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The variability of responses to growth hormone 
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A B S T R A C T

Growth hormone (GH) is widely prescribed for children with short stature across a range of growth disorders. We describe the variability 
of responses seen in conditions approved for GH therapy. Although responses in different growth disorders are satisfactory, evidence 
is increasing for an unacceptably high rate of poor or unsatisfactory response (i.e., not leading to significant catch-up growth) in terms 
of change in height standard deviation score and height velocity. Consequently, there is a need to define a poor response and to 
prevent or correct it by optimizing treatment regimens. This review discusses the optimal investigation of the child who is a candidate 
for GH therapy so that a diagnosis-based guide to therapy and dosage can be made. The relevant parameters in the evaluation of 
growth response are described together with the definitions of a poor response.
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Introduction

The management of  short stature comprises many 
challenges, not least the options of  appropriate hormonal 
therapies and their administration in regimens that are 
most beneficial. GH therapy is licensed by the European 
Medicines Agency (EMA) for treatment of  GH deficiency 
(GHD), Turner syndrome (TS), short stature related to 
birth size small for gestational age (SGA), Prader–Willi 
syndrome, short stature homeobox-containing (SHOX) 
deficiency and chronic renal insufficiency. In the USA, the 
Food and Drugs Administration (FDA) has in addition 
approved GH therapy for idiopathic short stature (ISS) 
and Noonan syndrome.

Experience with GH therapy, both before and following 
approval has demonstrated good and satisfactory growth 
responses in each of  the licensed indications. However, as 
experience with different treatment regimens accumulates, 
it is clear from reports of  GH treatment that individual 
1st year height responses vary considerably even with 
individualized treatment regimens.[1] Poor short-term 
response is also translated into an unsatisfactory gain in 
adult height.

This review discusses the published responses to GH 
therapy [Table 1] concentrating on factors, which influence 
the response during the 1st year of  treatment. We also 
describe the identification and management of  poor or 
unsatisfactory growth responses in children with licensed 
indications for GH therapy. We discuss the investigation 
of  short stature aimed at establishing a diagnosis, the 
parameters of  response, factors predicting response, the 
problem of  compliance and finally, the management of  
the poorly responding patient.

The continuum of growth disorders
Growth disorders exist across a continuum ranging 
from extreme GH sensitivity to GH resistance.[2] An 
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inherent component of  the continuum is the variation in 
responsiveness to GH therapy. It is now well recognised 
that children with severe GHD are highly responsive to GH 
replacement[3] and patients with less severe or questionable 
GHD, responds lesser. In recent reports of  GH responses, 
there were no differences in response between subjects with 
less severe GHD and those with ‘normal’ GH secretion 
labelled as having ISS.[1] A strict distinction cannot be 
drawn between GHD and ISS and as the continuum of  
responsiveness to GH varies across and within diagnostic 
groups, the relevance of  relating a sufficient response to a 
specific diagnosis can be questioned.

Clinical assessment and investigations aimed at 
identification of a primary diagnosis
Clinical assessment and investigation are important, 
because, the choice of  therapy and dosage should be related 
to the primary diagnosis. The predicted response depends 
on a number of  variables identified at initial assessment.

History and physical examination
The history and physical examinations are essential and 
attention should be paid to premature and/or SGA (low 
birth weight or birth length) birth. The presence of  chronic 
disease should be considered and dysmorphic features 
should be documented. Parental growth and adult heights 
are relevant and known to be related to the response to GH.

Hormonal status
The identification of  genetic defects in the GH–insulin-like 
growth factor (IGF)-axis has underlined the importance of  
endocrine assessment, including determination of  serum 
insulin-like growth factor-I (IGF-I) and GH secretion. 
Severe classical GHD should be diagnosed early in patients 
with neonatal symptoms of  hypoglycemia and prolonged 
jaundice, a characteristic growth pattern and possible 
additional pituitary hormone deficiencies. GHD in these 
children and in those with less severe idiopathic GHD 
(IGHD) can be confirmed by a low IGF-I concentration 
and GH provocative testing with a GH cut-off  set at 7 or 
10 µg/l.[3]

However, this cut-off  is artificial and leads to a separation 
between IGHD and ISS that lacks physiological evidence 
as indicated by similar responsiveness to GH treatment.[1] 
Furthermore, approximately in 30% of  short children born, 
SGA may have low stimulated GH concentrations. Poor 
reproducibility and a high incidence of  false subnormal 
responses to different pharmacological stimuli are further 
limitations of  GH stimulation tests.[3] The difficulties 
in discriminating between IGHD and ISS or SGA were 
clarified by studies, which showed that 85% of  IGHD 
patients with two stimulated peak GH values <10 µg/l and 

normal pituitary magnetic resonance imaging (MRI) had 
values of  GH >10 µg/l when re-tested 1-6 months later.[4]

Serum IGF-I levels are largely GH-dependent, but also 
influenced by age, pubertal development, malnutrition, 
chronic inflammation or hepatic diseases. Evaluation of  
spontaneous nocturnal GH secretion is used in a small 
number of  centers and may have higher predictive value 
for the response to GH treatment, although this remains 
to be confirmed.

Radiological assessment
MRI of  the hypothalamic–pituitary region must be 
performed when GHD is diagnosed, to exclude an organic 
cause.[3] Skeletal survey is indicated for body disproportion 
and an X-ray of  the left hand and wrist for bone age, 
although not diagnostic, may be relevant to management.

Relevant parameters in the evaluation of growth hormone 
response
A number of  factors are key determinants of  the pattern 
of  response to GH treatment[5] Growth hormone dose 
and growth response during the 1st year of  GH therapy are 
strong predictors of  final height outcome.[6] In pre-pubertal 
GH-treated children with IGHD, a 1st-year height increase 
of  0.5 standard deviation score (SDS) corresponds to an 
average final height gain of  approximately 1.0 SDS.

Increase in height SDS and height velocity
Increase in height SDS is perhaps the most relevant 
parameter for the patient and parents, since deviation in 
growth relative to peers and the demonstration of  how 
the patient’s height will change with therapy is clinically 
important. Height velocity (HV) is also easy to discuss 
with the patient and parents. However, the actual increase 
in cm/year that results in a gain in height compared with 
peers is dependent on age.

Age-dependency of responses
Increases in height SDS and HV during the 1st year on GH 
treatment in different diagnoses [Table 1] are strongly age-
dependent. This age-dependency is largely explained by the 
physiology of  normal linear growth. Although mean heights 
at given ages differ in different populations, the width of  
1.0 height SDS is relatively stable across populations. 
Several clinical trials and post-marketing registries report 
data on mean (±SD) or median (percentiles) 1st-year height 
responses or gain in final height in GH-treated children 
[Table 1]. These studies consistently report better responses 
when treatment is started at an early age – the number of  
years of  pre-pubertal GH treatment strongly predicting 
final height.[7]
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Prediction of response to growth hormone therapy
Over 10 years ago, the relative inflexibility of  GH treatment 
regimens and the simplicity of  the modalities used to derive 
them, led to the introduction of  mathematical models aimed 
at predicting growth responses in individual patients.[5,6] 

Such models attempt to account for the definable variability 
of  responsiveness so that clinicians can adapt GH doses 
to individual patients.[6] Prediction models for the 1st-year 
HV as well as the total height gains were published, for 
patients with GHD[6] TS,[8] or SGA[9] and for patients with 
varying degrees of  GH secretion or ISS.[10]

Based on multiple regression analyses, these models have 
identified factors that correlate with growth. For example, 
chronological age, GH peak during provocative tests, dose 
of  GH, birth-weight SDS and height SDS minus target 
height SDS are key variables associated with the 1st-year 
HV.[6] Biochemical variables such as the baseline IGF-I and 
leptin have added to the prediction of  response. Prediction 
models derived from the large Pfizer International Growth 
Database (KIGS) database explain approximately 60% of  
the variability of  response to GH therapy in patients with 
GHD and 40% in subjects with ISS.[5]

Management of the 1st year on GH therapy
Decision to treat and expected response
Before the start of  GH treatment, the parents and 
child should be fully informed about the probable 
pathophysiology of  growth retardation, the rationale for 
GH therapy and the evidence-based expected growth 
response. This information should reflect the large 
variability in response among individuals inherent in the 
continuum in GH sensitivity. Likely duration of  therapy and 
the level of  response at which discontinuation of  treatment 
will be decided must also be discussed. The decision to 
start and stop treatment should be made in consultation 
with the patient and parents. Interestingly, data in the 
KIGS database on why GH treatment is being stopped 
do not include “poor response” as an option. A recent 
consensus statement on the use of  GH in ISS emphasized 
the importance of  discouraging the expectation that taller 
stature will improve quality of  life.[11]

Dose of growth hormone
The starting dose of  GH depends on the diagnosis of  the 
condition and is usually calculated according to weight or 
body surface area. The recommended GH dose for each 
approved indication reflects the responsiveness to GH 
in the condition being treated. In cases where high GH 
sensitivity is expected including subjects with extreme 
GHD or obesity such as craniopharyngioma patients, a 
lower starting dose is recommended. Although differences 
in dosing during the 1st year of  GH therapy may exist among 

countries and centres, there is evidence for adherence to 
the recommended doses within each indication. In some 
indications such as SGA and ISS, the recommended 
maximum dose of  GH may be used from start of  the 
treatment or the dose may be increased as necessary.[12]

In some situations, such as ISS, concern has been raised 
that higher GH doses of  up to approximately 70 µg/kg/day 
advance bone age and pubertal progress, but this has not 
been confirmed. There are no definitive data concerning 
the long-term safety of  doses higher than 50 µg/kg/day 
in children with ISS. A GH dose of  70 µg/kg/day was 
approved in the USA for treatment of  GHD in puberty, 
but this regimen is only used by one-third of  centres. In 
December 2010, the EMA issued guidance not to exceed a 
GH dose of  50 µg/kg/day based on preliminary data from 
a French post-marketing registry study, now published[13] 
in addition to data from Belgium, the Netherlands and 
Sweden.[14]

Monitoring during growth hormone therapy
During the 1st year of  GH therapy, children should be seen 
at 3-6 monthly intervals for assessment of  growth, puberty, 
mood, body composition, and to support compliance with 
therapy. These visits may be used to judge the response to 
GH, but growth response cannot be reliably assessed at an 
interval shorter than 1 year. IGF-I is a short-term biomarker 
of  efficacy as well as a marker for adherence to therapy. It 
is recommended to consider GH dose reduction if  IGF-I 
is repeatedly above the upper limit of  the normal range 
or +2.5 SDS.[14] Deciding the starting GH dose based on 
the Swedish prediction model resulted in GH doses from 
17 to 100 µg/kg/day but did not decrease the occurrence 
of  serum IGF-I levels above the normal range.[4,15] 

However, this approach did result in a smaller variability 
in height responses during the first 2 years of  GH therapy 
compared with conventional dosing.

Compliance with growth hormone therapy and its impact 
on response
Poor compliance may contribute to the variability in 
response to GH therapy. In the context of  compliance, 
serum IGF-I is the most commonly used biomarker and 
its response to treatment is well characterized. Compliance 
with GH therapy involves daily and sometimes painful 
injections and physicians prescribing GH have to educate 
patients and their families about the necessity, context and 
objectives of  the therapy. Individual psychological strain 
of  treatment is also likely to affect adherence, and ethnic 
and socioeconomic factors and the educational level of  
families are also relevant. The impact of  compliance on 
outcome to GH treatment has been studied showing that 
non-adherence impaired the growth response.[16] It remains 
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unclear whether adherence differs between the various 
indications for GH treatment. Most studies of  adherence 
with GH may not show an accurate picture of  the attitudes 
of  the patients and their families. Informed consent and 
shorter intervals between patient visits as practised in GH 
treatment studies may improve motivation and reinforce 
long-term adherence.

Management strategies for children with poor response 
to growth hormone therapy
As a general rule, the response to GH therapy should 
be assessed following 12 months of  therapy [Figure 1] 
Guidelines for the identification and management of  the 
patient who shows a poor response to GH therapy have 
recently been published.[17] If  a patient demonstrates a 
poor response, further evaluation of  the diagnosis and 
indication for therapy is necessary. Several options for 
further management can then be considered. Repeated 
IGF-I measurements after 3 and 6 months of  GH therapy 
may be used for GH dose titration.

Conclusions

The range of  growth disorders treated with growth-
promoting therapy is large;  these disorders vary in their 
phenotypic, biochemical and molecular characteristics. 
Consequently, variability of  responses in terms of  short- 
and long-term change in height following treatment 

with GH is to be expected. Some components of  this 
variability can now be predicted and, therefore, prevented 
by individualization of  therapy. However, the reasons for 
others remain obscure and it has to be accepted that not 
all growth disorders are amenable to effective therapeutic 
management. Recognition of  the likely variability of  GH 
responses is important. In particular, the recognition of  
the poor response needs to be prioritized.
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