
Definition of puberty and precocious puberty

Puberty is the transition period from childhood
to adulthood. It is characterized by the appearance of
secondary sexual characteristics and by the attainment
of reproductive capacity. Other events such as growth
spurt and bone age progression occur during puberty.
The progression of sexual development is physiologi-
cally determined by the increase of pulsatile LHRH
secretion from the hypothalamus and, consequently,
by LH and FSH release from the pituitary gland. LH
and FSH finally reach the testicular or ovarian tissue
where they induce sexual hormone release.

Precocious puberty is usually defined as the ap-
pearance of secondary sexual characteristics before the
age of 8 years in girls (thelarche before 8th birthday or
menarche before 10th birthday) and before the age of
9 years in boys (testicular volume >4 ml or pubic hair
appearance before the 9th birthday). These age limits,
however, are somewhat arbitrary and might change
with time (1).

Precocious puberty is central, or LHRH depen-
dent, when determined by hypotalamic-pituitary-go-
nadal axis activation. On the contrary, in LHRH in-
dependent or pseudo precocious puberty the increase
in sex hormones is secondary to primary gonadic acti-
vation.

There are three different types of gonadotropin
dependent precocious puberty: central idiopathic pre-
cocious puberty (PP), organic central PP, PP due to
ectopic gonadotropin secretion.

Central idiopathic PP (CPP) is the most frequent
form; it can be familial and affects mostly girls (F: M
= 10:1). Organic central PP is determined by central
nervous system lesions such as cerebral tumours, ara-
chnoid cysts, or by central nervous system damage like
cranial trauma and neonatal asphyxia. Very rarely, pre-
cocious puberty can also be the result of ectopic gona-
dotropin secretion from malignant tumours (hepato-
blastoma, chorionepithelioma, dysembryoma, etc).

In this review we will consider only idiopathic
central precocious puberty, which is a continuum of
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clinical presentations with different rates of progres-
sion. The spectrum of clinical forms ranges from pre-
mature telarche, transient PP, slowly or rapidly pro-
gressive PP (2, 3). Clinical follow-up is the only way
to establish the strategy of treatment.

Indications to treatment in precocious puberty

The treatment in CPP is still under debate: it
seems clear that not all patients need therapy.

Precocious puberty, however, can produce some
undesirable psychosocial/behavioural and/or auxologi-
cal effects that indicate treatment.

Some girls with precocious puberty could be at
risk of premature sexual activity and, consequently, of
early pregnancy; also the risk of sexual abuse, in parti-
cular in mentally retarded girls has to be considered.
Behavioural disturbances include drug-alcohol depen-
dence and low socio-cultural outcome (4).

From the auxological point of view, girls with
precocious puberty might experience a deterioration
of final height because of rapid bone maturation de-
termined by sexual hormones, with final heights 4-9
cm lower than the genetic target and altered body pro-
portions due to the greater growth of the spine com-
pared with that of the limbs (5).

Treatment of precocious puberty

LHRHa are considered the treatment of choice
in CPP. They cause desensitization and down-regula-
tion of LHRH receptors and therefore prevent the
physiological stimulus of LHRH on gonadotropin se-
cretion from the pituitary gland. There are many dif-
ferent commercial forms of these drugs; the most used

are LHRHa depot. Depot analogues (like Triptorelin
or Leuprorelin) are administered via subcutaneous or
intramuscular injection once in 3-4 weeks and their
use is clearly better accepted by the patients. Moreo-
ver, subcutaneous administration is less painful for the
patient than the intramuscular one.

Depot LHRHa suppress hypothalamus-pitui-
tary-gonadal axis, induce regression of secondary
sexual characteristics, and improve growth potential
and final height. Final height after therapy is usually
higher than the predicted one before treatment. In Ta-
ble 1 final heights of treated girls from the most recent
data are reported. Briefly 75% of the patients will rea-
ch their genetic target height range and 40% of them
will reach their genetic target. Treatment outcome is
influenced by many factors and is more effective if it is
used in younger patients, if there is a short delay in the
onset of treatment since the appearance of symptoms,
if puberty is rapidly progressive, if it is used for a lon-
ger period of time, and if the predicted height is hi-
gher at the beginning of the therapy (6).

When treatment is stopped, its effect on hormo-
nal secretion suppression is completely reversible and
does not interfere with fertility (1).

The optimal duration of this therapy is still under
discussion. Some criteria for interrupting the therapy
are the achievement of a bone age > 12-13 years or of
a stature equal to the predicted one or a poor com-
pliance to treatment.

Adverse effects

After the first injection of depot LHRHa a short
term increase in LH and sex steroid secretion (“flare-
up phase”) appears and therefore transient vaginal
withdrawal bleedings may occur in girls. In a small

Table 1. Final heights of girls with central precocious puberty after treatment with depot LHRHa

Reference N. Target height (cm) Predicted height (cm) Final height (cm)

Arrigo (19) 71 161.5 155.5 158.8
Mul (20) 87 168.0 155.3 162.5
Heger (21) 50 163.6 154.8 160.6
Kauli (5) 48 157.7 154.4 159.6
Galluzzi (22) 22 163.5 155.2 158.5
Klein (6) 80 163.7 149.3 159.8
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group of patients bleedings can go on. Sometimes mi-
nor menopausal symptoms such as depression, nausea,
hot flushes can appear.

There are no randomized studies concerning
long-term adverse effects. The most controversial to-
pic is the effect of depot LHRHa on bone mineraliza-
tion. Partsch et al. (1) exclude a role of this treatment
in bone mass reduction while Antoniazzi (7) advises
an oral supplementation of calcium in order to prevent
this possibility.

GnRHa and GH combined therapy

Rationale for the combination treatment

In CPP GH and IGF1 secretion clearly increa-
ses. This event depends on estrogen secretion and cau-
ses the growth spurt. Studies concerning the effect of
treatment with LHRHa on the GH-IGF1 axis are
few and partially discrepant (8).

Among patients with low height velocity (<4
cm/year or <25° pct for bone age) the spontaneous or
stimulated secretion of GH or its urinary excretion
were reduced in two studies, normal in another one;
IGF1 levels were also widely variable. During therapy
IGFBP3 levels are reported as unaffected or increased.
The slow growth velocity in some patients could be
secondary to an abnormal IGFBP3/IGF1 ratio with a
secondary decrease in free IGF1. Therefore on this

basis adding GH treatment to the LHRHa in this
subgroup of children could be a logical procedure.

Clinical experiences

In 1991 Oostdijk et al. (9) associated GH to
LHRHa in 3 girls with precocious puberty and low
height velocity, obtaining an improvement of predic-
ted heights after 18 months of treatment. Since then
other 4 studies have addressed the subject, whose
main results are reported in table 2.

Saggese et al. in 1995 (10) evaluated twelve girls
with CPP who had been treated with depot triptore-
lin for about 2 years and showed a low growth velocity
(3±0.9 cm/yr); 4 out of the 12 patients had abnormal
mean spontaneous secretion of GH and 2 out of 7 had
abnormal mean stimulated GH levels. At the begin-
ning of the study, all patients were treated with GH at
a dose of 0.6 IU/kg. After one year of associated the-
rapy their mean growth velocity increased to 6±1.3
cm/year and the predicted height improved from -
1.7±0.6 SDS to 1.0±0.6 SDS. No data on final height
were available and no control group was present.

In 1995 Tatò et al. (11) evaluated 30 girls with
precocious puberty and a decrease of growth velocity
below the 25th percentile during the first year of the-
rapy with triptorelin. Fifteen patients were treated
with the associated therapy GH-LHRHa while the
control group continued with triptorelin alone. In the
first group a significant increase in serum IGF1,

Table 2. Associated treatment in girls with CPP: clinical experiences

N. Treatment Months Outcomes
of therapy

Saggese et al. (10) 12 GnRHa + GH (0,2 mg/kg/wk) 12 GV increment of 3 cm/y 
PAH increment of 2.7 SDS 

Tatò et al. (11) 30 15 GnRHa alone 12 GV increment of 4 cm/y in the case group 
15 GnRHa + GH (0.2 mg/kg/wk) 

Pasquino et al. (12) 20 10 GnRHa alone 24-48 FH > 7.9±1.1 cm over PAH in the case group 
10 GnRHa + GH (0.3 mg/kg/wk) vs 1.6±1.2 cm in the control group.

Pasquino et al. (13) 35 18 GnRHa alone 24-48
17 GnRHa + GH (0.3 mg/kg/wk) FH > 8.2±4.8 cm over PAH in the case group

vs 2.3±2.9 cm in the control group

GV = growth velocity; PAH = predicted adult height; FH = final height
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IGFBP3 and urinary GH levels after 12 months of as-
sociated therapy was present; the growth velocity was
higher than that of the control group and also higher
than that presented before the association of GH in
the therapy. The AA. suggest that the association of
GH might be necessary in patients with precocious
puberty treated with LHRHa in which a significant
decrease of growth velocity is present.

Pasquino et al. published a similar case-control
study: 10 girls were treated with LHRHa alone and 10
girls were treated with the associated therapy GH-
LHRHa (12). This study started after 3 years of the-
rapy with LHRHa in the whole group with CPP, who-
se growth velocity decreased below the 25th centile for
chronological age and with no improvement in predic-
ted adult height. All patients had a normal GH secre-
tory status as demonstrated by GH stimulation tests
and evaluation of spontaneous GH secretion. Auxolo-
gical data were evaluated at the beginning of treatment
and every six months. The results were: 1) plasma LH
and FSH peaks after LHRH test were equally sup-
pressed in both groups; 2) bone age progressed with
the same velocity in the two groups; 3) ovarian volume
and uterine length were modified in a comparable way
in the two groups; 4) subsequent menses were regular
without no difference between the two groups after the
interruption of therapy. However, in the case group
adult height was significantly higher than the predic-
ted pre-treatment one and the target height was signi-
ficantly exceeded. In the group treated with GH-
LHRHa a gain of 7.9 cm in adult height was obtained,
compared to the figure of 1.6 cm in the control group.

Recently the same AA. reported a nearly doubled
number of patients on combination treatment and the

results were confirmed (13). The LHRHa and GH
treated group showed a mean increase of 8.2 cm. over
their predicted height at the beginning of treatment
compared to the 2.3 cm. figure of the LHRHa treated
group. The final height of the first group was 161.2
cm, while that of the control group was 156.6 cm.

Briefly, the association of therapy with GH and
LHRHa could be useful in a subgroup of girls with
CPP, low growth velocity and impaired predicted hei-
ght in order to obtain a higher final height with a
complete expression of genetic potential. None of the-
se studies reported adverse effects of the associated
treatment, even though the number of treated patients
is rather small.

GH and GnRHa associated therapy in adopted
children

Early onset of puberty is more frequent in chil-
dren adopted from developing countries probably in
relation to a better lifestyle and to the improvement of
nutritional status. This is possibly favoured by an in-
crease of leptin secretion acting as a permissive factor
for the onset of puberty (14).

Treatment with LHRHa is frequently necessary,
but the results are not encouraging due to the signifi-
cant decrease of growth velocity (15).

Tuvemo et al have studied a group of 46 girls co-
ming from India, Sri Lanka, Indonesia, Colombia and
Peru with a mean age of 8.3 yrs at the beginning of
treatment (16). In this randomized study, 22 girls we-
re treated with LHRHa alone and 24 with associated
therapy GH-LHRHa. After 2 years of treatment,

Table 3. Associated treatment in adopted children: clinical experiences

N. Treatment Months Outcomes
of therapy

Tuvemo et al. (16) 46 F 22 GnRHa alone 24 GV increment of 3.7 cm/2yrs vs controls PAH 
24 GnRHa + GH (0.2 mg/kg/wk) increment of 1.8 cm in the case group vs

decrement of 0.9 cm in controls

Mul et al. (17) 30 16 GnRHa alone 36 GV increment of 2.7 cm/3yrs vs controls 
3 M, 14 GnRHa + GH (1.33 mg/m2/day) PAH increment of 10.1 cm in the case group
27 F vs. 5.7 cm in controls

GV = growth velocity; PAH = predicted adult height
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growth velocity was significantly increased in the
group treated with the combined therapy as well as
predicted adult height and no significant difference
was found in the increase in mean skeletal maturity
between the two treatment groups. Moreover no ad-
verse effects of the associated therapy such as an in-
crease of BMI, polycystic ovaries or interference in
glucose metabolism were reported.

In 2001 Mul et al. published the results of a 3-
year prospective randomized trial which included 30
adopted children (27 girls and 3 boys) with early pu-
berty coming from India, Sri Lanka, Colombia and
South Korea (17). The first group (A) was treated
with LHRHa alone and the other (B) with the asso-
ciated therapy. Height velocity in the first year of the-
rapy was 5.4 and 6.7 cm/y respectively in group A and
B; subsequently, it decreased but continued to be hi-
gher in group B at any time point. No significant dif-
ference between the rates of bone maturation in both
treatment groups was observed.

Of course no definite conclusions can be drawn
from these studies; in fact final heights were not rea-
ched yet, target heights were unknown, as it usually
happens in adopted children, and predicted height
was calculated based on bone age evaluation by we-
stern standards.

Conclusions

Despite the encouraging results described up to
now, it appears that it is necessary to better identify
patients, both on clinical and laboratory grounds, who
could really benefit from this therapy.

It is, in fact, questionable to employ such expen-
sive and stressful treatment in order to obtain heights
above the target heights (18).

For these reasons the combined treatment GH
and LHRHa in CPP is still experimental and should be
employed only within randomized controlled studies.
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