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Abstract
The use of gonadotropin-releasing hormone analogs  
(GnRHa) for the treatment of central precocious puberty 
(CPP), especially in girls, has increased rapidly in recent 
years. In the context of a secular trend towards earlier pu-
berty onset, many girls now treated for CPP are healthy chil-
dren experiencing puberty onset within the early end of the 
normal range. Justifications for GnRHa treatment include 
the preservation of adult height (AH) potential and the al-
leviation of presumed distress of early maturation and men-
arche. With a case of a family requesting treatment for an 
8-year-old girl in early puberty as a background, studies of 
the effect of untreated CPP and of GnRHa treatment of CPP 
on AH are reviewed. In addition, the limited evidence relat-
ing CPP to significant psychological distress – in part due to 
early menses, and for the amelioration of such distress by 
GnRHa treatment – is discussed. Taken together, current in-

formation suggests that for girls with mildly early onset of 
puberty (ages 7–9 years), an informed assent discussion 
with the family should include the consideration of reassur-
ance and observation for many girls who might otherwise 
receive 2–4 years of GnRHa treatment for a poorly defined 
benefit and at a cost of at least $20–30,000 per year.

© 2018 S. Karger AG, Basel

Introduction

Gonadotropin-releasing hormone analogs (GnRHa) 
are modified preparations of native GnRH designed to 
increase its potency and half-life and were initially ap-
proved for the treatment of prostate cancer. Daily injec-
tions of GnRHa were also found to suppress the hypotha-
lamic-pituitary-gonadal axis in children with central pre-
cocious puberty (CPP) [1]. In 1986, the first long-term 
study of daily GnRHa treatment in 27 children (21 female 
and 6 male) treated for 2–4 years showed that GnRHa 
treatment clearly slowed growth velocity and skeletal 
maturation, while increasing predicted adult height 
(PAH) [2, 3]. In that study, the mean age at treatment ini-
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tiation (5.2 years), growth rate (10.9 cm/year), bone age 
advancement (> 3 years), estradiol in girls (42 pg/ml), tes-
tosterone in boys (471 ng/dL), breast Tanner stage (mean 
3.3), and testicular volume (16 mL) indicate that this co-
hort was younger and progressing more rapidly than the 
great majority of children with CPP treated today. In 1993 
the USFDA approved the monthly version of a GnRHa 
(Lupron Depot®) to treat CPP. Over the past 25 years, the 
use of GnRHa to treat CPP has steadily increased, and 
several additional formulations have been introduced, in-
cluding a 3-month injectable form of Lupron® and an 
implant called Supprelin®, which releases the GnRHa 
histrelin for at least 1 year. Most recently, a 6-month  
GnRHa, Triptodur®, has received USFDA approval (2017). 

While the use of GnRHa to treat CPP has been rising, 
the mean age of onset of puberty, at least in girls, appears 
to be declining. Whereas during the 1960s to 1970s, the 
mean age of thelarche was 10.5–11 years, data from the 
late 1980s and 1990s suggest a significant decline in the 
mean age of thelarche, with less decline in the mean age of 
menarche. In a landmark study of more than 17,000 girls 
(ages 3–12 years) screened in physicians’ offices around 
the country [4], the mean age at the onset of breast devel-
opment was 8.87 years for African-American and 9.96 
years for Caucasian girls. Furthermore, 5% of the Cauca-
sian 7-to-8-year-old girls  and 15.4% of the African-Amer-
ican 7-to-8-year-old girls already had breast development. 
More recently, in nearly 1,000 7-to-8-year-old girls, 10% 
of the Caucasian, 23% of the African-American, and 15% 
of the Hispanic girls had reached at least Tanner 2 breast 
development [5]. Studies in both the US and worldwide 
have implicated the rising incidence of obesity as a major 
factor in the decline in the age of puberty onset in girls [6, 
7]. Consequently, continued adherence to prior defini-
tions for precocious puberty (breast development before 
8 years of age) has resulted in an increasing proportion of 
girls being categorized as “precocious.” In response to this 
secular trend of earlier puberty, guidelines were proposed 
recommending that precocious puberty be redefined as 
the onset of breast development before 7 years for Cauca-
sian girls and before 6 years for African-American girls 
[8]. However, such recommendations were criticized for 
increasing the risk of missing pathologic early puberty oc-
curring in girls between 6 and 8 years of age [9]. As a result, 
the traditional definition of female precocious puberty 
(i.e., starting before the age of 8 years) is still what most 
primary care providers adhere to in deciding which pa-
tients to refer for further evaluation. 

Ambiguity in the diagnostic criteria for sexual pre-
cocity provides a fertile environment for an increase in 

the treatment of borderline CPP cases, i.e., with pubertal 
onset between 7 and 9 years of age. In this regard,  
GnRHa therapy has been another example of “expansive 
biotechnology”, where a medical intervention for a spe-
cific disease or disabling condition expands into a ther-
apy to reduce disability, lessen disadvantage, or even 
lessen anxiety. The combination of parental expecta-
tions, well-intending prescribers, and pressures of the 
market place can lead to increased utilization of certain 
drugs, devices, and procedures, and may prevail over 
considerations of efficient and equitable distribution of 
resources. Availability of treatment itself can encourage 
the “medicalization” of physiologic variations of normal 
as disorders. Justification of treatment often relies on as-
sumptions about morbidity (e.g., psychological distress) 
or undesired outcomes (e.g., reduced AH) that seem 
reasonable but, in fact, are not well documented. In 
these situations, it is challenging to discern if GnRHa 
therapy for early puberty is a medically necessary inter-
vention for which the benefit justifies its burden on the 
patient and family as well as the high cost. While prices 
vary widely depending on the source of information, the 
cost of Supprelin without factoring in the cost of inser-
tion is at least $20,000–30,000 annually, and for cash-
paying customers using the Drugs.com discount card it 
is listed at $32,000. Anecdotal reports indicate that this 
can be higher in specific situations. The cost of Lupron 
therapy depends on the formulation prescribed but can 
run as high as $50,000 per year for the 30 mg 3-month 
injection.

After the approval of monthly Lupron Depot, an ex-
pert proposed that treatment be limited to patients with 
complete and progressive CPP with pubertal hormone 
concentrations plus abnormal height potential (PAH < 

5th %ile) or psychosocial morbidity/distress (e.g., menses 
in mentally or emotionally immature individuals) [10]. 
An indicator of the rapid expansion of GnRHa use in  
recent years is data provided by a marketer of GnRHa, 
showing that between 2012 and 2017, the median age of 
GnRHa therapy initiation in girls (which is likely several 
months after the onset of pubertal changes) was 9.0 years 
for both Supprelin and Depot Lupron Ped® [11]. Fur-
thermore, only 11.6% of the patients who had received 
Lupron Depot and 15.1% of the patients who had re-
ceived Supprelin were started on treatment before the age 
of 8 years. These data indicate that the majority of girls 
now being treated for CPP are starting puberty at the ear-
ly end of the normal range. The treatment of boys is much 
less common, accounting for only 14% of the Supprelin 
and 18% of the Lupron prescriptions [11]. Because there 
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is less controversy about the treatment of boys with CPP, 
we will focus on CPP in girls only. 

The following case scenario illustrates different factors 
that influence the decision to initiate pubertal suppres-
sion. These factors are then critically evaluated for avail-
able evidence supporting prescribing – or withholding – 
GnRHa therapy. 

An 8-year-old Caucasian female was noted to have 
breast development at the age of 7 years 9 months by her 
parents. Family history is negative for early puberty. The 
parents are of average height (the girl’s target height is 
5’4” or 162.5 cm). Growth earlier in childhood had been 
at the 75th percentile in height and the 90th percentile in 
weight, but is now at the 90–95th percentile (137 cm) in 
height and weight. Examination revealed Tanner stage 2 
breast development (3 cm of glandular breast tissue bilat-
erally) and a few pubic hairs on the labia majora. Bone age 
is 10 years, yielding a PAH of 164 cm (5’4.5”). The child 
is in 3rd grade and has no apparent emotional issues. Her 
parents request treatment to suppress puberty because (1) 
they were told by the pediatrician that without treatment 
she would stop growing early and end up short, and (2) 
they are not ready for her to start her menstrual cycles.

Do GnRH Analogs Increase AH in Children with CPP?

The primary rationale for CPP suppression is concern 
that growth plates will fuse prematurely resulting in 
height attainment significantly below the genetic target 
height. Indeed, the treatment of children with very early-
onset CPP often results in an AH which significantly ex-
ceeds PAH at the initiation of therapy. In a study of girls 
who started treatment before the age of 5 years, the AH 
(164.6 cm) far exceeded the mean AH of a separate group 
of untreated females (152.5 cm). However, for patients 
started on treatment after the age of 5 years, the results 
were much less impressive (mean AH of 157.6 cm) [12]. 
This dependence of an increased height on a younger age 
of GnRHa treatment initiation has been found in other 
studies [13, 14]. In 46 Italian girls with onset of puberty 
between 7.5 and 8.5 years either treated with monthly  
GnRHa or not treated, the mean AHs were similar (158.1 
± 6.2 cm in the treated group and 158.6 ± 6.0 cm in the 
untreated group) and were not significantly different 
from the mid-parental height (MPH) [13]. In a study 
from Israel of 22 girls diagnosed before the age of 6 years, 
38 girls diagnosed between ages 6 and 8 years, and 55 girls 
between ages 8 and 9 years, all groups had a similar mean 
PAH (152.8–154.6 cm) prior to the onset of therapy. 

Those starting treatment before 6 years had a mean AH 
of 162.8 cm, which actually exceeded their MPH of 159.3 
cm. The patients with treatment onset at 6–8 years had a 
mean AH of 157.9 cm, equal to their MPH. For those with 
onset between ages 8 and 9 years, a mean height of 153.9 
cm was achieved, 3 cm below their MPH [14]. In contrast, 
an Italian study of 87 girls with CPP treated with GnRHa 
at a mean age of 8.4 years for an average of 4.2 years (un-
til a mean age of 12.6 years) found that treatment resulted 
in AHs which were about 5 cm greater than both pretreat-
ment PAH and a matched untreated group, and slightly 
better than MPH. Furthermore, the results were similar 
for girls ≤7 years and > 7 years at the time of their first 
visit [15].

A recent review of this topic [16] highlighted several 
problems with assessing the effect of GnRHa treatment 
on AH. These include (1) a lack of well-designed, ran-
domized, controlled studies, and (2) problems in estimat-
ing PAH based on bone age. Such PAH estimations are 
affected by the imprecision of bone age interpretation and 
the use of any of several methods, including the widely 
used Bayley-Pinneau tables (based on radiographs of 
Caucasian children between 1931 and 1942), which vary 
in how accurately they predict AH. (3) In addition, many 
studies likely contain a mix of girls with both rapidly pro-
gressive and slowly advancing to nonprogressive CPP, 
with the latter group typically reaching a normal AH 
without any intervention [17, 18]. A table in this review 
summarizing 29 studies from 1994 to 2015 found that 
mean (AH – PAH) varied from 2 to 10 cm.

Reflecting the lack of firm data on this point, a consen-
sus statement by the North American and European Pe-
diatric Endocrine Societies made the following recom-
mendations: 
•	 “The greatest height gain has been observed in girls 

with onset of puberty at < 6 years (average height gain 
9–10 cm). Girls with onset between 6 and 8 comprise 
a heterogeneous group that may have a moderate ben-
efit ranging from 4.5 to 7.2 cm…. The decision to initi-
ate therapy in girls with onset after age 6 should be in-
dividualized” [19].

•	 “Progressive pubertal development and growth accel-
eration should be documented over a 3-to-6-month 
period before GnRH therapy” was included because, 
as noted, some girls display slowly progressive CPP 
and achieve AHs within their target range without in-
tervention [17, 18].
Perhaps a more relevant question to address in justify-

ing GnRHa treatment is how often girls with untreated 
CPP fail to reach a normal AH. In a report of girls (n = 
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20) initially evaluated at a mean age of 7 ± 2.4 years after 
a mean onset of breast tissue at 5.6 ± 1.6 years, mean AH 
was 161.4 cm. There was a good correlation between Bay-
ley-Pinneau predicted heights at the initial visit and final 
height (r = 0.85), and 90% achieved a normal AH of > 153 
cm, which is notable considering the young age at which 
most girls in the study started puberty [20]. A more recent 
and larger study from Thailand followed 104 girls with 
breast development starting between the ages of 7.0 and 
9.0 years until near-final height.  Although the average 
age at menarche was also early at 10.2 years, the near AH 
was 154.0 cm, which was similar to the MPH of 153.1 cm 
[21]. Unfortunately, there are few other studies examin-
ing this question, likely due to the evolution of “standard 
practice” in recent years to treat rather than monitor girls 
with CPP. In one study, girls with CPP who had a PAH of 
< 155 cm were treated, while another 52 girls who had a 
PAH of > 155 cm (puberty onset at a mean age of 7.1 
years) were monitored only. They reported a mean AH 
for the untreated girls of 163 cm, close to their mean PAH 
of 164.5 cm [22]. It appears reasonable to conclude that 
the majority of girls evaluated for CPP after the age of 6 
years will have a PAH at the initial evaluation within the 
normal adult range (i.e., 5’1” or 155 cm or greater). Thus, 
treating girls with mildly early CPP is seldom required to 
avoid an abnormally short AH but is often done to ad-
dress parental concerns about differences in family ex-
pectations for height (i.e., the PAH normal but below 
MPH) or anticipated psychological harm.

Do Girls with CPP Have More Psychological Problems 
than Prepubertal Girls Their Age?

There is a pervasive belief that girls with CPP have a 
higher incidence of behavioral problems than prepuber-
tal girls of similar age. In an early study investigating this 
question, 9 of 33 girls (27%) with CPP who took the Child 
Behavior Checklist scored ≥2 SD above the mean on the 
total behavior problem scale and 48% scored > 2 SD above 
the mean on the social withdrawal scale. The authors con-
cluded that while “elevated sex steroid levels might con-
tribute to increased aggressive and hyperactive behaviors, 
they may be modified by social and environmental fac-
tors” [23]. In one of the few studies that looked at behav-
ioral changes during CPP treatment, all 20 girls with CPP 
expressed concerns about physical differences from their 
peers at baseline. Fifteen girls who were followed during 
treatment felt less embarrassed about pubertal develop-
ment as breast tissue regressed. However, elevated scores 

of withdrawal, anxiety/depression, and somatic com-
plaints persisted [24]. 

Another study of 36 girls with signs of early puberty 
included 15 patients with CPP, 8 with premature ad
renarche, and 13 had early normal puberty. All girls with 
CPP were treated with GnRHa. Baseline psychological  
assessments of cognitive competence, peer acceptance, 
physical competence, and maternal acceptance were, on 
average, normal in all groups. After 1 year of follow-up, 
findings were “largely reassuring regarding concerns of 
adverse psychological consequences of early puberty in 
girls” [25]. A study of 15 girls with CPP and 15 age-
matched controls reported the only detectable difference 
in a large battery of tests was that treated girls showed 
higher emotional reactivity on 1 of 2 tests. Overall, these 
authors concluded that treated CPP girls did not differ in 
their cognitive or psychological functioning from control 
girls [26]. In summary, with few studies, utilizing differ-
ent patient selection criteria and reporting disparate 
prevalence of behavioral problems in CPP girls, it re-
mains unclear if psychosocial stress should be considered 
a predictable consequence of early puberty supporting a 
decision to start GnRHa therapy, and if so, whether treat-
ment relieves such stress. 

Is the Prevention of Potential Early Menarche in Girls 
with CPP Necessary?

Parents who request treatment for girls with CPP of-
ten fear their daughter will not be able to handle the stress 
of experiencing and caring for early menses. For girls 
whose puberty starts before the age of 7 years and who 
may reach menarche by the age of 9 years, this concern 
is appropriate and should be addressed. However, when 
puberty starts at close to the age of 8 years and is not sup-
pressed, menarche usually does not occur until the age of 
10 years or later, as US studies indicate that it takes 2.4–3 
years to progress from thelarche to menarche [27, 28]. 
How strong is the evidence that girls having menarche 
close to 10 years of age experience significant distress 
and, if so, benefit from GnRHa treatment designed to 
delay menarche until the age of 11 years or later? There 
are no studies that directly address this question in a con-
trolled setting. It is understandable that anxiety associ-
ated with early menses is often experienced by parents. It 
also seems reasonable that a girl prepared for early men-
ses by a calm and reassuring parent or guardian may han-
dle it better. However, in the absence of data and in the 
presence of so much individual family variation on this 
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issue, counseling parents who desire treatment to delay 
menses remains challenging. One suggestion could be to 
point out that (1) many early-maturing girls progress 
slowly and do not have menarche before the age of 10 
years; (2) most girls having menarche between the ages 
of 9 and 10 years adjust to having menstrual periods well 
after the first couple of cycles; and (3) if menses do start 
early and are deemed too stressful, initiation of GnRHa 
could still promptly suppress subsequent menses or, al-
ternatively, the child could be started on Depo-Provera® 
to reduce the amount and frequency of bleeding at a min-
imal cost. The latter option is especially relevant for the 
care of children with developmental disabilities, in whom 
treatment solely to suppress menses may alleviate sig-
nificant distress for patient and care providers. However, 
its use needs to be balanced against the available evidence 
of a dose-response relationship between medroxypro-
gesterone acetate exposure and the increased risk for de-
creased bone mineralization [29].

Should Healthy Girls with Mildly Early Puberty Onset 
Be Treated with GnRHa? 

When pituitary growth hormone (GH) was the only 
treatment for GH deficiency, only those children with 
growth failure due to severe GH deficiency received it. 
The advent of an unlimited supply of recombinant hu-
man GH was followed by an expansion in the treatment 
of greater numbers of children for a wide variety of un-
derlying growth-limiting diagnoses. The rationale for GH 
treatment in most non-GH-deficient children is to pre-
vent presumed adverse psychosocial consequences of a 
short stature. Often in response to parental concerns, 
children who are short but healthy, growing parallel to 
but below the normal height curve, and in some cases at 
a percentile consistent with parental heights, are receiv-
ing GH treatment. Current practice suggests that a simi-
lar expansion in therapeutic scope has occurred with the 
use of GnRHa for treatment of early-maturing girls. Ini-
tial trials of GnRHa therapy focused on children with very 
early-onset and rapidly progressing puberty, whereas the 
treatment of 7-to-9-year-old girls for several years to pos-
sibly and modestly increase AH (perhaps 5 cm) seems 
analogous to using GH to slightly increase the AH of a 
healthy boy with a PAH in the low normal range. Similar 
to the GH experience, industry support for clinical re-
search trials, which included girls who were borderline 
early maturers, coupled with the physicians’ desire to ad-
dress parental concerns, fostered investigation – and ac-

ceptance – of the treatment of children with puberty on-
set at ages that overlap with normal variation. 

One factor that may impact decision making in bor-
derline cases is a history of being born small for gesta-
tional age, for which an association with more rapid pu-
bertal progression, bone age advancement, and shorter 
AH has been shown [30].

How Long Should the Treatment of CPP with GnRHa 
Continue?

To return to on our previous case:
The parents express a strong desire to treat their 

daughter to delay the onset of menses. She is started on 
Lupron Depot Ped® 11.25 mg given intramuscularly ev-
ery 3 months. At her next visit 4 months later, she is grow-
ing at a normal rate, and the breast tissue has regressed. 
Treatment is planned to continue until the age of 10 years. 
However, 1 year later, when she is 9 ¾ and receiving her 
last scheduled dose of GnRHa, the parents ask to contin-
ue the treatment for another year because they are con-
cerned that their child is too emotionally fragile to handle 
menses. Based on the latest bone age, her PAH is 5’5”.

There are no widely accepted guidelines for how long 
to continue treatment with a GnRHa for CPP, and indi-
vidual practice varies widely. The consensus statement on 
the use of GnRHa lists “maximizing height, synchronizing 
puberty with peers, ameliorating psychological distress, 
and facilitating care of the developmentally delayed child” 
as factors to consider [19]. In the studies reviewed, the 
mean age of treatment discontinuation varied from 10.6 
to 12 years, with a mean bone age at discontinuation rang-
ing from 12.1 to 13.9 years and a mean age of menarche at 
12.3 years [19]. In the minority of patients for whom the 
PAH at both the start of treatment and after 1–2 years of 
therapy is < 5’0” or 152.5 cm, continuing treatment for 
longer could be justified by a study suggesting that discon-
tinuation of treatment at a bone age of 12 years has been 
associated with the best AH (notably, in this study the 
benefit of GnRHa therapy was quite variable with a mean 
gain in AH after therapy of only 2.9 ± 6.0 cm, and less for 
girls started on treatment after age 6 years) [31]. An im-
portant question for those girls whose treatment is based 
on the desire to delay menarche is whether the targeted 
age at menarche should be closer to 10, 11, or 12 years, and 
to what extent parents should have the final say on when 
their child should be allowed to reach menarche. After 
discontinuation of GnRHa therapy, menarche occurs on 
the average 1.4 years later (range 0.7–2.4) [14]. Stopping 



Kaplowitz/Backeljauw/AllenHorm Res Paediatr 2018;90:1–76
DOI: 10.1159/000491103

treatment by the age of 10 years should, for most girls, en-
sure that menarche will not occur until the age of 10.5–
12.0 years, and most likely not before the age of 11 years. 
It is difficult to defend an expectation for insurance com-
panies or public funds to continue to pay $30,000 or more 
per year for GnRHa in order to delay menarche until the 
age of 12 years or later, which is close to the population 
average. Consequently, it seems reasonable in most cases 
to discontinue GnRHa no later than 10 years, with excep-
tions made in rare cases of severe psychosocial stress and, 
perhaps, a very low PAH. More study is needed to confirm 
that prolonged treatment beyond the age of 10 years is 
beneficial and does not inadvertently affect height out-
comes negatively by further suppressing an adequate 
growth spurt. If treatment is stopped by age 10, the re-
sumption of thelarche would be close to the current popu-
lation average, and the suppression of menses by other, 
much less costly measures such as Depo-Provera are avail-
able and effective if needed. 

Summary

Treatment decisions with GnRHa therapies, as all 
medical interventions, should attempt to balance bene-
fits, risks, and costs for the individual child. Toward this 
goal, the following should be included in an informed dis-
cussion when GnRHa treatment is being considered for 
an early-maturing girl (e.g., onset between 7–9 years of 
age): 

1	 Your child’s AH, especially if she is taller than the av-
erage now, will probably be normal and may not sig-
nificantly increase with treatment; 

2	 It is uncertain whether your child will experience ad-
verse psychosocial stress from early puberty or, if she 
does, whether GnRHa treatment would prevent or al-
leviate such stress; 

3	 Your child may have slow progression of puberty so 
that menses may not occur as early as feared. In many 
situations, a follow-up visit in 4–6 months to evaluate 
growth velocity and any change in the amount of 
breast development will make it easier to decide if your 
child is progressing rapidly enough to justify treat-
ment; 

4	 It is not necessary to prevent a first menstrual period  
to intervene and stop subsequent menses;

5	 Cost of treatment is high and need to be added to the 
cost and stress associated with the follow-up clinic vis-
its and periodic injections or having an implant placed.
Such a discussion encourages thoughtful consider-

ation of therapeutic restraint, reassurance, and observa-
tion of many girls who might otherwise receive 2–4 years 
of treatment for a poorly defined benefit achieved at a 
very high cost.
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