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ABSTRACT

Children are currently starting pubertal devel-
opment much earlier than 20 to 30 years ago.
Data from the National Health and Nutrition
Examination Survey (NHANES lll) conducted
from 1988-1994 revealed that the median age for
breast development in white girls was approxi-
mately 9.7 years and 8 years in African-Ameri-
can girls versus 10.9 years ago. More recent
data, however, indicate that some children are
starting pubertal development even earlier (age
7 or 8 in girls or age 9 in boys). Very early pu-
bertal development is identified as precocious
puberty, a phenomenon that brings great con-
cern to others besides parents: the child, their
peers, school nurses, teachers and counselors.
This paper discusses precocious pubertal devel-
opment, possible causes or relationships, relat-
ed risks, treatment and helping strategies.

Keywords: Precocious Puberty; Early Sexual
Maturity; Puberty; Pubertal Development

1. INTRODUCTION

Children are currently starting pubertal development
much earlier than 20 to 30 years ago [1]. Very early pu-
bertal development is identified as precocious puberty
[2-4]. Parents of these children must often be perplexed
and left wondering how to cope with this phenomenon.
This paper discusses pubertal development, possible cau-
ses, related risks, treatment and helping strategies.

2. PUBERTAL DEVELOPMENT

Pubertal development includes rapid growth of bones
and muscles, changes in body shape and size, and de-
velopment of the body’s ability to reproduce. Marshall
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and Tanner [5,6] began documenting pubertal develop-
ment more than forty years ago and identified five stages
of pubertal development and physical elements of sexual
maturity in boys (size of the testes, length of penis, pubic
hair) and girls (breast and pubic hair development). Sub-
sequently, the well-cited Tanner scales [5,6] were devel-
oped in which they chronicle normal pubertal develop-
ment. Please see Table 1 Tanner scale for girlsand Table
2, Tanner scale for boys.

The 1997 Pediatric Research in Office Settings (PROS)
network study documented pubertal development [7].
Researchers found that the age of pubertal development
may differ by race and country, but usually beginsto take
placein girls between ages 8 and 16 and in boys between
ages 9 and 14. On average, African-American girls
showed signs of puberty almost two years sooner than
white girls [7], and by age 8, nearly 50 percent of the
black girls but only 15 percent of the white girls were
reported to have begun pubertal development. See Table
3 for differences. The National Health Examination Sur-
veys (NHES I, Il, I1) administered by the Centers for
Disease Control and Prevention (CDC) aso documented
pubertal development of children 6 to 11 years and 12 to
17 years and found similar results [8]. Biro et al. [9],
however, found that signs of puberty are being observed
in children as young as ages 7 and 8 years. The research-
ers [9] assessed the maturation level of 1239 girls at
three sites across the United States. Results revealed dif-
ferences among age, race/ethnicity, body mass index
(BMI) percentile and site. Even among white girls, the
proportion at ages 7 and 8 years who had breast devel-
opment greater or equal to Stage Two of the Tanner scale
was greater than results reported 20 years ago [9].

The following section describes two known types of
precocious puberty, Central and Peripheral precocious
puberty. It is important to differentiate between them
because the cause and the course of treatment differ de-
pending on the type.
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Table 1. Tanner scale-girls (edited).

Stage One

Stage Two

Stage Three

Stage Four

Stage Five

Testes. Smaller than 4 ml or long axis< 2.5 cm
Pubic Hair. No coarse, pigmented hair
Penis Stage. No growth

Testes. Size4 ml or long axis 2.5 to 3.2 cm. Age 11.5 years (age 9.5 to 13.5 years)
Pubic Hair. Minimal coarse, pigmented hair at base of penis. Age 12.0 years (age 9.9 to 14.0 years)
Penis Stage. Earliest increased |ength and width. Age 11.5 years (age 10.5 - 14.5 years)

Testes. Size 12 ml or long axis 3.6 cm. Age 14.0 years (11.5 - 16.5 years)
Pubic Hair. Coarse, dark curly hair spread over the pubis. Age 13.1 years (11.2 - 15.0 years)
Penis Stage. Increased length and width. Age 12.4 years (10.1 - 14.6 years)
Other Changes.
Gynecomastia (breast swelling) may occur (age 13.2 years)
Voice breaks (age 13.5 years)
Muscle mass increases

Pubic Hair. Hair of adult quality. Age 13.9 years (12.0 - 15.8 years)
Penis. Continued growth in length and width. Age 13.2 years (11.2 - 15.3 years)
Testes. Length 4.1to 4.5 cm
Other Changes:
Axillary hair (age 14.0 years)
Voice changes (age 14.1 years)
Acne vulgaris (age 14.3 years)

Pubic Hair. Adult pubic hair distribution (15.3 years)
Penis. Mature genital size by 16.5 years
Testes. Length > 4.5 cm
Secondary sexual characteristics:
Facial hair present on sides
Mature male physique
Gynecomastia disappears

Table 2. Tanner scale in boys (edited).

Tanner Sage Pubic Hair Breasts
1 None Papillaelevation
2 Minimal coarse, pigmented hair mainly on Small breast buds pal pable and areolae enlarge.
labia. Age: 11.2 years (9.0 - 13.4 years) Age: 10.9 years (8.9 - 12.9 years)
3 Darker, beginsto curl. Age: 11.9 years Elevation of breast contour; areolae enlarge.
(9.6 - 14.1 years) Age: 11.9 years (9.9 - 13.9 years)
Coarse, less curly than adult. Adult quality.
4 No spread to junction of medial thigh with Areols;e fngzsgec gg?%ng?ufg ?? négri)b reast.
perineum. Age: 12.6 years (10.4 - 14.8 years) ge o3y ' =Y
5 Adult triangle. Adult distribution of hair. Mature; nipple projects. Adult breast contour.
Pubic hair spreads to medial thigh. Areolarecesses to general contour of breast.
3. DIFFERENTIATING CENTRAL AND menstruation.

PERIPHERAL PRECOCIOUS

PUBERTY 3.2. Peripheral Precocious Puberty (PPB)
3.1. Central Precocious Puberty (CPP) and and Causes
Causes The second form is peripheral precocious puberty (PPB).
The more common form of precocious puberty is cen- In PPB, GnRH is not a factor. PPB could be due to a
tral precocious puberty (CPP) wherein the entire hypo- myriad of reasons because of ovarian cysts or other dis-
thalamic-pituitary-gonadal axis (HPG axis) simply starts eases of the ovaries, testicles, adrenal glands or pituitary
too soon [3-5,10]. As a result, very young girls may ex- gland [11]. In boys, gene mutation, a rare disorder, could

perience bodily signs of pubertal development and even also be acause[12].
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Table 3. Differences between white and African-American girls.

White Girls

African-American Girls

Breast Development beginning age
9.11 years (4" grade)

By age 10.5/11, many arein stage | breast devel opment

Pubic Hair. 10.6 average age

Axillary Hair. 10 - 11 average hair
Overall average age of onset of puberty isage 9

Breast Development beginning age
8.5 years (3" grade)
By age 9, 62% are in stage || breast development

Pubic Hair. 8.9 years,
34% of girls have pubic hair

Axillary Hair. 10 - 11 average hair
Overall average age of onset of puberty isage 8

4. POSSIBLE CAUSES OF PRECOCIOUS
PUBERTY

4.1. Medical Causes

For the majority of children of both genders, there is
no underlying medical problem and no reason that can be
identified for the HPG axis to begin when it did [13]. For
some children, there are several known medical causes,
albeit many of them are rare. Brain or spina cord tumor
or injury, hypothyroidism, congenital diseases of the ad-
renal glands, bone genetic disease called McCune-Al-
bright syndrome and radiation of the brain or spinal cord
have been reported as causes [12]. Slyper [14] reports
that the cause of early maturation could be due to hyper-
insulinaemia (high insulin levels in the blood) and insu-
lin resistance. Kaplowitz [2,3] aso reported an infection,
such as encephalitis or meningitis, could be a cause of
CPP. Because of these findings, some physicians order
MRI tests on 6 - 8 year old girls who show signs of early
puberty.

4.2. Genetics

A genetic component may be linked to early pubertal
development. A study from Israel estimated that in one
fourth of cases, precocious puberty was familial [15]. If
thereis ahistory of early puberty in a parent or sibling, it
decreases the likelihood that early puberty has a medical
cause.

4.3. Hormones in Milk and Meats

Various other theories to explain precocious puberty
exist, but research has yet to pinpoint them or they have
been discounted. One theory that early puberty was
caused from added hormones in milk and meats has been
unproven [16]. In the 1990’s, the artificial bovine growth
hormone, rBGH, was thought by some to be a stimulat-
ing factor but thisis a protein hormone produced in cattle
and is destroyed in human digestion. Additionally, rBGH
is not a steroid hormone like estrogen.

4.4. Environmental Factors

Another theory concerns environmental factors. Parent
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et al. [17] found that foreign children migrating to Bel-
gium with adoptive or their own parents, and who exhib-
ited signs of CPP, had the presence of DDT in their blood
(plasma), a chemical that could disrupt endocrine func-
tion. Their subsequent experimental research demon-
strated that DDT caused early maturation of rats[17].

Plastics and insecticides were investigated as a cause
of CPP because they break down into chemicals similar
to estrogen. Among Puerto Rican girls younger than
seven, Col6n, Caro, & Bourdony [18] identified a com-
pelling connection between exposure to phthalates and
an increase in breast devel opment.

4.5. Childhood Obesity

Of al the projected theories about the cause of preco-
cious puberty, many researchers are finding that child-
hood obesity is highly related. A study assessing sexual
maturity among children with normal and elevated body
mass index (BMI) found less than 5% occurrence in
children with normal BMI and non-Hispanic white fe-
males [19]. Percentages, however, were higher in Mexi-
can American girls and non-Hispanic black females.
Kaplowitz [20] reviewed several cross-sectional studies
(Girls Health Enrichment Multi-site Studies, Bogalusa
Heart Study, and the NHANES I11) that examined the
relationship of childhood obesity and early pubertal de-
velopment in girls. All suggested a relationship between
increased BMI and body fat to early menarche, pubic
hair, and breast development. Interestingly, obesity in
boys was linked to later pubertal development rather than
early pubertal development. In another study, obesity
was positively associated to early sexua development in
girls but, in boys, obesity was associated negatively with
sexual maturity [21]. A higher percent of body fat in girls
at age 5 predicts that they will experience earlier pubertal
development by the time they are 9 years of age [1]. Pu-
berty requires the body to have a certain weight and fat
distribution. Young women who are gymnasts and balle-
rinas have low weight and puberty is often delayed.
Children who are overweight or obese have high levels
of the protein leptin that can stimulate the release of the
three main hormones in puberty: hypothalamic gonad-
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otropin-releasing hormone, LH, and FSH. Lee, Kulin and
Guo [10] found that the rate of increase in body metabo-
lism index (BMI) from age 3 - 6 years was positively
associated with an earlier onset of puberty.

On the other hand, Slyper’s [14] findings, previously
identified among medical causes, excluded obesity as a
factor related to early puberty in African American girls
and boys. He theorizes that hyperinsulinaemia and insu-
lin resistance are more strongly linked to early pubertal
development than obesity. Hyperinsulinaemia is the pre-
sence of higher than normal levels of insulin in the blood
in order to control blood sugar. It occurs because of insu-
lin resistance in which the pancreas produces more insu-
lin to compensate and control blood sugar.

Thus far, the pathology and several possible explana
tions for precocious puberty have been explored. The
next section describes the signs that a young boy or girl
may be experiencing early puberty.

5. SIGNS OF PRECOCIOUS PUBERTY

According to Kaplowitz [2-4,20], in girls, breast en-
largement is seen first. It may begin by occurring only on
one breast. The breast diameter increases, the areola
darkens and thickens and the nipple becomes more pro-
minent. A doctor’s examination should be able to deter-
mine if the enlargement is due to fat (which can mimic
true breast tissue) or to more specific breast tissue. Pubic
and axillary (underarm) hair may appear before breast
development, at about the same time, or well after the
appearance of breast tissue. If the clitoris appears large, it
could indicate significant androgen (male hormone) ex-
cess. The color of the vaginal mucosa may go from deep-
red color in prepubertal girls to moist pastel-pink. Some
children experience a mild form of acne, but if a child
experiences a rapid onset of severe acne, it could be the
result of an androgen-excess disorder [2-4,20].

In boys, the first signs are testicular enlargement,
which is due to an increased production of FSH that re-
sults in increased stimulation of testosterone. The en-
largement could be so dlight that even the parents don’t
notice it. About a year later, the male child will experi-
ence penis growth, pubic hair growth, and reddening and
thinning of the scrotum. Later, the child may acquire
acne, voice change, and facia hair growth [2-4,20]. In
both boys and girls, adult body odor may be observed.
Along with these early puberty signs come many prob-
lems.

6. PROBLEMS ASSOCIATED WITH
PRECOCIOUS PUBERTY

One major problem as aresult of precocious puberty is
that early growth spurts stop further growth. The brain
signals the bones that growing time is over and children,
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therefore, instead of growing tall, will remain, on the
average, shorter than their peers [2-4]. If caught early
enough, there are medications that could help.

Other problems are psychosocial. Precocious puberty
brings great concern to others besides parents: the child,
their peers, teachers, school nurses and counselors. Stud-
ies of young girls indicate that those who develop early
are more likely to be depressed, aggressive, socialy
withdrawn, and moody [22,23]. Girls under age 10 are
not mentally prepared for early menstruation and other
pubertal development. Both genders may feel isolated
from their peers and develop social and emotional prob-
lems such as low self-esteem, depression and substance
abuse. Some studies indicate that teen-age girls who de-
velop early have more problems in school and are more
likely to engage in risky behaviors such as becoming
sexualy active, smoking and using alcohol and drugs
[24-26]. Children who experience early puberty are ex-
pected to act and dress the age they look which can lead
to earlier sexual experiences. Girls who develop early
could also be “coerced” into sexually advanced relation-
ships because they have not yet learned the self-confi-
dence to ward off aggressive, sexual pressure.

7. WHEN TO SEEK MEDICAL ADVICE

Medical advice should be sought from a pediatric en-
docrinologist if there is development of breast growth
and first period in girls before age 8 and before age 9 in
boys; and if they show signs of enlarged testicles and
penis, facial hair, and deepening voice. Other signs of
early puberty in both girls and boys that require medical
advice are pubic or underarm hair, rapid growth, and
acne and adult body odor [27].

8. DIAGNOSIS

Diagnosis will include blood tests to measure hormone
levels. X-rays of the child's hand and wrist should de-
termine the child's bone age and will show if the bones
are growing too quickly. There are also specific proce-
dures used to determine if early puberty is peripheral or
central. Magnetic resonance imaging (MRI) of the brain
may be done to assess if any brain abnormalities are
causing the early start of puberty [28].

9. TREATMENT

If the diagnosis is CPC, GnRH anaogue therapy is
given. This requires a monthly injection of a medication,
such as leuprolide, which stops the HPG axis and delays
further development [12,28]. The child stays on this
medication until he or she reaches the normal age of pu-
berty. Once he or she stops receiving the medication, the
process of puberty begins again. If the diagnosis is PPB
and is due to an underlying medical condition, that con-
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dition is treated. For example, if it's a tumor, it may need
to be surgically removed [28].

Normal adult height can be achieved in most cases if
treatment is started before bone maturation is too ad-
vanced (>12 y in girls, >13 y in boys) and if good go-
nadal suppression is maintained for several years. Treat-
ment allows growth to continue while dramatically slow-
ing the rate of bone maturation [28,29].

10. SUPPORT STRATEGIES

One of the first contacts for supporting children with
potential precocious puberty is the school. Teachers
should be informed about the signs of precocious puberty
and should contact parents and a school nurse who can
become the conduit to obtain needed medical advice. If
the diagnosis of precocious puberty is due to the child
being overweight or obese, the school nurse can advise
parents and, with the help of a nutritionist, plan a weight
reduction program.

Both the child and parents may need to seek counsel-
ing that could help the family better understand and han-
dle the emotions, issues and challenges that accompany
precocious puberty. If schools have a good counseling
program, thisis atime that school counselors could be of
great use in helping parents and their child navigate
through some troubling years.

When a child begins exhibiting signs of normal or
early pubertal development, outside help for parents is
easily accessed on the Internet. For example, some You-
Tube puberty videos [30] (at
http://www.youtube.com/watch?v=FTc R24CIU0& featu
re=related) are animated and some are created and de-
veloped by teens. Parents could preview them and select
those that they could watch with their children. An ex-
ample of one video istitled, “ Creating a puberty survival
kit for your daughter”. Another video istitled, “Girls and
early puberty”. For the boys, a good one is “Nick goes
through puberty”.

Both young girls and boys who experience precocious
puberty need to be empowered to develop a good and
healthful feeling about their own bodies. All who work
with young girls and boys need to help correct body im-
age misperceptions. Teachers, guidance counselors, school
nurses, and health teachers must work together to address
psychosocial and behavioral risks that tend to be associ-
ated with early sexual development. At this critical time
it is important that as children move through early pu-
berty, and beyond, that they should be encouraged to
engage in opportunities for pro-social involvement such
as membership in a community or civic organizations
such as Boys and Girls Clubs, Big Brothers/Big Sisters,
and Boy or Girl Scouts.
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11. CONCLUSION

Precocious puberty can be a troubling time for chil-
dren and their parents, but fortunately there is medical
treatment to stop further physical pubertal development,
and there are several forms of support strategies avail-
able to help both the child and parents. Most importantly,
parents, school nurses, and teachers should become
knowledgeable about precocious puberty so that treat-
ment and support can be given in the early stages.
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