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Puberty is a period of development characterized by partially concurrent changes which includes growth acceleration, alteration in body
composition and appearance of secondary sex characteristics. Puberty is characterized by an acceleration and then deceleration in
skeletal growth. The initiation, duration and amount of growth vary considerably during the growth spurt. Pubertal growth and biological
maturation are dynamic processes regulated by a variety of genetic and environmental factors. Changes in skeletal maturation and
bone mineral accretion concomitant with the stage of pubertal development constitute essential components in the evaluation of growth
during this pubertal period. Genetic, endocrine and nutritional factors and ethnicity contribute variably to the amount of growth gained
during this important period of rapid changes. Many studies investigated the possibility of increasing pubertal growth to gain taller final
adult height in adolescents with idiopathic short stature (ISS). The pattern of pubertal growth, its relation to sex maturity rating and
factors affecting them has been addressed in this review. The results of different trials to increase final adult height of adolescents
using different hormones have been summarized. These data enables Endocrinologists to give in-depth explanations to patients and
families about the efficacy and clinical significance as well as the safety of using these therapies in the treatment of adolescents with ISS.
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INTRODUCTION

Adolescent growth spurt is the fast and intense increase in
the rate of growth in height and weight that occurs during
the adolescent stage of the human life cycle. This growth
practically occurs in all of the long bones and most other
skeletal elements. No other primate species, including the
chimpanzee, is known to have such a global post-pubertal
increase in skeletal growth velocity.

The pubertal growth spurt begins on average at
9-10.0 years for girls and 11-12.0 for boys, however
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there is considerable variation between individuals
and populations. The peak growth rate as well as the
duration of this spurt is greater for boys than for girls,
and this accounts for the average difference of 11-13 cm
in height between adult males and females. Up to 10%
of clinically normally girls, usually those who sexually
mature at a late age, experience a reduced or absent
growth spurt.'?

Pattern of growth during normal puberty

Pubertal growth, because of its distinct features, must be
analyzed differently from the relatively slow prepubertal
growth. The age at take-off is highly variable and
sex-dependent. The mean take-off age in adolescents
growing and peak height velocity (PHV) differ between
boys and gitls as well as the contribution of pubertal growth
to final height (FH) are summarized in Table 1. Age at
take-off correlates highly with pubertal stage, but correlates
negatively with duration and magnitude of puberty. The
PHYV is highest in early-maturing children and lowest in
late-maturing children [Table 1].
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Table 1: Pubertal changes in different clinical conditions

Age of take-off (growth) Age of Peak GV Peak GV Duration Total height gain
Normal puberty males 8-13 years (11 years) 13.5 years 9.5¢cm/y 3 years 30.5cm
Normal puberty females 9-14 years (9 years) 11.5 years 8.3cm/y 2.5 years 28.5¢cm
Early puberty Early Early Higher Longer More gain
Late puberty Late Late Less +Less Less gain
Obesity (girls) Early Early Less tlLess Less gain
Severe under-nutrition Late Late Less Longer +Same
Chronic diseases: Chronic renal Late Late Less Normal or Less gain
failure, cystic fibrosis, Crohn’s longer
disease, thalassemia major
Athletes* Normal or delayed Normal or delayed Normal Normal Normal
Intensive training Delayed Delayed Less Normal or Less gain
with energy increased
restriction

*Delayed menarche is described in athlete girls with no other effect on other puberty parameters, GV: Growth velocity

The duration of puberty is quite variable, due to considerable
variation in the onset of puberty. In one study, linear-growth
velocity begins to increase in males at genital stage I1I and
pubic-hair stage 1I, but PHV is not attained until age
14 years in boys and 12 years in girls. Lean body mass, which
primarily reflects muscle mass, begins to increase during
early puberty in both boys and girls. Fat mass increases
during the late stages of puberty in gitls. Sex differences
in the adolescent growth spurt produce the characteristics
sexual dimorphism in shape and proportions seen in young
adults.”"! Two large studies found that the eatlier the start
of pubertal growth spurt PGS onset, the higher were PHV
and the total pubertal growth (TPG) gain. However, adult
heights were similar among early maturers and late maturers
when these values were compared with adult height values
obtained.">"! In another longitudinal study a statistically
significant correlation was found between height values at
the start of pubertal growth and adult height.!'"¥

In summary, although the duration of postnatal growth is
shorter in earlier than in later maturers, the former gain
more centimeters during pubertal growth and reach similar
adult height.>' In both sexes, genetic factors, and not the
time when pubertal growth begins, influenced final adult
height (FAH).['!

Genetic control of pubertal growth

Growth during puberty appears to be strictly genetically
regulated. From 50% to 80% of the variation in the timing
of puberty has been found to be because of genetic
differences between individuals." Twin studies showed
that pubertal growth is under strong genetic control.
A Swedish cohort of 99 monozygotic and 76 dizygotic twin
pairs showed that the heritability estimate was 0.91 for age
atonset of pubertal growth spurt, 0.93 for age at PHV, and
0.97 for adult height. Age at onset of pubertal growth spurt
was negatively associated with BMI from 1 to 10 years of
age and stature in early adulthood. The age at PHV was
found to correlate with childhood BMI and stature in early

adulthood. These associations were explained by common
genetic factors. There is also evidence that a new set of
genes affecting height may be turned on during the pubertal
growth spurt and then turned off.['>"")

The onset of puberty is almost certainly polygenic. Recently,
the neuropeptides kisspeptin (encoded by KISS7 gene located
on the long arm of chromosome 1 (1g32) and neurokinin
B (NKB, encoded by TAC3 in humans) have been placed
as essential gatekeepers of puberty. Studies in humans and
rodents have revealed that loss-of-function mutations in
the genes encoding either kisspeptin and NKB or their
receptors, Kiss1r and neurokinin 3 receptor (NK3R), lead
to impaired sexual maturation and infertility. Kisspeptin,
NKB, and dynorphin A are co-expressed in neurons of the
arcuate nucleus (ARC), the so-called “Kisspeptin/NKB/
Dyn (KNDy)” neurons. Compelling evidence suggests a
stimulatory role of NKB (or the NK3R agonist, senktide)
on luteinizing hormone (LH) release through shaping the
pulsatile release of kisspeptin and hence GnRH.!"¥ Data
from mammals are consistent with the concept that KISS7
gene product activates the GPR54 on hypothalamic GnRH
neurons.!"” Inactivating mutations of either the ligand or the
receptor are associated with delayed pubertal development
and activating mutations with central precocious puberty.
An increase in KISST mRNA and/or GPR54 mRNA
expression occurs during puberty.!'"*

Pubertal growth assessment using velocity charts:
Relationship with various common indexes of maturation
Longitudinal, rather than cross-sectional, growth data are
necessary for constructing height-velocity charts. Clinical
use of these growth—velocity charts requires calculating
the child’s growth velocity and knowing his or her pubertal
status. In calculating growth velocity, the increment
between two measurements should be not <0.85 yr and
not >1.15 yrs. Velocities calculated over shorter periods can
reflect only seasonal effects. By plotting the height values of
a child in a chart containing pre-pubertal reference values,
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the onset of the pubertal growth spurt can be identified
by a change in the pre-pubertal height standard deviation
score values of 0.3 standard deviations or more over a
petiod of 1 year.” Once the pubertal onset is established,
an accurate FH prediction method for both sexes can be
applied to the data.”*!

Another important fact to consider is the concordance
between the growth spurt and different stages of pubertal
development. When using auxological parameters to detect
the spurt, it is possible to evaluate its concordance with
clinical Tanner stages. In girls, peak growth velocity occurs
at stage B2 in 40% of individuals, B3 in 30%, B4 in 20%
and B1 (before breast development) in 10%." Similatly,
in boys, peak growth velocity occurs at stage G3 in 60%
of individuals, G4 in 28%, G2 in 8% and G5 in 4%.>*

A recent study showed that the onset of the pubertal
growth spurts in height, facial size, and mandibular length
occurred in girls at 9.3, 9.8, and 9.5 years, respectively, and
in boys at 11.9, 12.0, and 11.9 years, respectively. The peak
of the growth spurt in height, facial size, and mandibular
length occurred at 10.9, 11.5, and 11.5 years in girls and
14.0, 14.4, and 14.3 years in boys."

Prediction of adult height during pubertal growth

Adult height prediction is a common procedure in pediatric
endocrinology. The prediction may reassure the family or
indicate a need for laboratory tests to establish the cause of
the unusual growth. Early maturing individuals are closer to
their adult height than average and late maturing individuals
of the same chronological age. In addition, at the PHV a
child has reached 92% of their adult stature. Therefore,
prediction of adult height is based on both the assessment
of the child’s current biological maturity and the amount
of growth remaining until full maturity.*

The most popular predictive equations of adult height are
the Bayley and Pinneau method, the Roche—Wainer—Thissen
method, Khamis—Roche and the Tanner—Whitehouse
methods. To predict adult height the following variables
are required: gender, date of birth, date of measurement,
height and skeletal maturity (bone age (BA)).>% Although
all these methods are clinically useful, wide variation exists
among formulas used to predict adult heights. Because
these algorithms may be used in decisions regarding
whether to initiate GH treatment and assessment of
the efficacy of GH in research trials, it is important for
parents, pediatricians, and investigators to recognize the
considerable variation involved in height predictions.

Recent longitudinal study assessing the value of
prediction of adult height by Tanner—Whitehouse

method in young Caucasian male athletes (z = 477)
proved accurate relationship between estimated and FAH
was high (r = 0.96). Sherar e/ a/”® developed maturity
and sex-specific cumulative height velocity curves for
early, average, and late maturers. The technique is a valid,
nonintrusive, inexpensive, and simple method of predicting
adult height in.?*" If automated BA measutements are
found to be more precise than measurements by human
readers, then introduction of this technology might help
to reduce errors in height predictions and might allow
more accurate comparisons of the different algorithms.*!

Endocrine control of pubertal growth

Pubertal growth is a complex process regulated and
modified by hormonal and genetic factors, environment
and nutrition [Figures 1 and 2].

Compelling evidence suggests a stimulatory role of
NKB on LH release through shaping the pulsatile release
of kisspeptin and hence GnRH. Studies reported that
kisspeptins stimulate the secretion of gonadotropins from
the pituitary by stimulating the release of GnRH from the
forebrain after the activation of GPR54, which is expressed
by GnRH neurons. Kisspeptin neurons express the estrogen
receptor (ER) and the androgen receptor, and these cells
are direct targets for the action of gonadal steroids in
both male and female animals, suggesting that kisspeptin
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Figure 1: A schematic representation of hormonal control of pubertal
development. Kisspeptin from Kiss neurons stimulates GnRH secretion by
a direct effect on GnRH neurons. KiSS-1 neurons in the ARC appear to be
involved in the negative feedback regulation of GhnRH/LH by sex steroids.
The expression of KiSS-1 mRNA in the arcuate is inhibited by estradiol (E),
and testosterone (T). + = stimulation, — = inhibition
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Figure 2: Activation of hypothalamic pituitary gonadal axis and GH-
IGF-1 axis leading to pubertal growth spurt and sexual development.
— = stimulation

signaling could mediate the neuroendocrine events that
trigger the onset of puberty. Animal observations suggest
that kisspeptin neurons in the ARC and anteroventral
petiventricular nucleus (AVPV) of both the male and female
provide tonic drive to GnRH-neuronal activity, which
is modulated by the negative/positive feedback effects
of gonadal steroids.’? It is suggested that Kisspeptin
released by neurons in the AVPV and Arc stimulates GnRH
release, which induces the release of LH and FSH. The
gonads respond to gonadotropins by secreting sex steroids,
which then feedback to regulate the activity of kisspeptin
neurons, inhibiting KISS1 expression in the Arc and
inducing its expression in the AVPV. Kisspeptin signaling in
the brain has been implicated in triggering and guiding the
tempo of sexual maturation at puberty and generating the
preovulatory GnRH/LH surge.’>*"l Exogenous kisspeptin
administered to prepubertal rodents and monkeys initiates
various aspects of precocious puberty such as LH secretion
or vaginal opening. Manipulation of kisspeptin signaling
has the potential for novel therapies in patients with
pathologically low or high LH pulsatility”” [Figure 1].

During puberty GnRH is secreted in pulses and in greater
amounts at first only at night. Pituitary gonadotropes
respond to GnRH, by LH is secretion which stimulates
the testis or ovary to produce testosterone or estradiol.’*!

Gonadal steroid hormone levels promote the development
and growth of the secondary sexual characteristics
and the changes in body composition associated with
pubertal development. Sex steroids play a crucial role
in pubertal growth both at the systemic level via the
growth hormone/insulin like growth factor-1 (GH/
IGF-1) axis and at the local level of the epiphyseal
growth plate. In both sexes estrogen is the critical
hormone in controlling growth plate acceleration and
fusion. Estrogen stimulation of growth is largely
dependent on pituitary GH and is mediated via the
ERs, estrogen receptor-alpha (ER-0) and estrogen
receptor-beta (ER-B3), which are expressed in the anterior
pituitary as well as the hypothalamus. GH and estrogen
levels show positive correlations in prepubertal girls and
boys. Estrogen increases the basal GH secretion rate
and the irregularity of GH release patterns, whereas
testosterone stimulates greater GH secretory burst mass
and greater IGF-1 concentrations [Figure 2].1*

During puberty the pulsatile secretion of GH increases (1.5
to 3-fold) along with a greater than three-fold increase in
serum IGF-1 levels. Twenty-four hour GH secretion peaks
during adolescence, contributing to the high serum levels
of IGF-1 that are characteristic of puberty. The increase in
GH production during middle to late puberty is caused by
enhanced pulse amplitude and increased mass of GH per
secretory burst, rather than by a change in pulse frequency.?**"
In girls, an increase in circulating GH is seen relatively early
in puberty at Tanner breast stage 2 (B2) with peak levels
coinciding with B3-4. In boys, this increase in GH is seen
later with the peak occurring at Tanner genital stage 4 (G4).
Peak IGF-1 levels occur at 14.5 years in girls and 1 year later in
boys. During puberty, IGF-1 levels rise two to three times the
adult range. IGF-1 levels during adolescence correlate better
with Tanner stage or BA than with chronologic age. After
secondary sexual development is complete, GH and IGF-1
levels fall to prepubertal levels in both sexes. Both systemic
and local IGF-1 contribute to longitudinal growth.”

In experimental animals, GH seems to stimulate
FSH-induced differentiation of granulosa cells directly,
increase ovarian levels of 1GF-1, and amplify the ovarian
response to gonadotropins. IGF-1, in turn, enhances
the gonadotropin effect on the granulosa cell, and GH
seems to act synergistically to facilitate ovarian maturation
postmenarche.!! The local production or accumulation
of GH and IGF-1 contributes an intra-ovarian paracrine
control on steroidogenesis.*”! Patients with isolated GH
deficiency frequently have delayed puberty and their
Leydig cell function is diminished. GH administration
can restore testicular responsiveness to LH and Leydig cell
steroidogenesis.**4
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Insulin is also important for normal growth. Plasma
insulin levels increase throughout childhood, but the
rise is particularly pronounced during puberty with a
strong positive correlation with IGF-1. The pubertal
transition from Tanner stage I to Tanner stage Il or IV is
associated with a 32% reduction in insulin sensitivity (SI)
and subsequently recovered by the end of puberty. SI was
not associated with changes in body fat, testosterone, or
estradiol.l*>*

Thyroid hormones are an integral and essential prerequisite
for normal pubertal development. Thyroid hormone
regulates chondrocyte proliferation and stimulates terminal
differentiation, mineralization, and angiogenesis. In
particular, thyroid hormone is essential for hypertrophic
chondrocyte differentiation. Thyroid hormones potentiate
the actions of IGF-1 on cartilage and stimulate GH
synthesis by the anterior pituitary gland. Hypothyroidism
can cause growth and pubertal delay and delayed skeletal
maturation, whereas hyperthyroidism can accelerate
linear growth and skeletal maturation.**! Longitudinal
assessment of free T4 levels revealed a marked decrease
from 10 years of age (15.7 pmol/L) to 12.5 years of
age (13 pmol/L) before rising to prepubertal (15.9 pmol/L)
levels at 15 years of age. The nadir occurred during pubertal
developmental Tanner stages III to TV.P'l

Leptin is a protein product of the obesity (ob) gene.
It is secreted as a hormone mainly from white adipose
tissue and serves as a signal for the brain of the body’s
energy stores.’’) Leptin receptors have been identified
in the hypothalamus, gonadotrope cells of the anterior
pituitary, and ovarian follicular cells, as well as Leydig cells.
It accelerates gonadotropin-releasing hormone (GnRH)
pulsatility in hypothalamic neurons, and it has a direct
effect on the anterior pituitary. Leptin administration at low
doses may have a permissive, threshold effect on the central
networks that regulate gonadotropin secretion. Recent data
indicate that leptin has a specific role in stimulating the
activity of enzymes essential for the synthesis of adrenal
androgens.”>’ Leptin has been shown to act as a skeletal
growth factor, with a direct effect on skeletal growth.[**>'>?

It appears in obese gitls with early puberty the elevated
leptin levels might have a permissive effect on the
pubertal process and links energy regulation with pubertal
development and growth.F*>!

Effect of nutrition on pubertal growth spurt

In rural Hyderabad (India) longitudinal data on height
measurements were studied in pre-school children available
during an 18 year period. Boys with severe height deficit at
age 5+ (severe under-nutrition) entered late into puberty

significantly later compared to British and normal Indian
boys. They grew with significantly depressed intensity, but
gained a similar amount of height, as a result of prolonged
adolescent growth spurt period which continued till
19.2 years. Thus, a childhood background of undernutrition
did not lead to any additional deficit in height during
puberty. However, pre-pubertal height deficits were carried
into adult height.P

Interestingly, in childhood and early adolescence, early
maturers were taller, had higher body mass index (BMI)
and thicker skinfolds than later maturers.””! This points
to the tight interactions between fat mass and pubertal
development. This means that a compensatory mechanism
occurs where individuals with earlier puberty grow less
before puberty and more during puberty while those with
late pubertal development start their puberty taller but grow
less during puberty. Whether this compensation is complete
and whether those who enter puberty at the eatlier end
of the normal spectrum end up shorter than those who

mature later is still a matter of debate.P®>"

A longitudinal study of normal children showed that
overweight and obesity have significant effect on pubertal
growth.P7 When the evolution of the adolescent growth
spurt was related to the evolution of BMI between the ages
of 2 and 8, the findings indicate that an additional gain of
1 BMI point (1 kg/m?) decreases the adolescent growth

spurt by a mean of 0.5 cm in gitls and 0.9 ¢cm in boys.[*”

Puberty, bone growth and bone mineral accretion
Puberty is a crucial time in bone mineral mass development.
The lumbar spine bone mineral mass doubles from 9 to
15 years and from 11 to 17 years in females and males,
respectively. Approximately 40% of peak bone mass is
acquired between Tanner stages 1l and V and the rate
of acquisition is particularly high between stage 111 and
stage TV.[°!

Bone mass increases throughout puberty in both
sexes. Bone formation markers, dual energy X-ray
absorptiometry (DEXA) and quantitative computerized
tomogtraphy (CT) imaging indicate that there is an increase
in bone mass throughout childhood with a marked
acceleration in accumulation at puberty.’>% Estrogen
level makes the greatest contribution to bone mineral
(0681 The achievement of peak
bone mass is sustained by estrogen in both sexes. Strong
correlation coefficients are found between BMD and serum
estradiol levels and height. Estradiol has imperative effects,
through increasing bone density and by suppression of
bone resorption at the endocortical surface leading to an
increase in cortical thickness.”>?

acquisition in boys and gitls.
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In healthy adolescent males and females, bone mass and
density at skeletal maturity are inversely related to the timing
of puberty. The BMD at all skeletal sites in Childhood
Study indicated that the age of onset of puberty is a
strong negative predictor of DXA bone measurements
at skeletal maturity, independent of bone values at the
beginning of puberty, and the length of puberty.?** In
contrast, length of puberty has no relation to any measures
of bone accretion. BMD at the radius and lumbar spine
levels has been found to be significantly higher in girls with
precocious puberty compared with prepubertal gitls and
delayed puberty is associated with reduced bone mass. In
delayed or late puberty, reduced bone mass gain can be
observed before the onset of sexual maturation. />’

In addition to estrogen, activation of the GH and IGF-1 axis
positively affects bone turnover by stimulating osteoblast
proliferation and differentiation. The prepubertal increase
in adrenal androgens, specifically dehydroepiandrosterone
metabolites, also has beneficial effects on the accretion
of bone strength. Moreover, pubertal increase in
muscularity (anabolic effects of the sex hormones) is
likely to stimulates bone formation.*74

Can we increase adolescent growth?

Hormonal treatment using GH with or without GnRH
and/or aromatase inhibitors (Als) are the main hormonal
therapies tried by endocrinologists to enhance FAH in short
adolescents with idiopathic short stature (ISS).

Gonadotropin-releasing hormone agonists in short children
at onset of puberty

The good results of using GnRH in precocious puberty
and the hope that interrupting puberty might increase adult
height has led to several attempts to use GnRH agonists in
patients other than those with strict criteria for precocious
puberty, in particular children with normal puberty and
poor growth prognosis due to ISS.I"

(73]

In 31 girls with ISS and pubertal onset around the age of
12 years, the use of GnRH agonist for 2 years increased
of adult over pretreatment-predicted height only 1:2.3 cm.
Growth velocity markedly declined during treatment and
the height deficit increased by 0.4 SDS on average in
these already short girls.*™ Another placebo-controlled
randomized study used GnRH agonist for treatment of
adolescents with ISS for an average of 3.5 years (one third
of them were also treated with growth hormone (GH)).
Covariance analysis of adult height SDS, adjusted on sex,
GH treatment showed an increase of 0.6 SDS (4.2 cm)
with the use of GnRH agonist. However, the treatment
was associated with a decrease in BMD, measured 1 year
after the discontinuation of the treatment.”

It appears that when these treatments are used for short
periods of time the effect on adult height is close to zero.
However, when duration of treatment increases, the slow
growth rate observed in the absence of BA progression
eventually converts into increased adult height, roughly
1 cm per treatment year.”" This is similar to the effect
of untreated hypogonadism that leads to increased adult
height only if untreated to the age of 20 years. Similarly,
in males with ER or aromatase deficiency, height is normal
or low around the age of puberty in the absence of a
growth spurt. However, persistent growth in the absence
of growth plate fusion leads to tall stature when patients
are older than 20 years.[”"!

In summary, the data accumulated so far allow the clinician
to give in-depth explanations to patients and families
that short treatments are completely ineffective and long
treatments have some efficacy with questionable clinical
significance (4 cm) and possible safety concerns about
decreased BMD. In addition, the psychological sequelae of
drug-induced severe pubertal delay have to be evaluated.
Therefore, GnRH agonist treatments to increase height
outside of precocious puberty are not currently advised
outside research protocols.*!

GH in short children at onset of puberty

A large multicenter observational study monitored the
effect of GH treatment of short children with ISS at onset
of puberty until the near-end of growth. Results showed
that all groups gained about 1.1 SDS. Patients who had used
GH for the shortest period of time (less than 18 months)
did similarly to those who used treatment for the longest
periods. These results raised the question whether this was
due to spontaneous catch-up in individuals with delayed
puberty or to the effect of GH. The mean effect was close to
1 cm of adult height gain by year of treatment. The limits of
this observational study included the relative heterogeneity
of the patients and the relatively low dose of GH used (0.4
U/kg per week or 0.02 mg/kg per week).B#2 Using high
doses of GH (1.4 U/kg per week or 0.067 mg/kg per day)
in short adolescents born small for gestational age resulted
in increased height SDS by 0.6 SDS in 2.7 years (0.2 SDS/
year).l Other short-term studies have addressed similar
questions and have obtained quite similar results.[*%

The FAH of children with ISS (n = 194) treated with GH
for 5.9 + 1.1 years showed that GH treatment significantly
increased FAH in a dose-dependent manner, with a mean
gain of 1.3 SDS (8 cm) and a broad range of response
from no gain to 3 SDS compared to a mean gain of 0.2
SDS in the untreated controls.* In addition GH treatment
showed positive effect on lean body mass, bone turnover,
and bone mass accrual over 2 years.""
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Altogether, these results demonstrate that GH given alone
can increase the pubertal growth spurt in short adolescents.
Similar to the conclusions with GnRH agonists, the
physician now has precise information to give to patients
and families on what to expect from a GH treatment in such
a situation. The constraints and risks of such treatments
and the uncertainties concerning long-term consequences
should be discussed with the adolescent and parents.®*

Combination of GH and GnRH agonists in short adolescents
The possibility to block pubertal development and skeletal
maturation as a tool to increase the effect of GH treatment
has long been considered in the KIGS database, children
on combined GH and GnRH agonists compared to
those treated with GH only, followed up to near-adult
showed a lower total height gain (from start of GH
treatment to adult) in the combination patients than with
GH alone. Another study showed similar observation
and, in multivariate analysis, use of GnRH agonist was
associated with a 0.3 SDS dectease in adult height gain.
Thirty-two adolescents with Tanner stage 11111, age and
BA less than 12 yrs for girls or less than 13 yrs for boys,
height SD score (SDS) less than —2.0 plus a predicted adult
height (PAH) less than —2.0 SDS were randomly allocated to
receive GH plus GnRHa (7 = 17) or no treatment (7 = 15)
for 3 yrs. FH was assessed at the age of 18 yrs or older
in girls or 19 yrs or older in boys. FH was not different

between treatment and control groups.”’

In contrast to these findings, Pasquino e7a/"" have compared
12 short normal girls treated with the combination versus
12 treated with GH alone. At adult height, the gain over
predicted height was 10 = 2.9 cm with the combination
versus 0.1 £ 4.4 cm with GH alone (a mean difference of
4 cm). In the Dutch study, 36 patients were randomized
to combination treatment or observation. The predicted
height at the end of the 3-year treatment period was
higher by a mean of 1.2 SDS in the treated versus control
group.'™ Other small-scale trials with a the mean durations
of the combination was quite variable ranging from 1.4 to
3 years concluded a benefit from the combination ranging
from 0.8 to 1.4 SDS.”>*"

More recently, the use of Als has been proposed to
specifically decrease the growth maturating effects of
estrogens on the growth plate and therefore increase
adult height.”*'"! The primary data suggest that the use
of Als in ISS hold promise for increasing adult height in
short children, apparently by maintaining growth velocity
while decreasing BA progression. The available data on
near adult height indicate that gains noted during initial
therapy may be (although not always fully) sustained into
adulthood. A randomized study on adolescent males with

GH deficiency compared growth of those on treatment
with GH and either daily co-treatment with anastrozole
or placebo for up to 36 months. A significant slower
advancement in the BA in anastrozole versus the placebo
group resulted in a net increase in mean PAH of 4.5 cm
in the anastrozole group at 24 months and 6.8 cm at
36 months compared with a 1-cm gain at both time points
in placebo group. All boys on anastrozole had a normal
tempo of pubertal virilization and, as expected.!""!

Als are well tolerated and are available as a convenient
once-daily oral dose; however, safety information
regarding long-term effects on indices such as bone
mineral acquisition, spermatogenesis, and exposure to
supra-physiologic testosterone levels are still needed. Data
on adult height are still lacking, and there is no information
identifying which children are likely to benefit most.['*1%l

In summary

Individual adolescents vary in the timing of pubertal
onset, its duration or “tempo,” and its termination. Little
is known about the “offset” mechanisms of puberty.
There are a number of variables that may influence directly
or indirectly pubertal growth spurt including, gender,
genetics, nutrition, endocrine regulation, physical activity
and ethnicity [Table 1]. It is the interaction among several
of these variables that may affect pubertal growth and
maturation in complex ways. Children with short stature,
who enter puberty at normal time, comprise a large portion
of the typical pediatric endocrinologist’s practice. Possible
strategies for increasing adult height include growth
hormone treatment alone or together with GnRH analog or
with Als therapy to suppress pubertal development. These
approaches are expensive and invasive (requiring repeated
injections), and GnRH analog and Als therapy may result
in potentially adverse effects in children whose puberty
is occurring at a physiologically normal time. Additional
controlled studies for their efficacy and safety are required
before this therapy can be routinely recommended to
augment adult height.
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