23 43.86±2.24

breast onset 43.11±10.59 46.5±15.65

BMI (kg/m2)

time-18 mo 19.61±3.95 20.52±4.83

-12 mo 18.94±4.04 22.48±5.94

-6 mo 19.21±4.10 22.01±6.11

breast onset 19.6±4.30 22.31±6.55

DHEAS (ug/dl)

time-18 mo 708.43±754.66 303.69±237.17

-12 mo 773.75±750.51 274.04±375.03

-6 mo 823.52±740.41 459.71±486.57

breast onset 359.44±628.40 422.95±531.77

Testosterone (ng/dl)

time-18 mo 6.39±1.93 3.74±1.23#

-12 mo 7.89±3.72* 5.56±1.81

-6 mo 7.1±2.96** 6.01±2.47

breast onset 13.28±5.86 8.39±6.57

Bone Age

time-18 mo 9.63±1.29* 9.50±0.74*

-12 mo 9.78±1.22 10.22±0.78

-6 mo 10.14±1.08 10.20±1.03

breast onset 10.56±0.82 10.81±0.94

Waist circumference (cm)

time-18 mo 67.99±9.62 71.48±14.81

-12 mo 68.20±11.21 73.16±15.19

-6 mo 67.64±11.08 74.66±14.23

breast onset 68.01±11.35 75.42±15.11

E2 Bioassay

time-18 mo 17.96±9.14** 21.60±8.56

-12 mo 24.00±17.22* 18.16±16.47

-6 mo 23.74±10.44** 17.93±26.08

breast onset 42.27±15.65 29.03±19.18

Estradiol (GCMS) (pg/ml)

time-18 mo 2.81±1.59* 2.2±2.04

-12 mo 4.39±2.51* 4.6±4.40

-6 mo 4.13±2.57* 5.68±6.37

breast onset 8.92±7.15 8.45±8.32

LH (mlU/ml)

time-18 mo 0.05±0.09 0.09±0.12

-12 mo 0.05±0.05 0.04±0.03

-6 mo 0.10±0.19 0.17±0.20

breast onset 0.39±0.61 0.45±0.75

Table 4: Characteristics by ethnic groups.
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FSH (mlU/ml)

time-18 mo 1.80±0.80 2.17±1.35

-12 mo 2.14±0.84 2.16±0.98*

-6 mo 1.99±0.72 2.94±1.26#

breast onset 2.95±1.71 3.56±1.65

SHBG (nmol/L)

time-18 mo 71.52±41.59 89.98±50.39

-12 mo 75.11±49.17 64.54±36.34

-6 mo 82.93±55.45 52.67±31.60

breast onset 65.76±36.63 49.04±31.44

BA/CA

time-18 mo 1.02±0.13 1.08±0.10

-12 mo 0.98±0.13 1.10±0.10#

-6 mo 0.96±0.11 1.03±0.12

breast onset 0.95±0.08 1.04±0.09#

Hip circumference (cm)

time-18 mo 76.55±9.47** 80.34±9.55

-12 mo 77.75±8.08 80.83±10.90

-6 mo 78.61±10.17 84.48±13.49

breast onset 68.01±11.35 85.89±12.81

Data are represented as the mean±standard deviation.
*p<0.05 vs. time of breast onset, same ethnicity; **p<0.01 vs. time of breast onset, same ethnicity; #p<0.05 vs. Caucasian n as in methods, except at time-18 m; n is 
missing 3 in Caucasian<85%, missing 1 in Caucasian>85%, missing 2 in Hispanic<85% and missing 4 in Hispanic>85%.

earlier than Caucasian girls or girls with BMI<85%, but Hispanic 
girls and girls with BMI>85% have higher levels of LH at onset of 
puberty compared to Caucasian girls and girls with BMI<85%. This is 
interesting since the same LH levels could be responsible for pubertal 
onset regardless of timing, but that does not seem to be the case. This 
was similarly suggested by Sims, et al. [18] suggesting the value of this 
finding.

While this is a small cohort, it has the advantage of a single 
observer for assessment of breast onset and bone age. Confirmation 
of previous findings in this limited number of participants selected at 
random supports the robustness of ethnic and weight status variation 
impact on pubertal onset.

Another strength of this study, is assessment every 6 months 
(rather than annually as in some previous reports) to detect the 
earliest sign of breast development. A weakness is that the subjects 
were not followed past onset of breast development to see if any had 
regression, as is sometimes seen and reported. However, history was 
carefully taken for exogenous hormone or phytoestrogen substances 
that could cause temporary breast development. If there was any 
question whether the breast tissue was true breast tissue as opposed 
to adipose tissue, the girl was seen again in follow up to confirm.

Crocker, et al. [3] reported earlier breast onset with increased 
testosterone levels and increased bone age in girls with excess body 
weight compared to girls without excess body weight, without 
activation of the hypothalamic-pituitary-gonadal pulse generator. 
They suggest that advanced breast development observed in early 
pubertal girls with excess body weight may be primarily due to 
peripheral conversion of inactive androgens to more bioactive 
estrogens by aromatase in adipose tissues. The present study did not 
look at gonadotropin pulsatility, but did see increased morning LH 
levels and increased testosterone levels. McCartney [19] also reported 
decreased LH pulse frequency, amplitude and day-night changes in 
girls with excess body weight compared to those without excess body 

weight.

The results of this small subset confirm the role of excess 
body weight and ethnicity in the timing of the onset of puberty. 
Hispanic girls enter puberty on average earlier that Caucasian girls 
and ethnicity is a stronger influence on pubertal onset than weight 
status. These results also portray the slowly increasing changes in 
hormonal variables during the months preceding detection of breast 
development, with a greater rate of hormonal change in the 6 months 
prior to onset of breast development. The pattern of advancement in 
bone maturation in girls with higher BMI appears to be greatest in the 
immediate peripubertal period, with BA/CA decreasing as puberty 
begins.
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