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INTRODUCTION
The onset of puberty is socially and culturally an
important milestone and an indicator of public health.1

The age of onset of puberty varies, influenced by genetic
and environment factors such as race, ethnicity,
geographic location and nutrition.2 Normal puberty
begins between 8 and 13 years of age in girls with breast
development as first sign followed by pubic hair
appearance and later menarche. In boys, it begins
between 9 and 14 years of age with testicular
enlargement as first sign followed by penile growth,
pubic hair and voice changes. Pubertal growth spurt
occurs earlier in girls than in boys.3 Tanner staging
system is used worldwide to assess normal puberty, its
variants and abnormal puberty. Precocious puberty is
defined as the appearance of any sign of secondary
sexual maturation at an age more than 2.5 standard
deviation below the mean. The most widely used age
limit for girls is 8 years and 9 years for boys.

Precocious puberty influences the psychosocial
development and growth of child. Short adult stature is
one of the most serious long-term consequence of
precocious puberty. The behavioral changes like
aggression, poor adjustment of the child with matched
peers in the school and emotional distress in girls with
early breast development and menarche are challenging
issues. There is a high risk of sexual abuse in either
gender.

The reported incidence of precocious puberty in the
West is 1:5000 - 10,000 individual.4 Girls are 5 - 10 fold
more frequently affected with female to male ratio of a
3:1.

Precocious puberty is classified into two main types.
True or Central Precocious Puberty (CPP) is gonado-
tropin dependent caused by premature activation of
Hypothalamic Pituitary Gonadal (HPG) axis. It accounts
for 80% cases of precocious puberty of which majority
(90%) are girls with idiopathic variety.

Precocious puberty is a treatable pediatric endocrine
disorder; there is sparse local published data on subject
in Pakistan. True incidence of precocious puberty and
frequency of types is unknown. This study may provide
base line data which may help to guide pediatricians and
family physicians for initial evaluation, referral and
management of precocious puberty.
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The objective of this study was to determine the etiology
of precocious puberty and to compare the clinical and
laboratory parameters of central and peripheral
precocious puberty in children presenting at National
Institute of Child Health, Karachi.

METHODOLOGY
This study was conducted after seeking approval from
Hospital Ethical Review Committee. All the patients
fulfilling the criteria of precocious puberty during January
2009 to December 2011 were included after taking
informed consent from the parents. Precocious puberty
is defined as the development of secondary sexual
characteristics before the age of 8 years in girls and 9
years in boys.5,6 Children with head trauma, cranial
radiation, previous CNS infections (meningitis,
encephalitis), neurofibromatosis, tuberous sclerosis and
severe hypothyroidism were excluded. Premature
thelarche was labeled on the basis of appearance of
breast development before the age of 8 years, bone age
within 2 SDs of the mean for the chronological age,
prepubertal height velocity < 6 cm/year and prepubertal
response to the GnRH test.7 Premature pubarche
diagnosed as the appearance of axillary hair, pubic hair
or both before the age of 8 years, bone age within 2 SDs
of the mean for the chronological age, prepubertal height
velocity < 6 cm/year and prepubertal response to the
GnRH test.7

The diagnosis of precocious puberty in girls was based
on the following accelerated bone age (> 2 SDs of the
mean for the chronological age), accelerated height
velocity (> 6 cm/year), pubic/axillary hair or menarche
and confirmed by pubertal response to the GnRH test.7

Precocious puberty for boys was labeled on the basis of
following characteristics before 9 years of age;
accelerated bone age (> 2 SDs of the mean for the
chronological age), accelerated height velocity
(> 6 cm/year), genital development (G2), pubic hair
stage 2 or more or testicular enlargement > 3 ml volume
measured by Prader orchidometer and confirmed by
pubertal response to the GnRH test.8,9

Central Precocious Puberty (CPP) was labeled on the
basis of normal pubertal development sequence and
isosexual as in normal puberty. Peripheral Precocious
Puberty (PPP) was labeled on the basis of abnormal
pubertal development sequence with loss of
synchronicity of pubertal development or contrasexual,
(virilization in girls or feminization in boys).

In registered patients, age of onset of puberty was
documented and clinical evaluation, Tanner staging,
height, SDS (standard deviation score), weight SDS,
body mass index, bone age, pelvic ultrasound, plasma
estradiol level were recorded. GnRH stimulation was
carried out in all the patients. USG of adrenal glands, 17
hydroxyprogesterone, ACTH, Renin, aldosterone, serum

testosterone were performed in children with peripheral
precocious puberty. MRI of adrenal gland and gonads
were preceded in patients with suspected tumor of that
side and MRI brain in patients with central precocious
puberty. Skeletal survey was done in patient with Mc
Cune Albright syndrome.

Pubertal status was staged according to Tanner.12

Height was measured in centimeters with stadiometer in
children more than 2 years of age and length was taken
in less than 2 years. Weight was measured in kilograms
with electronic scales. Both height and weight were
taken by a single observer. Height, weight and BMI were
expressed as standard deviation score with reference to
UK standard.11

Bone age was estimated by one of the three consultant
pediatric radiologists in the department of Radiology
using the RUS (TW2) system.12 Pelvic USG examination
was performed by radiographer trained in pediatric
ultrasound. The criteria for assigning appearances as
pubertal as opposed to prepubertal were dependent on
the appearance of the uterus, including the presence or
absence of an endometrial echo.13 MRI of brain, adrenal
glands and gonads were reported by two consultant
radiologists in radiology department.

GnRH stimulation test was interpreted using the criteria
proposed by Ng et al.14 After overnight fasting, blood
sample for baseline values of FSH and LH was taken,
then injection GnRH 100 ug was administered by
intravenous or subcutaneous route and blood samples
for values of FSH and LH was taken at 30 and 60
minutes. In CPP, it showed pubertal response, defined
as peak LH/FSH ratio greater than 1 or peak LH greater
than 5. In PPP this test showed prepubertal or flat
response. Normal pre-pubertal FSH was taken as
0.26 - 3 mIU/ml in male and 1.0 - 4.2 mIU/ml in female;
normal pre-pubertal LH was taken as 0.02 - 3.0 mIU/ml
in male and 0.02 - 0.18 mIU/ml in female.

Data was entered and analyzed using SPSS version
17.0. Shapiro Wilks test was used to check the normality
of data. Mean ± SD / Median (IQR) were computed for
variables depending on the normality assumption.
Independent sample t-test/ Mann-Whitney U-test were
applied to check significant differences in quantitative
variables among groups of central and peripheral
puberty. Frequency and percentages were calculated for
all the qualitative variables.

RESULTS
Total number of patients registered during this period
were 85. Precocious puberty was classified as
peripheral precocious puberty in 33 (38.82%), central
precocious puberty in 31 (36.47%), premature thelarche
in 12 (14.1%) and premature pubarche in 9 (10.6%). In
the peripheral precocious puberty group, 21 (63.33%)
were males and 12 (36.36%) were female. Less than 3
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years were 4 (12.5%) children, 13 (40.62%) were
between 3 to 5 years and 15 (46.87%) were more than
5 years. Etiology of peripheral precocious puberty is
mentioned in Table I. In CAH, 8 (29.62%) were girls and
19 (70.37%) were boys. Adenocarcinoma was
diagnosed in 3 and 7 years old boys and one-year girl.
Ovarian teratoma was identified in 1.9 years and 7 years
old girls. There was one 5 years female child who
diagnosed as a case of McCune Albright syndrome. In
the central precocious puberty group, children age less
than 3 years and 3 to 5 years were 11 (35.84%); while
children age more than 5 years were 9 (29.84%). There
was female preponderance with 26 (83.87%) female and
5 (16.12%) male children.

Table II shows the etiology of central precocious puberty.
Nineteen (90.47%) females and 2 (9.52%) males were
identified as having idiopathic central precocious
puberty. Hypothalamic hamartoma were seen in 3 girls
of age one-year, 1.5 years and 6 years and one boy age
one-year. Craniopharyngioma was seen in 2 female
child of age 6 years and 6.5 years and one male age 8.5
years. Hypothalamic astrocytoma was diagnosed in a

2.8 years old girl, arachnoid cyst in a one-year boy and
hydrocephalus in a 7 years old girl.

Table III shows the comparison between the variables of
central and peripheral precocious puberty. There was a
difference in the age of onset of puberty of central
precocious puberty, 3 (2 - 6) versus peripheral
precocious puberty, 5.25 (3.62 - 7.0) years. Central
precocious puberty children showed higher height SDS,
weight SDS, FSH and LH values than peripheral
precocious puberty. All the parameters were significantly
comparable with p-value < 0.05.

DISCUSSION
Precocious puberty is an uncommon but treatable
pediatric endocrine disorder. In Pakistan, there is sparse
local published data on precocious puberty, therefore,
the exact magnitude of problem, the prevalence and
frequency of various type of precocious puberty is
unknown. This is due to lack of availability of facilities of
pediatric endocrinologists and specialized pediatric
endocrine centers in Pakistan.

This study is an effort about the determination of various
types of precocious puberty within the local setup at
National Institute of Child Health, Karachi, a tertiary care
hospital with facility of pediatric endocrine clinic and an
experienced pediatric endocrinologist.

The international data shows great variability regarding
the prevalence and frequency of various types of
precocious puberty in different study populations. This
data shows children with PPP were 38.82% and CPP
36.47%. International data by Pescovitz et al. reported
out of 129 patients (73.6%) were females and 82.9%
had CPP, 8.3% had PPP and remaining had combined
precocious puberty.15 In a study at Middlesex Hospital
UK, among 213 patients of precocious puberty, 197
(97.4%) were girls, 16 (7.6%) were boys; 40% girls had
CPP, 5% had PPP, remaining had benign variants.16

Midyett et al. in a series of 223 American children who
presented with early pubertal development reported
47% CPP.17 Cisternino et al. reviewed the etiology and
age incidence in 430 girls over a period of 10 years.
A vast majority of girls, (97.7%) had CPP and only 2.3%
had PPP.18 Bajpai et al. reviewed 140 cases of
precocious puberty at a tertiary care center in Indian
children and reported that majority were females, 67%
had CPP, 11.5% had PPP and remaining had normal
benign variants.19

Above studies shows girls had more central precocious
puberty as compared to boys as seen in this study and
central precocious puberty more common in these
studies as compared to peripheral one. The reason
could be that most of the studies were retrospective
review of patients with precocious puberty with longer
duration of study period. In the setup, peripheral
precocious puberty is a significant problem and
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Table III: Comparison between central and peripheral precocious puberty.

Variables / groups Central puberty Peripheral puberty p-value

Onset age in years; 

median (IQR) 3 (2-6) 5.25 (3.62-7.0) 0.013*†

Height in cm; 

mean (SD) 110.38 (15.03) 108.53 (10.21) 0.549§

Height SDS; 

median (IQR) 2.65 (2.0-3.61) -0.13 (-0.70-0.46) 0.000**†

Weight in kg; 

median (IQR) 16 (13-22) 21 (16-24.5) 0.060†

Weight SDS; 

median (IQR) 0.87 (0.53-1.2) 0.33 (-0.39-1.17) 0.020*†

BMI; median (IQR) 14.41 (13.36-15.5) 16.74 (15.05-18.91) 0.000**†

Bone age in years; 

median (IQR) 6.5 (4.8-8.9) 7.8 (6.25-9.15) 0.111†

FSH; median (IQR) 8.62 (6.7-14.23) 2.1 (1.2-2.99) 0.000**†

LH; median (IQR) 7.1(4.68-10.6) 1.32(0.28-2.65) 0.000**†

* P-value < 0.05, ** P-value < 0.0001 indicating significant differences between both the
groups in that particular variable (p-value < 0.05).  IQR = inter-quartile range.   § P-value
calculated using independent sample t-test, † P-value calculated using Mann-Whitney U-test.

Table I: Etiology of peripheral precocious puberty.

CAH 27 (81.8%)

Adenocarcinoma 3 (9.1%)

Ovarian teratoma 2 (6.1%)

Mc Cune- Albright syndrome 1 (3%)

Total 33 (100%)

Table II: Etiology of central precocious puberty.

Idiopathic 21 (67.74%)

Hypothalamic hamartoma 4 (12.90%)

Craniopharyngioma 3 (9.67%)

Arachnoid cyst 1 (3.22%)

Hypothalamic astrocytoma 1 (3.22%)

Hydrocephalus 1 (3.22%)

Total 31 (100%)

 



underlying cause is CAH in majority of cases. This is due
to lack of diagnosis and treatment at early age and later
on they presented with peripheral precocious puberty. In
a recent, Chinese retrospective review of 6 years period
of 91 cases that showed peripheral precocious puberty
in children was common and the underlying etiology was
CAH.20 Their results are similar to this study. The
frequency of benign variants (premature thelarche and
premature pubarche) in this study is 24.7% which are
similar to Bajpai et al. results.19 In a recent Korean
review of 223 patients of precocious puberty, 39% had
benign variant.21 Kaplowtz evaluated 104 children, 91%
had benign normal variants.22 There is great variability in
results of benign variants in different studies and factors
which are responsible for it could be genetic, childhood
dietary habits, physical activity and exposure to
endocrine disrupting chemicals.

In CPP, the most common underlying cause in this study
was idiopathic (67.74%) similar to studies reported by
Cisternino et al. and Pescovitz et al.16,19 The distribution
of idiopathic precocious puberty in girls is 69% to 98%
and in boys 0% to 60% reported by Partsch et al. in his
article of management and outcome of central
precocious puberty.23 In this study, 90.47% girls and
9.52% boys have idiopathic central precocious puberty.
Hypothalamic hamartoma (12.90%) was the second
most common cause of central precocious puberty in
this study. Hypothalamic hamartoma is responsible for
CPP in 2 - 28%.23 Cisternino et al. reported 2.3% cases
and Pescovitz et al. 22.42% cases of hypothalamic
hemartoma.15,18 The younger the child, the higher the
chance that hypothalamic hamartoma is the cause of
CPP.18 In the present study, the age range of patients
having hypothalamic hamartoma was from 1 - 1.5 years.

In PPP, the common causes identified in this study were
CAH (81.8%) and adrenal tumor (9.1%). Pescovitz et al.
found that both CAH and adrenal tumor cases presented
as combined central and peripheral precocious
puberty.15 McCune-Albright syndrome (5.6%) and
familial male precocious puberty (5.6%) was the main
causes of PPP in his study. In this study McCune-
Albright syndrome was identified in 3% of cases. The
low value in this study could be due to less number of
patients as compared to Pescovitz et al. study.

In this study, the different parameters of central and
peripheral precocious puberty was also compared.
There was a difference in the age of onset of puberty.
CPP patients showed higher height SDS, weight SDS,
FSH, LH than those with PPP. Early maturation of
hypothalamic centers in CPP results in exposure to sex
steroids that leads to increase growth rate and
accelerated bone age development.

CONCLUSION
Peripheral precocious puberty was more common than
central precocious puberty in this study. Etiology in

majority of cases with peripheral precocious puberty was
CAH and idiopathic in central precocious puberty.
Central precocious puberty children showed higher
height SDS, weight SDS, FSH, LH than those with
peripheral precocious puberty.

Disclosure: This article was presented as poster
presentation in the 7th Biennial Asia Pacific Paediatric
Endocrine Society (APPES) scientific meeting from
November 14 - 17, 2012 at Nusa Dua, Bali, Indonesia.
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