FOCUS ON GROWTH HORMONE IN HEALTH AND DISEASE

Treatment of children and adolescents
with idiopathic short stature
Michael B. Ranke
Abstract | Idiopathic short stature (ISS) is defined as shortness in childhood without a specific cause. ISS may
be familial or nonfamilial and may be associated with or without delay of pubertal development. Treatment
can be considered in an attempt to reduce the psychological burden caused by short stature in childhood and
adult life. If counselling alone is not sufficient, medical modifications of the growth process can be attempted.
In cases with pubertal delay, sex steroids, such as testosterone and oxandrolone, can favourably influence
height velocity and growth tempo, although adult height is not affected. Medications that prolong the process
of growth—for example, gonadotropin-releasing hormone agonists or aromatase inhibitors—might increase
adult height, but findings to date are still experimental. Growth hormone therapy is approved for the treatment
of very short children with reduced adult height expectation, as evidence has accumulated that this therapy can
increase height in childhood and in adult life. Sensitivity to growth hormone is impaired in patients with ISS;
therefore, doses higher than a replacement dose have to be applied. This treatment still needs to be optimized
in terms of efficacy, cost-effectiveness and long-term safety. A debate is ongoing concerning the psychological
benefit of height increase, with clinicians warning against the medicalization of a deviation in height.
Ranke, M. B. Nat. Rev. Endocrinol. 9, 325–334 (2013); published online 23 April 2013; doi:10.1038/nrendo.2013.71

Introduction
For paediatricians, short stature is a very frequent diagnostic problem. A broad spectrum of disorders, some
general in nature and others specifically related to the
growth process, have to be considered during the diagnostic process. Whilst it has become possible to link
short stature to specific causes in a great number of short
children, for a substantial number a specific cause is not
found. If no underlying cause can be determined, these
children are considered to have so-called idiopathic short
stature (ISS). The term is derived from Greek idios (one’s
own) and pathos (suffering).
Height development in humans is a complex process
relating to the genetic growth potential of an indivi
dual. The process of height growth is divided into a pre
natal phase (~ 25%), a prepubertal phase (~60%) and a
pubertal phase (~15%), all of which are accomplished
within a certain time frame (tempo). Deviations from
the normal growth process may thus be caused by factors
affecting the growth process itself and/or its tempo. The
treatment of ISS and related topics have been reviewed
in detail elsewhere,1–4 and the results of an international
consensus meeting have been documented.3 This article
discusses the best methods to alleviate the psychological
burden that might be associated with short stature
in ISS during childhood, adolescence or adult life.
Furthermore, the development of various strategies to
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treat ISS is discussed and research to evaluate the efficacy
and safety of these approaches is outlined.

Definition of ISS
Most experts accept that ISS be defined as a condition of
short stature in which height is below –2 SD scores (SDS)
(which is equal to the 2.3th percentile or often defined as
<3rd percentile) for age, sex and the corresponding population, without evidence of a systemic disease, nutritional,
psychological or chromosomal disorder, or overt hormonal abnormalities.3,5 Specifically, children with ISS have a
normal size at birth and no deficiency in growth hormone
(GH), which is also known as somatotropin. Historically,
a variety of other terms have been used for ISS, such as
normal-variant short stature, constitutional short stature,
constitutional delay of growth and adolescence (CDGA),
constitutional delay of growth and puberty (CDGP),
small/delay, familial short stature, and others. These terms
are partly focused on short stature alone (for example,
constitutional short stature) or on the combination of
shortness and a retarded tempo of growth and puberty
(for example, CDGA).
The term ISS includes both children whose height is
below the normal range but inside the familial target
range (termed familial ISS)6 and children who are short
but whose height is outside the familial target range
(termed nonfamilial ISS). In addition, these two varieties
can be further subdivided into those with normal and
those with delayed timing of the onset of puberty
(>13 years in girls and >14 years in boys).7 As there is no
definite method of predicting delayed onset of puberty
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Key points
■■ Idiopathic short stature is defined as a condition of short stature after
exclusion of specific causes
■■ Children with idiopathic short stature often remain short in adult life
■■ Shortness might cause a psychological burden, particularly in childhood
■■ Children with shortness and/or developmental delay can be treated with sex
steroids, medications that prolongate growth or growth factors
■■ Therapy with recombinant human growth hormone is approved (in the USA)
because of its potential to increase adult height
■■ Although growth hormone therapy is safe in the short term (for example,
<10 years), long-term safety needs to be explored further

in a child with short stature—including the determination of bone maturation—a delay of puberty can only
be defined when pubertal age has been reached and not
before. Thus, ISS is exclusively defined on statistical
grounds, and a numerical basis needs to be established
empirically in respective populations and after exclusion of specific causes of shortness. An estimated ~80%
of children presenting to a specialist because of short
stature qualify for the diagnosis ISS.1
To date, it is unclear whether individuals with ISS represent the extremes within the normal distribution of
height and/or the tempo of development or whether their
developmental pattern is a reflection of distinct inborn
deviations. Height and its developmental tempo are an
expression of the genetic and epigenetic make-up of an
individual’s ‘height’ genes and presumptive ‘tempo’ genes
and the interaction of these genetic factors with metabolic and environmental factors. Genome-wide association studies in the past few years have identified genes
that are predominantly associated with the achievement
of adult height.8,9 The discovered genes and their polymorphisms are of relevance for general cellular or metabolic mechanisms, relate to growth-regulating systems
(such as the GH/insulin-like growth factor 1 [IGF-1,
also known as IGF-I] axis) or are of importance for
mechanisms at the growth plate.10
Height is a phenotype that results from a multitude
of genes (a classic polygenetic trait), which is even true
for most of the extremes of height.11 Likewise, there is
an increasing understanding of the genetic and pathophysiological mechanisms leading to an activation of
the hypothalamic core (‘gonadostat’), which initiates
and maintains an orderly and timely progression of
pubertal events.12–16 In addition, changes are occurring in anthropometric characteristics, such as height,
weight and the timing of pubertal developments, in
various populations worldwide. The ‘secular’ trend of an
increase in height—foremost during childhood but also
in adults—and the advancement of the timing of certain
pubertal landmarks are assumed to be the consequence
of dynamic socioeconomic and environmental influences.17–20 The parallel changes in growth and puberty
that are occurring in various populations underline the
interdependence of these phenomena to height.21

Diagnostic evaluation
Only up-to-date reference data on the height and pubertal landmarks in the population that matches that of the
326 | JUNE 2013 | VOLUME 9

individuals referred to physicians will enable an accurate definition of ISS into its various subgroups. If such
references are not available, the WHO references for
height are recommended as a compromise.22 However,
misleading conclusions based on comparison with such
universal growth references must be avoided, particularly
when children from other ethnic backgrounds than the
indigenous population are concerned. As in any child
with short stature, the diagnostic work-up for the definition of ISS is complex, as it requires the exclusion of a
multitude of potential causes of shortness. 23 One of
the predominant diagnostic efforts relates to the GH/
IGF-1 axis, because idiopathic isolated GH deficiency
(GHD) shares many of the clinical and anthropometrical
characteristics of ISS. Similar to GHD, the basal levels of
IGF‑1 often tend to be subnormal in ISS.24 Whether this
subnormal level is the result of impaired GH secretion,
impaired IGF production or other causes affecting the
concentration of IGF‑1 in blood is unclear.25
The endocrinological diagnosis of ISS is primarily
made by excluding impaired GH secretion (Table 1).
However, methodological problems and a diversity of
assay types exist in the measurement of GH and GH
secretion.26,27 All of these methods of testing for GH secretion have a low level of reproducibility and, in addition,
a lack of normative data exists in children and adolescents.27 The cut-off value to distinguish between GHD
and ISS was traditionally considered a GH level of 10 μg/l
to standard stimulation tests, but when using modern
international reference preparations for GH this figure
corresponds to 6.7 μg/l. Whether the borders between
the diagnoses ISS and GHD will be more strengthened
or blurred if spontaneously secreted GH is evaluated
requires further evidence.28
Rare disorders of the GH/IGF-1 axis that are not
caused by impaired GH secretion but by primary IGF
deficiency might also have to be considered as a possible cause of short stature. These rare disorders include
those caused by defects in the GH receptor and its signalling cascade which result in impaired IGF‑1 generation,
IGF‑1 receptor defects or an impairment of the IGFbinding protein complex acid labile subunit (ALS).29,30
The discovery of a genetic defect in suspected cases
a priori excludes the diagnosis of ISS. However, clinical symptoms that suggest genetic abnormalities may
be absent or very subtle, such as in patients with SHOX
deficiency,31,32 and in individuals with mutations in the
ghrelin receptor,33,34 or in the natriuretic peptide or its
receptor.35,36 Thus an additional genetic work-up might
need to be considered in these individuals.

Spontaneous height achievement in ISS
A number of investigations have been conducted about
the spontaneous adult height achievement in children
with ISS.37 In two of these studies, the children have
been classified into those with familial and nonfamilial
ISS.38,39 Growth charts for children with ISS have also
been devised.39 All together, about half of all indivi
duals with ISS remain short in adult life. 38,39 Children
with familial ISS tend to reach their adult height target,
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Table 1 | Distinctions between ISS, GHD and IGFD
Diagnostic features

Isolated GHD

ISS

IGFD

Height

<–2.0 SDS for age and sex

<–2.0 SDS for age and sex

<–2.0 SDS for age and sex

Body proportions

Normal

Normal or subtle deviations

Normal

Results of GH tests

Two tests below cut-off level
(7–10 µg/l)

Any test above cut-off level
(7–10 µg/l)

Any test above cut-off level
(7–10 µg/l)

Basal serum level of IGF‑1

<–1.0 SDS for age and sex

Variable

<–2.0 SDS for age and sex

sIGF‑1 to rhGH treatment

Increase

Variable response

Insufficient

Growth with rhGH

Very good

Variable

Insufficient

Genetic cause

Rare

No (subtle anomalies)

Common

Abbreviations: GH, growth hormone; GHD, growth hormone deficiency; IGF‑1, insulin-like growth factor 1; IGFD, IGF‑1 deficiency; ISS, idiopathic short stature;
rhGH, recombinant human GH; SDS, SD score; sIGF-1, serum IGF-1.

whereas children with nonfamilial ISS tend to reach an
adult height that is ~0.5 SDS below the height target.
In both types of ISS, adult height predictions made on
the basis of bone age tend to predict height outcomes
above those actually achieved, particularly if bone age is
severely (>2 years) delayed.40,41
Presently, no method is available to predict the spontaneous height outcomes in an individual child accurately.
Whether adult height predictions using automated boneage reading will improve this situation for children with
ISS needs further investigation.42 Taken together, the
studies suggest that children who present as very short
(height <–3.0 SDS) at a very young age, have a low target
height (<–1.0 SDS), and have no retarded bone age are
the most likely to stay short. Whether the less favourable height outcomes observed in women compared
with men who present with ISS in childhood is the
consequence of biases or is based on physiological sex
differences remains unclear.38

Psychological consequences
On the basis of the assumption that negative psycho
logical consequences can arise from shortness alone or
shortness combined with developmental delay in childhood and/or adolescence, investigations have focused
on three domains: stress factors as an immediate consequence of shortness; consequences of adaptation
processes to such stress factors (coping); and psychopathology as an outcome. In addition, investigations
have been carried out concerning the psychological
effect of short stature in adult life. Extensive literature
exists on the subject but with divergent findings. The
patient groups investigated vary with regard to their
ethnic and socioe conomic backgrounds. Methodo
logical approaches differ and are not always standardized. Foremost, however, the results of the investigations
do not give a uniform or conclusive picture of what the
psychological consequences of shortness in childhood
and adulthood are. Excellent reviews are available on
these topics.2,43–45
Within the context of discussing treatment options
for children with ISS here, a few conclusions may be
attempted. In general, short children are quite frequently
exposed to stress factors as a result of their height, in
terms of being teased by their peers and juvenilized by

adults, which can have negative effects on self-perception,
social adjustment and behaviour. Problems of psycho
social functioning are more frequent in individuals
referred to physicians because of their short stature than
in children with normal stature; however, psychosocial
difficulties are not more frequent in children with short
stature not referred to physicians than in children with
normal stature.46–48 Thus, a child’s psychological situation
is affected by a multitude of influences, not least by the
parents’ perception of shortness and the familial and
socioeconomical conditions. Psychological factors
and quality of life (QOL) measured in groups of children
with ISS differ statistically when compared with those
in children of normal height but are often not found to
be outside the normal range.49 Wide individual variation
exists, and specific psychopathology can be attributable
to shortness in some cases but not in others.
In adults with short stature, a significant correlation
between height and QOL has been shown by Christensen
and co-workers.50 In this study, a significant reduction in
QOL was found in individuals with a height <–2.0 SDS,
and the researchers concluded that an increase in height
of 1 SDS in these individuals would be expected to
increase QOL. Whether psychological findings in adults
with short stature are the reflection of their present height
or the repercussions of potentially negative experiences
during childhood and adolescence remains unknown. In
the author’s view, these investigations suggest that physicians who treat children with ISS need to attempt to
get a comprehensive picture of the child’s circumstances
of life and their psychological situation. In the future,
the measurement of validated QOL items may become
an integral part of the decision-making process of
growth-promoting treatments.

Treatment
The decision to embark on any form of treatment for
ISS is made primarily on the basis of an exact diagnostic
classification within the spectrum of ISS (namely, shortness with or without delay in development); an accurate
as possible prediction of spontaneous adult height; the
diagnosis and exclusion of specific psychopathology
that would require therapy outside the somatic area
(and might effect somatic treatment and the appraisal
of its benefit); and full understanding by the patient
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Height <–2.0 SDS for age and sex

Any specific cause of shortness excluded

Familial ISS

ISS

Nonfamilial ISS

With delay of puberty
and normal adult
height expectation

Consider burden of
shortness, benefits and
risks of therapy

With or without
delay of puberty and reduced
adult height expectation

GH (if approved)
Experimental:
GnRH analogues (potentially with GH)
Aromatase inhibitiors
IGF-1

Testosterone (boys)
Oxandrolone (boys; girls*)
Oestrogen (girls)

Figure 1 | Algorithm for the diagnosis and treatment of ISS. Before treatment can
be considered, specific causes of shortness need to be excluded. The resulting
diagnostic approach depends on the aims of treatment, which differ between an
attempt to treat shortness alone or to also correct developmental delay in
childhood. *Considering potential androgenic effects. Abbreviations: GH, growth
hormone; GnRH, gonadotropin-releasing hormone; IGF-1, insulin-like growth
factor 1; ISS, idiopathic short stature; SDS, SD score.

and parents of the aims of treatment, the modalities and
duration of treatment, the expected efficacy and the
potential risks and costs of therapy. This decision-
making might occur as a step-wise process, and needs to
be accompanied by empathy and cautious guidance by
the treatment team. Figure 1 illustrates an algorithm for
the diagnosis and treatment of ISS.
An essential part of providing care to children and
adolescents with ISS who are seeking medical help
is to give advice as to the generally benign nature of
their shortness and to create an understanding of the
individual’s situation. Advice and strategies to cope
with psychological problems related to shortness were
the only ‘treatment’ that physicians could offer before
medical interventions became an option. In children and
adolescents with less severe short stature, this psycho
logical approach remains an effective way to help.
In keeping with the ethical principle of Hippocrates
primum non nocere (first, not to harm), interventions
should not be justified by the ‘medicalization’ of physio
logic variations, including short stature, as a defect or
disease,51 or by other considerations not exclusively in
the interest of the affected child.
Medications that have an effect on height in ISS can be
divided into those that increase height velocity without
having a major effect on adult height, and those that also
have the potential to considerably augment adult height.
The medications used to treat ISS reflect our present
understanding of the regulators of the postnatal growth
process; statural growth is predominantly determined
by cellular processes that occur at the epiphyseal growth
plates of the long bones, and the growth of the long
bones is characterized by chondrocyte proliferation. This
process is associated with a multitude of structural and
functional changes, for which GH and IGF‑1 of systemic
and/or local origin have a major role.52,53
328 | JUNE 2013 | VOLUME 9

Growth of long bones ends when the capacity of the
cells involved to replicate is exhausted, as a result of an
inherent programme or other factors, of which oestrogens are main factors in promoting growth-plate senescence.54–56 Factors that augment the systemic or local
production of GH and GH‑dependent factors (such as
IGF‑1), and factors that stimulate the proliferation of
growth-plate chondrocytes independently of the GH/
IGF-1 system (such as androgens) promote longitudinal
bone growth.57 Oestrogens and androgens (by conversion into oestrogens) augment the secretion of GH from
the pituitary gland but enhance the process of growthplate senescence, which brings the growth process to an
end.58 Thus, the quantitative presence and the duration
of action of these hormonal components determine the
net effect on the growth process. These hormones, their
derivatives and the factors influencing their secretion are,
therefore, used in attempts to positively affect growth in
patients with ISS.

Testosterone
In male individuals with ISS and delay in pubertal
development (CDGA or CDGP), pubertal failure is
often more of a burden than short stature. Testosterone
esters are usually prescribed when puberty has not commenced after the age of 13–14 years, in order to stimulate growth and induce a masculine phenotype and body
composition.59,60 Treatment modalities in children with
delayed puberty are principally identical to those in children with hypogonadism and vary according to national
guidelines and the individual’s circumstances.61,62 Low
doses of testosterone esters (50–100 mg by intramuscular
injection per month) are effective in stimulating growth
and puberty without affecting predicted or observed
adult height.63–66 Similarly, in girls, low-dose oestrogen
does not negatively affect adult height outcomes.67 In
the experience of the author, a short course of treatment
with testosterone (for example, 6 months) in boys, or a
short course of oestrogen therapy in girls, may suffice to
induce a spontaneous development of puberty and have
a substantial psychological benefit.
Oxandrolone
Oxandrolone, an anabolic androgenic steroid, is a testosterone derivative, which has less androgenic effects than
testosterone and does not aromatize to oestrogen. In the
USA, oxandrolone is FDA-approved for the treatment of
short stature in girls with Turner syndrome. Although
the effect of oxandrolone on growth is not completely
understood, it is probably not mediated through an augmentation of the GH/IGF-1 axis but is the result of direct
effects at the level of the growth plate. Oxandrolone has
been used and studied widely in children with growth
delay. 68,69 In these children, oxandrolone increases
height velocity without affecting expected adult height.
As the androgenic effect of oxandrolone is small, this
agent can be given to children of >9 years of age with
presumed pubertal delay.70 The dose given to patients
with ISS is usually 2.5–5.0 mg orally per day restricted
to a period <1 year. Although oxandrolone can also be
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Table 2 | Effects of long-term GH treatment in patients with ISS
Study

Study characteristics
Groups

n

%
male

Age at start
(years)

Height at
start (SDS)

Dose GH (mg/
kg per week)

Final height
(SDS)

Change in
height (SDS)

Years
on GH

Hindmarsh 199691

GH
Control

10
6

60
16

8.4
7.6

–2.2
–2.3

0.22
–

–1.9
–2.0

NR
NR

9
–

McCaughey 199896

GH
Control
Control

8
6
20

0
0
0

6.2
6.1
6.2

–2.5
–2.5
–2.3

0.33
–
–

–1.1
–2.4
–2.1

1.4
NR
NR

6.2
–
–

Hintz 199997

GH

80

71

10.2

–2.7

0.3

–1.4

1.3

5–7

Wit 2002100

GH
GH
Control

23
30
64

70
67
52

10.2
10.7
10.9

–3.6
–3.2
–3.0

0.2
0.3
–

–2.4
–1.8
–2.4

1.2
1.3
NR

5.9
5.9
–

Leschek 2004101

GH
Control

11
22

82
82

12.9
12.5

–2.8
–2.7

0.22
–

–1.8
–2.3

NR
NR

4.4
–

Wit 2005103

GH
GH
GH

17
16
17

65
56
65

10.4
10.4
10.2

–3.3
–3.1
–2.9

0.24
0.24–0.37
0.37

–1.7
–1.6
–1.0

1.6
1.5
1.9

6.5
6.5
6.5

Ranke 2007116

GH

256

58

10.0

–2.5

0.19

–1.4

1.1

6.5

Abbreviations: GH, growth hormone; NR, not reported; SDS, SD score. Adapted with permission from S. Karger AG © Ranke, M. B. et al. Horm. Res. 68, 53–62
(2007).

given to girls, its undesirable androgenic effects need to
be considered.71

Gonadotropin-releasing hormone analogues
Gonadotropin-releasing hormone (GnRH) analogues
are potent GnRH agonists, which by downregulation
of gonadot ropin (luteinizing hormone and follicle-
stimulating hormone) receptors are able to reduce
gonadal sex-steroid production. Treatment with a variety
of available slow-release preparations is the standard
therapy in girls and boys with central precocious puberty
and has proven to be safe.72 In precocious puberty, GnRH
analogues prevent the loss of adult height, which is
associated with a progression of the disorder. In ISS with
normal timing of puberty, treatment with GnRH analogues is used in an attempt to slow bone-age progression
and thus prolong the overall time for growth.73 However,
the effect is only marginal.74 The psychological effects of
delaying the developmental process artificially might also
be viewed controversially. Whether the combination of
GnRH analogues and GH has a beneficial effect on adult
height in suitable cases with ISS, as it does in GHD,75–77
needs to be evaluated further. In a controlled study in
children with ISS, only a small (4 cm) increment in adult
height was observed in the group who received GnRH
analogues plus GH compared with the control group.78
Aromatase inhibitors
Males individuals with a mutation in the oestrogen
receptor 79 or the aromatase enzyme CYP19A1, which
is relevant for oestrogen synthesis from androgen pre
cursors,80,81 exceed their adult target height. Thus, inhibi
tors of oestrogen synthesis (for example, aromatase
inhibitors) hold the potential to increase adult height in
patients with ISS. A decrease in circulating oestrogens
results in an increase in gonadotropin levels, which leads

to an increase in testosterone levels in boys and to ovarian
stimulation in girls. The latter effect precludes the use of
aromatase inhibitors for growth disorders in girls.
In a placebo-controlled study, 15-year-old boys with
CDGA received either placebo plus testosterone or the
aromatase inhibitor letrozole for 2 years. At the end of
the study, the cohort who received letrozole had a predicted adult height of 182.1 cm versus 175.2 cm in the
placebo group.82 Similar results were reported in another
group with CDGA.83 In this 2‑year study, 31 boys with
CDGA received 2.5 mg letrozole daily and 22 boys
with CDGA received placebo. After 2 years, the predicted
adult height in the treated group was 6.1 cm above that
of the placebo group.
In another study, a group of boys with ISS and a
mean age of 11 years received letrozole or placebo for
2 years. In the group who received letrozole there was an
increase of 5.7 cm in predicted adult height over that in
the control group.84 No results on the effect of letrozole
on actual adult height obtained are available for indivi
duals in these three trials.82–84 The author of two of these
studies82,83 has discouraged the use of aromatase inhibitors until issues relating to bone development, fertility,
psychological development and other safety aspects
are clarified.85

Growth hormone
After recombinant human GH (rhGH) was introduced
in the 1980s, a number of reports about its short-term
and long-term effects on height have been published
(Table 2).86–106 The reports vary in terms of the characteristics of the cohorts treated, the dose and duration of
rhGH used and whether the studies were randomized
controlled trials or not; therefore, the author refers the
reader to reviews on the topic for a detailed account of
the findings.2,3,107,108 In 2003, the FDA approved the use
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of rhGH in children with ISS in the USA. The evidence
for the decision was derived from studies that reported
the effects of rhGH treatment on adult height. 97,101
In these early studies, GH was frequently injected
three times per week, a modality which is insufficient
compared with the current practice of daily injections.
The prerequisites for the use of rhGH in ISS set by
the FDA are that other diagnoses are excluded, that the
presenting height is <–2.25 SDS (corresponding to
the 1.2nd percentile) for age and sex, and that stature in
adult life is expected to be below normal (<–2.0 SDS).
The recommended daily dose of rhGH of 45 μg/kg of
body weight is above the dose recommended for the pre
pubertal replacement in GHD, which reflects the rela
tively impaired sensitivity to GH in patients with ISS
compared with patients with GHD. The approval of rhGH
for the treatment of ISS by authorities has been accepted
by most paediatric endocrinologists in the USA and has
not altered the number of patients with ISS referred to
specialists for treatment.109
Whether the short-term (first year) response in ISS
to GH—usually expressed in terms of height velocity
(cm per year) or change in height (Δ height SDS)110—
is appropriate can be determined by comparison with
empirically derived height velocity targets111,112 or the
results of prediction algorithms.113,114 These algorithms
have been developed on the basis of observations that
during the first year of treatment, height velocity is a
function (in order of importance) of age, rhGH dose,
height distance to target height (height SDS minus target
height SDS) and weight. A response of <–1 SDS in height
change after 1 year of rhGH treatment is considered
insufficient.111,112 Other markers of sensitivity to rhGH
have been reported that may become a part of future
prediction models.115
Studies have also investigated the dose effect of rhGH
on adult height outcomes. In studies from a Dutch group,
the effect of a dose increase from 34 μg/kg to 53 μg/kg
per day after 1 year on the lower dose resulted only in
a small overall mean height gain (4 cm),100,103 whereas in a
Swedish study, the increase from 33 μg/kg to 77 μg/kg per
day over the total treatment time to adult height resulted
in a mean height gain of 8 cm (equivalent to a gain in
Δ height of 1.3 SDS).104 These studies suggest that the
first year of treatment with rhGH is particularly important but also that, in a minority of patients, increased
GH doses are probably needed to overcome the impaired
sensitivity to GH in ISS.
Data from a pharmacoepidemiological study were
analysed to understand the factors that influence adult
height outcomes after rhGH treatment.116 The cohort
consisted of 148 boys and 108 girls who had been
treated with rhGH from a mean age of 10 years (range
6–13 years), were prepubertal at rhGH therapy start and
received a mean dose of rhGH of 27 μg/kg per day (range
19–43 μg/kg per day). In this study, adult height SDS was
observed to be explained by an equation containing four
predictive parameters (in order of importance): height
at GH start (positive correlation); the responsiveness to
GH during the first year of treatment calculated using
330 | JUNE 2013 | VOLUME 9

the response prediction algorithm for the first year of
treatment (positive correlation);113 the age at GH start
(negative correlation); and mid-parent height (positive
correlation). The equation explains 64% of the variability
of adult height, with an error of 0.63 SD. Thus, the taller
and younger the children are when they receive rhGH
and the better the initial responsiveness to rhGH is, the
higher the adult height outcomes that can be expected.
The fact that the proven dose dependence of short-term
and long-term outcomes in response to rhGH101,103,104 was
not seen in this analysis was probably caused by the fairly
narrow dose range in the study and the relatively minor
importance of GH dose during puberty compared with
that before puberty.117
Some uncertainty exists about the accuracy of the prediction of long-term height outcomes when using such an
algorithm; however, a prediction can provide the patient
and parents with a more realistic idea about the potential
efficacy of rhGH treatment, rather than just referencing
findings from research studies. The accuracy of predictive algorithms is increased when data after 1 year of
treatment are included. A Cochrane review of studies on
treatment with rhGH in ISS concluded that a mean gain
in adult height of 7 cm can be expected.108 The individual
gain can of course vary considerable (0–20 cm). However,
the effective dose range of rhGH needs further evaluation. Furthermore, unresolved issues still exist with
regard to how doses should be varied over the course of
treatment, and the duration of treatment.2,118
Some beneficial metabolic effects of rhGH treatment
might occur in children with ISS.119 The psychological
effects of rhGH treatment are a subject of debate. Whilst
some studies suggest that the treatment has a positive
effect on adaptation, psychosocial function, or quality of
life in children with ISS,120,121 others do not support these
conclusions.122,123 The fact that rhGH treatment for short
stature in ISS is approved in the USA but not in other
countries is partly the reflection of different structures
of the health systems. However, attitudes towards short
stature may also differ between societies.

Safety of rhGH
The safety of rhGH, which has been used in children for
various causes of shortness for more than 25 years, has
been extensively investigated. Overall, rhGH has been
concluded to be safe in the presently accepted indications and within the used dose ranges,124–127 and also in
patients with ISS.124,128 In particular, concerns about an
increase in the development of malignancies with rhGH
treatment were not substantiated.129
Reports from three large pharmacoepidemiological
studies, including children with various causes of short
stature treated with rhGH, reported no increase in type 1
diabetes mellitus, but an increased rate in type 2 diabetes
mellitus.127,130,131 However, an increase in type 2 dia
betes mellitus was not reported for children with ISS,128
although this group of patients is still too small for final
conclusions to be drawn. Hyperinsulinism tends to be
the result of high doses of rhGH, such as in small-forgestational age children, but appears to be reversible.132
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Benign intracranial pressure as a result of water retention
is a rare but serious risk of rhGH treatment. Publications
from a still ongoing European study about the safety
and appropriateness of GH (SAGhE) raised new concerns about the long-term safety of rhGH when given
at supraphysiological doses.133,134 The long-term surveillance of children who have received rhGH is, therefore,
recommended by some investigators.135

IGF‑1 treatment
In severe primary IGF‑1 deficiency (IGFD),136 replacement with recombinant human IGF‑1 (rhIGF‑1) is the
pathogenically adequate form of therapy. In these patients,
of which most have a GH receptor defect (Laron syndrome), IGF‑1 replacement has been shown to increase
height.137,138 Compared with GH replacement in patients
with severe early-onset GHD, the early catch-up growth
during rhIGF‑1 treatment in patients with IGFD is less
pronounced.137,138 However, severe primary IGFD is rare
and the empirical basis of long-term treatment is narrow.
A discussion is ongoing about the definition of ‘partial’
IGFD, which could include cases primarily classified
as ISS, in whom rhIGF‑1 treatment might be a viable
alternative to rhGH.139 A randomized study of rhIGF‑1
treatment in 136 children with short stature and very low
IGF‑1 levels was conducted in an attempt to prove the
efficacy of this therapy in a subpopulation of children
with ISS.140 Height velocity was significantly increased in
children who received rhIGF‑1. In patients with primary
IGFD, very severe adverse events (for example, hypoglycaemia) during rhIGF‑1 treatment are reported with
a fairly high frequency,137,138 probably because the risk
of free IGF‑1 in the circulation after IGF‑1 injections in
severe primary IGFD is high. Adverse events or effects
seem to occur with a lesser frequency in children with
‘partial’ IGFD or ISS than in those with total IGFD.140
Presently, the use of rhIGF‑1 for children with ISS is seen
1.

2.

3.

4.

5.

6.

7.
8.

Wit, J. M. et al. Idiopathic short stature: definition,
epidemiology, and diagnostic evaluation.
Growth Horm. IGF Res. 18, 89–110 (2008).
Wit, J. M. et al. Idiopathic short stature:
management and growth hormone treatment.
Growth Horm. IGF Res. 18, 111–35 (2008).
Cohen, P. et al. Consensus statement on the
diagnosis and treatment of children with
idiopathic short stature: a summary of the
Growth Hormone Research Society, the Lawson
Wilkins Pediatric Endocrine Society, and the
European Society for Paediatric Endocrinology
Workshop. J. Clin. Endocrinol. Metab. 93,
4210–4217 (2008).
Wit, J. M. Developments in idiopathic short
stature (ed. Dunkel, L.). Horm. Res. Pediatr. 76
(Suppl. 3), 1–60 (2011)
Ranke, M. B. Towards a consensus on the
definition of idiopathic short stature. Horm. Res.
45 (Suppl. 2), 64–66 (1996).
Hermanussen, M. & Cole, J. The calculation of
target height reconsidered. Horm. Res. 59,
180–183 (2003).
Delemarre-van de Waal, H. A. Secular trend of
timing of puberty. Endocr. Dev. 8, 1–14 (2005).
Weedon, M. N. et al. Genome-wide association
analysis identifies 20 loci that influence adult
height. Nat. Genet. 40, 575–583 (2008).

9.
10.

11.

12.

13.

14.

15.

critically,141 and further studies will be needed to prove
its long-term efficacy and safety.

Conclusions
ISS is a term used for children without definite causes of
short stature. Whether these children just reflect the statistical extremes of the normal spectrum of height growth
and tempo of development and/or have distinct but subtle
inborn defects of growth and development is not clear.
Shortness during childhood could be perceived as a disadvantage and might interfere negatively with normal
psychological development. In children seeking advice for
shortness, establishing a clear-cut relationship between
height deviation and psychological distress is often difficult. Comprehensive counselling without medical treatment is often sufficient. Therefore, if shortness is to be
treated effectively the aims, modalities, potential benefits
and risks need to be considered. Treatment with rhGH
has become an established approach that is approved
by the FDA to increase height in patients with ISS, both
in childhood and in adult life. However, further studies
should be conducted to explore the optimal dose of rhGH
for the treatment of ISS. In addition, extensive research
is still needed to optimize the treatment modalities available and to understand the psychosocial implications of
shortness and its correction.
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