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ABSTRACT

Study Objective: To assess pubertal events in a Hispanic female population and to create normograms of puberty.

Design: Longitudinal.

Setting: University facility.

Participants: Five hundred forty-nine girls from the Growth and Obesity Chilean Cohort study.

Interventions: Follow-up twice a year beginning at age 6 years.

Main Outcome Measures: Breast development, pubic hair development, and age. Breast development (B2, B3, and B4) and pubarche (P2)
were determined. Age at menarche was obtained from the adolescents and their mothers. Age and growth velocity at peak height velocity
were calculated.

Results: In girls, B2, B3, and B4 occur at median ages of 9.2, 10.2, and 10.9 years, respectively. The median age at P2 was 9.7 years. The mean
age at peak height velocity and the growth velocity were 10.6 years (SD = 1.1) and 8 cm/y, respectively. The mean age at menarche was
11.9 years (SD = 1.1); only 2.8% (15 /530) of girls experienced menarche after 14 years and 1.9% before 10 years. The mean interval time
between B2 and menarche was 2.5 + 1.0 years. Transient thelarche occurred in 8.6% of girls.

Conclusion: This longitudinal cohort shows that thelarche occurred 1.2 months later than previously reported in cross-sectional studies.
Conversely, we found that pubic hair appeared 12 months earlier and menarche occurred 9 months earlier than previously reported. These

findings are important in setting normalcy data and avoiding unnecessary clinical consultations.
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Introduction

Puberty results from the awakening of complex neuro-
endocrine machinery, the primary mechanism for which is
still unclear. The acquisition of secondary sexual charac-
teristics is characterized by changes in body composition,
increased growth rate, completion of longitudinal growth,
and finalization with the acquisition of reproductive ca-
pacity. In girls, the usual sign of puberty initiation is breast
development (thelarche; B2). The development of pubic
hair (pubarche; P2) is also incorporated in puberty assess-
ment but should not be used as a sole marker of puberty
onset because it depends on an adrenal androgen produc-
tion increase (adrenarche) more than a gonadal/ovarian
source. Individual variability in pubertal timing involves
mainly genetic factors, but influences by external signals
might play essentially permissive roles. In specific situa-
tions, these environmental signals might be crucial in a
subset of the population.”

Marshall and Tanner provided data that established
norms for several decades; according to these data, the
mean age of breast development was 11.2 years.” Later, this
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study was critiqued because the sample was on the basis of
underserved children, which is not representative of the
general population. A much earlier appearance of secondary
sexual characteristics was reported by a large cross-
sectional study in 1997 by Herman-Giddens in the United
States,” which led to the Drug and Therapeutics and Exec-
utive Committees of the Lawson Wilkins Pediatric Endo-
crine Society to propose new guidelines in 1999 to evaluate
the age of puberty.” Because of the cross-sectional nature of
the study and the fact that observations stopped at age
12 years, there was still some uncertainty around those
findings. A more contemporary and multisite/ethnic cohort
study, conducted by the Breast Cancer and the Environment
Research Program (BCERP), from Biro et al, which was
aimed to assess the association between obesity and the-
larche, recruited girls at age 6 years (n = 1239).° Surpris-
ingly, the authors reported a more substantial proportion of
young girls attaining B2 earlier than previously described,
varying according to race/ethnicity and body mass index
(BMI) percentile. The proportions of non-Hispanic white,
Hispanic, and black girls presenting breast development
before the age of 8 years were 10.4%, 10.9%, and 23.4%,
respectively, indicating that the secular trends in the onset
of breast development might have continued since the
National Health and Nutrition Examination Survey
(NHANES) III and the study from Herman-Giddens et al,*
with data collected in the 1990s.” Similar data of a secular
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trend in thelarche has become available from Europe within
a rather short period (approximately 20 years).2 !

Interestingly, data from Europe and North America sug-
gest that the age at menarche has only changed marginally,
indicating that the pubertal period between thelarche and
menarche might have lengthened.'”!®> However, Biro et al
have recently reported data from the BCERP cohort that has
shown an earlier age at menarche and a shorter interval
between B2 and menarche in Hispanic adolescents than in
white and Asian girls.'*

In Chile, all contemporary data come from cross-
sectional studies. The first study on this subject was pub-
lished in 1886 and described an age at menarche of
16 years.15 More contemporary assessments reported in
2002 that among low-middle-income girls, 16.7% of the
girls aged 7-7.99 years (n = 36) had palpable breast tissue
equivalent to Tanner stage B2.'° In 2004, a larger cross-
sectional study in Chile that included 758 girls aged 5.8-
16.1 years reported that the mean age at Tanner stage 2
breast development and pubic hair was 8.9 and 10.4 years,
respectively,!”’” and the age at menarche was 12.7 years.
Interestingly, in the group aged 7.0-7.99 years (n = 77), 13
girls were B2, and none of them were P2. Thus, we believe
that some of these events do not represent true pubertal
initiation with a progressive nature.

In the Growth and Obesity Chilean Cohort Study (GOCS),
we followed low-middle-income children born in 2002-
2003 in Santiago, Chile, since they were 3.5 years of age, and
collected longitudinal information on a number of clinical
outcomes. Thus, the objective of the present work was to
describe pubertal events in the female participants of this
cohort and to create normograms of puberty that might
allow clinicians to plot each patients’ transition to evaluate
its normalcy in Hispanic girls.

Materials and Methods

The primary aim of the GOCS was to assess the associa-
tion between early growth and the development of
adiposity and metabolic risk.'® Briefly, in 2006 we recruited
1190 (50% girls) children between 3.0 and 4.9 years of age
who were attending the Chilean National Nursery School
Council Program from the southeastern area of Santiago.
The GOCS includes children with the following character-
istics: singleton births only; gestational age 37- 42 weeks;
birth weight of 2500 to 4500 g (data retrieved from medical
registries); and no physical or psychological conditions that
could severely affect growth. We did not observe significant
differences in age, sex, birth, and anthropometry at enroll-
ment between participants and nonparticipants.'” In Chile,
5% of the population identify as indigenous (Mapuche is the
predominant group),”’ and in our cohort, 18.2% of the girls
have at least 1 indigenous surname among their parents’
and grandparents’ surnames (8 in total).”’

Thereafter, annual evaluations have been conducted, and
since 2009, we started collecting data on Tanner staging
every 6 months as well as registering age at menarche.

The Ethics Review Board of the Institute of Nutrition and
Food Technology of the University of Chile approved the
study protocol. All parents or guardians of the children

provided written informed consent, and the girls gave their
assent.

Pubertal Development

At age approximately 7 years, a single pediatric endo-
crinologist (V.M.) assessed pubertal staging.” Then, sec-
ondary sex characteristics were evaluated every 6 months
by a female dietitian trained specifically for this purpose,
with permanent supervision by the pediatric endocrinolo-
gist (V.M.). The sexual maturity staging criteria and defini-
tions used in the study were the 5 stages of breast and pubic
hair development determined using palpation and visual
inspection, as described by Marshall and Tanner (Tanner
staging).> Concordance among dietitians and between di-
etitians and the pediatric endocrinologist was 0.9 for breast
stages.”’

Transient thelarche was defined as a B2 disappearing at a
subsequent visit.

Age at menarche was self-reported. Mothers and girls
were advised to call researchers, and telephonic follow-up
was performed every 6 months starting at breast Tanner
stage 4 (B4); a questionnaire was developed to differentiate
vaginal infections or other genitourinary conditions from
first menses.

Anthropometric Measures

Weight and height were collected using standardized
protocols (barefoot and light clothes) by 2 dietitians with
inter- and intrarater correlation coefficients greater than
0.80 for all measurements. Weight was measured with a
portable electronic scale (Seca 770) with a precision of
0.1 kg, and height was measured with a portable stadi-
ometer (Harpenden 603) to the nearest 0.1 cm. BMI was
calculated by dividing weight (in kilograms) by height in
meters squared. We estimated height for age and BMI for
age on the basis of the World Health Organization 2007
growth reference.”> A complete description of anthropom-
etry methodology is reported elsewhere.’* Birth weight was
obtained from medical records, and the quality of the data
was previously assessed.”” The peak height velocity (PHV)
was defined as the highest velocity in growth that occurred
in girls older than 7 years of age, and the age at onset of
growth spurt (OGS) was the lowest height velocity before
the PHV.

Statistical Analyses

A new event or progression in the Tanner stages occurs
within a time interval; thus, the true moment of occurrence
of the event is unknown. In other words, the age at onset of
any of these stages might occur at any point in the interval
in which a girl's Tanner stage changes at the subsequent
visit (eg, age at B2 was considered the age between the last
visit at B1 and the subsequent visit at B2). In the case that at
the first visit, the girl was already at Tanner stage 2 or
higher, we assumed that she was at Tanner stage 1 at age 5
(in 2006-2007, girls did not have signs of puberty initiation).
Thus, the age of any pubertal event was the midpoint of the
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age at 2 consecutive visits. Because the event might occur at
any moment within the interval, we estimated the median
and 95% confidence interval for age at the different Tanner
stages for breast and pubic hair by using interval-censoring
analysis. We also performed a sensitivity analysis using the
midpoint of the interval as the age of onset of puberty, and
the results were similar (data not shown).

Age at OGS and PHV were calculated according to Aks-
glaede et al.”® Height velocity was estimated as the differ-
ence between 2 subsequent height measures (in
centimeters) divided by the difference in time (per year),
and the age was assigned as the midpoint of the period. PHV
was defined as the period in which the height velocity was
the highest in girls after 8 years of age. Age at OGS was
calculated as the period of minimum height velocity
immediately before the age of PHV. Data were considered
implausible and were excluded from the analyses in the
following situations: when the difference in the velocity of
PHV and OGS was less than 2 cm per year; and when last
recorded visit was the PHV and it was less than 7 cm per
year.

The puberty nomograms for breast development, pubic
hair development, and menarche were on the basis of the
longitudinal data using the methodology of van Buuren?’
and van Buuren and Ooms”® (stage-line diagrams). On the
basis of the nomograms, age-specific SD scores were
calculated. All statistical analyses were carried out using
Stata version 15.0 (StataCorp).

Results

From the total number of girls recruited in 2006, 549 had
at least 1 sexual maturation evaluation (Tanner or
menarche recording) between 2009 and 2017. The retention
rate of the cohort in 2017 was 80%, and the median number
of visits during the study period was 10 visits (interquartile
range, 10-14). From these girls, we were able to detect
thelarche in 426, pubarche in 444, menarche in 530, and
PHV in 417. The mean BMI z-score and height z-score at B2
was 0.8 (SD = 1.1) and 0.1 (SD = 1.0); at B4 of 1.0 (SD = 1.2)
and 0.2 (SD = 1.0); and at menarche 1.0 (SD = 1.1) and 0.4
(SD = 0.9), respectively. The prevalence of obesity and
overweight at B2 was 14% and 33%, respectively.

On the basis of the entire cohort, girls experienced the-
larche, breast Tanner stage 3 (B3) and stage 4 (B4) at median
ages of 9.2, 10.2, and 10.9 years, respectively (Table 1). Of
these girls, 39 girls were B2 at the first Tanner stage eval-
uation, and in 37 girls, we detected transient thelarche
(8.6%).

The median age at pubarche was 9.7 years (Table 1). In
350 girls, we were able to detect B2 and P2. In 185 girls
(52.9%), thelarche preceded pubarche, whereas in 88 girls
(25.1%), P2 occurred before B2 (Table 2).

The median age at PHV and growth velocity was
10.6 years (interquartile range, 9.8-11.3) and 8 cmly,
respectively. The complete data are shown in Table 1. The
mean age at menarche was 11.9 years (SD = 1.1); only 15
girls experienced menarche after the age of 14 years (2.8%)
and 10 girls before the age of 10 years (1.9%; data not
shown). Despite girls' and mothers’ menarche age being

Table 1
Estimated Median Age of Secondary Sex Characteristics in Breast, Pubic Hair Tanner
Staging, Menarche, and Peak Height Velocity

Variable n Median 95% CI
Breast Tanner staging (years)
B2 426 9.2 9.0-9.3
B3 386 10.2 10.1-10.3
B4 388 10.9 10.8-11.0
Pubarche Tanner staging (years)
P2 444 9.7 9.6-9.8
IQR
PHV
Age at PHV, years 417 10.6 9.8-11.3
Age at OGS, years 417 8.3 7.5-8.8
Velocity at PHV, cm/y 417 8.3 7.5-9.2
Velocity at OGS, cm/y 417 4.8 4.2-5.3
Menarche
Menarche, years 530 11.9 11.2-12.6

CI, confidence interval; IQR, interquartile range; OGS, onset of growth spurt; PHV,
peak height velocity.

significantly correlated, the magnitude was low (r = 0.12;
P = .01). The mean interval time between B2 and menarche
was 2.5 4 1.0 years (Table 2).

Finally, in Figure 1, we plotted these pubertal character-
istics (£2 SD) and the growth of Chilean girls.

Discussion

In this ongoing longitudinal study we examined the
timing of the onset and subsequent development of sec-
ondary sex characteristics in a cohort of Chilean girls and
adolescents. We observed that the median onset of breast
development occurred 1.2 months later than previously
reported in our country in the latest cross-sectional study.'”
Conversely, we found that pubic hair appeared 12 months
earlier and menarche occurred 9.6 months earlier than
previously reported.'”?

This discrepancy could be attributed to the presence of a
transient thelarche in the former study, which cannot be
detected in a cross-sectional study. Indeed, isolated the-
larche (ie, thelarche that does not progress and is not
accompanied by the sequence of pubertal events) seems to
be prevalent.**?! In the present study, we detected 8.6% of
girls who experienced these phenomena. The worldwide
decline in the age of B2 and the larger interval between B2
and menarche could be attributed in part to this fact.

Table 2
Timing between Sexual Maturation Events
Variable n %
Girls who had a B2 or P2 or both diagnosis 520 100.0
Girls who were detected B2 but not P2 76 14.6
Girls who were detected P2 but not B2 94 18.1
Girls who were detected P2 and B2 350 67.3
B2 and P2 diagnosed at same time 77 22.0*
B2 before P2 185 52.9%
P2 before B2 88 25.1*
Mean SD

Time between B2 to menarche, years 25 1.0
Time between B2 to B3, years 1.3 0.7
Time between B3 to B4, years 1.0 0.6

* Percentage in relation to girls who were diagnosed with B2 and P2.
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Fig. 1. Description of pubertal development and growth in Chilean girls; breast, pubic hair, menarche and PHV. The different pubertal stages are described in the y-axis: B1 to B5 are
breast Tanner stages, P1 to P4 are pubic hair stages, and M corresponds to age at menarche. The x-axis represents the age of the participants. Black squares correspond to the age
distribution of the different pubertal stages between less than or equal to —2 SD or greater than or equal to 2 SD. Dark gray squares correspond to the age distribution of the pubertal
stages between greater than —2 SD and less than or equal to —1 SD or greater than or equal to 1 SD and less than 2 SD. Light gray squares correspond to the age distribution of the

pubertal stages between greater than —1 SD and less than 1 SD. PHV, peak height velocity.

However, nutritional status could be a confounder when
puberty onset is evaluated. In the previously mentioned
Chilean study, the percentage of obese girls was 24.4%, and
the percentage of overweight girls was not reported. In our
sample, 47% were either obese or overweight at B2, which
reflects the country's current nutritional status.>?

Another important confounder is ethnicity. Local
ancestry estimation requires reference panels from the
ancestral populations, which correspond to native Amer-
ican, European, and African populations for Latinos. A
recent assessment of the contribution of the 3 continental
populations in Chile indicated that its composition was
40.4% native, 57.1% European, and 2.5% African.>> Never-
theless, in a survey within the same cohort, we aimed to
evaluate the prevalence of precocious puberty (thelarche or
pubarche) in children with Mapuche ancestry vs nonin-
digenous Chilean children (according to surnames).** We
observed no differences in the prevalence of these events in
girls even after adjustment for socioeconomic status, body
mass index, waist circumference, insulin-like growth factor
1 and dehydroepianandrosterone sulfate at 7 years. How-
ever, in our cohort, ethnicity was not a determinant of pu-
berty, and socioeconomic status and BMI were not
confounders; we cannot rule out that these 3 factors might
influence age differences in pubertal onset worldwide.
Nevertheless, the large decline in age at P2 and menarche
within a period of 10 years is worrisome. Both events
cannot be transient and thus represent a true advancement
in the onset of puberty. An increase in obesity prevalence
has been blamed as causal in this earlier maturation. We
aim in future research to assess the role of adiposity
(measured using different indicators) in determining early
puberty in Chilean children.

The BCERP cohort of pubertal development in Hispanic
adolescents showed a similar median age of breast devel-
opment (9.3 years),” age at menarche (11.8 years), and a
similar interval between B2 and menarche (2.3 years)
compared with our population.'*

In Venezuela, the Caracas Mixed-Longitudinal Study had
a subsample of girls followed until completion of puberty
who showed a later median age of B2 of 10.3 years (range,
7.4-12 years) and of menarche at 12.5 years (range,

9.6-16 years). However, these girls were recruited between
1976 and 1982, more than 3 decades ago, and thus, these
findings might not represent current trends. In a Cuban
cross-sectional descriptive study of 100 girls aged 13-
15 years in urban and rural areas, thelarche appeared at
114 years and 10.4 years and menarche at 12.4 and
11.14 years in rural and urban areas, respectively. The data
were obtained between 2009 and 2010, but pubertal
development was assessed using a questionnaire. This fact
might explain the short time between B2 and menarche,
and the assessment of age at B2 might be less reliable.” In
another cross-sectional study in Colombia that was aimed
to analyze weight, height, and BMI variability according to
pubertal development and type of school in adolescents
from Medellin,*® the authors report a mean age of B2 at 10.9
(£1.2 years). The number of girls included in the sample was
828, but recruitment was performed in 1998-1999, and the
authors did not report the age range of girls included.

Endocrine disruptors have also been associated with
earlier maturation, and this exposure has also been evalu-
ated within our cohort.”” We observed that increased uri-
nary levels of phenols or phthalates at specific stages
(breast Tanner stage 1 and Tanner stage 4) were associated
with an earlier menarche.

Assessment of age at OGS and at PHV on the basis of
growth charts has previously been carried out in a number
of studies with different methodologies.*®>° We decided to
use the method described by Aksglaede et al,*® which has a
high agreement between estimated age at PHV on the basis
of 12-month measurements and 3-4 monthly measure-
ments. PHV occurred at a later stage of puberty, between B3
and B4, and approximately half a year before menarche,
which is consistent with Marshall and Tanner's descrip-
tion.” Interestingly, the magnitude of PHV is greater than
what Biro et al reported“® in white (7.23 cm/y) and black
girls (7.18 cm/y).

We provide a nomogram that might be very useful in the
evaluation of puberty for primary practitioners and pedia-
tricians in Latin America, and researchers from other parts
of the world should also provide similar referral figures for
their countries. This tool might allow for the easy recording
of secondary sex characteristics and prevent unnecessary
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consultations. The incorporation of Tanner assessment,
together with other components of pubertal maturation,
such as the increase in growth velocity, might also allow us
to rule out isolated thelarche, which seems to be highly
prevalent.

This work is not exempt of limitations. We observed a
weak positive correlation between girls' and mothers’ age at
menarche. This finding could be attributed to method bias
because maternal age at menarche was self-reported in
2010. Another limitation is that appearance of B2 occurred
within the last visit at B1 and the first visit at B2; to avoid
this error we used interval-censoring analysis, and the
estimated error should be small because the time interval
between visits was no more than 6 months. The strength of
our results is on the basis of the longitudinal nature of the
study, including anthropometry, maternal age at menarche,
and Tanner staging using inspection and palpation of all
secondary sex characteristics. All of these data allowed us to
characterize pubertal events during this period: secondary
sex characteristics and growth velocity. We believe our
findings are important not only for pediatric endocrinolo-
gists but also for primary practitioners in setting normalcy
data and avoiding unnecessary consultations.
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