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Use of growth hormone in non-growth hormone
deficient children

A. SOOD, P. S. N. MENON

ABSTRACT
The easy availability of growth hormone (GH) in the Indian
market has led to its increased use in the management of short
stature. However, the therapy is expensive for most families. The
possible benefits of such a therapy have to be carefully weighed
against the cost and adverse effects. We discuss the drawbacks of
relying on data based on predicted height to evaluate the benefits
of GH therapy reported in the literature. It is the final adult height
which is the true indicator of the efficacy of GH therapy. The only
clear indications for GH therapy are short stature associated with
GH deficiency and Turner syndrome. Classifying short stature
may not be of much help in deciding the utility of GH therapy and
the use of auxological criteria alone will increase the burden on
society. At present, the use of GH in idiopathic short stature is
not indicated in routine clinical practice.
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INTRODUCTION
The use of recombinant human growth hormone (GH) has increased
manifold since its easy availability in India. Not all patients who
receive GH are documented to have GH deficiency (GHD) as
defined by the present criteria. I The present trend in the Kabi
International Growth Study (KIGS) database suggests that over
35 % of children receiving GH therapy have non-GH deficient
(NGHD) short stature. 2 There is a distinct increase in the number
of children with Turner syndrome (17.5 %) receiving GH (Table
1).2 Now that GH is easily available in India, it is imperative to
review the usefulness of GH in short stature when GHD does not
exist according to the classical definition. Before reviewing this
subject, it would be important to define a few of the terms used
while discussing the 'concept of height'.

CONCEPT OF HEIGHT
The present height is the height of the individual at the time of
examination. The expected height is the height which an individual
is expected to attain, and is largely determined by the genetic
potential. The target height, calculated on the basis of midparental
height (average offather's and mother's height, +6.5 em for boys
and -6.5 em for girls), is one of the ways of assessing the expected
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TABLE I. Chronological demographic profile of patients receiving
GH therapy in the Kabi International Growth Study?

Diagnosis Relative frequency (%)

Pre-1989 1989 1991 1993

Idiopathic growth hormone deficiency 47.0 44.0 50.0 50.0
Organic growth hormone deficiency 16.0 11.0 11.0 15.0
Short stature 37.0 45.0 39.0 36.0
Idiopathic 13.4 17.7 10.8 6.6
Turner syndrome 8.4 9.5 17.5 17.5
Intrauterine growth retardation 6.0 6.4 3.2 2.2

height. The predicted height is an important concept in evaluating
the various studies reporting GH use. The height which the person
is likely to achieve at the end ofhis/her growth is predicted using
a set of clinical measures such as the present age, present height
andpresent bone age (BA) of the person (index of bone maturation).

There are a number of mathematical formulae and tables to
calculate the predicted height of a child. One way of assessing the
impact of therapy for short stature is to determine the change in
predicted height, assuming that the final height attained would be
the same as the predicted height. However, this may not always be
true and due to a complex interplay of various factors, the final
height obtained by an individual may not be the same as the
predicted height. Thus, by basing the assessment on the predicted
height, it may not be possible to assess the usefulness of therapy
in a foolproof manner. It has been increasingly recognized that to
assess the usefulness of therapy one has to rely on the final adult
height achieved. The final adult height is the height achieved
when the person stops growing, and many investigators consider
this to have occurred when the height velocity falls to less than
0.5 em per year.

ASSESSMENT OF THE EFFICACY OF GH THERAPY
There are various ways of assessing whether GH therapy has been
effective. The gold standard is the final adult height achieved by
a group of children treated with GH, compared to a group not
treated with GH. Invariably, it takes a number of years to reach the
end-point. Hence, investigators have looked at the changes in
height, height standard deviation score (SDS; the number of
standard deviations by which the height varies from the mean),
height SDS adjusted for bone age, growth velocity and predicted
height. These measurements may be too simplistic, and as discussed
above, in the case of predicted height may not be able to assess
correctly the full impact of therapy on the final height achieved.

Change in bone age. Chronological age (CA) ratio (BA:CA
ratio) has been used to assess the efficacy of therapy. Bone age is
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an index of bone maturation and advanced bone age means that
epiphyses are likely to fuse soon and the growing capacity is
limited. For the final height to increase, bone age should not
advance as much as the chronological age, thereby retaining the
growing capacity of the bone leading to a significant gain in final
adult height.

However, in all clinical conditions, investigators have to wait
for years of GH therapy to assess the final height achieved. Only
then can an accurate statement about the efficacy of GH therapy
be made in that clinical setting.

DOES CLASSIFYING SHORT STATURE HELP?
Short stature is generally classified into different types so as to
predict the response to GH treatment. Moore et al. attempted to
classify 47 extremely short statured children with no chromosomal
abnormality or systemic disease into the following categories:"

1. GHD: Child with poorly stimulated GH.
2. Constitutional delay short stature: Child is short and there is

delay in development; however, the growth velocity is normal.
The child continues to grow beyond the usual time limit of
growth, and reaches a normal adult height at a later age.

3. Familial short stature: Child is short and the final adult height
corresponds to the midparental height.

4. Primordial short stature: Child is short and this is probably
related to in utero development. The birth-weight of the child
is low.

Using rigorous criteria, only 12out of the 47 children could be
put into anyone class. For the rest of the patients, there was consi-
derable overlap among the various classes. Moreover, all the
groups except children with GHD behaved in a similar fashion in
their one-year response to GH therapy (Table II). Thus, it seems
that it may be useful only to segregate GHD from NGHD subjects.
There seems to be no further advantage in subclassifying NGHD.
Table II also indicates that the response to GH therapy in NGHD
short stature is not as good as that in GHD children.

Since the usual classification of NGHD short stature does not
predict whether the response to GH therapy will be good in an
individual and since there has been debate on the definition of
GHD previously, there is a suggestion to do away with these sub-
groups and use only auxological data to predict the response to
GH therapy. It is argued that it may be possible to frame criteria
for GH therapy based on auxological data alone without measuring
the basal or stimulated GH levels. Such an approach is being tried
in Australia.' and its outcome is awaited.

Table 1115-9reviews the current status of the use of GH therapy
in NGHD situations.

GH THERAPY IN TURNER SYNDROME (TS)
The exact reason for short stature in TS is not known. It is believed
to be due to disordered GH secretion'? or may be related to a form
of genetically-mediated skeletal dysplasia. Based on some evidence
of impaired GH secretion in TS, GH therapy was tried in such

TABLE II. Pre-treatment and one-year post-treatment mean (SD)
height velocity (ern/year) in various types of short stature'

Diagnosis Pre-treatment Post-treatment

Growth hormone deficiency 3.1 (1.9) 10.5 (2.3)
Constitutional delay 4.1 (1.5) 8.7 (2.2)
Familial short stature 4.3 (1.8) 8.0 (0.7)
Primordial short stature 4.2 (1.9) 8.2 (3.2)

TABLE III. Non-growth hormone deficient clinical states where
growth hormone therapy has been used

Consensus on indication
1. Turner syndrome

Data inconclusive
1. Normal variant short stature or idiopathic short stature
2. Constitutional growth delay, familial short stature,

primordial short stature
3. Chronic renal failure
4. Skeletal dysplasias: Achondroplasia, hypochondroplasia':"
5. Russell-Silver syndrome
6. Noonan syndrome?
7. Prader-Willi syndrome'
8. Hypophosphataemic rickets"

Indications not related to short stature
1. Burns
2. Post-surgical healing
3. Catabolic states

cases. The initial data on response to GH therapy was encouraging.
The data on final height became available only in 1994.11

The Genentech Collaborative Group Study of the effects of
GH treatment on TS started in 1983, demonstrated that the use of
GH with or without additional androgens led to a significant
increase in both growth rate and final adult height. 12The mean
(SD) final adult height of subjects with TS who received GH was
150.4 (5.5) em, which was 8.4 (4.5) em more than their predicted
adult height at enrolment. This increment was 10.3 (4.7) em in the
group which received a combination of GH and oxandrolone,
whose final height was 152.1 (5.9) em. The historical controls
who received no treatment had an adult height of 144.2 (6.0) ern.

The Dutch Growth Hormone Working Group reported a
significant improvement in the final adult height in patients with
TS given GH.ll The mean final height was 152.3 (5.3) em in
patients treated with GH as compared to 147.0 (6.3) cm in those
with untreated TS. The predictor of the final height was pre-
treatment height SDS, and there was no difference between the
two treatment regimens of GH (8 IU/m2 three times a week and 4
IU/m2 six times a week).

Other multicentric studies from Japan, Germany and a study
from the USA also reported significant improvement in the final
adult height with GH treatment. 11.14.15In the study from Germany,
the data on final height were available for only 6 patients. Only
50 % of these patients showed an improvement in final height. The
authors concluded that some patients with TS may not benefit
from GH therapy. Further studies may highlight the subgroup
where GH therapy may be more effective. GH treatment in TS has
also been reported to improve the craniofacial abnormalities seen
in these patients. 16

It is generally believed that in TS, GH treatment should be
initiated as soon as the patient falls below the fifth percentile for
the height of a normal female child. 17Therapy may be started as
early as 2 years of age. Often the treatment is postponed until
school-going age if the growth velocity is acceptable. There is no
need to undertake a GH stimulation test, as its results do not
predict response to GH therapy. A recommended starting dose is
0.05 mg/kg/day (0.15 IU/kg/day or4 IU/m2/day).

GH THERAPY IN IDIOPATHIC SHORT STATURE
Idiopathic short stature (ISS) is the term used for a short child with
no identifiable cause and a normal GH response to various stimuli
(peak GH levels> 10 ng/ml). Many of these patients have low
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levels of insulin-like growth factor (IGF-l), IGF-binding protein
(IGFBP-3), or GH-binding protein (GHBP), indicating a subtle
abnormality in the GH-IGFaxis. A number of studies of GH
therapy, including the US Genentech Collaborative Study Group
which has followed patients for 6 years, reported an increase in
height velocity, improvement in height SDS and increase in mean
predicted height within the first 2-6 years ofGH treatment. 11.18.19
The Dutch Growth Hormone Working Group, on the contrary, did
not observe any increase in the mean final height in 12 such
prepubertal children compared to untreated controls.P Earlier,
Loche et al. observed that the final adult height SDS in NGHD
short children given GH therapy for 4-10 years was not different
from the predicted adult height SDS or target height SDS.21
Hindmarsh and Brook observed some increase in the final height
compared with pre-treatment predicted height in a group of
children treated with GH. 22However, this was not different from
the control group of children not receiving GH. Other studies have
yet-to report data on final adult height achieved in similar groups
treated with GH. There is a fear that GH treatment in these
children may accelerate bone age and also cause early onset of
puberty leading to early epiphyseal fusion. This may hamper
attainment of improved final height.

Mathematical models using variables such as growth velocity
SDS for chronological age or bone age SDS for chronological age
have been' used to predict response to GH.23 Neither serum GH
levels nor serum IGF-l levels have been found to be useful for
such a prediction.

Thus, the use of GH in ISS is still under scrutiny, and GH
therapy should be tried only as a part of an investigative protocol.
The ethical and practical considerations of such a therapy will be
debated till sufficient data about the final adult height are available.

GH AND CHRONIC RENAL FAILURE
GH has been used to correct the severe growth retardation
associated with chronic renal failure." A survey of such studies
shows that GH does stimulate growth rates; however, the final
adult height data are still not available. Even though the Food and
Drug Administration, USA has approved the use ofGH in chronic
renal failure in the USA, there is concern about the further
progression of underlying renal failure and rejection of transplants.

GH IN OTHER CONDITIONS WITH SHORT STATURE
GH has been used to treat a small number of patients with a wide
variety of growth disorders such as skeletal dysplasia, Russel-
Silver syndrome, hypophosphataemic rickets, Prader-Willi syn-
drome and Noonan syndrome (Table III). 5-9In many of these, GH
therapy has produced short term increase in height. But there are
insufficient long term data to assess whether GH therapy would
increase the final adult height in these disorders. Attempts have
been made to use a combination of GnRH analogue and GH to
increase the final height. 25

SOME UNSOLVED ISSUES
Issues like optimal dose of GH, the time of initiation of treatment
and duration of treatment in patients without GHD have not been
resolved yet. These have to be deliberated upon keeping in mind
the adverse effects of GH, as higher doses of GH may have to be
used for longer periods in patients whose GH levels are normal.
The potential use of a combination of GnRH analogues and
oxandrolone with GH in different categories of short stature is yet
to be assessed.
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SOCIO- ETHICALISSUES
Does short stature matter? Short stature is perceived to be a
disadvantage by many. There is no scientific data to support the
general belief that short stature leads to physical or psychological
problems." Such information is mandatory for making any cost-
benefit analysis ofGH treatment. This may be especially important
in a situation where the gain in final height may be minimal and
the economic cost per centimetre of height gained may be
astronomical. Such an analysis may raise the question of whether
this therapy is purely cosmetic, if there are no physical or psycho-
logical benefits from GH therapy in NGHD children. Obviously,
the therapeutic outcome of various studies may help in formulating
these guidelines. These studies should address the question of
actual benefit of GH therapy in such individuals in a controlled
study design.

Considering the cost of therapy and to prevent indiscriminate
use of GH, it may be worthwhile to formulate tentative national or
regional guidelines to help physicians and paediatricians carry out
GH treatment, as has been done elsewhere. 4 The results of such an
approach may be reviewed at intervals and guidelines modified
accordingly.

CONCLUSION
GH therapy should be initiated after careful evaluation. This
requires a thorough investigation of the patient's clinical condition,
and at times follow up for 6-12 months to determine the growth
pattern of the child.

Clinically proven GHD and TS are the only two clear indications
for GH therapy in India. Long term results ofGH therapy for other
types of short stature should be evaluated periodically. Till such
time, GH therapy should not be recommended indiscriminately.
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