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Abstract: In the setting of central precocious puberty (CPP), the

motivation for hormonal intervention is to help the child to reach a taller

adult stature than she would achieve otherwise. While gonadotropin-

releasing hormone analogs (GnRHa) constitute an established treatment

for improving adult stature in girls presenting with CPP up to age 6 (true

precocious puberty), it is not yet clear whether or not the same is true in

the setting of CPP presented in girls beyond age 6 (advance puberty).

GnRHa may slow growth velocity, offsetting the anticipated improve-

ment in final height that should have resulted from the increased time

before growth plate fusion. Consequently, it’s been suggested that

growth hormone (GH) should be combined with GnRHa to improve

the results.

Few controlled prospective studies have been performed with

GnRHa in children and many conclusions rely in part on collective

expert opinion. Therefore, the literature was searched and relevant

studies were selected using the search terms ‘‘gonadotropin releasing

hormone agonist,’’ ‘‘precocious puberty/early puberty,’’ and ‘‘GnRH

analogue.’’ After selected articles were screened for relevance, the

process yielded 8 studies, the results of which were then pooled in a

meta-analysis aimed at evaluating the effects of GnRHa therapy both

with and without added GH in the setting of early puberty.

A significant difference was elucidated in final height and predicted

adult height comparing GnRHa and combined GnRHa/GH groups.

However, no significant difference was elucidated in final height

standard deviation scores (SDS) and initial height SDS when comparing

GnRHa and control groups. At the same time, the final analysis revealed

no significant difference in final height SDS and initial height SDS when
, and Chung-Lin Yang, MS

treatment may suggest more advantage. Interpretation of the results

requires extreme caution, given the complexity of the outcome analysis.

Final height gain may prove to be a more appropriate measure of

treatment efficacy in any case.

(Medicine 93(27):e260)

Abbreviations: CPP = central precocious puberty, CNS = central

nervous system, GH = growth hormone, GnRH = gonadotropin-

releasing hormone, GnRHa = gonadotropin-releasing hormone

analogs, GV = growth velocity, HPG = hypothalamic-pituitary-

gonadal, PAH = predicted adult height, PCOD = polycystic ovarian

disease, SDS = standard deviation scores.

INTRODUCTION

O ccurring in approximately 1 out 5000 to 10,000 children,
precocious puberty is 10 times more common in females

than males, and the number of diagnosed cases is on the rise.1,2 In
a minority of cases, the condition results from a peripheral
etiology, such as an ovarian or adrenal tumor or cyst or exposure
to estrogen from an external source.3,4 However, most cases occur
as central precocious puberty (CPP), resulting from disruption of
the hypothalamic-pituitary-gonadal (HPG) axis.5 In rare cases,
the HPG axis disruption may present with an identifiable cause,
such as a central nervous system (CNS) neoplasm, hemartoma, or
hydrocephalus, CNS injury, or hypothyroidism.6 Additionally,
both peripheral precocious puberty and CPP may be associated
with genetic disorders, such as McCune–Albright syndrome.7 In
the majority of cases, however, precocious puberty is idiopathic
(with no identifiable cause).8–10

In some cases of idiopathic CPP, the motivation for
intervention is to mitigate the continued early development
of secondary sexual characteristics that otherwise would lead to
psychosocial maladjustment, although the majority of cases
present with only 1 premature secondary sex characteristic3

Thus, in most cases, the motivation for treatment is not sexual
precocity per se, but rather to help the child to reach a taller
adult stature than she would achieve otherwise,10 although final
height can influence psychosocial adjustment apart from sec-
ondary sex characteristics.11 The target height for such children
is based on population, gender-specific growth curves that have
been evolving since the 1940s,12 and that have been augmented
with various height prediction tools, such as the Bayley–
Pinneau method12–14 and the Roche–Wainer–Thissen and
Tanner methods.14 Although parental desire for their children
to achieve tall stature is influenced strongly by cultural factors,
all of the height prediction methods cited above and the
hormonal treatment that will be discussed below address final
f the child’s genetic disposition.9–11,13,15

ective of precocious puberty, a child
ature is one who ends up significantly
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shorter than her parents. Untreated, precocious puberty leads to
short final stature, because it increases the growth velocity
(GV), which in turn causes early fusion of the epiphyseal
growth plates of long bones.12,14,16,17 Consequently, the clinical
strategy of choice is to administer gonadotropin-releasing hor-
mone (GnRH) analogs (GnRHa), which down-regulate and
desensitize of pituitary GnRH receptors, inhibiting the HPG
axis, thereby slowing the onset of puberty.18 This, in turn,
reduces the GV, giving the long bones more time to lengthen
before the grow plates fuse, thus maximizing the adult height
that the child obtains.18

When considering intervention for CPP, it is important to
distinguish patients according to age. In girls, true precocious
puberty is the appearance of secondary sex characteristics
before 8 years of age, or the onset of menarche before age 9.
However, many patients are referred to pediatric endocrinology
clinics for advanced puberty, which refers to the onset of
pubertal signs between ages 8 and 10.19 While GnRHa treat-
ment is established for improving adult stature in girls present-
ing with CPP up to age 6 several controversies remain for older
age groups.10 Firstly, not enough data have been published to
differentiate between outcomes from different hormonal treat-
ments, or for long-term effects on reproductive health or on
offspring, although it now appears that GnRHa does not lead to
losses in bone mineral density, nor to polycystic ovarian disease
(PCOD).20 Secondly, more study is needed as to the psycho-
social effects of treatment,10 and, moreover, a concerted effort
is needed to assess the efficacy of GnRHa and variants of the
treatment in the setting of advanced puberty.10 In particular, in
certain cases, the use of GnRHa slows the GV to such an extent
as to offset the anticipated improvement in final height that
should have resulted form the increased time before growth
plate fusion.18 Consequently, it’s been suggested that growth
hormone (GH) should be combined with GnRHa to improve the
results.18 Few controlled prospective studies have been per-
formed with GnRHa in children and many conclusions rely in
part on collective expert opinion.10 Therefore, the aim of the
current meta-analysis is to evaluate the effect of GnRHa therapy
both with and without added GH.

METHODS

Search Strategy
The Medline, Cochrane, EMBASE, Google Scholar data-

bases were searched for studies published up to March 1, 2014
using the key phrases ‘‘gonadotropin releasing hormone ago-
nist,’’ ‘‘precocious puberty/early puberty,’’ and ‘‘GnRH
analogue.’’ The reference lists of relevant studies were also
hand searched for relevancy. Reports were included, if they
were randomized controlled trials or 2-arms prospective studies,
and if the patients had presented with precocious puberty.
Additionally, for inclusion in the meta-analysis, patients had
to have been grouped into either GnRHa versus combined GH/
GnRHs or GnRHa versus control. Papers were excluded, if they
were case reports, letters, comments, or editorials, if they were
retrospective in design, if patient groups were stratified based on
predicted adult height (PAH), if they compared efficacy of
varying dosages and/or varying GnRHa protocol, or if no
quantitative outcomes were reported.

Li et al
Study Selection and Data Extraction
Using search and screening approach outlined above,

articles were selected by 2 independent reviewers. In cases
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of uncertainty regarding eligibility of a publication, a third
reviewer was consulted. Two independent reviewers also per-
formed the data extraction; as with the article selection process, a
third reviewer was consulted in cases of uncertainty. The follow-
ing data were extracted from studies that met the inclusion
criteria: the name of the first author; the year of publication;
study design; number of participants in each treatment group;
subject demographic data; diagnostic criteria; the agent/s used;
dosage and length of treatment for each group; clinical results.

Quality Assessment and Outcome Measures
The studies included at the end of the selection process

were assessed for risk of bias using the ‘‘Risk of Bias’’ assess-
ment tool, Review Manager 5.1. Recommendations for judging
risk of bias were provided in Chapter 8 of the Cochrane
Handbook for Systematic Reviews Interventions [Higgins
JPT, Green S (editors). Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 (updated March
2011). The Cochrane Collaboration, 2011. Available from
www.cochrane-handbook.org]. Height gain, defined as differ-
ence between initial height prediction for PAH and attained final
height, was the primary outcome measure of the current study.
Secondary outcome was difference between final height stan-
dard deviation scores (SDS) and initial height SDS.

Statistical Analysis
For both the primary and secondary outcomes described

above, standard difference in means was calculated to compare
between control groups, GnRHa only groups, and combined
GnRHa/GH groups. The Cochran Q and the I2 statistic, were
applied to assess heterogeneity among the studies. For the
Q statistic, P< 0.10 was considered statistically significant
for heterogeneity. Indicative of the observed variability
between studies (due to heterogeneity rather than chance), the
I2 statistic was assessed using the following ranges as guidelines:
no heterogeneity (I2¼ 0–25%); moderate heterogeneity
(I2¼ 25–50%); large heterogeneity (I2¼ 50–75%); and extreme
heterogeneity (I2¼ 75–100%). When either Q statistics (P< 0.1)
or I2 statistic (>50%) indicated heterogeneity between studies,
the random-effects model was preferred (DerSimonian–Laird
method). Otherwise, the fixed-effect model (Mantel–Haenszel
method) was recommended. Pooled standard difference in means
of the 2 outcomes was calculated, and a 2-sided P-value<0.05
was considered indicative of statistical significance. Sensitivity
analysis was carried out based on the leave-one-out approach of
difference between final height and PAH for GnRH analogue
group compared to the control group. All statistical analyses were
performed using the statistical software Comprehensive Meta-
Analysis, version 2.0 (Biostat, Englewood, NJ).

RESULTS

Literature Search
The article screening and selection process is summarized

as a flow chart (Figure 1). The initial literature search yielded
174 articles after the removal of duplicates. Of these, 158 were
excluded as not meeting inclusion criteria or non-relevant,
leaving 16 reports for full-text review to assess eligibility.
Two of the full-review studies were then excluded because
they did not involve an intervention of interest, while 2 others

Medicine � Volume 93, Number 27, December 2014
were excluded because no outcomes of interest were assessed.
Two more studies were excluded because they recruited patients
with normally timed puberty, despite short stature.21,22 Two
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Studies identified through database search after duplicates
removed
(n = 174)

Full-text articles assessed for eligibility
(n = 16)

Non-relevant studies excluded
(n = 158)

Studies included in meta-analysis
(n = 8)

Studies excluded ( = 8)
-Not intervention of interest (n = 2)
-Not outcome of interest (n = 2)
-Not patients of interest (n = 2)
-Redundant studies of same patients (n = 2)
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other studies were removed because they involved the same
patients.23,24 Summarized as a flow chart in Figure 1, the article
screening yielded 8 studies for meta-analysis.17,18,25–30 The
characteristics of the meta-analyzed studies are summarized in
Table 1, while the assessed outcomes of the studies are shown in
Figure 2. For each trial, the risk of bias is detailed as a ‘‘risk of
bias’’ summary (Figure 2A), and an overall assessment of risk
of bias is depicted as a ‘‘risk of bias graph’’ (Figure 2B).

Study Characteristics and Clinical Outcome

Basic Characteristics
The characteristics of the meta-analyzed studies are sum-

marized in Table 1. Five studies compared GnRHa treatment
with an untreated control group,8,17,28–30 while 3 studies com-
pared GnRHa alone with combined GnRHa/GH treat-
ment.18,25,26 Total numbers of participants ranged from 12 to
48 in the GnRH analogue group and from 9 to 28 in the
comparison group. Mean age ranged from 6.2 to 9.9 years in
the GnRH analogue group and from 6.5 to 9.9 years in the
comparison group. All participants were female. SDS for initial
height ranged from�1.3 to 0.6 in the GnRH analogue group and
�0.7 to 0.9 in the comparison group. PAH ranged from 149.6 to
157.8 cm in the GnRH analogue group and from 146.8 to
163.1 cm in the comparison group. Final height ranged from
155.0 to 159.6 cm in the GnRH analogue group and from 149.7
to 161.8 cm in the comparison group. SDS for final height
ranged from �2.1 to �0.6 in the GnRH analogue group and
from �2.1 to �0.1 in the comparison group.

Outcome Evaluation

Difference Between Final Height and Predicted

FIGURE 1. Flow chart summarizing study selection.
Adult Height
There was significant heterogeneity when data from the

5 studies were pooled (heterogeneity test: Q¼ 8.74, df¼ 4,

# 2014 Lippincott Williams & Wilkins
P¼ 0.068, I2¼ 54.23%); therefore, a random-effects model
of analysis was used (Figure 3A). The overall analysis revealed
significant difference in final height and PAH comparing the
GnRHa and control groups (pooled standard difference in
means¼ 0.63, 95% CI¼ 0.17–1.08, Z¼ 2.71, P¼ 0.007).

One study was not included in analysis because no out-
come available for analysis.26 There was no significant hetero-
geneity when data from the 2 studies were pooled
(heterogeneity test: Q¼ 1.23, df¼ 1, P¼ 0.268, I2¼ 18.50%);
therefore, a fixed-effect model of analysis was used
(Figure 4A). The overall analysis revealed significant difference
in final height and PAH comparing GnRHa and combined
GnRHa/GH groups (pooled standard difference in mean-
s¼�0.89, 95% CI¼�1.42 to �0.36, Z¼�3.28, P¼ 0.001).

Difference Between Final Height SDS and Initial
Height SDS

Three studies were not included in analysis because no
outcome available for analysis.17,29,30 There was significant
heterogeneity when data from the 2 studies were pooled (hetero-
geneity test: Q¼ 12.38, df¼ 1, P< 0.001, I2¼ 91.92%); there-
fore, a random-effects model of analysis was used (Figure 3B).
The overall analysis revealed no significant difference in final
height SDS and initial height SDS comparing GnRHa and control
groups (pooled standard difference in means¼ 0.95, 95%
CI¼�0.98 to 2.89, Z¼ 0.97, P¼ 0.334).

One study was not included in analysis because no outcome
available for analysis.18 There was no significant heterogeneity
when data from the 2 studies were pooled (heterogeneity test:
Q¼ 0.01, df¼ 1, P¼ 0.913, I2¼ 0%); therefore, a fixed-effect
model of analysis was used (Figure 4B). The overall analysis
revealed no significant difference in final height SDS and initial

height SDS comparing GnRHa and combined GnRHa/GH groups
(pooled standard difference in means¼�0.28, 95% CI¼�0.74
to 0.19, Z¼�1.17, P¼ 0.243).
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A

FIGURE 2. (A) The quality assessment for each included study as ‘‘ri
meta-analyzed studies, each depicted as a ‘‘risk of bias graph’’ (B
Figure 5 summarizes the results of difference between
final height and PAH for GnRHa group compared with
the control group using the leave-one-out approach to

Study name

Study name

Cassio (1999)

Bertelloni (1999)

Pooled

Comparison
Std diff in

means
Lower limit Upper limit Z-Value P-V

Bouvattier (1999) GnRH analogue vs Control

Comparison
means

Std diff in
Lower limit   Upper limit Z-Value   P-

0.62            −0.16            1.39             1.56            0

0.14            −0.45            0.73             0.47            0

1.07            −0.25            1.90             2.54            0

1.11            0.61             1.61             4.36            0.0

0.10            −0.74            0.94             0.23            0

0.63             0.17            1.08             2.71            0.0

GnRH analogue vs Control

GnRH analogue vs Control 0.00            −0.59             0.59            0.00            1

1.97             1.05             2.90             4.17           0.0

0.95            −0.98            2.89             0.97            0

GnRH analogue vs Control

GnRH analogue vs Control

GnRH analogue vs Control

GnRH analogue vs Control

Cassio (1999)

Bertelloni (1998)

Kauli (1997)

Stasiowska (1994)

Pooled

Heterogeneity test for internet group: Q = 8.74, df = 4, P = 0.068, I-square = 54.23%

Heterogeneity test for internet group: Q = 12.38, df = 1, P < 0.001, I-square = 91.92%

A

B

FIGURE 3. Forest plots showing results for the meta-analysis of (A)
difference between final height SDS and initial height SDS for GnRH
interval.
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assess sensitivity for random-effects model. The direc-

f bias summary.’’ (B) Outcomes presented as percentages across all
tion and magnitude of pooled estimates did not vary con-
siderably, indicating that the meta-analysis had good
reliability.

alue 

Value   Std diff in means and 95% CI   

Std diff in means and 95% CI   

Relative  
Weight  

(Random) 

17.95

22.95

Relative  
Weight  

(Random) 

51.70

48.30

16.74

25.91

16.45

4.002.000.00−2.00−4.00

4.002.000.00−2.00−4.00

Favors Control

Favors Control

Favors GnRH analogue

Favors GnRH analogue

.118

.638

.011

00

.819

07

.000

00

.334

difference between final height and predicted adult height; (B)
analogue group compared to the control group. CI¼ confidence
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Study name

Study name

Comparison

Comparison

means
Std diff in

means
Std diff in

Lower limit   Upper limit Z-Value   P-Value   

Lower limit   Upper limit Z-Value   P-Value   

Pooled

Mul (2005)

Mul (2005)

GnRH analogue vs

GnRH analogue vs

GnRH analogue + GH

GnRH analogue + GH

GnRH analogue vs

GnRH analogue vs

GnRH analogue + GH

GnRH analogue + GH

Pucarelli (2003)

Pooled

Tuvemo (2004)

−0.56           −1.34             0.23             1.39             0.164

−0.24            −1.02           0.53            −0.61            0.539

−0.30           −0.88            0.28            −1.00            0.317

−0.28            −0.74            0.19            −1.17            0.243

−0.16           −1.87            −0.44            −3.17           0.002

−0.89           −1.42            −0.36            −3.28           0.001

Std diff in means and 95% CI   

Std diff in means and 95% CI   

Relative  
Weight  
(Fixed) 

45.38

54.62

Relative  
Weight  
(Fixed) 

36.10

63.90

4.002.000.00−2.00−4.00

4.002.000.00−2.00−4.00

Favors GnRH analogue + GH Favors GnRH analogue 

Favors GnRH analogue + GH Favors GnRH analogue 

Heterogeneity test for internet group: Q = 1.23, df = 1, P = 0.268, I-square = 18.50%

Heterogeneity test for internet group: Q = 0.01, df = 1, P = 0.913, I-square = %

A

B

(A)
e f
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Publication Bias
Publication bias was not assessed for the above outcomes

because more than 5 studies are required to detect funnel plot
asymmetry.31

DISCUSSION
When untreated, CPP leads to short final stature in com-

parison with the stature dictated by the child’s genetic dis-
position. GnRHa is the gold standard treatment and is well
established in cases of true precocious puberty.10 However,
more uncertainty exists regarding girls with advanced puberty,
characterized by the appearance of sexual characteristics as
early as 8 years of age and/or menarche by age 9. It has been
suggested that GH should be combined with GnRHa to improve
the results,18 but few controlled prospective studies have been

FIGURE 4. Forest plots showing results for the meta-analysis of
difference between final height SDS and initial height SDS incidenc
GH group. CI¼ confidence interval.
performed with GnRHa in children.10 Therefore, the current
meta-analysis was conducted to evaluate the effect of GnRHa
therapy both with and without added GH. Evaluation was

Study name Comparison
means

Std diff in

Statistics with study removed

Lower limit    Upper limit Z-Value   

GnRH analogue vs Control

GnRH analogue vs Control

GnRH analogue vs Control

GnRH analogue vs Control

GnRH analogue vs Control

Bouvattier (1999)

Stasiowska (1994)

Kauli (1997)

Bertelloni (1998)

Cassio (1999)

 0.62               0.05              1.19               2.14       

 0.79               0.34              1.24               3.45       

 0.53               0.00              1.06               1.98       

 0.44               0.01              1.88               2.01       

 0.73               0.24              1.22               2.91       

FIGURE 5. Results of sensitivity analysis to examine the influence of in
one-out approach of difference between final height and predicted adu
CI¼ confidence interval, OR¼odds ratio.

6 | www.md-journal.com
conducted using final height gain and the difference between
the initial and final height SDS as outcome measures. In terms
of height gain, pooled results show a significant advantage for
girls treated with GnRHa compared with control patients.
However, the addition of GH is associated with further
increases in height. No significant difference was elucidated
in comparing the initial and final height SDS. Height SDS was
calculated as (height�mean)/SD where height is the actual
height of a child, and mean and SD are the height and standard
deviation for girls of age corresponding to that child.16 No
significant adverse events were recorded during the treatment
period,18,26,27 nor were there any negative effects on bone
mineral density.28

Although the current study is the first meta-analysis
addressing the efficacy of GnRHa compared with no treatment

difference between final height and predicted adult height; (B)
or GnRH analogue group compared with the GnRH analogue plus
and with combined GnRHa/GH, a recent review touches on
the same topic by examining outcomes of GnRHa treatment
in terms of potential long-term adverse effects.20 The

P-Value   

      0.033

      0.001

      0.048

      0.045

      0.004

Std diff in means and 95% CI   

Favors GnRH analogue Favors Control 

4.002.000.00−2.00−4.00

dividual studies on pooled estimates as determined use the leave-
lt height for GnRH analogue group compared to the control group.
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aforementioned review assesses outcomes through the post-
treatment period and into adulthood. No significant adverse
effects on ovarian function or bone density were recorded
during the treatment period,20 nor was GnRHa treatment found
to affect reproductive function significantly in other reviews.8,15

These importance of the findings of these other reviews not-
withstanding, the present study offers a novelty advantage,
since it pools studies relevant specifically to the efficacy of
GnRHa and GH treatment in terms of final adult stature. As
commented in a recent consensus report on hormonal treatment
of early puberty, no randomized, controlled trials quantifying
the effect of therapy on adult height are available. To our
knowledge, this is the first meta-analysis collecting data from
RCT and prospective trials have been published summarizing
the effect of GnRHa therapy on height gain. Outcome analysis
of this treatment is complicated, particularly when given to
girls older than 6 years of age, because of a variety of factors,
such as psychosocial issues and the fact that many conclusions
published thus far have been founded on expert opinion rather
than objective data.10 Furthermore, only indirect methods have
been employed to assess the long-term effects of GnRHa and
other hormonal treatments for precocious puberty.9,10 Addition-
ally, the issue is complicated by differences in methodology of
those assessing bone maturity vis-à-vis the PAH; for instance
the rate of a child’s height change does not always correlate
appropriately with observations related to bone age (the
predicted age of the child based on epiphyseal plate staging).9

Typically, height is predicted using the Bayley-Pinneau
method,12 which is considered to be the most accurate in
the setting of precocious puberty.14 In instances, however,
this method can lead to overestimation.13,26,29 Interpretation
of outcome results must therefore take the methodology of
height prediction into account. For consistency in this regard,
whenever possible, in the present meta-analysis, data of PAH
using the ‘‘average tables’’ of Bayley and Pinneau were
selected.29

Notwithstanding the novelty of the present meta-analysis,
it was limited by its focus on early puberty in females, as no
data were available regarding outcomes in boys treated for
precocious puberty. Moreover, none of the meta-analyzed
studies reported on the psychosocial impact of GnRHa therapy
on young children. The studies also were not stratified to assess
associations between patient age and PAH at initiation of
therapy and the final height achieved. Examining results of
the overall analyses leads to the following conclusions: In the
setting of early puberty in girls, for the outcome measure of
height gain, this pooled analysis shows that GnRHa treatment
is associated with a significant gain compared with no treat-
ment (ie, the control group). Furthermore, addition GH to the
GnRHa treatment significantly increases in height gain com-
pared with GnRHa treatment alone. However, in terms of the
final vs. initial height SDS outcome measure, the 2 comparison
groups did not differ significantly. These results should be
taken with extreme caution, given the complexity of the
outcome analysis. Although the meta-analysis did not elucidate
a significant difference between the initial and final height
SDS, this result could merely be a reflection of a lack of
sensitivity, given the small number of studies that were
meta-analyzed. Moreover, final height gain may prove to be
a more appropriate outcome measure when evaluating this type
of treatment. Clearly, a definitive evaluation of the efficacy of

Medicine � Volume 93, Number 27, December 2014
both GnRHa and combined GnRHa/GH as treatment for
precocious puberty in girls will require an expanded and
concerted effort.
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