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We report 98 children who have reached final adult height in
a long-term trial of LHRH agonist treatment. These children
were 5.3 = 2.1 yr old at the start of treatment and were treated
with either deslorelin (4 ng/kg-d sc) or histrelin (4-10 pg/kg-d)
for an average of 6.1 = 2.5 yr. Final height averaged 159.8 + 7.6
cm in the 80 girls, which was significantly greater than pre-
treatment predicted height (149.3 = 9.6 cm) but still signifi-
cantly less than midparental height (MPH) (163.7 + 5.6). Final
height averaged 171.1 = 8.7 cm in the 18 boys, which was
significantly greater than pretreatment predicted height
(156.1 = 14.2 cm) but still significantly less than MPH (178.3 =
5.2 cm). However, the average adult height of the 54 children
who had less than a 2-yr delay in the onset of treatment was
not significantly different from their MPH, and 21 children
exceeded MPH.

Final height sD score correlated positively with duration of
treatment (P < 0.01), midparental height (P < 0.001), predicted
height at the start of treatment (P < 0.001), and growth ve-
locity during the last year of treatment (P < 0.001) and cor-
related inversely with delay in the onset of treatment (P <
0.001), age at the start of treatment (P < 0.001), bone age at the

start of treatment (P < 0.001), bone age at the end of treatment
(P <0.001), breast stage at the start of treatment (P = 0.02), and
bone age minus chronological age at the start of treatment
(P = 0.001).

We conclude that LHRH agonist treatment improves the
final height for children with rapidly progressing precocious
puberty treated before the age of 8 yr for girls or 9 yr for boys.
Less delay in the onset of treatment, longer duration of treat-
ment, and lower chronological and bone age at the onset of
treatment all lead to greater final height. All children with
onset of pubertal symptoms before age 8 in girls and age 9 in
boys should be evaluated for possible treatment. Treatment is
appropriate in children with rapidly progressing puberty, ac-
celerated bone maturation, and compromise of adult height
prediction, regardless of bone age or chronological age at time
of evaluation. However, once treatment is considered appro-
priate, it should be initiated quickly, because longer delays
lead to shorter final height. In addition, the longer the treat-
ment is continued, the greater is the final height outcome. (J
Clin Endocrinol Metab 86: 4711-4716, 2001)

NRH AGONISTS ARE considered the treatment of

choice for children with LHRH-dependent preco-

cious puberty (1-3). This study seeks to shed new light on

remaining controversies regarding the effect of treatment

on adult height and which patients should receive
treatment.

The first controversy concerns whether treatment in-
creases final height in children whose onset of puberty is only
slightly advanced. Improvement in final height over pre-
treatment predicted height, which approaches (but does not
attain) the MPH, is the most common outcome reported after
treatment with GnRH agonists (4, 5). Some investigators,
however, have reported no improvement in final height in
girls whose onset of puberty is only slightly advanced (6, 7).

A related controversy is whether treatment is effective in
improving adult height if children begin treatment after 6 yr
of age. Mul et al. (8) and Partsch et al. (9) reported that the
children treated before 6 yr of age have the most benefit in
final height. Paul et al. (10) reported improved final and
near-final height in children treated at a median age of less
than 5 yr. Kletter ef al. (11) concluded that treatment in girls

Abbreviations: CNS, Central nervous system; MPH, midparental
height; SDS, sp score.

whose age at diagnosis was greater than 6 yr did not improve
adult height. Others (12), however, have observed improve-
ment in final height over predicted height in girls with pu-
bertal onset after 6 yr of age.

Do children treated with GnRH agonists reach midpar-
ental height (MPH)? The first reported final heights in chil-
dren treated with GnRH agonists were significantly less than
their target heights (13-15). More recent studies report in-
creasing numbers of children with final heights within their
target range (16-18).

Are the duration of treatment and the age at discontinu-
ation of treatment important? Our initial report of final
height in 44 children treated with deslorelin (13) did not
show a correlation between duration of treatment and adult
height. However, most of those children were treated for less
than 5 yr. We now have children treated for longer periods
of time and can readdress this issue. Some have recently
suggested that continuing treatment in girls beyond the age
of 11 (19) or beyond a bone age of 12-13 yr (20, 21) does not
improve (and could actually decrease) final height. How-
ever, this conclusion is at odds with the observation of in-
creased height during pubertal delay of short adolescents
(22), the increased growth in men with hypogonadotropic
hypogonadism (23), and the extended growth seen in the
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patients with aromatase deficiency (24) or E resistance (25).
We will present further data to address this issue.

We have treated children with precocious puberty since
1979 and have now obtained final height measurements on
98 children. The present report will address the controversies
and questions raised above and will explore which factors
are important determinants of increased final height in chil-
dren with precocious puberty treated with deslorelin.

Materials and Methods
Subjects

This report includes the final heights from 98 children (80 girls and
18 boys) treated with deslorelin (p-trp®-pro’-des-gly'>-LHRH-ethylam-
ide) (n = 89; 71 girls, and 18 boys) or histrelin (p-His[bzl]*-pro’-
des-gly'°-LHRH-ethylamide) (n = 9 girls) for precocious puberty. Thir-
ty-three of these children were included in a previous report (13). These
children had a mean delay in the onset of treatment (time first symptoms
were reported until start of treatment) of 2.4 = 1.6 (mean * sp) yr of age.
Mean age at start of treatment was 5.3 = 2.1 yr (range, 1.2-8.5 yr). Mean
bone age at start of treatment was 10.0 * 2.9 yr (range, 2-16 yr) (Table 1).
The protocol was approved by the NICHD Institutional Review Board,
and informed consent was obtained from 1 parent and assent from the
older children.

The diagnosis of LHRH-dependent precocious puberty was based on
a pubertal response to LHRH (26). Ultrasonography of the adrenal
glands and gonads was used to exclude peripheral causes of precocious
puberty attributable to adrenal or gonadal tumors. Seventeen girls and
11 boys had the diagnosis of hypothalamic hamartoma. Nine girls and
4 boys had other central nervous system (CNS) abnormalities, including
astrocytoma (n = 4), arachnoid cyst (n = 2), hydrocephalus (n = 2),
Arnold chiarill (n = 1), optic glioma (n = 2), neuroblastoma (n = 1), and
hypothalamic mass (n = 1). Two of these children also had neurofibro-
matosis. None of the children with CNS abnormalities developed GH
deficiency during the course of the study. Six children were treated for
hypothyroidism and had normal thyroid function tests during the
course of the study.

Children were considered to be at final height if they were growing
less than 0.5 cm/yr or if bone age was greater than or equal to 16 yr in
girls and greater than or equal to 18 yr in boys.

Protocol

The children were treated for at least 2 yr with deslorelin (n = 89) at
a dose of 4 pug/kgday sc, or histrelin (n = 9) at a dose of 4-10 ug/kg-d
sc Treatment was discontinued at a mean age of 11.1 = 0.7 yr for girls
and 12.6 + 1.1 yr for boys. The age at treatment discontinuation was close
to the mean age of pubertal onset in normal children, with allowance for
the wishes of the family. The children underwent inpatient evaluation
at the Clinical Center of the National Institutes of Health at 2, 6, and 12
months during the first year of treatment; yearly until treatment was
discontinued; 3 months post therapy; and then yearly until final height
was attained. At each visit, height was measured with a stadiometer,
pubertal stage was assessed according to the methods of Tanner (27-29),
and bone age was determined by the method of Greulich and Pyle (30).
Predicted height was determined by the Bayley-Pinneau method (31),
and target height was calculated from the mean height of the parents,
adjusted for sex (32). Gonadotropin levels were measured at 30, 15, and
0 min before and 15, 30, 45, 60, 90, 120, and 180 min after administration
of 100 ug LHRH iv. Sex steroid levels were also measured in the baseline
samples before LHRH administration. During treatment, these mea-

TABLE 1. Characteristics of the subjects
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surements were made approximately 12 h after the last LHRH agonist
dose.

Hormone assays

All measurements were done in duplicate at Covance Laboratories,
Inc. (Vienna, VA), with modifications of previously described methods
(33, 34). The reference standards for the gonadotropin RIAs were pooled
postmenopausal sera, which were cross-referenced against the 2nd In-
ternational Reference Preparation of Human Menopausal Gonadotro-
pin. The detection limit and the intra- and interassay coefficients of
variation for the LH and FSH assays (at the ED5,) were as follows: 0.6
IU/liter, 2% and 9% for LH; and 0.6 IU/liter, 4% and 11% for FSH.

Statistical analysis

Comparisons among groups were made by ANOVA. Comparisons
between groups were made by the paired 2-tailed ¢ test, with the Bon-
ferroni adjustment for multiple comparisons where appropriate. Mul-
tiple regression analysis was used to determine correlations between
adult height (in sp units) and factors that might influence adult height.
All data are presented as mean * sp.

Results
Final height

The mean adult height for girls was 159.8 = 7.6 cm [—0.6 *
1.3 sp score (SDS)]; and for boys, it was 171.1 = 8.7 cm
(—0.8 = 1.3 SDS) (Fig. 1 and Table 1). The mean adult height
was significantly shorter in the children with a CNS diag-
nosis (n = 13) than in the children with idiopathic precocious
puberty or hypothalamic hamartoma (—1.6 = 1.2, —0.5*+ 1.2,
and —0.6 * 1.2 SDS, respectively). The mean adult height did
not differ significantly in the children who received
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and MPH (cross-hatched bars) in boys and girls. Within each gender,
data denoted by different letters were significantly different at
P < 0.01.

Boys

Patients n Onset of Treatment Pretreatment BA at end of Pretreatment Adult height Adult height
treatment (yr) duration (yr) BA (yr) treatment (yr) height (SDS) (cm) (SDS)

All 98 53*+21 6.1 *+25 10.0 = 2.9 13.1 = 1.3 3.0+ 13 -0.6 = 1.3

Girls 80 54+1.9 57+21 10.0 £ 2.7 12.8 £ 1.1 28*+12 159.8 + 7.6 -0.6 =12

Boys 18 45+ 25 8.0+ 32 10.3 = 3.8 14.4 = 1.3 3.7*+15 171.1 = 8.7 -0.8*+1.3

BA, Bone age.
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deslorelin (—0.76 = 1.2 SDS) vs. histrelin (0.08 £ 1.6 SDS);
however, the lack of difference should be interpreted with
caution because the number of patients on histrelin was
small.

In girls, final height was significantly greater than pre-
treatment predicted height (149.3 = 9.6 cm, —2.4 = 1.6 SDS,
P < 0.001) but significantly less than predicted height at the
end of treatment (161.2 = 8.9 cm, —0.4 = 1.5 SDS, P < 0.001)
(Fig. 1). In boys, final height was significantly greater than
pretreatment predicted height (156.1 = 14.2 cm, —3.1 * 2.1
SDS, P < 0.01) but not significantly different from predicted
height at the end of treatment (173.7 = 11.6 cm, —0.4 * 1.7
SDS).

MPH was available for 91 children and was significantly
greater than final height for girls (163.7 = 5.6, —0.01 = 0.9
SDS, P < 0.001) and for boys (178.3 = 5.2 cm, 0.2 + 0.8 SDS,
P < 0.001) (Fig. 1). The difference between MPH and adult
height was significantly correlated with the delay in the onset
of treatment (P = 0.02). In the 12 children (7 girls, 5 boys) with
less than 1 yr delay in the onset of treatment, there was no
significant difference between final height and MPH (P =
0.18). In the 30 girls with less than 2 yr delay in the onset of
treatment, there was no significant difference between final
height and MPH (P = 0.296) (Fig. 2). Twenty-one of the 91
children exceeded MPH, and another 27 came within 5 cm
of MPH.

Adult height was 9.8 = 9.0 cm greater than the pretreat-
ment predicted heightin girlsand 12.5 + 15.7 cm greater than
the pretreatment predicted height in boys. The difference
between adult height and pretreatment predicted height was
correlated positively with duration of treatment (r = 0.57,
P < 0.001) and height SDS at the start of treatment (r = 0.38;
P < 0.001), and correlated negatively with age at onset of
puberty (r = —0.34; P = 0.001), age at onset of treatment (r =
—0.64; P < 0.001), and delay in the onset of treatment (r =
—0.34; P = 0.001). Girls with onset of pubertal symptoms
before 6 yr of age had a significantly greater increase from
pretreatment predicted height (14.5 = 9.9 cm) than did girls
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2 yr after onset of symptoms or delayed 2 yr or more after onset of
pubertal symptoms.
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with onset of pubertal symptoms at 6 yr of age or older (6.8 =
6.9 cm, P < 0.001).

Body mass index was not significantly different at the start
of treatment (1.7 = 1.3 SDS), the end of treatment (1.5 = 1.5
SDS), or at final height (1.6 = 1.6 SDS). Testicular vol was
significantly lower at the end of treatment (7.5 = 2.9 mL) than
at the start of treatment (13.1 = 5.3 mL, P < 0.001), while
pubic hair continued to increase during treatment (stage
2.7 £ 0.9 to stage 3.3 = 0.8, P < 0.001), and breast stage did
not change significantly (stage 3.5 = 0.7 to stage 3.5 * 0.6).

Final height SDS did not correlate with age at the onset of
puberty but did correlate with duration of treatment (r =
0.27; P < 0.01), midparental height (r = 0.38; P < 0.001),
predicted height at the start of treatment (r = 0.41; P < 0.001),
and growth velocity during the last year of treatment (r =
0.53; P < 0.001) (Fig. 2). Final height correlated inversely with
delay in the onset of treatment (r = —0.35; P < 0.001), age at
the start of treatment (r = —0.39; P < 0.001), bone age at the
start of treatment (r = —0.48; P < 0.001), bone age at the end
of treatment (r = —0.50; P < 0.001), breast stage at the start
of treatment (r = —0.26; P = 0.02), and bone age minus
chronological age at the start of treatment (r = —0.33; P =
0.001) (Fig. 3).

The nine girls who had a bone age greater than or equal
to 13 yr at the start of treatment had a significantly shorter
adult height (153.4 * 6.4 cm) than the other 71 girls with a
bone age less than 13 yr at the start of treatment (160.6 = 7.4
cm). However, the gain in height with treatment, relative to
the pretreatment predicted height, was not significantly dif-
ferent between these 2 groups (8.7 £ 4.0 cm for girls with
bone age greater than or equal to 13 yr, and 10.0 = 9.5 cm for
girls with bone age less than 13 yr at the start of treatment)
(Fig. 4).

The average adult height of the 36 girls who started treat-
ment before the age of 6 yr was significantly greater than that
of the 44 girls who started after age 6 (162.1 = 7.0 vs. 157.9 *
7.6 cm, P = 0.02). However, the height of the girls treated
before age 6 was still significantly less than their MPH
(164.5 = 59 cm, P = 0.02). The average adult height of the
girls who started treatment between 6 and 8 yr of age was still
significantly greater than their pretreatment predicted height
(151.1 = 8.6, P < 0.001).

Only 9 of 98 children (2 boys, 7 girls) did not have any
increase in final height over pretreatment predicted height.
Although these children tended to be older, with more ad-
vanced bone age or pubertal development, there were no
features that could be used to distinguish them a priori from
other children who did exhibit an increase in final height over
pretreatment predicted height. In addition, these children
had good compliance with the medication. Compliance was
documented by asking patients how many injections they
missed since their previous visit. One of the 9 children missed
2 injections and 1 missed 2 weeks of injections over the entire
study period.

There were 31 patients with an average growth velocity,
over the entire study period, of less than 4 cm/yr. However,
most patients had a slower growth velocity during the last
year of treatment. Only 6 patients had a growth velocity
averaging less than 4 cm/yr when the effect of the slower
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growth velocity during the last year of treatment was
eliminated.

Forty-seven out of 80 girls discontinued treatment after 11
yr of age (age range, 11.1-14.0 yr). The girls who discontin-
ued before 11 yr of age (age range, 9.1-10.9 yr) had a greater
predicted height at the initiation of treatment, compared
with the girls who discontinued treatment after 11 yr of age
(152.8 £ 9.1 vs. 146.8 = 9.3 cm, P < 0.01), but the girls who
discontinued treatment after 11 yr of age had a greater in-
crease in height with treatment, such that the difference in the
final heights between the two groups did not reach statistical
significance (161.7 = 8.6 for girls with discontinuation before
11 yr of age vs. 158.5 = 6.5 cm for girls with discontinuation
after 11 yr of age, P = 0.06). There was a positive correlation
in girls between age at discontinuation of treatment and final
height (r = —0.25; P = 0.03).

Thirteen out of 18 boys discontinued treatment at greater
than 12 yr of age (age range, 12.1-14.6 yr). They reached final
heights significantly greater than pretreatment predicted
heights and similar to the final heights of boys who discon-

tinued treatment at less than 12 yr of age (age range, 10.5-11.9
yr) (173.2 £ 8.5 cm for boys >12 yr vs. 165.5 * 7.1 cm for
boys <12 yr). There was no correlation between age at dis-
continuation of treatment and final height in boys (r = 0.32;
P = 0.19); however, the lack of difference should be inter-
preted with caution, because the number of boys was small.

Discussion

The final adult height of these 98 children with precocious
puberty who received long-term treatment with LHRH ago-
nists averaged —0.68 sp, compared with the normal popu-
lation. There was a dramatic increase in predicted height
during treatment. However, some of this apparent gain was
lost between discontinuation of treatment and attainment of
final height, because final height was significantly less than
predicted height at the end of treatment. Less delay in the
onset of treatment, longer duration of treatment, and lower
chronological and bone age at the onset of treatment were all
associated with greater final height.

The mean age at the onset of treatment was less than in the
previous 1991 report of the first group of 44 children, in this
study, to reach final height. The decrease from predicted
height at the end of treatment to final height was not as great
for the entire 98 children as seen in the original 44 children.
These 98 children were older, on average, at attainment of
final height than the initial 44 subjects, showing more effec-
tive blockade of epiphyseal fusion with earlier onset of
treatment.

The present report addresses several controversial issues.
The first issue is whether all children have increased final
height with treatment. Final height exceeded the pretreat-
ment predicted height in all but nine children and averaged
9.8 cm over predicted height before treatment in girls and
12.5 cm over predicted height before treatment in boys. Even
the girls with a bone age greater than 13 yr at the start of
treatment had a significantimprovement in adult height over
pretreatment predicted height, although they were not as
tall, on the average, as the girls with a bone age less than 13
yr at the start of treatment.
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The impact of treatment, for precocious puberty, on final
height varies among previous reports. Improvement in final
height over pretreatment predicted height, which ap-
proaches (but does not attain) the MPH, as seen here, is the
most common outcome (4, 5). However, Cassio ef al. (6)
described 46 girls with onset of puberty between 7.5 and 8.5
yr who were randomized to receive triptorelin (3.75 mg q 4
wk) or no treatment. Both groups achieved similar adult
height and heights similar to target height. They concluded
that there was no benefit of treatment at this age. Bouvattier
et al. (7) reported no beneficial effect of GnRH agonist treat-
ment in girls who started puberty between 8.4 and 10 yr. Both
of these previous studies were with older girls who may not
have had truly rapidly progressing precocious puberty. The
present study confirms that the increase in final height is
smaller in the older patients. In addition, the present study
did not treat girls with onset of puberty after 8 yr of age,
because these girls are not generally considered to have
precocious puberty.

Second, this study indicates that treatment is effective even
in children who start treatment after 6 yr of age. Though the
average adult height of the 36 girls who started treatment
before the age of 6 yr was significantly greater than that of
the 44 girls who started after age 6 yr, the average adult
height of the girls who started treatment between 6 and 8 yr
was still significantly greater than their pretreatment pre-
dicted height (by 6.8 = 6.9 cm). The girls with onset of
symptoms after 6 yr of age also had a longer delay in the
onset of treatment and fewer years of treatment. The girls
with onset before 6 yr of age maintained their predicted
height at the end of treatment, to final height (P = 0.053), and
had a greater improvement in final height over pretreatment
predicted height, although they were still significantly
shorter than target height.

Others have also reported that the children treated before
6 yr of age have the most benefit to final height (8,9, 18). Carel
et al. (12) showed significantly improved adult height (4.5 +
5.3 cm over pretreatment predicted height) after GnRH ag-
onist treatment in 42 girls with pubertal onset between 6 and
8 yr of age, and Micillo et al. showed improvement in final
height in 11 girls treated after age 8 yr (5). In contrast, Kletter
et al. (11) reviewed the final heights of 131 girls treated by 10
different groups of clinical investigators and concluded that
treatment in girls whose age at diagnosis was greater than 6
yr did not improve adult height. This conclusion was based
on the observation that the 114 girls over 6 yr of age were not
taller than a control group of 54 girls, and on the observation
that one third of the 114 girls had final heights less than the
5th percentile, whereas none of the girls less than 6 yr of age
had final heights less than the 5th percentile. However, the
girls over 6 yr of age did have a significant increase in final
height over initial predicted height, and they reached the
same percentage of target height as the girls less than 6 yr of
age. The control group for the girls over 6 yr of age was taller
than the control group for the girls less than 6 yr of age. In
addition, the girls over 6 yr of age had less bone age advance
before treatment than the 44 girls in the present report who
were over 6 yr of age. It is unclear whether some of the girls
over 6 yr of age, treated or untreated, had a slowly progres-
sive form of precocious puberty. In light of the increased
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height and similar percentage of target height reached, we
consider it premature to conclude that there is no benefit of
treatment on final height in girls over 6 yr of age.

Third, this study addressed the issue of whether children
treated with GnRH agonists reach MPH. Over half (48 of 91)
of the children with known midparental heights exceeded
(n = 21) or came within 5 cm of target height (n = 27). The
girls with less than 2 yr delay in the onset of treatment and
the boys with less than 1 yr delay in the onset of treatment
reached their target heights, on the average. We conclude
that LHRH agonist therapy of precocious puberty improves
adult height in almost all children studied but has only
restored height to its genetic potential in the children with
less delay in the onset of treatment. Two studies in slightly
older boys (16, 17) reported final heights, after GnRH ther-
apy, fully restored to their genetic potential. Ninety percent
of a group of 71 girls with central precocious puberty treated
with triptorelin had final heights within their target height
range, with the tallest final heights in girls who started treat-
ment at less than 6 yr old (18). Seventy-eight percent of
another group of 50 women who had been treated with
GnRH agonists for precocious puberty reached final heights
within their target height range (35).

Fourth, this study shows that duration of treatment is
important, and that longer duration of treatment was asso-
ciated with greater final height independent of age at dis-
continuation of treatment. Carel ef al. (19) recently suggested
that continuing treatment beyond the age of 11 in girls does
not improve (and could actually decrease) final height. This
conclusion was based on speculation from their regression
analyses and not on examination of differences in final height
between children treated until more or less than 11 yr old.
Arrigo et al. (21) suggest discontinuing treatment at a bone
age of 12-12.5 yr. This was based on finding the tallest
heights in this age group, compared with other age groups,
without showing statistical significance. The suggestion to
discontinue treatment early is inconsistent with the increased
growth during pubertal delay of short adolescents (22), the
increased height of men with hypogonadotropic hypogo-
nadism (23), and the prolonged growth in patients with
aromatase deficiency (24) or E resistance (25). Forty-seven of
the 80 girls in the current study stopped treatment after 11
yr of age and still experienced significant increase in final
height, with no increase in the loss of height from the pre-
dicted height at the end of treatment.

New guidelines have been proposed for defining when
pubertal onset is precocious (36). These guidelines are based
mainly on a cross-sectional study of normal girls by Herman-
Giddens (37), and the increased frequency of idiopathic pre-
cocious puberty in girls 7-8 yr of age reported by Cisternino
et al. (38). The present report shows not only that girls with
onset of puberty between 6-8 yr old have compromised
predicted heights, compared with MPH, but also that they
have increased final height with treatment. We recommend
not changing the definition of precocious puberty to less than
6 yr of age, but we recommend careful evaluation of girls
between 6-8 yr old with onset of pubertal symptoms. Some
of these girls will have slowly progressive precocious pu-
berty and not require treatment (39, 40); whereas others will
have rapid advance of puberty, decreased predicted height,
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and will benefit from treatment. Some girls with onset of
pubertal symptoms between 6—-8 yr of age will present for
evaluation after age 8 yr. Those children may still benefit
from therapy, although that group is not addressed by the
current study. The question in defining the onset of puberty
involves the age at onset of symptoms, not the age at pre-
sentation to a physician.

We conclude that LHRH agonist treatment improves final
height in children with precocious puberty, defined as the
onset of rapidly progressing puberty which began at less
than 8 yr of age for girls and less than 9 yr of age for boys.
Less delay starting treatment, longer duration of treatment,
and lower chronological age and bone age at start of treat-
ment each contribute to greater final height.

Acknowledgments

We thank the following individuals for their work and significant
contributions in the early phase of this study: Florence Comite, Ora
Pescovitz, Penny Manasco, and Karen Hench.

Received March 5, 2001. Accepted June 6, 2001.

Address all correspondence and requests for reprints to: Dr. Karen
Klein, Pediatric Endocrinologist, 6633 Maycrest Lane, San Diego, Cali-
fornia 92121. E-mail: koklein@juno.com.

* Present address: University of California—San Diego, Children’s
Hospital, 3020 Children’s Way, MC 5030, San Diego, California 92123.

t Present address: Eli Lilly & Co., Lilly Corporate Center Drop Code
6046, Indianapolis, Indiana 46285.

References

1. Kaplan SL, Grumbach MM 1990 Clinical Review 14: Pathophysiology and
treatment of sexual precocity. ] Clin Endocrinol Metab 71:785-789
2. Conn PM, Crowley WF 1994 Gonadotropin-releasing hormone and its ana-
logs. Annu Rev Med 45:391-405
3. Kappy MS, Ganong CS 1994 Advances in the treatment of precocious puberty.
Adv Pediatr 41:223-261
4. Virdis R, Sigorini M, Laiolo A, et al. 2000 Neurofibromatosis type 1 and
precocious puberty. ] Pediatr Endocrinol Metab 13(Suppl 1):841-844
5. Micillo M, Salerno M, Officioso A, et al. 2000 Near final height after GnRH
agonist treatment in central precocious puberty. ] Pediatr Endocrinol Metab
13(Suppl 1):787-790
6. Cassio A, Cacciari E, Balsamo A, Bal M, Tassinari D 1999 Randomized trial
of LHRH analogue treatment on final height in girls with onset of puberty aged
7.5-8.5 years. Arch Dis Child 81:329-332
7. Bouvattier C, Coste J, Rodrigue D, et al. 1999 Lack of effect of GnRH agonists
on final height in girls with advanced puberty: a randomized long-term pilot
study. J Clin Endocrinol Metab 84:3575-3578
8. Mul D, Oostdijk W, Otten BJ, et al. 2000 Final height after gonadotropin
releasing hormone agonist treatment for central precocious puberty: the Dutch
experience. ] Pediatr Endocrinol Metab 13(Suppl 1):765-772
9. Partsch CJ, Heger S, Sippell WG 2000 Treatment of central precocious pu-
berty: lessons from a 15 years prospective trial. German Decapeptyl Study
Group. ] Pediatr Endocrinol Metab 13(Suppl 1):747-758
10. Paul D, Conte FA, Grumbach MM, Kaplan SL 1995 Long-term effect of
gonadotropin-releasing hormone agonist therapy on final and near-final
height in 26 children with true precocious puberty treated at a median age of
less than 5 years. ] Clin Endocrinol Metab 80:546-551
11. Kletter GB, Kelch RP 1994 Clinical Review 60: effects of gonadotropin-
releasing hormone analog therapy on adult stature in precocious puberty.
J Clin Endocrinol Metab 79:331-334
12. Carel JC, Roger M, Ispas S, et al. 1999 Final height after long-term treatment
with triptorelin slow release for central precocious puberty: importance of
statural growth after interruption of treatment. French Study Group of De-
capeptyl in Precocious Puberty. ] Clin Endocrinol Metab 84:1973-1978
13. Oerter KE, Manasco P, Barnes KM, Jones J, Hill S, Cutler Jr 1991 Adult height
in precocious puberty after long-term treatment with deslorelin. J Clin Endo-
crinol Metab 73:1235-1240
14. Kauli R, Galatzer A, Kornreich L, Lazar L, Pertzelan A, Laron Z 1997 Final

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Klein et al. ® Final Height in Precocious Puberty

height of girls with central precocious puberty, untreated versus treated with
cyproterone acetate or GnRH analogue: a comparative study with re-evalu-
ation of predictions by the Bayley-Pinneau method. Horm Res 47:54-61
Oostdijk W, Rikken B, Schreuder S, et al. 1996 Final height in central pre-
cocious puberty after long term treatment with a slow release GnRH agonist.
Arch Dis Child 75:292-297

Bertelloni S, Baroncelli GI, Ferdeghini M, Menchini-Fabris F, Saggese G
2000 Final height, gonadal function and bone mineral density of adolescent
males with central precocious puberty after therapy with gonadotropin-
releasing hormone analogues. Eur J Pediatr 159:369-374

Rizzo V, De Sanctis V, Corrias A, et al. 2000 Factors influencing final /near-
final height in 12 boys with central precocious puberty treated with gonado-
tropin-releasing hormone agonists. Italian Study Group of Physiopathology of
Puberty. ] Pediatr Endocrinol Metab 13(Suppl 1):781-786

Antoniazzi F, Arrigo T, Cisternino M, et al. 2000 End results in central
precocious puberty with GnRH analog treatment: the data of the Italian Study
Group for Physiopathology of Puberty. ] Pediatr Endocrinol Metab 13:773-780
Carel J-C, Chaussain J-L 1999 Gonadotropin releasing hormone agonist treat-
ment for central precocious puberty. Horm Res 51(Suppl 3):64-69

Ohyama K, Tanaka T, Tachibana K, et al. 1998 Timing for discontinuation of
treatment with a long-acting gonadotropin-releasing hormone analog in girls
with central precocious puberty. Endocr J 45:351-356

Arrigo T, Cisternino M, Galluzzi F, et al. 2000 When to stop GnRH analog
therapy: the experience of the Italian Study Group for Physiopathology of
Puberty. ] Pediatr Endocrinol Metab 13:759-764

Cutler Jr GB, Yanovski JA, Rose SR, etal. 1997 Luteinizing hormone-releasing
hormone agonist (LHRH-a)-induced delay of epiphyseal fusion increased
adult height of adolescents with short stature. Horm Res 4852:28 (Abstract)
Cutler Jr GB, Cassorla FG, Ross JL, et al. 1986 Pubertal growth: physiology
and pathophysiology. Recent Prog Horm Res 42:443-470

Conte FA, Grumbach MM, Ito Y, Fisher CR, Simpson ER 1994 A syndrome
of female pseudohermaphrodism, hypergonadotropic hypogonadism, and
multicystic ovaries associated with missense mutations in the gene encoding
aromatase (P450arom). J Clin Endocrinol Metab 78:1287-1292

Smith EP, Boyd ], Frank GR, et al. 1994 Estrogen resistance caused by a
mutation in the estrogen-receptor gene in a man. N Engl ] Med 331:1056-1061
Qerter KE, Uriarte MM, Rose SR, Barnes KM, Cutler Jr GB 1990 Gonado-
tropin secretory dynamics during puberty in normal girls and boys. J Clin
Endocrinol Metab 71:1251-1258

Marshall WA, Tanner JM 1969 Variations in pattern of pubertal changes in
girls. Arch Dis Child 44:291-303

Marshall WA, Tanner JM 1970 Variations in the pattern of pubertal changes
in boys. Arch Dis Child 45:13-23

Zachmann M. Prader A, Kind HP, Hafliger H, Budliger H 1974 Testicular
volume during adolescence. Cross-sectional and longitudinal studies. Helv
Pediatr Acta 29:61-72

Greulich WW, Pyle SI 1959 Radiographic atlas of skeletal development of the
hand and wrist. Stanford, CA: Stanford University Press

Zachman M, Sobradillo B, Frank M, et al. 1978 Height predictions in normal
children and in patients with various pathologic conditions. J Pediatr 93:
749-755

Tanner JM, Goldstein H, Whitehouse RH 1970 Standards for children’s height
at ages 2-9 years allowing for height of parents. Arch Dis Child 45:755-762
Cutler Jr GB, Glenn M, Bush M, Hodgen GD, Graham CE, Loriaux DL 1978
Adrenarche: a survey of rodents, domestic animals and primates. Endocri-
nology 103:2112

Ruder HJ, Guy RL, Lipsett MB 1972 Radioimmunoassay for cortisol in plasma
and urine. J Clin Endocrinol Metab 35:219

Heger S, Partsch C-J, Sippell WG 1999 Long-term outcome after depot
gonadotropin-releasing hormone agonist treatment of central precocious pu-
berty: final height, body proportions, body composition, bone mineral density,
and reproductive function. J Clin Endocrinol Metab 84:4583-4590
Kaplowitz PB, Oberfield SE 1999 Reexamination of the age limit for defining
when puberty is precocious in girls in the United States: implications for
evaluation and treatment. Drug and Therapeutics and Executive Committees
of the Lawson Wilkins Pediatric Endocrine Society. Pediatrics 104:936-941
Herman-Giddens ME, Slora EJ, Wasserman RC, et al. 1997 Secondary sexual
characteristics and menses in young girls seen in office practice: a study from
the Pediatric Research in Office Settings network. Pediatrics 99:505-512
Cisternino M, Arrigo T, Pasquino AM, et al. 2000 Etiology and age incidence
of precocious puberty in girls: a multicentric study. ] Pediatr Endocrinol Metab
13:695-701

Kreiter M, Burstein S, Rosenfield RL, et al. 1990 Preserving adult height
potential in girls with idiopathic true precocious puberty. ] Pediatr 117:364-370
Fontoura M, Brauner R, Prevot C, Rappaport R 1989 Precocious puberty in
girls: early diagnosis of a slowly progressing variant. Arch Dis Child 64:1170-
1176

¥202 I4dy 0Z uo 3senb Aq £006+82/1 L L/01/98/8101e/Wwedl/woo dno-olwepeoe//:sdiy woij pepeojumoqd



