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Data from the Avon Longitudinal Study of Parents and Children were used to describe initiation of secondary sexual characteristic
development of girls. Tanner stages of breast and pubic hair and menarche status were self-reported via mailed questionnaires,
administered from ages 8—14. Initiation pathway was categorized as breast [thelarche] or pubic hair [pubarche] development
alone, or synchronous. Average ages at beginning breast and pubic hair development were estimated using survival analysis.
Factors associated with initiation pathway were assessed using logistic regression. Among the 3938 participants, the median
ages at beginning breast and pubic hair development were 10.19 (95% CI: 10.14-10.24) and 10.95 (95% CI: 10.90-11.00) years.
Synchronous initiation was the most commonly reported pathway (46.3%), followed by thelarche (42.1%). Girls in the pubarche
pathway were less likely to be obese or overweight at age 8 or have an overweight or obese mother. Girls in the thelarche pathway
were less likely to be of nonwhite race or be the third born or later child.

1. Introduction

In females, the first visible signs of pubertal development are
breast and pubic hair development [1, 2]. These processes are
governed by two separate physiologic systems (the hypotha-
lamic pituitary gonadal axis and hypothalamic pituitary
adrenal axis, resp.), so breast and pubic hair development
does not necessarily occur at the same time, or at the
same rate of progression. A majority of girls are thought to
experience relatively synchronous pubarche and thelarche,
with the first appearance of pubic hair and breast budding
occurring within a few months of each other (or observed
at the same clinic visit). However, some girls will begin

pubarche without corresponding thelarche and vice versa [3—
6]; this is often referred to as asynchronous development.
Different initiation pathways may reflect differential expo-
sures, both external environmental exposures and exposure
to endogenous hormones, and timing of pubertal milestones
may impact future health outcomes including risk for
overweight/obesity and breast cancer [5, 7-9]. Despite the
importance of the initiation of puberty, the process and
factors which impact pathway and timing have not been well
described in a contemporary cohort.

Among participants in the Fels longitudinal study in
the United States (1948), the majority of girls (85.8%)
experienced asynchronous development, with over half of



girls entering breast development before pubarche [10]. A
Swedish study (1976) found that while 47% of girls expe-
rienced synchronous breast and pubic hair development,
nearly half (45%) of girls had thelarche preceding pubarche
[3]. An opposite pattern was found in a Swiss study (1983),
where over half of girls (53%) were reported to have expe-
rienced pubarche without breast development [4]. A more
recent (2003) study in the US using clinical assessments of
pubertal stage found that 51.6% of eligible girls experienced
asynchronous development [5]. Further, those girls who
experienced thelarche as the initial visible marker of pubertal
development had an earlier age at menarche compared to
girls who experienced pubarche as the initial marker (12.6
years and 13.1 years, resp.) and were also more likely to
have higher BMIs before and throughout puberty. Some
reasons for the differences between studies with regards to
pathway distribution may include a biased sampling frame,
sample size, and method for pubertal staging. However, these
studies suggest that asynchronous initiation of secondary
sexual characteristic development may be relatively common
and an important predictor of age at menarche and future
health outcomes. Puberty, as well as menarche, is occurring
earlier than in the past, based on data from the late 1800s
to present [11-14]. Timing of maturation is important, as
accelerated development has psychological and physiological
consequences, including earlier age at first sexual activity,
increased risk-taking behavior (including smoking, drinking,
and use of illicit drugs), increased depression, and decreased
physical activity [15-19]. Early age at menarche is also
associated with increased risk of adult obesity [7, 8] and of
breast cancer [20]. In this study, data from a contemporary,
longitudinal cohort were used to describe initiation of
secondary sexual characteristic development.

2. Materials and Methods

The Avon Longitudinal Study of Parents and Children
(ALSPAC) is a prospective cohort study of ~14,000 pregnant
women residing in Avon (United Kingdom [UK]) who
had an expected delivery date between April 1, 1991 and
December 31, 1992 [21]. Details of the study design have
been published and are available online [21, 22]. A “Growing
and Changing” questionnaire was developed to collect
information on pubertal development; the questionnaire was
distributed to participants at the ages of 8, 9, 10, 11, 13,
and 14 years (1999-2005) [21, 23]. Questionnaires were not
distributed at age 12. For all ages, parents or guardians could
choose to complete the questionnaire themselves, complete
it with their child, or allow the child to complete it herself.
Menarche status (and if appropriate, age at menarche)
was determined via self-report. Physical development was
assessed using diagrams of Tanner stages [6]; these dia-
grams were developed at the University of North Carolina’s
Population Center and have been previously validated and
successfully used in other cohort studies [24-26]. Each
characteristic (breast and pubic hair development) has 5
possible stages, ranging from prepubertal (stage 1) to fully
developed (stage 5). The respondent then selected the stage
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which most closely aligned with the girl’s current stage of
development.

For these analyses, the cohort consisted of female sin-
gletons completing at least one puberty questionnaire in the
appropriate age range, as determined using age at question-
naire completion (i.e., only girls 8 years of age included
for the 8 year old questionnaire). Girls who reported a
certain stage of breast or pubic hair development on one
questionnaire then reported a lower stage of development
on a subsequent questionnaire were excluded from these
analyses. Girls who reported achieving menarche on a
questionnaire, but reported not yet having their first period
on a subsequent questionnaire, were also excluded. If more
than one age at menarche was given, the first reported age
at menarche was used for analysis on the assumption that it
was the most accurate report. If reported age at menarche
was greater than age at questionnaire completion, age at
menarche was treated as missing.

Initiation pathway was determined by identifying the first
instance in which a girl reported being in stage 2 or higher
for breast and/or for pubic hair development. If the initial
report of being in a stage =2 was reported for only breast
development or for only pubic hair development, the girl
was categorized as being in the thelarche or the pubarche
pathway, respectively. If the initial report of being in stage
>2 was for both breast and pubic hair development, the
girl was categorized as being in the synchronous pathway.
Consequently, the girls with synchronous development (i.e.,
reported moving beyond stage 1 for breast and pubic hair in
the same questionnaire) entered stage 2 in the time elapsed
since the last questionnaire, which in most cases was a year.

Median ages at entry into breast stage 2 and pubic hair
stage 2 were determined using parametric survival analysis,
assuming a normal distribution. Various other distributions
were used for comparison, and similar results were found;
therefore, only the normal distribution results are reported
here. Since the ALSPAC data were collected on an annual
basis, the exact age at which a girl entered a stage of breast
or pubic hair development is not known. Rather, it is known
what stage a girl is in at a particular point in time (i.e.,
at the time each questionnaire is completed), leading to
interval censoring. If the start of the interval is not known,
data are considered left censored, and if the end of the
interval is not known (i.e., the event is not observed), data
are considered right censored. The LIFEREG procedure in
SAS accommodates right, left, and interval censoring and
was used to perform all parametric survival analyses. Age at
menarche was compared between initiation pathways using
a regression model with initiation pathway included as a
predictor. In order to avoid potential downward bias when
estimating age at entry into breast and pubic hair stage 2 by
pathway, girls with unknown initiation pathway (n = 417)
were randomly allocated to the 3 initiation pathway groups
(proportionate to the distribution among girls with known
pathway) and included in the survival models for age at entry
into breast and pubic hair stage 2.

Polytomous logistic regression models were used to
identify maternal and child characteristics associated with
initiation pathway (thelarche, pubarche, or synchronous).
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TaBLE 1: Median age® at entry into tanner stage >2 of breast and pubic hair development and at menarche, overall and by initiation pathway.

Breast Pubic Hair Menarche
Group (n)® Age (95% CI) Quartiles Age (95% CI) Quartiles Age (95% CI) Quartiles
All girls (3938) 10.19 (10.14, 10.24) 9.16-11.22 10.95 (10.90, 11.00) 9.99-11.91 12.87 (10.82,12.91) 12.08-13.65
Synchronous (1631)  10.65 (10.58, 10.72) 9.81-11.49 10.65 (10.58, 10.72) 9.81-11.49 12.84 (12.78,12.91) 12.06-13.63
Thelarche (1482) 9.43 (9.35,9.51) 8.42-10.44 11.63 (11.57, 11.70) 10.86-12.40 12.78 (12.71, 12.85) 12.00-13.57
Pubarche (408) 11.31 (11.19, 11.44) 10.52-12.10 9.44 (9.28,9.59) 8.42-10.46 13.13 (13.00, 13.26) 12.34-13.92

2Normal distribution specified.

bGirls with unknown initiation pathway (n = 417) were randomly allocated to the initiation pathway groups (proportionate to the distribution among girls
with known pathway) and included in the survival models for age at entry into breast and pubic hair stage 2.

The candidate variables were identified from the literature
as being associated with pubertal development (i.e., breast
and/or pubic hair development, and/or menarche), and
included mother’s prepregnancy body mass index (BMI),
mother’s age at delivery, mother’s age at menarche, mother’s
educational level, mother’s social class, child’s birthweight,
child’s race/ethnicity, child’s birth order, and child’s height
and BMI at 8 years of age. Social class was derived using
the 1991 Office of Population Censuses and Surveys [27].
Upper class consisted of classes I (professional occupations)
or II (managerial and technical occupations); middle class
of classes IIINM (nonmanual skilled occupations) or IIIM
(manual skilled occupations); and lower class of classes IV
(partly skilled occupations) or V (unskilled occupations).
Height and BMI at 8 years of age were obtained from clinic
visit data when available (71.3% and 66.9% of girls, resp.),
and from self-report at the 8-year Growing and Changing
questionnaire where clinic data were not available (3.4%
and 5.6% of girls, resp.). Percentiles of height and BMI
for month of age were defined using female-specific growth
standards from a representative sample from the UK [28].
The association of each candidate variable with initiation
pathway was assessed using a polytomous logistic regression
model, using a cutoff of P < .30. Then, each variable that met
this criterion in the univariate analysis was assessed for effect
modification, by testing all 2-way interaction terms with each
other covariate separately in polytomous logistic regression
models. All variables that were associated with pathway in the
univariate analysis and any relevant interaction terms were
then entered into a multivariate logistic regression model.
A P-value of .05 was used to identify characteristics that
remained associated with pathway in this model, using a
stepwise selection method. Finally, the analysis was repeated
excluding BMI as a covariate, due to the large number of girls
missing information on BMI at 8 years of age (27.5%). We
did not adjust for multiple comparisons.

Human subject protection was assessed and approved
by the ALSPAC Law and Ethics Committee, the Local
Research Ethics Committees, and the CDC Institutional
Review Board.

3. Results

In the ALSPAC cohort, 4462 singleton girls completed and
returned at least one Growing and Changing questionnaire

in the correct age range. Of these, 4434 had submitted
information on breast development, and 4427 on pubic hair
development, for at least one questionnaire. A small number
of girls returned inconsistent reports of menarche status
(n = 17). More girls had inconsistent reports of breast
development (n = 320, 7.2%) or pubic hair development
(n = 223, 5.0%), for a final sample size of 3938 girls
(Figure 1). Initiation pathway could not be determined for
some individuals, who did not progress beyond Tanner stage
1 for breast and pubic hair development (n = 417); these
participants were excluded from pathway-specific analyses.

Nearly all (96%) of girls were white, and the majority
of girls were born to a mother with an O-level education
(roughly equivalent to a United States high school diploma;
35.2%) or higher (40.1%). Just over two thirds of the girls
were the first (34.6%) or second (33.3%) born. The mean
maternal age at delivery was 28.6 (SD = 4.6) and ranged
from 15 to 44. Most of the girls were in the normal height
and BMI ranges for their age in months at age 8 (78.2%
and 74.7%, resp.). Approximately one quarter were either
overweight (12.4%) or obese (10.4%) at age 8.

Most girls reported beginning breast and pubic hair
development in the same questionnaire (synchronous path-
way; 46.3%), or beginning breast development in advance
of pubic hair development (thelarche pathway; 42.1%). The
remaining girls (11.6%) reported pubic hair development
preceding breast development (pubarche pathway). The
median age at entry into stage 2 of breast development was
10.19 (95% CI: 10.14, 10.24) years, while the median age at
entry into stage 2 of pubic hair development was 10.95 (95%
CI: 10.90, 11.00) years. Girls in the synchronous pathway
had a median age at entry into stage 2 of 10.65 (95% CI:
10.58, 10.72) years for breast and for pubic hair development
(Table 1). The median ages at initiation for the thelarche
and pubarche pathways were slightly younger (9.43 [95% CI:
9.35,9.51] years and 9.44 [95% CI: 9.28, 9.59] years, resp.).

In this cohort, 62.7% of girls had achieved menarche
by the time of the 14-year questionnaire; age at menarche
was missing for 208 (8.4%) of these girls. The median age
at menarche estimated from the parametric survival analysis
model was 12.87 (95% CI: 12.82, 12.91) years, and reported
age at menarche ranged from 7.6 years to 14.9 years (Table 1).
Using a life-table approach, the median age at menarche was
12.92 (inter-quartile range: 12.08, 13.67), and the mean was
12.86 (SE = 0.02). Age at menarche differed by initiation
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TasLE 2: Characteristics of study participants, overall and by initiation pathway.
Characteristic® All girls Thelarche Pubarche Synchronous P-value”
N (%) N (%) N (%) N (%)
Total 3938 (100) 1482 (100) 408 (100) 1631 (100)
Mother’s highest education .03
CSE/none 583 (15.4) 212 (14.8) 43 (10.7) 243 (15.7)
Vocational 351 (9.3) 116 (8.1) 29 (7.2) 158 (10.2)
O-level 1331 (35.2) 515 (35.9) 147 (36.7) 539 (34.8)
A-level 936 (24.8) 374 (26.1) 103 (25.7) 372 (24.0)
Degree 579 (15.3) 217 (15.1) 79 (19.7) 236 (15.3)
Mother’s prepregnancy BMI <.0001
<18.5 186 (5.2) 56 (4.1) 15 (4.0) 94 (6.4)
18.5-24.9 2671 (75.1) 1007 (74.4) 314 (84.2) 1075 (73.5)
25.0-29.9 516 (14.5) 208 (15.4) 37(9.9) 217 (14.8)
>30.0 183 (5.2) 83 (6.1) 7 (1.9) 76 (5.2)
Mother’s age at delivery .02
<20 years 103 (2.6) 37 (2.5) 4(1.0) 50 (3.1)
20-24 years 620 (15.7) 240 (16.2) 43 (10.5) 252 (15.5)
25-29 years 1587 (40.3) 585 (39.5) 187 (45.8) 174 (39.1)
>30 years 1628 (41.3) 620 (41.8) 174 (42.7) 692 (42.4)
Birth order .01
First born 1326 (34.6) 540 (37.1) 155 (38.8) 515 (32.6)
Second born 1277 (33.3) 485 (33.4) 137 (34.3) 531 (33.6)
Third born or later 1235 (32.2) 429 (29.5) 108 (27.0) 535 (33.8)
Child ethnic background .0004
White 572 (96.0) 1377 (97.6) 374 (94.4) 1447 (95.0)
Nonwhite 148 (4.0) 34 (2.4) 22 (5.6) 77 (5.0)
BMI at age 8 <.0001
<5th percentile 69 (2.5) 20 (1.8) 12 (3.7) 29 (2.6)
5th—85th percentile 2096 (74.7) 740 (65.8) 285 (86.9) 868 (79.0)
85th—95th percentile 348 (12.4) 182 (16.2) 23 (7.0) 121 (11.0)
>95th percentile 293 (10.4) 183 (16.3) 8(2.4) 81(7.4)

2Information was missing for some girls, including information on mother’s education (n = 158, 4.0%), mother’s age at menarche (n = 538, 13.7%), mother’s
social class (n = 738, 18.7%), mother’s prepregnancy BMI (n = 382, 9.7%), sugar in urine at any point during pregnancy (n = 362, 9.2%), breastfeeding
(n = 141, 3.6%), girl’s birth order (n = 100, 2.5%), girl’s birthweight (n = 53, 1.4%), girl’s race/ethnicity (n = 218, 5.5%), girl’s height at age 8 (n = 1039,

26.4%), and girl’s BMI at age 8 (n = 1132, 28.8%).
bP_value is from univariate logistic regression models.

pathway. For girls in the synchronous pathway, median age
at menarche was 12.84 (95% CI: 12.78, 12.91) years; girls in
the thelarche pathway had a similar median of 12.78 (95% CI:
12.71, 12.85) years, while girls in the pubarche pathway had
a slightly later median age of 13.13 (95% CI: 13.00, 13.26)
years.

Factors associated with initiation pathway in univariate
logistic regression analysis were girl’s BMI at 8 years of age,
girl’s ethnic background, girl’s birth order, mother’s edu-
cational attainment, mother’s age at delivery, and mother’s
prepregnancy BMI (Table 2). In the multivariate polytomous
logistic regression model, variables which remained associ-
ated with initiation pathway were girl’s BMI at 8 years of age,
girl’s ethnic background, mother’s prepregnancy BMI, and
birth order; no interaction terms remained in the final model

(Table 3). Girls in the thelarche pathway were most likely to
be overweight or obese, followed by girls in the synchronous
pathway. Girls in the thelarche pathway were also less likely to
be of nonwhite race compared to girls in the synchronous or
pubarche pathways. Similarly to results for girl’s own BMI,
girls in the pubarche pathway were the least likely to have
overweight mothers. Finally, girls in the thelarche pathway
were less likely to be the third born or later child, compared
to girls in the synchronous pathway.

In the model excluding girl’s BMI as a covariate, variables
which remained associated with initiation pathway included
mother’s prepregnancy BMI, mother’s age at delivery, girl’s
ethnic background, and birth order. Results were similar
to those for the full model, with the addition that older
maternal age at delivery, 25-29 years of age or =30 of age, was
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TaBLE 3: Polytomous logistic regression model for initiation pathway.

Thelarche versus

Pubarche versus

Pubarche versus

Characteristic Synchronous OR (95% CI) Synchronous OR (95% CI) Thelarche OR (95% CI)
BMI at age 8
<5th percentile 0.79 (0.41, 1.49) 1.24 (0.58, 2.64) 1.58 (0.71, 3.55)
5th—-85th percentile Reference Reference Reference
85th—95th percentile 1.82 (1.39, 2.38) 0.67 (0.41, 1.07) 0.37 (0.23, 0.58)
>95th percentile 2.65 (1.95, 3.60) 0.29 (0.12, 0.67) 0.11 (0.05, 0.25)
Child ethnic background
White Reference Reference Reference
Nonwhite 0.47 (0.27, 0.80) 1.55 (0.87, 2.77) 3.23 (1.71, 6.45)
Mother’s prepregnancy BMI
<18.5 0.64 (0.42, 0.99) 0.68 (0.37, 1.24) 1.05 (0.55, 1.99)
18.5-24.9 Reference Reference Reference
25.0-29.9 0.90 (0.68, 1.15) 0.60 (0.39, 0.94) 0.68 (0.44, 1.06)
>30.0 1.13 (0.74, 1.73) 0.35(0.13, 1.01) 0.31 (0.11, 0.89)
Birth order
First born Reference Reference Reference
Second born 0.82 (0.66, 1.01) 0.95 (0.69, 1.29) 1.16 (0.85, 1.58)
Third born or later 0.72 (0.57, 0.90) 0.74 (0.53, 1.03) 1.03 (0.74, 1.44)

Singleton core girls whose
age is within the age range

for the intended
questionnaire (n = 4462)

Girls with valid Tanner Missing or invalid Tanner
stage and menarche status stage or menarche status
(n = 4409) (n=53)

Tanner stage or menarche Final sample (n = 3938)
status went backwards

(n = 471)

Did not progress beyond
I stagel (n =417)

Final sample for initiation
pathway analyses (n = 3521)

FiGure 1: Flowchart of eligibility and exclusions.



more common for girls in the pubarche pathway compared
to girls in either the synchronous (OR = 1.72 [95% CI: 1.14,
2.60] and OR = 1.62 [95% CI: 1.06, 2.46], resp.) or thelarche
pathway (OR = 1.97 [95% CI: 1.31, 2.98] and OR = 1.71
[95% CI: 1.12, 2.60], resp.).

4. Discussion

Initiation of secondary sexual characteristic development
was assessed for girls participating in the ALSPAC study.
To our knowledge, this is the first study to assess pubertal
pathways in a longitudinal cohort using self-reported data.
Nearly half (46.3%) of girls reported beginning breast and
pubic hair development at the same time; this is similar
to a recent US study [5], and to an earlier Swedish study
[3]. However, among girls who reported asynchronous entry
into breast and pubic hair development, the proportion of
girls entering puberty through the thelarche pathway in the
US cohort was slightly lower compared to the present study
(65.7% versus 78.4%). Compared to an earlier Swiss study
[4] and findings from the Fels longitudinal study in the US
[10], our findings are somewhat different, with a smaller
proportion of girls experiencing synchronous initiation. This
may be due to differences in sociodemographic and physio-
logical characteristics (including body composition), as well
as the use of a different rating system. In the Swiss cohort,
the authors stated that their method of visual inspection may
have missed early signs of breast development, although the
reasons for this were not given [4].

We estimated median ages at entry into breast and
pubic hair stage 2 to be 10.19 and 10.95 years. Girls in the
pubarche and thelarche pathways entered puberty somewhat
earlier (9.4 years), compared to girls in the synchronous
pathway (10.7 years). However, this is likely due to the
method of categorizing girls, in that girls who are classified
as asynchronous are more likely to have early development
of one marker (breast for girls in the thelarche group,
and pubic hair for girls in the pubarche group) compared
to the average age at development for the whole cohort.
Similarly, synchronous girls are more likely to have later
ages at initiation, because on average for the whole cohort,
breast development occurs before pubic hair development.
However, there is a biological basis for later onset of breast
development among girls in the pubarche group, since
adrenal androgens may have an inhibitory effect on ovarian
estrogen production [29].

The median age at menarche in this cohort was 12.87
years, similar to earlier reports [6, 30]. However, age at
menarche varied by puberty pathway; girls in the pubarche
pathway had an older age at menarche compared to girls
in the synchronous and thelarche pathways. In addition, a
girl’s BMI at 8 years of age, ethnic background, maternal
prepregnancy BMI, and birth order were associated with
initiation pathway. These findings may relate to differences
in the actions of the endocrine and central nervous sys-
tem, which differentially regulate breast and pubic hair
development. That is, some of these factors may act on
the hypothalamic pituitary gonadal axis (and subsequent
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breast development), the hypothalamic pituitary adrenal axis
(and subsequent pubic/axillary hair development), or both.
Other studies have also reported an association between
increased weight and accelerated pubertal development [31]
and noted that breast development may be more sensitive
to body composition than pubic hair development due to
differences in the regulatory pathways for the two processes.
Race and ethnicity are also known to be associated with
timing of puberty [1, 2, 5, 32, 33]. However, the small
number of nonwhite girls and the heterogeneity of this group
limit comparisons by race. The relationship of initiation
pathway with maternal prepregnancy BMI may be due to
the correlation between maternal and child BMI [34, 35],
as seen by the attenuation of the effect of maternal BMI in
the model including both maternal and child BMI variables.
The association between maternal weight, child weight, and
pubertal development may be due to a combination of shared
genetic and environmental factors. Finally, birth order has
been reported to be associated with age at menarche, with
first born girls generally having their first period at a younger
age compared to later born girls [36, 37]. Although the
reasons for this pattern are not known, they may relate to
differences in birth intervals, and changing parental care
practices.

There are some limitations in this analysis. Question-
naires were sent on a yearly basis; the long interval between
assessments means that critical stages and transitions may
not have been captured for each individual. Consequently,
some girls may have been misclassified with regards to
initiation pathway (i.e., entry into breast or pubic hair
stage 2 may have occurred shortly after the completion
of a questionnaire). However, with our large sample size
and use of interval-censored survival analysis, we were able
to estimate ages at transition for the cohort with good
precision. We did not adjust for multiple comparisons in our
modeling procedure, although the variables remaining in the
multivariate model would have been eligible even using more
stringent inclusion criteria. Not all of the eligible ALSPAC
participants provided information on pubertal development,
and most did not provide information every year the
questionnaire was administered. To assess the potential
for selection bias, we compared selected sociodemographic
characteristics of participants who returned at least one
Growing and Changing questionnaire, to those who did not.
Respondents were more likely to have mothers with higher
education (74.5% with an O-level or higher, compared to
59.5%), and mothers with an “upper” social class (39.7%
compared to 28.6%). In addition, respondents were less likely
to be of nonwhite race/ethnicity (4.0% compared to 5.9%).
These differences may have impacted our findings; based
on observed differences, respondents may be more likely to
experience later maturation compared to the whole cohort,
leading to overestimates of age at pubertal milestones and
underestimation of association between sociodemographic
characteristics and pubertal characteristics.

The Growing and Changing questionnaire could be
completed by the parent, child, or both. For earlier ages,
the proportion of questionnaires completed by the parent
alone was higher, while for later ages the proportion
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completed by the child alone was higher. However, a
previous study reported good correlation between maternal
and child assessments of breast and pubic hair stage [38].
Finally, developmental data were self-reported and may
not accurately reflect a girl’s stage of breast and pubic
hair development. One possibility is that girls categorized
as having synchronous initiation of breast and pubic hair
development had more subtle physical manifestations, which
were not noticed until a more advanced stage. Also, adipose
tissue may be mistaken for breast development upon visual
inspection. Thus, some overweight or obese girls may have
been misclassified in terms of breast development stage, and
therefore initiation pathway. Among the girls who regressed
in breast stage, a higher proportion was categorized as obese
or overweight at 8 years of age, compared to the entire cohort
(20% versus 10.4%, and 15.9% versus 12.4%, resp.). This
may indicate that some girls reported too high a stage of
breast development and reported “regressing” in stage after
a weight loss or redistribution of adipose tissue. However,
among obese girls included in these analyses, reported breast
development progressed over time, which suggests true
development of breast tissue as opposed to adipose tissue.
Further, when stratifying by BMI group, girls who were
overweight or obese had an earlier age at entry into both
breast and pubic hair development compared to girls who
were underweight or normal weight. Since pubic hair stage
is not likely to be affected by adiposity, an advancement
in the age at beginning pubic hair development reinforces
the possibility that heavier girls are indeed maturing more
quickly.

Strengths of this analysis include the longitudinal design,
large sample size, and representative nature of the cohort.
Repeated assessments of girls’ development allowed the
estimation of initiation pathway, and ages at initiation and
at menarche.

5. Conclusions

Our findings confirm that girls experience different initiation
pathways to development of secondary sexual characteristics,
and that pathway may be related to various maternal and
child characteristics. Our findings also support a general
trend towards earlier maturation, which may be due to
factors including increasing prevalence of overweight and
obesity, and environmental exposures. Further research will
be needed to determine causal relationships for observed
associations, as well as impact on future health outcomes.

Acknowledgments

The authors are extremely grateful to all the families who
took part in this study, the midwives for their help in
recruiting them, and the entire ALSPAC team, including
interviewers, computer and laboratory technicians, clerical
workers, research scientists, volunteers, managers, reception-
ists, and nurses. The UK Medical Research Council, the
Wellcome Trust and the University of Bristol provide core

support for ALSPAC. This research was specifically funded
by Centers for Disease Control and Prevention.

References

[1] M. E. Herman-Giddens, E. J. Slora, R. C. Wasserman et al.,
“Secondary sexual characteristics and menses in young girls
seen in office practice: a study from the pediatric research in
office settings network,” Pediatrics, vol. 99, no. 4, pp. 505-512,
1997.

[2] S. S. Sun, C. M. Schubert, W. C. Chumlea et al., “National
estimates of the timing of sexual maturation and racial
differences among US children,” Pediatrics, vol. 110, no. 5, pp.
911-919, 2002.

[3] J. Taranger, I. Engstrom, H. Lichtenstein, and I. Svennberg-
Redegren, “VI. Somatic pubertal development,” Acta Paedi-
atrica Scandinavica, Supplement, no. 258, pp. 121-135, 1976.

[4] R. H. Largo and A. Prader, “Pubertal development in Swiss
girls,” Helvetica Paediatrica Acta, vol. 38, no. 3, pp. 229-243,
1983.

[5] E M. Biro, A. W. Lucky, L. A. Simbartl et al., “Pubertal
maturation in girls and the relationship to anthropometric
changes: pathways through puberty,” Journal of Pediatrics, vol.
142, no. 6, pp. 643—646, 2003.

[6] W. A. Marshall and J. M. Tanner, “Variations in pattern of
pubertal changes in girls,” Archives of Disease in Childhood, vol.
44, no. 235, pp. 291-303, 1969.

[7] S. M. Garn, M. LaVelle, K. R. Rosenberg, and V. M.
Hawthorne, “Maturational timing as a factor in female fatness
and obesity,” American Journal of Clinical Nutrition, vol. 43,
no. 6, pp. 879-883, 1986.

[8] S. M. Garn, K. R. Rosenberg, and I. Higgins, “Menarcheal
timing and the long-term persistence of fatness levels,” Ecology
of Food and Nutrition, vol. 8, pp. 1-2, 1979.

[9] B. Sherman, R. Wallace, J. Bean, and L. Schlabaugh, “Rela-
tionship of body weight to menarcheal and menopausal
age: implications for breast cancer risk,” Journal of Clinical
Endocrinology and Metabolism, vol. 52, no. 3, pp. 488-493,
1981.

[10] E. L. Reynolds and J. V. Wines, “Individual differences
in physical changes associated with adolescence in girls,”
American Journal of Diseases of Children, vol. 75, pp. 329-350,
1948.

[11] S. Y. Euling, M. E. Herman-Giddens, P. A. Lee et al,
“Examination of US puberty-timing data from 1940 to 1994
for secular trends: panel findings,” Pediatrics, vol. 121, no. 3,
pp. 172-191, 2008.

[12] M.J. Goodman, “Secular changes in recalled age at menarche,”
Annals of Human Biology, vol. 10, no. 6, article 585, 1983.

[13] G. Wyshak and R. E. Frisch, “Evidence for a secular trend in
age of menarche,” The New England Journal of Medicine, vol.
306, no. 17, pp. 1033-1035, 1982.

[14] L. Aksglaede, K. Sorensen, J. H. Petersen, N. E. Skakkebak,
and A. Juul, “Recent decline in age at breast development:
the Copenhagen puberty study,” Pediatrics, vol. 123, no. 5, pp.
932-939, 2009.

[15] X. Ge, R. D. Conger, and G. H. Elder Jr., “Coming of
age too early: pubertal influences on girls’ vulnerability to
psychological distress,” Child Development, vol. 67, no. 6, pp.
3386-3400, 1996.



(16]

(31]

(32]

J. A. Graber, P. M. Lewinsohn, J. R. Seeley, and J. Brooks-Gunn,
“Is psychopathology associated with the timing of pubertal
development?” Journal of the American Academy of Child and
Adolescent Psychiatry, vol. 36, no. 12, pp. 1768—-1776, 1997.

V. G. Phinney, L. C. Jensen, J. A. Olsen, and B. Cundick, “The
relationship between early development and psychosexual
behaviors in adolescent females,” Adolescence, vol. 25, no. 98,
pp. 321-332, 1990.

W. A. Sonis, . Comite, J. Blue, et al., “Behavior problem
and social competence in girls with true precocious puberty,”
Journal of Pediatrics, vol. 106, no. 1, pp. 156—160, 1985.

B. L. Baker, L. L. Birch, S. G. Trost, and K. K. Davison,
“Advanced pubertal status at age 11 and lower physical activity
in adolescent girls,” Journal of Pediatrics, vol. 151, no. 5, pp.
488-493, 2007.

S. E. Fenton, “Endocrine-disrupting compounds and mam-
mary gland development: early exposure and later life conse-
quences,” Endocrinology, vol. 147, no. 6, pp. 18-24, 2006.

J. Golding, M. Pembrey, and R. Jones, “ALSPAC—the avon
longitudinal study of parents and children I. Study method-
ology,” Paediatric and Perinatal Epidemiology, vol. 15, no. 1,
pp. 74-87, 2001.

Avon Longitudinal Study of Parents and Children. University
of Bristol, Department of Social Medicine, September 2008,
http://www.bristol.ac.uk/alspac/.

C. Rubin, M. Maisonet, S. Kieszak et al., “Timing of
maturation and predictors of menarche in girls enrolled
in a contemporary British cohort,” Paediatric and Perinatal
Epidemiology, vol. 23, no. 5, pp. 492—-504, 2009.

N. M. Morris and J. R. Udry, “Validation of a self-administered
instrument to assess stage of adolescent development,” Journal
of Youth and Adolescence, vol. 9, no. 3, pp. 271-280, 1980.

B. C. Gladen, N. B. Ragan, and W. J. Rogan, “Puber-
tal growth and development and prenatal and lactational
exposure to polychlorinated biphenyls and dichlorodiphenyl
dichloroethene,” Journal of Pediatrics, vol. 136, no. 4, pp. 490—
496, 2000.

S. G. Selevan, D. C. Rice, K. A. Hogan, S. Y. Euling, A.
Pfahles-Hutchens, and J. Bethel, “Blood lead concentration
and delayed puberty in girls,” The New England Journal of
Medicine, vol. 348, no. 16, pp. 1527-1536, 2003.

OPCS, Standard Occupational Classification, HMSO, London,
UK, 1991.

T. J. Cole, J. V. Freeman, and M. A. Preece, “Body mass index
reference curves for the UK, 1990, Archives of Disease in
Childhood, vol. 73, no. 1, pp. 25-29, 1995.

A. E. Calogero, N. Burrello, P. Negri-Cesi et al., “Effects of
corticotropin-releasing hormone on ovarian estrogen produc-
tion in vitro,” Endocrinology, vol. 137, no. 10, pp. 4161-4166,
1996.

P. H. Whincup, J. A. Gilg, K. Odoki, S. J. C. Taylor, and D. G.
Cook, “Age of menarche in contemporary British teenagers:
survey of girls born between 1982 and 1986, British Medical
Journal, vol. 322, no. 7294, pp. 1095-1096, 2001.

Y. Wang, “Is obesity associated with early sexual maturation? A
comparison of the association in American boys versus girls,”
Pediatrics, vol. 110, no. 5, pp. 903-910, 2002.

E M. Biro, B. Huang, P. B. Crawford et al., “Pubertal correlates
in black and white girls,” Journal of Pediatrics, vol. 148, no. 2,
Pp. 234-240, 2006.

(33]

[36]

(37]

(38]

International Journal of Pediatrics

T. Wu, P. Mendola, and G. M. Buck, “Ethnic differences in
the presence of secondary sex characteristics and menarche
among US girls: the third vational health and nutrition
examination survey, 1988—1994,” Pediatrics, vol. 110, no. 4, pp.
752-757, 2002.

J. K. Lake, C. Power, and T. J. Cole, “Child to adult body
mass index in the 1958 British birth cohort: associations with
parental obesity,” Archives of Disease in Childhood, vol. 77, no.
5, pp. 376-381, 1997.

R. C. Whitaker, J. A. Wright, M. S. Pepe, K. D. Seidel, and W. H.
Dietz, “Predicting obesity in young adulthood from childhood
and parental obesity,” The New England Journal of Medicine,
vol. 337, no. 13, pp. 869-873, 1997.

A. G. Apraiz, “Influence of family size and birth order on
menarcheal age of girls from Bilbao City (Biscay, Basque
country),” American Journal of Human Biology, vol. 11, no. 6,
pp. 779-783, 1999.

W. Z. Billewicz, H. M. Fellowes, and A. M. Thomson,
“Pubertal changes in boys and girls in Newcastle upon tyne,”
Annals of Human Biology, vol. 8, no. 3, pp. 211-219, 1981.

J. Brooks-Gunn, M. P. Warren, J. Rosso, and J. Gargiulo,
“Validity of self-report measures of girls’ pubertal status,”
Child Development, vol. 58, no. 3, pp. 829-841, 1987.



