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GROWTH PROMOTION IN THE SHORT NORMAL CHILD 
Heather Fiona Stirling 

Short stature and puberty delay can cause problems, both physical and 
psychological. Until relatively recently growth hormone was only available for children 
who met the criteria of "classical" growth hormone deficiency. Recombinant human 
growth hormone (rhGH) is now available in "unlimited" supply. Detailed studies are 
required to evaluate its use in short children who are not growth hormone insufficient 
in the traditional sense, but who may benefit from treatment. This thesis presents three 
studies in short normal children to evaluate the physical and psychological effects of 
growth promoting agents over the first two years of treatment. 

1) a double blind placebo controlled study of rhGH in 37 pre-pubertal children (mean 
age 8.0 yrs) with familial short stature. This unequivocally demonstrates the short-term 
growth promoting effects of rhGH - over the first year the children treated with rhGH 
grew at a mean rate of 7.67 cm/yr, compared to 4.76 cm/yr for those who received 
placebo and 4.83 cm/yr for those who received no treatment. The onset and rate of 
puberty, especially in the girls, tended to be advanced. 

2) in a randomised study in 43 peri-pubertal boys (mean age 11.6 yrs) with familial 
short stature, the growth promoting effects of rhGH were compared with the anabolic 
steroid oxandrolone, a combination of rhGH with oxandrolone, and a control group 
who received no active treatment. In the short term growth improved in the three 
actively treated groups compared to the control group - over the first study year the 
boys who received rhGH grew at a rate of 7.58 cm/yr, compared to 8.08 cm/yr for 
oxandrolone alone, 9.92 cm/yr in those who received rhGH plus oxandrolone, and 
4.73cm/yr in the control group. In the groups who received oxandrolone, either singly 
or in combination with rhGH, onset of puberty was earlier and skeletal maturation 
more rapid. Caution is required in using oxandrolone to promote growth in younger 
boys without significant growth delay. 

3) in a randomised study in 33 boys with puberty delay (mean age 14.9 yrs) the 
growth promoting effects of rhGH were compared with oral testosterone undecanoate, 
and a combination of the two drugs. There were no significant differences in the 
growth promoting effects (rhGH 8.59, testosterone undecanoate 8.48, combination 
9.91 cm/yr) or rate of pubertal progression between the three groups There is no 
advantage Df rhGH therapy in boys with puberty delay, compared to oral testosterone 
undecanoate. 

Children of short stature are often thought to suffer from psychological or behavioural 
problems. A range of self report questionnaires was undertaken in these children 
prior to entry into the studies and at yearly intervals. They were not as a group 
clinically disturbed, but tended to score highly on hyperactivity. In those who received 
active treatements, especially rhGH, the reported behaviour and self esteem tended 
to improve, but the effects were not marked. 

It is possible to accelerate the growth of short normal children, at least in the short 
term, though it is less likely there will be a significant improvement in final height. 
There are psychological effects of growth promotion but they are subtle. 
It is difficult to justify the use of rhGH in young children with familial short stature, or in 
boys with puberty delay. Growth hormone must not be used indiscriminately in the 
short normal child. 
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Introduction 
Growth hormone was first used to treat a "pituitary dwarf" by Raben 

(Raben 1958, Raben 1959). His patient, a 17 year old male, was treated with 
thrice weekly intramuscular growth hormone extracted from human pituitary 
glands. This produced a significant improvement in height velocity from 0.5 
inches/year to 2.6 inches/year. A similar preparation was introduced in the 
United Kingdom in 1959 under the auspices of a Medical Research Council 

working party. 
Early studies (Melvin et al 1967, Tanner et al 1971) suggested 

hypophysectomised individuals appeared to be more sensitive to growth 
hormone than subjects with an intact pituitary (Melvin et al 1967). In the 
United Kingdom the "Working Party of the Pituitary Hormone Committee of 
the Medical Research Council" designed and carried out a clinical trial of 
human growth hormone as a growth promoting agent. The Working Party 

not only investigated the efficacy of growth hormone, but also the best 

utilisation of the limited supplies available. The initial studies had suggested 
that growth hormone "deficiency" was essential for benefit to result from 

growth hormone therapy and thus certain requirements had to be met for 
inclusion into the MRC trial and treatment with growth hormone, namely : 

1) stature >2.5 SD below the mean for age and sex 
2) growth velocity <25th centile for age and sex 
3) impaired growth hormone secretion during insulin tolerance test 
4) satisfactory general paediatric, auxological and endocrine 

evidence to exclude or define any complicating factors (Milner et al 1979). 
The majority of children treated had either idiopathic growth hormone 

deficiency, or intracranial disorders with growth hormone deficiency. 
However a group of children with miscellaneous conditions was treated - 
Russell Silver syndrome, growth delay, Turner syndrome and psychosocial 
short stature. The children were all treated with growth hormone extracted 
from cadaveric human pituitary glands by the Raben or Wilhelmi methods. Of 

the 131 patients with idiopathic "isolated" growth hormone deficiency, all but 

six responded to treatment with a marked increase in height velocity from 3.2 

to 9.9 cm/year. Predictors of response seemed to be bone age, skinfold 
thickness and stature at the start or treatment -a greater response occurring 

with the younger the bone age, greater the skinfold and shorter the child (in 

terms of SDS for age). In the miscellaneous group of children there was 
generally a poor response particularly in those with Russell Silver 

syndrome, growth delay or psychosocial short stature (Milner et al 1979). 
Tanner et al had included four children with growth delay in their cohort of 
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growth hormone treated children reported in 1971. There was no definite 

response to therapy but psychosocial factors complicated the picture in at 
least one of the children. In these early studies there was little evidence of 
benefit for non-GH deficient children, but their numbers were small and they 

were being treated with a sub-optimal regimen by today's standards. 
Despite these earlier studies, by 1985 there was beginning to be a 
reassessment of the use of growth hormone for other causes of short stature 
than classical growth hormone deficiency (Buchanan et al 1987). 

In 1985 reports began to appear of the neurodegenerative 
Creutfzeldt-Jakob Disease (CJD) occurring in young adults who had been 
the recipients of cadaveric human growth hormone, (Koch TK et al 1985, 
Powell-Jackson et al 1985), and it was presumed that the cause was 
contamination of one or more batches of the pituitary derived growth 
hormone with the CJD agent. Following these reports, pituitary derived 
human growth hormone was withdrawn in the United Kingdom and USA. It 
was recommended that treatment with growth hormone should only be 
commenced in "essential" cases eg. GH-deficient patients with 
hypoglycaemia, and that only the newly developed biosynthetic growth 
hormone should be used (Report of the Committee on Growth Hormone Use 

of the Lawson Wilkins Pediatric Endocrine Society, May 1985). At least 23 

young adults who had been treated with pituitary derived growth hormone 
have been victims of CJD (Brown et al 1992). More cases are still being 

reported. 
By the mid 1980's biosynthetic human growth hormone was 

becoming increasingly available. By means of recombinant DNA 
techniques, the gene for hGH had been expressed in E. Coli and the 

methionyl analogue (met-rhGH) was derived and purified. This had a similar 
biopotency to pituitary derived hGH in animal studies and was shown to be 
biologically active in normal adult male volunteers (Hintz et al 1982). Clinical 

trials were begun in the USA in 1981 in hypopituitary children. The results 
from 46 children reported in 1986 (Kaplan 1986) showed that met-rhGH was 
equipotent to pituitary derived hGH in promoting linear growth in 
hypopituitary children. Antibodies against met-rhGH developed in a 

substantial proportion of patients treated with met-rhGH (Kaplan 1986). 
Further refinement of techniques enabled the production of biosynthetic 

growth hormone with a sequence identical to the naturally occurring 
molecule ie. without the methionyl group, and in 1987 "authentic" natural 
sequence growth hormone became available. The recombinant natural 
sequence human growth hormone (rhGH) used in the studies we are 
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reporting was first synthesised in 1983 by Novo Nordisk (Dalboge H et al 
1987) and the first clinical trials reporting its use were published in 1988 
(Rasmussen 1988). Authentic rhGH is much less antigenic than met-rhGH 
and its growth promoting efficacy in growth hormone deficient patients is 

equal to that of met-rhGH and pituitary derived growth hormone (Rasmussen 
1988). 

Once growth hormone became available by biosynthetic production 
its supply became relatively unlimited, though a major constraint is its cost 
(£5,000 -£10,000 per patient per year). It is not now in such short supply as 
to restrict its use only to those patients with growth hormone insufficiency as 
defined by the MRC working party. Its efficacy in other causes of poor growth 
and short stature can now be explored more fully, thus raising the question 
"Which children should receive growth hormone treatment 7' 

At the same time that growth hormone treatment was evolving, other 
agents, for example anabolic steroids, were being explored for their 
potential as growth promoting treatments. We have therefore now reached 
the situation where we can compare varying methods of growth promotion, 
not just growth hormone alone, in groups of short children who previously 
would not have been eligible for treatment. 

Normal Variant Short Stature - the "Short Normal Child" 
There are two main explanations (or a combination of both) as to why 

a child may be normal, but small. 
A child who is small but otherwise normal and healthy with no 

significant past medical history, may be small because he (or she) has small 
parents. It is important to ensure that the parents themselves do not have a 
disorder which has affected their growth and in which in turn they could 
have passed onto their child eg. hypochondroplasia. Assuming the parents 
are normal, one would expect their children also to be small - ie the child 
has "familial short stature", a type of normal variant short stature. The child 
will grow along a centile appropriate for his or her parental heights (eg. 

along or below but parallel to the 3rd centile), and will reach a final adult 
height appropriate for the parents. 

Other children are small, healthy and with no significant past medical 
history but have growth delay. They will ultimately reach an acceptable final 
height which is appropriate for their parents, but will take longer than 

average to complete their growth. They are likely to enter puberty later than 
their peers. These children also have a type of normal variant short stature, 
described as "constitutional delay of growth and puberty". 
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A further group of children will have a combination of familial short 
stature with constitutional delay of growth and puberty as cause of their 

normal variant short stature. 
Normal variant short stature is the commonest cause of short stature 

presenting to paediatricians and paediatric endocrinologists. At the Growth 

and Endocrine clinic at the Royal Hospital for Sick Children, Edinburgh 

approximately 500 children are seen because of "normal variant " short 
stature, compared to 25 children with idiopathic growth hormone deficiency 

or panhypopituitarism, 20 children who are GH deficient as a result of 

radiotherapy, and 32 girls with Turner syndrome. The extremely high 

number of children with normal variant short stature may be biased due to 
the clinic's interest in the condition, but most paediatricians and paediatric 
endocrinologists find that it accounts for the majority of referrals to a growth 
clinic. A good understanding of the growth process and its normal variations 
is vital to help make a correct diagnosis, but "normal variant short stature" is 

a diagnosis that must only made after a full history, examination and 
necessary investigations to exclude other pathological causes of short 
stature and poor growth. 

Although the child has no pathological cause for his or her short 
stature he/she may suffer as a consequence of it just as much as if he/she 
has an underlying disorder causing the problem. The priorities in trying to 
help a child with normal variant short stature are: 

1) determining that the cause of the short stature is a normal variant 
by excluding underlying pathology 

2) a thorough explanation to the child and the parent, with a 
prediction of expected height and pattern of growth that will follow 

3) an attempt to determine how the child is coping or suffering 
because of his/her lack of growth or development. it is important to 
differentiate the parents expectations from the child's hopes and fears and to 

treat the child and not the parents. 
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Growth Promotion in the Child with Normal Variant Short Stature 
If it is clear that the child has no underlying pathology for his/her short 

stature (which may at least entail following growth for 6-12 months), and is 

suffering because of it, then it is worth considering whether treatment may be 

of help. Normal variant short stature is by definition a variant of normal 
growth and not pathological, so one could reasonably ask why one would 
even consider promoting growth in such children. 

Disease can be defined as a deviation from the biologic norm of 
health, and medical interventions ethically acceptable only if they preserve 
health or restore it by preventing or treating a disease or illness (Lantos et at 
1989). Thus treating a short child with "classical" growth hormone deficiency 
is undoubtedly ethically acceptable. The definition of growth hormone 
deficiency is not, however, black and white - growth hormone secretion is a 
continuous spectrum and is not an all or nothing phenomenon. Tall children 
secrete more growth hormone physiologically than their shorter peers 
(Albertsson-Wikland and Rosberg 1988), and within a group of children 
there is a relationship between growth hormone secretion and height 

velocity (Hindmarsh et at 1987). The definition of a growth hormone 

secretory problem becomes more difficult to define, and cannot now simply 
be classed as failure to reach an arbitrary value after a pharmacological 
stimulation test. Identifying the child with a growth hormone secretory 
problem is more complex than previously thought, and some children with 
apparent normal variant short stature do have subtle abnormalities of growth 
hormone secretion (Spilliotis et all 1984). 

Although normal variant short stature is not itself a disease it may 
cause psychological morbidity - thus there may be an argument for treating 
it. However, if this is the case one must show that improved growth will 

relieve this morbidity (Lantos et at 1989). Psychological parameters must 
therefore be included as outcome measures. 

There are two questions to be considered in the treatment of normal 

variant short children - that of efficacy and safety of any proposed treatment, 

and the ethical issue of whether medical treatment for normal short children 
is justified even if it is safe and acceptable. 

The majority of children with normal variant short stature will be aware 
that they are small compared to their peers, but many will cope with this 

adequately and not come to medical attention. However, a proportion will 
suffer and seek help - for these children one must know if there is any benefit 
(physically and psychologically) in trying to help them with a growth 
promoting therapy. Of prime importance is the fact that these are normal 
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healthy children and when considering any form of growth promotion the 

possible benefits in the short and long-term must be balanced with the risks 
of potential side-effects. The child will want to know "Will the treatment 

work? ", the parents will ask " Will the treatment work, and is it safe? ". There 
is a need for answers to these questions and the studies presented in this 
thesis are an attempt to provide some of the answers to these clinical 
questions. 

Clear outcome measures must be defined before embarking on any 
trials of treatment. In these studies on growth promotion in normal variant 
small children there are both short term and long term outcome measures to 
be considered. The short term measures are the effects on growth rate, 
pubertal timing and progress, safety of treatments, and immediate 

psychological changes. Long term outcome measures are final height, and 
ultimate psychological outcome. The two must be clearly differentiated, as 
even if there are no significant long term effects, short term benefits of 
improved growth and in psychological well being may be of vital importance 
to a young child. If there are long term improvements in final height one must 
still answer the question "Is taller really better? " (Diekama 1990) in terms of 
ultimate psychological functioning. 

It is also necessary to compare rhGH with other forms of growth- 
promoting therapy to determine which is most effective and safe. The best 
form of treatment may vary at different ages and stages of childhood and 
puberty. Some growth-promoting therapies already have a recognised role 
in some groups of children eg. oxandrolone in boys with puberty delay. It 
does not follow that their use can safely be extrapolated to other groups of 
normal short children as one may see differing effects. 

This thesis presents three studies in children with normal variant short 
stature examining the effects of growth promoting treatments: 

1) a double blind placebo controlled study of rhGH in the treatment of 
pre-pubertal children with familial short stature. 

2) a comparison of rhGH, the anabolic steroid oxandrolone, and a 

combination of rhGH plus oxandrolone in peri-pubertal boys with familial 

short stature. 
3) a comparison of rhGH, the orally active androgen testosterone 

undecanoate, and a combination of rhGH plus testosterone undecanoate in 

boys with puberty delay. 
The work presented focuses on the short term effects of growth- 

promoting therapy. These children are being followed to adulthood in order 
to determine the long-term outcome of such treatments. 



7 

SECTION 1: GROWTH PROMOTION IN PRE-PUBERTAL 

CHILDREN WITH FAMILIAL SHORT STATURE 

1.1. Introduction 
1.2. Definition of Familial Short Stature 

1.3. Effects of short stature in the pre-pubertal child 
1.4. Treatment of short stature in the pre-pubertal child - background 

literature review 
1.5. Study: The effects of biosynthetic human growth hormone treatment in 

the management of pre-pubertal children with familial short stature: a 
double-blind placebo controlled therapeutic trial 
1.5.1. Aims of the study 
1.5.2. Patient recruitment 
1.5.3. Study protocol 
1.5.4. Pre-treatment growth status 
1.5.5. Pre-treatment endocrine status 
1.5.6. Growth results 
1.5.7. Effects on puberty 
1.5.8. Effects on biochemical markers of growth 
1.5.9. Side effects 

1.6. Discussion 
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1.1. Introduction 
This study was designed to investigate the effects of recombinant 

human growth hormone (rhGH) on pre-pubertal children with familial short 
stature who do not have significant growth delay. The design of the study 
was a double-blind placebo controlled therapeutic trial. Although the 

children will be followed to adult height, I am presenting the short-term 
results ie. the first two years. 

1.2. Definition of familial short stature 
The children included in this study have familial short stature. They 

have small parents, and hence one would predict that the child's final adult 
height will be low. The children in this study do not have significant growth 
delay - their bone age is less than two years behind their chronological age - 
thus skeletal maturation is proceeding at an appropriate rate and they would 
be expected to reach their final height at an average age. It is vital in this 
situation to ensure that the parents are normal and that the child is not small 
because they have an inherited a pathological cause for their short stature 
eg. hypochondroplasia. Where necessary we have investigated the families 

to ensure we are not missing any of the more subtle forms of skeletal 
dysplasia. 

1.3. Effects of short stature in the pre-pubertal child 
Early studies on mixed groups of short children suggested that they 

function poorly with under-achievement at school (Pollift and Money 1964), 
immaturity (Holmes et al 1985, Holmes et at 1986) and inadequate coping 
(Steinhausen and Stankhe 1976). These studies are difficult to interpret as 
they contain very heterogeneous groups of children, some with major 

pathological causes of their short stature which would produce other 
problems in themselves eg. significant dysmorphic features or learning 
difficulties. It is difficult to be sure how the findings relate to the short child 
who is otherwise normal. 

There is a mixed picture in the literature of the psychological effects of 

normal variant short stature in the pre-pubertal child with some studies 

suggesting an increased incidence of behaviour problems and decreased 

self esteem (Gordon et at 1982) and a higher incidence of learning problems 
(Gold 1978). Not all such short children appear to have such significant 

problems. In the Wessex growth study (Voss et at 1991) the short children 

appeared to have unimpaired self esteem and normal patterns of behaviour, 
but a tendency towards hyperactivity and poor concentration. 
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There may well be differences in the self esteem of children who 
present to a paediatrician because of concerns (either their own or parental) 
about their short stature than in those who are unselected. 

For more details of the psychological effects of short stature, please 
see Section 4.2. 

1.4. Treatment of normal variant short stature 

- background literature review 
Tanner et al included four children with growth delay in their cohort of 

children treated with human growth hormone reported in 1971. There was 
no definite response to therapy, but psychosocial factors complicated the 
picture in at least one of the children. In these early studies there was little 

evidence of benefit for non-GH deficient children, but their numbers were 
small and they were being treated with a sub-optimal regimen by today's 
standards. Despite these results, by the early 1980's there was beginning to 
be a reassessment of the use of pituitary-derived growth hormone for causes 
of short stature other than classical growth hormone deficiency. Kowarski et 
at (1978) had described two children with growth failure but normal growth 
hormone levels who were treated with growth hormone with improvement in 
their growth rates. Rudman et at (1979,1980,1981) gave children with 
normal variant short stature a ten day course of human growth hormone and 
then suggested that the children who were more likely to respond to a six 
month period of daily growth hormone injections were characterised by an 
increase in the anabolic responses of soft tissues and IGF1 (somatomedin 
C) at ten days. Van Vliet et al (1983) treated fifteen short normal children 
aged 4 to 15 years with thrice weekly intramuscular growth hormone for six 
months - not all responded but those who did best were younger, had a 
greater delay in bone age and a slower pre-treatment growth rate than the 

non-responders. Plotnick et al (1983) and Gertner et al (1984) used similar 

regimes to treat short children who were capable of normal growth hormone 

secretion - their subjects showed an increase in growth rate over six months 
from a mean of 3.6 to 7.4 cm/yr and 4.3 to 7.4 cm/yr respectively, but the 

response was not predictable by the acute rise in IGF1 after five to ten days 

of treatment. Albertsson-Wikland (1986) investigated a group of 31 short 

normal children treated with a daily injection of pituitary-derived growth 
hormone with good growth responses in the majority of the children. Those 

who responded best had the lowest levels of endogenous pulsatile growth 
hormone secretion. These studies were encouraging, but such trials were 
stopped after the appearance of Creutzfeldt-Jakob disease and the 



10 

withdrawal of pituitary-derived human growth hormone (Buchanan et al 
1987). 

The development of biosynthetic human growth hormone allowed 
more clinical trials of growth hormone in the short normal child to develop. 
Wit et al from the Dutch Growth Hormone Working Group (1989) reported 
thirty short, slowly growing children with normal growth hormone responses 
to standard provocation tests, randomly assigned to methionyl growth 
hormone or no treatment for a year, with a significant improvement in growth 
rate in the growth hormone treated group. Hindmarsh and Brook (1987) 

reported 26 short normal pre-pubertal children treated for two years with 
methionyl growth hormone. Height velocity improved from a pre-treatment 
mean of 5.3 cm/yr to 7.4 cm/yr. Several studies have shown benefit in the 
short term from rhGH treatment in the short normal child (Lin et al 1989, 
Zadik et al 1992) but good placebo controlled studies are understandably 
more rare. Short placebo controlled studies (Wales and Milner 1989, 
Ackland et al 1990, Cowell 1990) suggested that there may be some 
placebo effect from the injection, but these have only included giving 
placebo for a maximum of six months treatment, which is probably not long 

enough to be confident of the response. A placebo controlled study for at 
least a year was needed to fully evaluate the placebo effect of daily "rhGH" 
injections. 

It is vital that any child included in a rhGH study is followed to adult 
height. As biosynthetic growth hormone has only been available since 1985, 
there are as yet no long term studies published on the effect on adolescent 
growth and adult height. There are increasing concerns about the effcts of 
rhGH on the timing and tempo of puberty (Darendeliler et al 1990), and good 

prospective studies are needed in pre-pubertal children being treated with 
rhGH to ellucidate the effects on the short normal child. 

Some medium-term studies are now in the literature. Hindmarsh et al 
(1990) have reported three year follow up of their cohort of children. By the 

end of three years there did seem to be an improvement in predicted final 

height, but to maintain good growth rates it was necessary to increase the 

dose of rhGH given, and the children had not yet gone through puberty. 
Moore et al (1992) concluded that most short normal children will show an 
initial improvement in growth in response to rhGH, with about half 

maintaining accelerated growth into the third year of treatment. Hopwood et 

al (1993) also reported three years of rhGH treatment in a large cohort of 

children, and again showed the best growth rate was acheived during the 
first year of treatment. Although timing of pubertal onset appeared to be 
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normal, boys seemed to be progressing through puberty faster than would 
be expected. 

The objectives in treating the short normal child with growth- 
promoting agents is not just to increase final height. Indeed we do not yet 
have the studies to prove or refute this. Improving growth in the short term 
may make the child more like his peers, but we must show that this leads to 

psychological benefit to justify treatment. Good studies looking at both the 

growth responses and the psychological effects of treatment are needed (for 

more details please see Section 4: The psychological effects of short stature 
and its treatment). 
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1.5. The effects of biosynthetic human growth hormone 

treatment in the management of pre-pubertal children with 
familial short stature :a double-blind placebo controlled 
therapeutic trial 

1.5.1. Aims of the study 
1.5.2. Patient recruitment 
1.5.3. Study protocol 
1.5.4. Pre-treatment growth status 
1.5.5. Pre-treatment endocrine status 
1.5.6. Growth results 
1.5.7. Effects on puberty 
1.5.8. Effects on biochemical markers of growth 
1.5.9. Side effects 

1.5.1. The aims of this study were to determine in pre-pubertal children 
with familial short stature: 
1) whether treatment with rhGH accelerates growth velocity compared to 

placebo or "no treatment" 
2) whether treatment with rhGH has effects on the timing of puberty and rate 
of pubertal progression. 
3) whether treatment with rhGH will improve final height. 

4) the benefits (physical and psychological) of rhGH treatment. 
5) the complications (if any) of rhGH treatment. 
6) whether there are any parameters that are predictive of the response to 

rhGH treatment. 
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1.5.2. Patient Recruitment 
Children were recruited from the growth and endocrine clinics at the 

Royal Hospital for Sick Children, Edinburgh, and attached peripheral clinics 
in Scotland. Children are referred to the growth clinic either by their general 

practitioners or the school medical service, or are tertiary referrals from other 

paediatricians. 

The following inclusion criteria had to be met : 
Height at, or below, 3rd centile for chronological age (HSDS < -1.88) 
Height velocity standard deviation score (HVSDS) at or below 0 
Peak serum GH concentration of 20mU/I or more during insulin- 
induced hypoglycaemia or clonidine stimulation 
Clinically and biochemically pre-pubertal 
Bone age <8 years 
Bone age delay of <2 years 
No other cause found for their short stature. 

Ethical approval for the study was obtained from Lothian Health Board 
Committee on Medical Ethics. Parents and children were given detailed 
information about the study, and signed appropriate consent forms prior to 
entry. 
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1.5.3. Study protocol 

Pre-treatment Assessments: 
1. Auxology 

Prior to entry into the study the children were assessed at the growth, 

clinic for a minimum of 6 months, though the majority had measurements 
performed over at least one year. 

Standing height was measured by a single observer (HS) using a 
fixed wall mounted Harpenden stadiometer. Sitting height was measured 
using a sitting stadiometer by a single observer (HS). Weight was measured 
using a standard balance. Measurements were compared to the standards 
of Tanner et at (1966,1976). Triceps and subscapular skinfold thicknesses 

were measured using Holtain calipers by a single observer (HS) and 
compared to the standards of Tanner and Whitehouse (1975). Pubertal 

assessment was performed by a single observer (HS) using the standard 
ratings of Tanner (Tanner 1962, Marshall and Tanner 1969, Marshall and 
Tanner 1970). Testicular volume was estimated by comparison with the 

standard ovoids of a Prader orchidometer (Zachmann et at 1974). 
Bone age was assessed by X-ray of left hand and wrist, and the 

Tanner Whitehouse 11 20 bone method (Tanner et al 1983) of analysis 
performed by a single observer (HS). 

Blood pressure was measured in the right upper limb by a single 
observer (HS) using an appropriate sized sphygmomanometer cuff for each 
child (de Swiet et at 1992). 

2. Endocrine assessment 
a) Overnight profiles 

Prior to entry into the study all the children underwent overnight blood 

sampling form 20.00 hrs to 08.00 hrs, with samples collected at 20 minute 
intervals to measure plasma growth hormone. The children were admitted to 

hospital in the early evening following a normal days activities and eating 

pattern. Topical anaesthetic cream (EMLA) was applied to an ante-cubital 
fossa and subsequently an indwelling intravenous cannula was inserted at 
least 45 minutes before blood sampling was commenced. The children were 

allowed to be freely active, and eat and drink normally during the evening. 
They were strongly encouraged to be in bed by 10.00pm with "lights out" at 
10.30pm. In practice the majority slept soundly until 7.30-8.00am the 
following morning. 2 ml samples of blood were taken every 20 minutes, 

collected into lithium heparin tubes, immediately centrifuged at -4C, then 
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separated and the plasma stored at -20C until assayed. All samples from a 
given child were assayed in the same batch. 

The samples were assayed in the Regional Hormone Laboratory, 
Edinburgh using an immunoradiometric assay (IRMA). The growth hormone 

profiles obtained were evaluated using the Munro modification of PULSAR 

program on an Apple Macintosh personal computer. 
For an additional study, timed 12 hour urine collections (20.00 hrs to 

08.00 hrs) were also obtained from the children. Urinary growth hormone 

was measured in these samples at the Regional Hormone Laboratory, 
Edinburgh using an amplified enzyme immunoassay (Novo Nordisk). 

Insulin like growth factor 1 (IGF1) levels were measured at 08.00 hrs 
in all children. IGF1 was assayed by Novo Nordisk using a radio- 
immunoassay. 

Testosterone and oestradiol levels were measured in boys and girls 
respectively at 08.00 hrs (Wu et al 1993). 

b) Dynamic pituitary function tests 
The following morning the children underwent combined pituitary 

function tests, using either insulin-induced hypoglycaemia (0.15iu/kg) or 
clonidine (0.15mg per sq. m body surface area) together with TRH (7 

micrograms/kg to a maximum of 200 micrograms) and LHRH (0.25 

micrograms/kg). 29 of the children underwent insulin induced 
hypoglycaemia, with the remainder receiving clonidine for the growth 
hormone provocation test. The tests were performed in a recognised growth 
centre, on a ward where the staff were well acquainted with the potential 
hazards of such tests and their management, and full facilities for 

resuscitation were available (Shah et al 1992). The tests were supervised by 

the same person (HS) on all occasions. There were no significant adverse 
events as a consequence of these tests. 

The pituitary function tests were performed without the child being 

"primed" with the appropriate sex steroid, as we were trying to fully evaluate 
the physiological status of the child prior to treatment. The LHRH test used is 

a very low dose one and is likely to be more physiological than the supra- 

maximal stimulus of the conventional doses of 100 microgms or 2.5 

microgms/kg (Hughes 1989). This study in combination with the studies in 

older boys allowed us to evaluate the low dose LHRH test as to whether it is 

a more useful way of assessing the imminence of puberty than the 

conventional dose. 
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3. Psychological assessment 
The psychological studies were performed using a series of 

questionnaires involving parent, child and teacher reports. Those children 
under 8 years of age were excluded as the questionnaires are not valid for 

use in younger children. 
For details please see Section 4.3. 

Randomisation of treatment 

For the first year the study was a double-blind placebo controlled trial. 
At entry the children were randomised into one of three groups receiving : 

1) rhGH 241u/sq. m/week, given as a daily sub-cutaneous injection 

or 2) placebo 24iu/sq. m/week, given as a daily sub-cutaneous injection 

or 3) no treatment. 
The placebo consisted of glycine, sodium bicarbonate and mannitol (each 
12 iu placebo vial containing 60.0 gm glycine, 7.5 gm sodium bicarbonate, 
and 6.0 gm mannitol) and was identical in appearance and reconstitution to 
the active rhGH. 

After twelve months the children in group 2 were changed to active 
rhGH in a dose of 15iu/sq. m/wk, given as a daily sub-cutaneous injection. 
After 24 months the children in group 3 were started on rhGH 15iu/sq. m/wk. 
Thus, after 24 months all children entering the study were receiving active 
rhGH. 

The study design not only allowed us to assess the effect of a placebo 
versus active treatment, but also to compare the effects of two doses of rhGH 
in pre-pubertal children with familial short stature. 
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Assessment of response 
After entry into the study the children were reviewed at three monthly 

intervals. Detailed auxological measurements (standing height, sitting 
height, weight, triceps and subscapular skinfold thicknesses, pubertal 
staging and blood pressure) were made every three months by a single 

observer (HS). Left hand and wrist X-ray was performed every six months, 

and bone age assessed by a single observer (HS) using the Tanner 
Whitehouse TW II method of analysis. 

Haematological (full blood count with differential white cell count, and 
in a subgroup T and B cell counts) and biochemical (liver function, renal 
function, glucose, glycosylated haemoglobin (HbA1), cholesterol, 
triglycerides, thyroid function) parameters were measured at entry and at 
three months, six months and at six monthly intervals thereafter. IGF1 was 
measured at entry and six monthly. Bone derived alkaline phosphatase was 
measured at entry, three months, six months and at six monthly intervals. 

LH, FSH and testosterone or oestradiol (as appropriate depending on 

sex of the child) levels were measured six monthly. Although these were 
random samples, all were taken between 09.00 and 12.00 in the morning. 
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1.5.4. Pre-treatment Growth Status 

37 children (23 boys and 14 girls) entered this study, all with full written 
informed consent of their parents and themselves. 

The mean age of the children was 8.00 years (range 4.70 to 10.37) 
The mean HSDS was -2.62 (range -3.60 to -1.79) 
The mean height velocity was 4.69 cm/year (range 3.02 to 5.84) 
The mean HVSDS was -1.22 (range -3.14 to +0.26) 
The mean bone age was 6.54 years (range 3.80 to 8.90) 
The mean bone age delay was 1.45 years (range -2.75 to +0.28) 
All the girls included in the study have a normal 46XX karyotype 
All children were clinically pre-pubertal on entry into the study. 

The mean height of the fathers was 165.7 cms (SD 5.24) = 3-10th centile 
The mean height of the mothers was 153.9 cms (SD 6.10) = 3-10th Gentile 
The mean target height of the boys was 167.0 cms (SD 3.59) = 10th centile 
The mean target height of the girls was 152.3 cms (SD 4.54) = 3-10th 

centile 

The mean predicted height of the boys at entry was 159.6 cms (SD 2.41) 

= <3rd centile 
The mean predicted height of the girls at entry was 152.4 cms (SD 2.41) 

= 3-10th centile 

For the boys, the mean predicted height at entry (calculated using the 
formula of Tanner 1983 based on height, bone age, growth rate and rate of 
bone maturation) at entry was significantly less than the target height 
(calculated as mid parental centile height) by 7.40 cms (p = <0.001). For the 

girls, the mean predicted height was not significantly different to the target 
height. 

The mean birth weight of these children was 2.76 kg (SD 0.56, range 1,55 - 
3.94 kg). All but one child was born at term. This child was born at 33 weeks 
gestation and had no major neonatal problems. Using a definition of small 
for gestational age (SG A) as <10th centile weight for gestational age, 23 of 
the children were SGA. Unfortunately accurate birth lengths were not 
available. The high percentage of SGA infants in the cohort is a probably a 
reflection of the relatively small maternal size. 
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1.5.5. Pre-treatment Endocrine Status 

a) Growth hormone 
Spontaneous growth hormone (GH) secretion is in a pulsatile fashion, 

and thus the GH profiles we obtained are a measure of the child's 
physiological GH status. The overnight growth hormone profiles we obtained 
from each child were analysed using the Munro modification of the PULSAR 

program. This program detects pulses of GH, and the overnight GH secretion 
can be described in terms of pulse amplitude (PA), sum of pulse amplitude, 
pulse interval, area under the curve and mean GH level. It has been found 
that there is an asymptotic relationship between HVSDS and pulse 
amplitude (Hindmarsh et al 1987), and that pulse amplitude is the best 
feature of the GH profile to relate to growth. 

To summarise the results from the overnight GH profiles I have 

expressed the data as the means (SD) of mean PA, sum PA, and mean GH 
level, all expressed in mU/I, for the children in the groups of the study. Also 
included in the table are the mean responses to the provocation test and 
mean IGF1 levels. 

All No Placebo rhGH 
children treatment 

Overnight GH 
Mean PA 14.1 (5.7) 13.6 (5.4) 13.0 (7.5) 15.4 (3.9) 
Sum PA 
Mean GH level 

71.0 (25.1) 
7.4 (2.7) 

65.9 (17.0) 
7.0 (2.3) 

63.8 (24.9) 
6.8 (2.7) 

83.2 (29.6) 
8.3(2.8)- 

Peak stim. GH 35.0 (12.7) 34.2 (11.1) 30.0 (7.8) 40.7 (16.3) 
(mU/I 

IGF1 (U/mi) 0.47 (0.26) 0.55 (0.23) 0.39 (0.26) 0.48 (0.26) 

There were no significant differences in the mean GH parameters 
measured overnight in the three groups, namely mean pulse amplitude, sum 
of pulse amplitude or mean overnight GH level. 

In order to enter the study all children were required to reach 20 mU/I 

or more following a standard provocation test, which is conventionally 
recognised as a "normal" response to a growth hormone stimulation test. 
There were no significant differences in the mean peak GH response to the 

provocation tests between the three groups. 
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IGF1 results are expressed as units/ml (1 Unit/ml = 37.4 nmol/1). The 

reference range quoted by the laboratory is 
0-5 years 0.1-0.96 Units/ml 
6-10 yrs 0.1- 2.41 Units/ml 
The mean levels found in our children are well within the expected 

range, though at the lower end. There was no significant differences 
between the no treatment and the rhGH groups at entry, but the mean IGF1 

level in the placebo group was significantly lower (p=0.01) than the no 
treatment group but not the rhGH group. 

b) LHRH, testosterone and oestradiol levels 
Measurement of overnight pulsatile LH secretion using highly 

sensitive assays has been shown to be the best way of detecting the 
hormonal onset of puberty in younger children (Wu et at 1990,1991). 
However this was not practical to do in all our children and so we used the 
LH response to a low dose of LHRH (0.25 microgms/kg) as a sensitive way 
to assess the pubertal activity of the hypothalamo-pituitary axis. Pre-pubertal 

children normally have baseline LH levels of <1.0 units/I, and will only show 

a small increment in the concentration of LH in response to this dose of 
LHRH. We have found that the pre-pubertal response of LH to LHRH is to a 
level of 3.8 units/I or less, whereas once puberty is underway level of >4.5 
units/I or more are achieved (see results for older boys in Sections 2 and 3). 

All No Placebo rhGH 
children Treatment 

Mean (SD) 3.30 3.20 3.55 3.14 
peak LH units/I (1.47) (1.37) (1.94) (1.03) 
Median 08.00 <0.5 <0.5 <0.5 <0.5 
testost. nmolil n=23 n=1 0 n= 7 n= 6 
Median 08.00 <57 <57 <57 <57 
oestradiol pmOl/I n= 14 n= 3 n= 5 n= 6 

The mean peak LH response of all the children in the study was pre- 

pubertal, with no significant differences seen between the groups. 
Individually three children produced peak LH responses to LHRH of >4.5 

units/I. 

Early morning testosterone levels have been shown to be a useful 

marker of the imminence of puberty. Boys in whom early morning 
testosterone is <0.7 nmol/l are unlikely to enter puberty within the next 12 
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months (Wu et al 1993). All but one of the boys included in this study had a 
08.00 testosterone of <0.7 nmol/l (the remaining boy having a level of 0.7 

nmol/1) with median levels being <0.5 nmol/I. Median early morning 
oestradiol levels in the girls in the study were all <57 pmol/I ie. pre-pubertal. 

Thus, biochemically these children appeared to be pre-pubertal at 
entry and there were no significant differences between the groups. 

1.5.6. Growth Results 

See Table : Summary of growth data. 
There were no significant differences between the three groups. at 

entry into the study in terms of : chronological age, height, height SDS, 
height velocity, height velocity SDS, bone age, bone age delay, and 
predicted adult height. 

1 year growth results 
37 children entered the study 

13 received no treatment 
12 received placebo injections 
12 received rhG H 

One girl in the placebo group and one girl in the rhGH group entered 
puberty during the first year of treatment - their growth data are not included 
in the following analysis, as in this study we wished to determine the effects 
of growth promotion in pre-pubertal children without the compounding factor 
of the pubertal growth spurt. One boy in the "no treatment" group defaulted 
from follow up during the first study year. Thus data from 34 children are 
presented. 

"No treatment" group 
The twelve children who received "no treatment" over the first year of 

the study, and who completed follow up, grew at a mean rate of 4.83 cm/yr 
(mean HVSDS -0.66) compared to a mean rate of 4.37 cm/yr (mean HVSDS 

-1.42) over the pre-study year. This difference was not significant. Mean 
height SDS did not change significantly over the year. Mean bone age 
advance/chronological age advance was 0.92 years. There. was no 
significant change in mean HSDS for BA ( -1.18 cf -1.19 pre-entry) nor was 
there any significant change in mean predicted adult height compared to 
that prior to randomisation (157.2 cms cf 157.4 cms). 



Study 1: Summary of Growth Data 

No treatment Placebo rhGH 
At entry: 
No. children 11 11 11 
Age (yrs) 8.51 (1.51) 7.22 (1.34) 7.69 (1.64) 
HSDS -2.58 (0.49) -2.75 (0.61) -2.50 (0.47) 
HV (cm/yr) 4.37 (0.60) 4.70 (0.57) 4.96 (0.81) 
HVSDS -1.42 (0.65) -1.32 (0.73) -0.90 (0.86) 
Bone age (yrs) 7.02 (1.35) 5.78 (1.18) 6.28 (1.36) 
HSDS for BA -1.19 (0.72) -1.31 (0.97) -1.07 (0.90) 
PAH (cms) 157.4 (4.33) 155.8 (5.29) 156.9 (4.73) 

At one year: 
No. children 12 11 11 
HSDS -2.60 (0.46) -2.75 (0.57) -2.02 (0.61) 
HV (cm/yr) 4.83 (0.65) 4.76 (0.47) 7.67 (1.43) 
HVSDS -0.66 (0.87) -1.01 (0.46) +2.48 (1.82) 
dBA/dCA 0.92 (0.45) 1.11 (0.44) 1.37 (0.42) 
HSDS for BA -1.18 (0.71) -1.62 (0.77) -1.16 (0.77) 
PAH (cms) 157.2 (4.14) 155.9 (5.27) 159.0 (5.00) 

At two years: 
No. children 11 10 11 
HSDS -2.69 (0.52) -2.34 (0.67) -1.85 (0.70) 
HV (cm/yr) 4.48 (0.58) 7.37 (1.53) 6.23 (1.41) 
HVSDS -0.97 (0.68) +2.33 (1.84) +1.10 (1.87) 
dBA/dCA 1.18 (0.52) 1.36 (0.67) 1.20 (0.58) 
HSDS for BA -1.40 (0.73) -1.45 (1.09) -1.14 (0.63) 
PAH (cms) 157.5 (4.86) 157.9 (6.69) 159.3 (5.45) 



22 
Placebo group 

Eleven children received placebo injections for the first year. Over the 
first year of the study they grew at a mean rate of 4.76 cm/yr (mean HVSDS 

-1.01) compared to a mean rate of 4.70 cm/yr (mean HVSDS -1.32) over the 

pre-study year. This difference did not reach significance. In order to 
determine whether there was a placebo effect apparent early in the study 
year the mean height velocity over the first six months was compared to the 

mean height velocity over the second six months of treatment. Mean height 

velocity at six months was 4.75 cm/yr (mean HVSDS -1.06) compared to 

mean height velocity between six and twelve months of 4.83 cm/yr (mean 
HVSDS -0.85) - this does not reach significance, and the rates are 
comparable to those children who received no treatment at all. 

0-6 months 6-12 months 
No. children 11 11 
HV 4.75 (0.78) 4.83 (0.70) 
HVSDS -1.06 (0.95) -0.85 (0.77) 

Thus there was no discernible placebo effect. Mean height SDS did 
not change significantly over the year. Mean bone age advance/ 
chronological age advance was 1.11 years. There was no significant 
change in mean HSDS for BA (-1.62 cf -1.31 pre-entry) nor was there any 
significant change in mean predicted adult height compared to that pre- 
randomisation (155.9 cms cf 155.8 cms) 

rhGH group 
Eleven children received treatment with active recombinant human 

growth hormone (rhGH) 24 iu/sq. m/wk over the first twelve months of the 

study. Mean height velocity improved from 4.96 cm/yr (mean HVSDS -0.90) 
pre-treatment to 7.67 cm/yr (mean HVSDS +2.48) over the study year. This 

difference is highly significant (p = <0.001). These children grew significantly 
faster than those who received "no-treatment" or placebo injections (p = 
0.001). Mean height SDS improved significantly over the year (-2.50 pre- 
treatment compared to -2.02 at one year, p= <0.001). Mean bone age 

advance/chronological age advance was 1.37 years. There was no 

significant change in mean HSDS for BA (-1.16 compared to -1.07 pre-entry) 
but there was a significant improvement in predicted adult height from a 

mean of 156.9 cms pre-randomisation to 159.0 cms at twelve months 
(p = <0.001). 
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2 Year Growth Results 

"No treatment" group 
Eleven of the "no-treatment" group of children had completed 24 

months of follow-up from the time of entry into the study. Over the second 
study year they received "no treatment" again. They grew at a mean rate of 
4.48 cm/yr (mean HVSDS -0.97) over this second twelve months, which was 
not significantly different to their growth rate in the pre-treatment year or the 
first study year. Mean HSDS gradually fell over the two years and was -2.69 
at the end of 24 months. Mean bone age advance/chronological age 
advance was 1.18 years over the second year, so that skeletal maturation 
was proceeding at a normal rate over the two year period. There was no 
significant change in mean HSDS for BA or in mean predicted adult height 

over the second year. 

Placebo/15iu rhGH group 
Ten of the "placebo" group of children had completed 24 months of 

the study. At the end of the first twelve months they had been changed onto 
active rhGH in a dose 15iu/sq. m/wk - ie. a smaller dose than the children 
who were treated with rhGH from the outset. Over the second study year they 

grew at a mean rate of 7.37 cm/yr (mean HVSDS +2.33). This was 
significantly faster than the growth rate over the year when they received 
placebo injections (p = <0.001). Mean HSDS improved over this second 
year from -2.75 to -2.34 (p = 0.001). Mean bone age advance/chronological 
age advance was 1.36 years over this second twelve month period. There 

was no significant change in mean HSDS for BA but mean predicted adult 
height improved from 155.9 cms to 157.9 cms (p = 0.01). 

It is important to note that these children's growth rate over the second 
study year was not significantly different to the first year growth rate in the 

children who received 24 iu/sq. m/wk from the outset of the study (7.37 

compared to 7.67 cm/yr). 
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rhGH group 
All of the original rhGH treated group have completed a second year 

of treatment. Over this second year their mean height velocity was 6.23 cm/yr 
(mean HVSDS +1.10) ie. slower than that over the first treatment year. They 

showed the waning of effect that is characteristically seen in any group of 

children treated with rhGH with the best growth response early in treatment. 
However their mean growth rate was still improved compared to their pre- 
treatment rate (p = 0.02). Mean HSDS continued to improve to -1.85 (p = 
0.05 compared to one year HSDS). Mean bone age advance/chronological 

age advance was 1.20 years over this second twelve month period, giving a 

mean total bone age advance of 2.57 years over the two study years. There 

was no significant change in mean HSDS for BA or predicted adult height 

over this second year. 

Further growth data 
Growth data are available from the two girls who entered puberty 

during the first study year - these two girls grew at rates of 8.44 and 7.40 

cm/yr respectively. The first received placebo, whilst the second received 
active rhGH. Both girls had a considerable increase in height velocity over 
their pre-treatment growth rates but this is only what one would expect for 

girls in early puberty. Thus, their results have been excluded from the above 
analyses. 

Smaller numbers of children have now completed three or more 
years of the study, but the numbers are too small to analyse in separate 
groups. 

Comparison of two doses of rhGH 
By combining the data from all the children treated with 15iu rhGH 

(either having had a year of placebo or two years of no-treatment) and who 

remained pre-pubertal during their first year of active treatment (n = 15), we 

can obtain a comparison of the effects of two doses of rhGH in treating pre- 

pubertal children with familial short stature. 
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24 
iu/s 

. m/week 
15 

iu/s 
. m/week 

No. children 11 15 
Age at start of rhGH (SD) 7.69 (1.64) 8.61 (1.42) p= NS 
Pre Rx HV (SD) cm/yr 4.96 (0.81) 4.59 (0.57) p= NS 
Pre Rx HVSDS (SD) -0.90 (0.86) -1.12 (0.51) p= NS 
One year HV (SD) cm/yr 7.67 (1.43) 7.35 (1.50) p= NS 
One year HVSDS (SD) +2.48 (1.82) +2.62 (1.75) p= NS 

It is clearly apparent that there is no significant difference in pre- 

pubertal children's growth responses to 15 or 24 iu rhGH/sq. m/wk, and in 

this context there is no benefit in prescribing the larger dose of rhGH. 

In the majority of children treated with rhGH (either 24iu or 
15iu/sq. m/wk) there is a good response over the first 12-24 months of 
treatment with acceleration of growth. There is then waning of the 

acceleratory effect with the children assuming a more normal growth rate - 
they cross centiles upwards on their growth charts for approx 12-24 months, 

and then grow along their "new centile" - see examples of growth charts in 

appendix. 

1.5.7. Effects on puberty 
In children with isolated idiopathic GH insufficiency it has been 

suggested that treatment with growth hormone significantly shortened the 
duration of puberty (Darendeliler et al 1990). Therefore in this group of 
children who were pre-pubertal at the onset of treatment it is especially 
important to follow them prospectively with regard to the timing of pubertal 
onset and the speed of progression through puberty. 

At randomisation and entry into the study all the children were 
clinically prepubertal (defined as girls at Tanner breast stage 1, boys at 
Tanner genitalia stage 1 and testes <4ml). This was also demonstrated by 

their response to low dose LHRH and early morning testosterone and 
oestradiol measurements (see above). There were no significant differences 
between the groups in terms of the mean peak LH response to low dose 
LHRH, nor in the median testosterone and oestradiol levels measured at 
08.00 hrs. 

The first sign of male puberty is testicular enlargement, most 

accurately determined with ultrasound, but more practically in comparison 

with standard ovoids, the "Prader" orchidometer (Zachmann et at 1974)). 
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Testicular volumes of 4 ml or more indicate that puberty is underway. 
According to Marshall and Tanner (1970) the average age at which genitalia 
stage 2 is reached is 11.6 years, with 95% of boys reaching this between the 

ages of 9.5 and 13.5 years. In a further study of normal adolescent growth 
and development patterns, Buckler documented the 50th centile for the 

attainment of genitalia 2+ to be 12.5 years (Buckler 1990). 
The onset of puberty in girls is defined as the appearance of breast 

buds (Tanner breast stage 2) with the average age for initial breast 
development being 11.2 years with 95% girls developing breast buds 
between 8 and 13 years of age (Marshall and Tanner 1969). In a Scottish 
cohort the average age of breast stage 2 is a little earlier at 10.5 years 
(unpublished data), and is at 11.0 years in Buckler's study (Buckler 1990). 

In the ten girls in our study who have so far reached puberty, the 

mean age of attaining breast stage 2 was 10.39 (SD 0.88) years. Two of 
these girls were not on active rhGH when they entered puberty (one 

receiving placebo and one receiving the second year of "no treatment"). 
When their data are discounted the mean age for girls to achieve breast 

stage 2 was 10.21 (SD 0.80) years at a mean bone age of 9.1 (SD 0.80) 

years. The mean duration of rhGH treatment (either 24iu or 15iu/sq. m/wk) 
prior to the onset of puberty was 1.35 years (range 0.3 to 2.9 years). Only 

two girls have so far reached menarche at an average age of 13.25 years 
(not very different to the Tanner standard of 13 years), but the numbers are 
too small to provide any meaningful results. 

. In the nine boys who have so far reached puberty the mean age at 
attainment of 4 ml testes was 11.78 (SD 0.69) years. One boy was in his 
second year of "no treatment", and when his data are discounted the mean 
age for boys to achieve 4 ml testes was 11.78 (SD 0.74) years, at a mean 
bone age of 10.7 (SD 0.89) years. The mean duration of rhGH therapy prior 
to pubertal onset was 1.58 years (range 0.6 to 2.7 years). Four of these boys 
have now reached 12 ml testes, at mean age of 13.45 years. 

Compared to the Tanner and Buckler standards, our study girls who 
have received rhGH are tending to enter puberty a year earlier on average 
than one might expect, whereas in the boys the timing of pubertal onset 
appears to be more average. rhGH may have a more marked effect on the 
timing of puberty in girls, in whom it is well recognised there is an increased 
tendency for precocious puberty to occur. In the boys who have attained 12 

ml testes this has been reached somewhat earlier than the median Tanner 
standard of 14.5 years, suggesting that perhaps the rate of pubertal 
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progression is faster than would have been expected in the boys. The 
numbers so far are too small to be conclusive. 

Any effects on pubertal timing and rate of progression will affect final 
height outcome. If puberty is reached earlier, and hence final height 

achieved earlier than average, then any net increase in height obtained pre- 
pubertally may be lost. It is imperative that the children included in this study 
are followed through puberty to final height to determine whether or not this 
is the case. 
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1.5.8. Effects on biochemical markers of growth 
Two biochemical markers of growth have been measured in these 

children. Insulin-like growth factor 1 (IGF1) is predominantly produced by the 
liver, and is known to rise in GH-deficient children treated with growth 
hormone, but the pre-treatment IGF1 level is not an accurate predictor of the 

response to treatment (Dean et al 1982). 
Bone-derived alkaline phosphatase (bALP) is a more specific marker 

of bone turnover. Few studies have specifically looked at this marker in 

response to growth-promoting treatments, or as a predictor of response to 
GH therapy. 

1. IGF1 
IGF1 was measured at entry into the study and at six months. The 

results are expressed as Units/ml (1 Unit/ml = 37.4 nmol/1). The mean levels 

at entry in our children are at the lower end of the expected range. 
There were no significant differences between the no treatment and the 
rhGH groups at entry, but the mean IGF1 level in the placebo group was 
significantly lower (p = 0.01) than the no treatment group but not the rhGH 
group. 

IGF 1 at entry 
Mean SD 

Increase in IGF1 
at 6 months 

No treatment 0.55 (0.23) 0.04 (0.08) 
Placebo 0.32 (0.39) 0.08 (0.15) 
rhGH 24 iu 0.48 (0.26) 0.63 (0.52) 
rhGH 15 iu 0.50 (0.18) 0.45 (0.22) 
(all pre-pubertal children 
combined n =15 ) 

Mean IGF1 levels did not change significantly in the children who 
received "no treatment". In the children who received placebo for the first 

year, there was no significant change in mean IGF1 during the placebo 
period. Mean IGF1 levels increase in response to rhGH. In the children who 
were treated with rhGH 24iu/sq. m/week from the outset, there was a highly 

significant rise in IGF1 levels at six months (p = 0.003). In the children who 
were treated with 15iu/sq. m/week rhGH after either placebo or no treatment, 

and who remained pre-pubertal, there was a highly significant increase in 
IGF1 at six months (p = 0.001). The magnitude of this response was not 
different from that seen in the 24iu treated group of children. 

There was no correlation between the pre-treatment IGF1 level and 
the height velocity over the first year of active treatment, therefore we cannot 
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use pre-treatment IGF1 levels as a predictor of which short normal child may 
benefit from rhGH treatment. There was a weak correlation (r = 0.53) 

between increment in IGF1 at 6 months and height velocity over the first year 

of active treatment. 

2. Bone-derived alkaline phosphatase (bALP) 
This was measured at 3 months in children receiving a treatment 

(either placebo or growth hormone) and at 6 months in those receiving no 
intervention. bALP was measured by an in-house lectin affinity 

electrophoresis method at the Royal Hospital for Sick Children (Crofton 

1992). The results are expressed as the mean increase in bALP at three (or 

six) months over the baseline measurement. 

Mean (SD) increase in bALP (units/I) at three months : 

Increase in bALP 
No treatment + 34.2 (44.5) 
Placebo - 8.3 (55.9) 
rhGH 24 iu +112.9 (59.6) 
rhGH 15 iu +112.1 (79.0) 
(all pre-pubertal children 
combined n= 15) 

There was no significant change in mean bALP in the children who 
received either placebo or no treatment at three months. Children treated 

with active rhGH, either 24iu/sq. m/week form the outset or 15iu/sq. m/week 
following a no-treatment or placebo period, show a highly significant rise in 

bALP by 3 months compared to those children who received no treatment 
(p = >0.01). The increment in bALP in the two groups who received differing 
doses of-rhGH was very similar. 

The effect on the biochemical markers of growth (IGF1 and bALP) is 

similar in the two groups of children treated with the different doses of rhGH. 
The growth promoting effects were also similar (see section 1.5.6. ). The 

biochemical markers provide further evidence that the effects of the two 
doses are similar, and in this context there is no advantage in prescribing a 
larger dose of rhGH. 
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1.5.9. Side effects of treatment 

1. Effects on body fat 
Growth hormone has well known lipolytic and anabolic effects. It has 

long been recognised that growth hormone deficient children have 

increased body fat compared to normal children, and that when they are 
treated with replacement growth hormone they become leaner (Tanner et al 
1977). The greatest effect appeared to be within the first three months of 

treatment. 
Skinfold thicknesses are a practical way to estimate body fat (Brook 

1971, Durnin and Womersley 1974). In order to determine the effects of 

rhGH on the body fat of short normal children, we measured triceps and 

subscapular skinfold thicknesses at entry into the study and at three monthly 
intervals. The measurements were made by a single observer (HS) using 
Holtain calipers. The individual measurements were log transformed and 
then expressed as the mean sum (SD) of log transformed triceps and 
subscapular skinfold measurements. 

No treatment Placebo rhGH 
At entry 333.7 339.0 331.5 
3 months 326.3 332 4 318 4" 
6 months 325.1 . 332.8 . 317.4 ** 
12 months 331.7 340.6 322.3 
18 months 329.4 317.1 " 323.9 
24 months 332.3 320.1 331.8 

= 0.03 ""` = 0IT277J 

The children who received active rhGH (24iu/sq. m/wk) during the first 

year of the study had a significant decline in skinfold thickness, and thus 

body fat. This was highly significant by three months and reached a 

maximum at six months. However, by twelve months skinfold thicknesses 

were not significantly different to the pre-treatment measurements. 
The children who received placebo for the first year had no significant 
changes in skinfold thicknesses during the first twelve months of the study, 
nor did the children who received "no treatment". 

The children who received placebo for the first year of the study, went 

on to receive active rhGH (15iu/sq. m/wk) for the second year of the study. 
They showed an almost identical fall in skinfold thickness to the ones who 
had received the larger rhGH dose over their first six months of active rhGH 
therapy. Thus, normal children treated with growth hormone become 
transiently leaner. 
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2. Effects on cholesterol and triglyceride levels : 
McCaughey et at (1993) have suggested that growth hormone 

treatment in normal short children alters plasma cholesterol and triglyceride 
levels. 

In our study, plasma cholesterol and triglyceride levels were 
measured at entry into the study and at three months, six months and then at 
six monthly intervals. The baseline values were often fasting (taken at the 
time of the child's GH provocation test) and the subsequent levels were non- 
fasting, as it was not practical to bring the children to clinic fasting. This will 
not affect the cholesterol level but may affect the triglyceride levels, making 
them subject to wider variation. . 

Mean (SD) cholesterol levels (mmolil): 

No treatment Placebo rhGH 
At entry 4.56 (0.53) 4.73 (0.75) 4.17 (0.94) 
3 months NA 4.76 (0.84) 4.61 (1.45)* 
6 months 4.54 (0.73) 4.54 (0.72) 4.23 (0.75) 
12 months 4.72 (0.71) 4.56 (0.61) 4.04 (0.73) 
18 months NA 4.49 (0.54) 4.07 (0.60) 
24 months 4.61 (0.49) 4.66 (0.75) 4.10 (0.80) 

I-- I '' =0.05 
Reference range = 2.5-6.3 mmol/l 

The pre-treatment mean cholesterol levels we measured were very 
similar to a control group of 7 year old children reported by Larsson et at 
(1992). In the rhGH treated group one child had a very high cholesterol level 

at three months (8.2 mmol/I). This was repeated at six months and was 
normal and has since remained normal. If this child is excluded from the 

analysis the mean cholesterol level at three months in the rhGH treated 

children (4.25 mmol/I SD 0.86) did not show a significant difference to the 

baseline value. 
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Mean (SD) triglyceride levels (mmolil): 

No treatment Placebo rhGH 
At entry 0.84 (0.37) 1.23 (0.79) 0.99 (0.45) 
3 months NA 1.37 (0.91) 0.95 (0.30) 
6 months 1.27 (0.31) 1.01 (0.42) 0.98 (0.29) 
12 months 1.23 (0.93) 0.82 (0.37) 0.57 (0.21)* 
18 months NA 0.89 (0.41) 0.80'(0.25) 
24 months 0.90 (0.30) 0.76 (0.44) 0.67 (0.16) 

"p=0.04 

Reference range = 0.1-1.5 mmoU1 

Mean plasma triglyceride levels were within the normal range for 

childhood, and did not increase significantly during treatment. 
There were no significant changes in cholesterol or triglyceride levels 

in the children treated with active rhGH compared with those treated with 
placebo or who received no treatment. This is different to the effects 
described by McCaughey et al who noted a rise in cholesterol and 
triglyceride levels after twelve months of rhGH treatment although it was in a 
higher dosage (30iu/sq. m/week) than we used. 

3. Carbohydrate metabolism 

- effects on blood glucose and glycosylated haemoglobin 
It would not be unexpected if the growth hormone treatment of short 

normal children led to impaired glucose tolerance (see discussion). To 

determine whether there were any major effects on glucose metabolism, 
plasma glucose and HbA1 levels were measured at entry into the study and 

at 3 months, 6 months and then at 6 monthly intervals. We did not have the 

opportunity to measure serial fasting plasma insulin levels - as it was 
impractical for our children to attend the clinics fasting. Urine was checked 
for glycosuria at 3 monthly intervals. 

Mean (SD) plasma glucose mmol/1: 

No treatment Placebo rhGH 
At entry 4.42 (0.40) 5.38 (0.93) 4.79 (0.45) 
3 months NA 4.57 (0.85) 5.03 (0.65) 
6 months 4.79 (0.80) 4.72 (0.64) 5.10 (0.93) 
12 months 4.72 (1.16) 4.38 (0.75) 4.34 (0.53) 
18 months NA 4.21 (0.82) 4.63 (1.33) 
24 months 4.52 (0.45) 4.54 (0.73) 4.83 (0.79 
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Mean (SD) Glycosylated Haemoglobin (HbA1) % of total Hb: 

No treatment Placebo rhGH 
At entry 6.15 (0.80) 5.99 (0.95) 5.88 (0.67) 
3 months NA 6.32 (0.89) 6.57 (1.03) 
6 months 6.29 (0.75) 6.05 (0.55) 6.35 (0.84) 
12 months 6.33 (1.. 14) 6.51 (0.65) 6.16 (1.01) 
18 months NA 6.22 (0.50) 6.16 (0.70) 
24 months 6.29 (0.99) 6.42 (0.85) 6.28 0.57) 

"p =0.02 
Reference range = 4.7-7.9% 

There were no significant changes in plasma glucose level in the 

growth hormone treated groups, although it is interesting that there is a trend 
for random glucose levels to increase at three and six months in the group 
treated with 24 iu/sq. mlweek of rhGH. The only significant change in 

glycosylated haemoglobin was at three months in this group when there was 
a rise in HbA1 level compared to the pre-treatment value, but the HbA1 

remained within the normal range. This occurred at the same time of the 
trend in blood glucose to rise. HbA1 levels were not persistently elevated. 
This trend was not demonstrable in the children treated with 15iu/sq. m/week 
of rhGH. No child in this study developed glycosuria. 

We did not demonstrate any convincing evidence of glucose 
intolerance. However this does not mean that there was no development of 
insulin resistance and this may well have occurred. It was not practical to 
bring our children to the clinic fasted and therefore there was no opportunity 
to assess fasting insulin levels. See comments in Section 2.5.9. 

4. Effects on thyroid function 
There are few published data about the effects of growth hormone on 

thyroid function in normal children, though it has been shown to affect the 

thyroid function of GH deficient children (Pirazzoli et al 1992). We followed 

thyroid function in our children with measurements of total thyroxine, free 

thyroxine and thyroid binding globulin. 



34 

Mean (SD) Total T4 nmol/I: 

No treatment Placebo rhGH 
At entry 112.2 (22.2) 120.2 (20.4) 109.3(18 - 

3) 
3 months NA 121.0 (20.3) 109.1 (18.3) 
6 months 114.9 (17.3) 126.9 (27.6) 114.9 (23.4) 
12 months 112.3 (22.9) 126.0 (27.2) 111.3 (26.1) 
18 months NA 116.0 (13.8) 105.9 (13.8) 
24 months 1109.0__(16.0) 117.0 (13.8) 114.5 (18.6) 

Reference range 70-180 nmolA 

Mean (SD) Free T4: 

No treatment Placebo rhGH 
At entry 12.9 (2.5) 17.2 (3.5) 15.6 (2.3) 
3 months NA 13.8 (3.1) 13.1 (3.7) 
6 months 12.0 (2.7) 14.9 (3.4) 13.6 (2.6) 
12 months 15.4 (2.7) 15.9 (4.7) 15.2 (2.5) 
18 months NA 15.2 (2.8) 13.0 (1.4) 
24 months 15.3 (3.3) 14.4 (3.0) 113.6(2.2) 
Reference range 9-23 pmoIII 

Mean (SD) Thyroid binding globulin: 

No treatment Placebo rhGH 
At entry 18.3 (0.6) 26.2 (2.4) 22.2 (2.9) 
3 months NA 24.3 (4.7) 24.1 (3.6) 
6 months 23.0 (6.4) 22.6 (3.9) 23.4 (5.1) 
12 months 20.9 (3.7) 23.7 (3.8) 23.5 (5.0) 
18 months NA 26.4 (6.2) 21.7 (5.5) 
24 months 20.3 (2.0) 22.0 3.4) 1 21.8(4.3) 

Reference range 12-30 mg/l 

There were no significant changes in total T4, free T4 or thyroid 

binding globulin during treatment with active rhGH. 
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5. Production of Growth Hormone Antibodies 
Methionyl hGH (the first synthetically produced hGH) was identical to 

pituitary derived hGH except for an additional methionine residue at the N- 

terminal. A high incidence of GH antibodies soon became apparent in 

patients treated with met-rhGH (Kaplan 1986). The rhGH used in our study 
had an identical amino acid sequence to naturally occurring hGH, and is 
less antigenic (Rasmussen 1988). 

GH antibodies were measured in all children at entry into the study 
and at six monthly intervals. 2 children developed rhGH antibodies whilst 
they were receiving active rhGH. One had a positive titre after 12 months 
rhGH treatment, which was undetectable at 18 months. The second child 
had a weakly positive titre detected after six months of rhGH treatment which 
was undetectable at twelve months. In both cases the antibodies were 
detected transiently, and in the second case it is debatable whether they 

were present to a significant degree. In neither case were there any 
apparent deleterious effects on growth at the time the antibodies were 
detectable. 

6. Effects on liver function 
Liver function was followed serially by measuring the transaminases 

ALT and GGT at entry, three months, six months, and subsequently six 
monthly. 

Mean (SD) ALT: 

No treatment Placebo rhGH 
At entry 15.7 (3.6) 15.4 (3.0) 14.1 (2.9) 
3 months NA 16.0 (4.9) 18.1 (4.7) 
6 months 16.4 (4.3) 18.1 (5.9) 17.7 (4.6) 
12 months 17.7 (5.0) 21.7 (12.1) 17.1 (3.7) 
18 months NA 17.4 (5.4) 18.7 (5.3) 
24 months 16.9 4.9 17.1 (4.2) 15.8(4.5) 

Reference range 10-40 units/1 
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Mean (SD) GGT: 

No treatment Placebo rhGH 
At entry 10.7 (1.8) 11.3 (2.1) 9.8 (1.5) 
3 months NA 14.1 (5.2) 10.6 (1.6) 
6 months 11.3 (2.6) 10.7 (2.1) 11.0 (2.0) 
12 months 12.4 (3.1) 13.0 (2.9) 10.6 (1.8) 
18 months NA 11.6 (2,6) 10.9 (3.4) 
24 months 1 11-7(1.2) 12.5 (4.3) 110.7(1.5) 

Reference range 35 units/I 

There were no significant changes in the mean transaminase levels 

measured. 
However there was one child who developed major hepatic 

dysfunction during rhGH treatment. He received placebo injections for the 
first twelve months of the study without incident. He then received active 

rhGH for 7 months, during which time serial transaminase levels measured 
at his routine checks were not elevated. He then refused rhGH injections for 

ten months, following which both he and his mother requested that he restart 
them. After six weeks of restarting rhGH treatment he developed fulminant 

hepatic failure, and required a liver transplant. He is currently making good 

progress. The hepatic failure appeared to be due to non-A non-B non-C viral 
hepatitis though the infecting organism was never identified. The histology of 
his liver at surgery was compatible with this diagnosis (Kelly, personal 

communication). There are no reports in the literature of any other child who 
has developed fulminant hepatic failure whilst receiving growth hormone 

(either pituitary derived or recombinant). 
There is no particular theoretical reason to implicate the rhGH in the 

causation of this boys liver failure, and indeed the use of rhGH in post liver 

transplant children to improve their growth has been under clinical trial. 

However this was a major adverse event occurring in a previously healthy 

child, and as such must be taken seriously. We have notified the Committee 

on Safety of Medicine and KIGS (Kabi International Growth Study) as it will 
be vital to recognise if such problems are being increasingly seen as the use 

of rhGH becomes more widespread. 
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1.6. Discussion 
Many of the studies on the short normal child have included both 

children with familial short stature and growth delay in the same cohort. 
Although it is often impossible to separate the two conditions entirely, we 
have tried to keep our group of children as clearly defined as possible. The 

ultimate aims and effect of growth promotion may be different if the 

underlying problem is familial short stature rather than growth delay. Our 

children had short parents with no pathological cause for their short stature, 

and bone age delay was less than two years. Thus they were identified as a 

group whose main problem was familial short stature. 
The first aim of the study was to detemine whether treatment with 

rhGH accelerates growth velocity during treatment for twelve months. This 

double-blind study shows that in pre-pubertal "short normal" children, rhGH 
does produce a significant acceleration in height velocity compared with 

placebo or no-treatment. The mean height velocity of the rhGH treated group 

over the first 12 months of treatment was significantly better than the pre- 
treatment height velocity, and was also significantly better than the height 

velocity of the placebo or no-treatment groups of similar children. These 

results are similar to those shown in earlier studies: Wit et al from the Dutch 

Growth Hormone Working Group (1989) reported thirty short, slowly growing 

children with normal growth hormone responses to standard provocation 
tests, randomly assigned to methionyl growth hormone or no treatment for a 

year, with a significant improvement in growth rate in the growth hormone 

treated group. Hindmarsh and Brook (1987) reported 26 short normal pre- 

pubertal children treated for two years with methionyl growth hormone. 

Height velocity improved from a pre-treatment mean of 5.3 cm/yr to 7.4 cm/yr. 
In our study the children treated with growth hormone grew faster than their 

control counterparts, and at similar rates over the first treatment year to that 

seen in other studies of both pituitary derived growth hormone (Van Vliet et 

al 1983, Plotnick et at 1983, Gertner et at 1984, Albertsson-Wikland 1986) 

and biosynthetic growth hormone (Hindmarsh and Brook 1987, Wit et al 

1989). 
Skeletal maturation in the rhGH treated children was faster than in the 

placebo or no-treatment groups. Although HSDS for chronological age 
improved significantly in the rhGH-treated group, HSDS for bone age did 

not. Predicted final height improved over the first study year in the rhGH 

group. These children continued on the same dosage regime (24iu/sq. m/wk) 

over the second year of the study. Although height velocity remained 

significantly better than it was prior to treatment, there was some waning of 
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effect - similar findings have occurred in other studies that have looked at the 
medium-term response to rhGH treatment (Hindmarsh et at 1990, Hopwood 

et al 1993). However as both HSDS for chronological age and HSDS for 
bone age continued to improve, there may be a small improvement in final 
height. This group of children need to be followed until adult height is 

achieved to determine whether or not this is the case. The potential effect of 
growth hormone therapy upon other physiological events, particularly 
puberty, will come into play before final height is reached (see later in 
discussion). 

In our study, one of the groups of children received placebo growth 
hormone for one year before commencing active therapy. This was done on 
a double-blind basis ie. neither the child, the parents, nor the medical staff 
knew whether the patient was receiving the active preparation or the 
placebo. The placebo itself was indistinguishable in appearance and 
presentation from the active growth hormone and was reconstituted and 
administered in an identical fashion by daily subcutaneous injections. 

It is a difficult ethical question whether is is justifiable to give children 
a daily placebo injection (Editorial, Lancet 1992). A six-month placebo limb 
was included in the multicentre study of the use of pituitary-derived hormone 
in Turner syndrome and normal variant short stature (Buchanan et at 1987). 
This study was stopped in 1985 because of the occurrence of Creutzfeldt- 
Jakob disease. In the 19 normal variant short children no placebo response 
was seen but as the study had been terminated early it is difficult to draw firm 
conclusions. Early studies using recombinant hGH in short normal children 
(Hindmarsh and Brook 1987) did not include a placebo group. 

Receiving a daily injection may have a powerful placebo effect, and 
thus it is vital to determine whether it is the active rhGH or the injection itself 
that is affecting growth. It is well recognised that psychosocial well-being is 

very important for normal growth, and the psychological effects of a placebo 
may improve growth. Other studies have tried to examine this but have only 
given placebo for relatively short periods of time (Wales and Milner 1989, 
Ackland et at 1990, Cowell 1990, Boulton et al 1992). In the study by 
Ackland et al (1990) the placebo treated children showed an improvement in 
height velocity over six months (p=0.03), though it was not as dramatic as in 
the growth hormone treated children. By only considering six month height 

velocity, one may be detecting seasonal variation in growth rates, therefore 

a full year's data are really the minimum that can be fully analysed. To date 
there are no published studies looking at the placebo effect over a period of 
time greater than six months. The group of children in our study are unique. 
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It would be scientifically desirable to continue treatment with placebo 
until final height is achieved as a proper "control" for growth hormone 
treatment. However we are not studying laboratory animals but children, and 
placebo treatment for many years until adult height is reached is not ethically 
justifiable. Twelve months of placebo injections is the maximum that can be 

accepted ethically. We feel that a balance was obtained in this study 
between what is scientifically desirable and what is ethically acceptable. 

In this study we did not see a significant improvement in height 

velocity in the placebo treated group either at six months or over the entire 
year. There was no difference in height velocity during the first six months of 
placebo treatment and the second six months. Skeletal maturation 
proceeded normally during placebo therapy. Thus, in the group of children 
we studied, no placebo effect was detected. 

The third group of children in the study acted as "controls" and 
received no treatment at all for two years. These children received the same 
support as the other two groups in terms of number of clinic visits and 
contact with medical staff offering explanations of their problem. There was 
no significant change in their height velocity at 12 or 24 months, suggesting 
that intensive clinic visits with reassurance and explanation do not in 
themselves improve growth rate. We have therefore shown that, in the short 
term, rhGH treatment produces significant improvement in height velocity 
compared to no treatment or placebo. 

All the children in the study eventually receive treatment with active 
rhGH. The children who initially received placebo or "no treatment" 
commenced rhGH treatment in a dose of 15iu/sq. m/week compared to a 
dose of 24iu/sq. m/wk in the children who received growth hormone from the 

outset. This allows us to compare the long-term efficacy of two differing 
doses of rhGH in similar children. 

Data are available from 15 children who have completed a year of 
lower dose growth hormone (either having previously received placebo or 
"no treatment") and who are still pre-pubertal. Their mean height velocity 
over the first twelve months of active rhGH therapy was 7.35 cm/yr and is not 
significantly different to the mean height velocity of 7.67 cm/year in the 
24iu/sq. m/wk treated group over their first year of treatment. The mean age 
of onset of active rhGH treatment in the 15iu/sq. m/wk group was slightly 
older than in th 24iu/sq. m/wk group - 8.61 years cf 7.69 years but this is not 
significant. Not only were the growth rates similar in the two groups, but the 
effects on the biochemical markers of growth studied (increment in IGF1 at 6 
months and increment in bALP at 3 months) were also similar. 
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There is a reciprocal relationship between GH secretory status and 
growth response (Hindmarsh et al 1988), and this has led to the suggestion 
that short children who do not have "classical GH-deficiency" may require 
higher doses of growth hormone to achieve a good growth response. Our 

results did not support this, as the children grew well on the dose of 
15iu/sq. m/wk -a conventional dose for GH deficiency. We do not feel that 

doses of 30iu/sq. m/wk as used in some studies of short normal children 
(Walker et al 1990) are necessary to produce a significant growth response 
in the pre-pubertal child. In a group of children with treated with high dose 

rhGH there has only been an approximately 35% increment in comparative 
height velocities for a fourfold increase in GH dose (Kelnar and Tanaka 

1994). The response of GH-deficient patients to human growth hormone is 

dose dependent (Preece et al 1976, Darendeliler et at 1989). We did not 
demonstrate a dose-related response in our pre-pubertal children. The 

results we saw are diff erent to those seen by Cowell (1990), who in a study 

of pre-pubertal short normal children showed a dose dependent growth 

response. The regimes he used, however, involved higher doses of growth 
hormone than in our study. 

There appears to be little benefit in prescribing the larger dose of 
growth hormone, at least over the first year of therapy in short normal pre- 

pubertal children. Our results have obvious cost implications if one is 

considering using rhGH for such children. It is unknown whether even lower 

doses of rhGH or intermittent courses (Kelnar and Tanaka 1994) would be 

equally as effective, and merit further investigation. 
It is interesting to note that the growth rates we acheived with a daily 

subcutaneous injection were very similar to those reported in the earlier 

studies of the pituitary derived preparation in which the growth hormone was 

given in thrice weekly intramuscular injections. Hopwood et at (1993) 

demonstrated a better growth response in short normal children when the 

injections were given on a daily basis rather than thrice weekly. GH-deficient 

children respond better to the same weekly dosage of growth hormone if it is 

divided into daily injections rather than being given thrice weekly (Smith et 

al 1988). In the current state of knowledge we should be aiming for the 

lowest total weekly dose of growth hormone that is effective, but divided into 

daily doses to obtain the best response. 
We aimed to determine whether treatment with rhGH has effects on 

the rate of pubertal progression. In children with isolated idiopathic GH 

insufficiency it has been suggested that treatment with growth hormone 

significantly shortened the duration of puberty (Darendeliler et at 1990). 
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There is some evidence that progression through puberty may be more 
rapid in normal children treated with growth hormone (Hindmarsh and Brook 
1992, Hopwood et al 1993). 

We have noticed a tendency for the girls in our study to enter puberty 
at a slightly earlier mean age than average - attainment of Tanner breast 

stage 2 at 10.39 years. Girls on the whole are much more likely to develop 
idiopathic central precocious puberty than boys, appearing to have a more 
easily activated hypothalamo-pituitary-gonadal axis. In infertility work growth 
hormone has been shown to facilitate ovulation induction by gonadotrophins 
(Homburg et al 1988), and, in vivo, growth hormone increases ovarian levels 

of IGF1 (Davoren and Hsueh 1986), and so it is possible the rhGH is having 
direct effects on the gonadotrophin axis and/or the ovaries of the girls in our 
study. 

The boys to date have entered puberty at an average time but their 
rate of pubertal progression does appear to be hastened which correlates 
with other reports published to date (Hindmarsh and Brook 1992, Hopwood 
et al 1993). The numbers of children in our study currently progressing 
through puberty are still relatively small and it will be vital to follow all the 
children before firm conclusions can be drawn. 

If a child enters puberty early he or she is likely to complete their 

growth and reach final height at an earlier age than average. Any gain that 
has been made in height in the pre-pubertal years will be off-set by the early 

attainment of full skeletal maturation. For example, see the growth chart of 

girl 1.16 in the appendix. She showed an excellent response to rhGH over 
the first 24 months of treatment, with subsequent plateau of effect. However 

she entered puberty early (B2 at 9.37 years), and the second acceleration in 

growth is her pubertal growth spurt. She is likely to complete her growth 

earlier than average and hence final height is unlikely to be any greater than 

one would have predicted at the onset of treatment. 
We aimed to determine whether treatment with rhGH will improve final 

height in short normal children. It is too early to comment on the final height 

of the children in this study but for the reasons described above on the 

effects on puberty, it is very difficult to predict. The improvements in HSDS 

for bone age and the calculated predicted adult heights detailed in the 

results section are encouraging and suggest that the children treated with 

active rhGH show a trend to improve their final height. However this may 

well be offset in due course by a tendency to enter puberty early or progress 
through puberty more rapidly. Full auxological data to final height is 

necessary to comment fully. There is no firm evidence to date to suggest that 
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a significant increase in final height will be obtained. Our data accord with 
that of Hindmarsh and Brook (1992). 

Although we may not achieve a significant improvement in final 
height, we have shown without doubt that we can promote growth in the 

short term ie. over 12-24 months. We can now recognise a typical response 
pattern to rhGH, with an acceleration in growth rate over 12-24 months 
followed by plateauing along the new centile (see growth charts in 

appendix). This short term increase in height velocity allows children to 
become amongst the smaller in the peer group rather than the most 
conspicuously small. A short term improvement in growth may boost the 

child's morale and benefit them psychologically, but is it worth the 
inconvenience of daily injections, and the remote but possible risk of 
significant side effects? We examined the psychological effects of treatment 
and these are reported in Section 4. 

By recognising this pattern of response of the short normal child to 
rhGH we can now begin to develop a more constructive plan for rhGH 
treatment. We need to know what happens when rhGH treatment is stopped 

- will the child continue along his/her new centile - if so, then it becomes 
logical to treat for just a short period of time. In the study by Ackland et al 
(1990) there was a significant fall in height velocity after stopping growth 
hormone treatment and the children returned to pre-treatment height 

velocity. However this was after just six months of active treatment, when the 

children would still have been responding well to the growth hormone, and 
the pattern may be different if the rhGH is stopped after 12-24 months 
treatment (Kelnar and Tanaka 1994). Further use of the biochemical markers 
of growth will be of help in these studies. 

We must always remember that the children in our studies are normal 
healthy children, and therefore any treatment we prescribe must be safe. 
Studies such as ours our vital to determine whether treatment with rhGH 
leads to adverse events. We were able to compare the effects on the growth 
hormone treated children with control groups receiving no-treatment and 
placebo. It is important to have good control groups as normal data on some 
of the parameters studied are not easily available in normal children. 

With regard to fat mass, the children who received active rhGH (either 
15iu or 24iu/sq. m/wk) had a significant decline in skinfold thickness, and 
thus body fat. This was highly significant by three months and reached a 
maximum at six months, but was transient as by twelve months skinfold 
thicknesses were not significantly different to the pre-treatment 
measurements. This effect has been noted previously (Hindmarsh and 
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Brook 1987, Walker at at 1990, Gregory et at 1993). Hindmarsh and Brook 
(1987) showed similar results to our children, with significant fall in triceps 

and subscapular skinfold measurement at six months with return to baseline 

values by twelve months. Walker et al (Lancet 1990) showed that six months 
of rhGH therapy in a larger dosage than we used (30i u/sq. m /week) 

produced upto 76% loss of fat mass and up to 25% increase in lean body 
mass in normal short children. It is difficult to know whether there will be any 
long term effects from the alteration of body composition in this way, 
however transient it appears. The children merit long term follow up with 
regard to this. 

We did not detect any significant effects on plasma cholesterol or 
triglyceride levels in the children treated with active rhGH compared with 
those treated with placebo or who received no treatment. This is different to 
the effects described by McCaughey et al (1993) who noted a rise in 
cholesterol levels after twelve months of rhGH treatment although they gave 
a higher dose (30iu/sq. m/week). 

Theoretically one might be concerned that growth hormone treatment 
of short normal children may lead to impaired glucose tolerance. 
Acromegaly is frequently associated with hyperinsulinaemia and 
carbohydrate intolerance. Continuous growth hormone infusions induce 

acute insulin resistance characterised by impaired suppression of hepatic 

glucose and decreased insulin dependent glucose disposal. In animal 
studies B-cell mass increased in the pancreatic islets in rats treated with GH. 
Walker at al (1989) demonstrated that the growth hormone treatment of 
children with short stature increases insulin secretion but does not impair 

glucose disposal. 10 pre-pubertal children with normal variant short stature 
were studied. They were given hGH in a dose of 0.3 units/kg/day (ie. a 
relatively large dose). Fasting and post-prandial glucose levels were normal 
before and after 12 months of treatment. HbA1 C levels were also similar 
before and after treatment. However fasting plasma insulin increased during 

treatment associated with parallel changes in C-peptide. The insulin and C- 

peptide responses to post-prandial glucagon stimulation were enhanced by 
hGH treatment. Insulin secretion after an oral glucose load was also higher 

after 12 months hGH treatment. Other groups have also shown this effect on 
fasting plasma insulin levels (Hindmarsh and Brook 1987). We did not detect 

any significant effects on glucose metabolism, but our markers were 
relatively crude - random blood glucose and glycosylated haemoglobin. No 

child in this study developed overt glucose intolerance (see section 2.5.9. ). 
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One child in our study developed fulminating hepatic failure, though 

we have no evidence to causally relate it to the rhGH. No other child in this 

study showed any derangement of hepatic transaminases. However it was a 
very serious event occurring during the course of treatment. It is vital that 

good data bases are kept of children receiving growth hormone treatment 
(eg. KIGS - Kabi International Growth Study), as it is only with large numbers 
of children that rare side-effects will be detected. 

We followed thyroid function in our study to detect whether there was 
any aff ect of rhGH on the thyroid function on normal children. More has been 

written about the effect on the thyroid function of children with growth 
hormone deficiency. Pirazzoli et at (1992) described 57 children with 
isolated GH deficiency in whom thyroid function was measured regularly 
during treatment, after a months withdrawal from treatment and after a further 

six months therapy. During rhGH treatment T3 levels rose with an increase 
in the T3 : T4 ratio. There was a fall in both total T4 and free T4 levels. This 

suggests rhGH leads to an enhancement of the conversion of T4 to T3. 
We did not detect any significant changes in total T4, free T4 or thyroid 
binding globulin during treatment with active rhGH in our children (cf. section 
2.5.9. - the effects of anabolic steroids on thyroid function). 

The rhGH used in our study had an identical amino acid sequence to 
naturally occurring hGH, and is less antigenic (Rasmussen 1988). Two 
children developed transient antibodies to rhGH whilst they were receiving 
active treatment. In neither case were there any apparent deleterious effects 
on growth at the time the antibodies were detectable. 

When considering adverse effects of treatment one must not only 
think about physical effects but also the psychological. We were very aware 
that these children were receiving active intervention for a "normal" variant 
and that they and their families had expectations of the treatment. Adverse 

psychological effects of being included in such studies, and in particular 
receiving placebo injections, will be considered in Section 4. 

We aimed to determine whether there were any features about our 
children that predicted their response to treatment. The pre-treatment growth 
rate did not predict the response to treatment, probably because the group 
was very homogeneous and we were looking at subtle variations in growth 
rate. Neither pre-treatment growth hormone measurements nor IGF1 levels 

were good predictors of the response to treatment. Spiliotis et al (1984) 
described the condition of neurosecretory dysfunction in which children 
have normal responses to GH provocation tests but abnormal spontaneous 
GH secretory patterns. Three children had patterns of spontaneous GH 
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secretion that could be classed as neurosecretory dysfunction (see 

examples of GH profiles). They responded very well to rhGH treatment, but 

not particularly better than those without neurosecretory dysfunction. Without 

measurement of overnight GH secreton it would have been impossible to 
identify these children from their growth patterns (although urine GH levels 
tended to be amongst the lowest of all the children studied). 

The increase in bALP at three months was a good predictor of the 

growth response over the first year of active treatment. One expects to see a 
rise in bALP by three months of rhGH treatment, though in practice it 

probably occurs much earlier. If this rise does not occur, the child is not 
responding to treatment - compliance may be a problem which should be 

checked before the dose of rhGH is increased unnesecarily. 
In summary we were able to show that we could improve the growth 

rate of pre-pubertal children with familial short stature with rhGH. This was 
not due to a placebo effect. The best growth response occurred over the first 
12-24 months of treatment, with subsequent plateauing of growth along a 
new centile. The growth response was similar for two doses of growth 
hormone, and there is no indication to use large doses of growth hormone in 

the normal short child. Because of the effects on pubertal timing, it is unlikely 
that final height of these children will be significantly improved. Side effcts of 
treatment include a recoverable decrease in body fat. One boy in our series 
developed fulminant hepatic failure, but it is unlikely that this was directly 

attributable to rhGH. The psychological effects of treatment will be discussed 
in Section 4. 
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SECTION 2: GROWTH PROMOTION IN PERI-PUBERTAL BOYS 

WITH FAMILIAL SHORT STATURE WITHOUT GROWTH DELAY 
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2.5.9. Side effects 
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2.1. Introduction 
This study was designed to determine the optimum method to 

promote growth in peri-pubertal boys with familial short stature who do not 
have significant growth delay. In particular we wished to investigate the role 
of the anabolic steroid, oxandrolone. Its use has traditionally been in slightly 
older boys with delay of growth and maturation. We wished to compare the 
effects of oxandrolone, rhGH and both agents in combination in our group of 
boys. Although the boys will be followed to adult height, I am presenting the 
short-term results ie. the first two years. 

2.2. Definitions of familial short stature 
The boys included in this study have familial short stature. They have 

small parents, and hence one would predict that the boy's final adult height 

will be low. Children with growth delay will reach an acceptable final height, 
though will take longer than average to reach it. They are likely to go through 
puberty after their peers and skeletal maturation lags behind chronological 
age. The boys in this study do not have significant growth delay - their bone 

age is less than two years behind their chronological age - thus skeletal 
maturation is proceeding at an appropriate rate and they would be expected 
to reach their final height at an average age. This study differs from many of 
the published studies evaluating the use of oxandrolone which 
predominantly explore its use in boys with growth delay. 

2.3. Effects of short stature in the pert-pubertal child 
The boys included in this study are at a sensitive and vulnerable 

stage in their psychological development, particularly with regard to self- 
esteem. They will be becoming much more aware of being different to their 
peers. As they begin to approach puberty any difficulties they may 
experience due to their short stature may be a combination of those seen in 

pre-pubertal children together with those seen in adolescents. For more 
details please see Section 4.2. 
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2.4. Treatment of short stature in the pert-pubertal child - 
background literature review with particular reference to the use 
of anabolic steroids. 

The anabolic steroid oxandrolone (17a-methyl-2-oxa-5a-androstan-17b-ol- 
3-one, Searle SA, Switzerland), first synthesised in 1961, is an analogue of 
testosterone. The anabolic potency of oxandrolone, measured by 

diminished urinary nitrogen excretion, was shown to be approximately 6 

times that of methyltestosterone (Fox et al 1962), whereas it had only 24% of 
the androgenic affects (Lennon and Saunders 1964). Because of its greater 
anabolic to androgenic ratio than other synthetic anabolic steroids, 
oxandrolone has been postulated to be a suitable agent for growth 
promotion in children in whom significant androgenic affects are largely 

undesirable. 
Oxandrolone has been used as a growth-promoting agent in 

childhood for over 25 years. Early studies included children with varying 
diagnoses for their short stature (including such conditions as 
panhypopituitarism and hypogonadism), and varying ages and pubertal 
stages (Danowski et al 1965), and hence the results are difficult to interpret. 
Raiti et al (1973) compared oxandrolone and growth hormone, alone and in 

combination, in six children with idiopathic hypopituitarism, one with Hand- 
Schuller-Christian syndrome and one with Prader-Willi syndrome. 
Surprisingly oxandrolone appeared to be an effective growth stimulus in 

idiopathic hypopituitarism although large doses (0.25mg/kg/day) were given. 
Early studies on children with constitutional delay of growth or "primordial" 

short stature (Zangeneh and Steiner 1967, Limbeck et al 1971) 
demonstrated an improvement in height velocity during treatment. The 

children included in these studies were heterogeneous with ages varying 
from 3-16years, and varying pubertal stages, and the dose of oxandrolone 
varied considerably from 0.1 to 0.25 mg/kg/day. 

More recently Stanhope and Brook (1985) described 24 boys with 

puberty delay with mean age 14.8 years who were given 2.5 mg 
oxandrolone daily for 3-6 months. They showed an increase in mean height 

velocity form 3.7 to 8.1 cros/year. However, some of these boys were well 
into mid-puberty with a mean testicular volume of 8.4 ml at onset of 
treatment, and it is difficult to tell how much of the improved growth was 
oxandrolone-induced or spontaneous. A further study by the same group 
(Stanhope et al 1988) involved 19 boys with puberty delay and a mean age 
of 14.4 years, in a double-blind placebo controlled study. Treatment was for 
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3 months. Height velocity in those treated with oxandrolone rose from 4.5 to 
9.6 cm/year, compared to a change from 5.1 to 5.2 cm/year in those who 
received placebo. A testicular volume of >4 ml prior to treatment was 
perceived as necessary for an oxandrolone-induced sustained growth spurt 
to occur. 

A comparison of oxandrolone treatment with rhGH in the treatment of 
boys with constitutional delay of growth and puberty was made by 
Buyukgebiz et al (1990). The mean age of the 26 boys was 13.8 years, 
mean testicular volume 5.3 ml, and 3 months treatment with oxandrolone 
(2.5 mg daily) was compared with 12 months treatment with rhGH (20 

units/sq. m/week). Both groups showed a significant improvement in height 

velocity, though it was better in the oxandrolone treated boys. 
These studies all involved boys whose main problem was 

maturational delay. The major problem of the children included in our study 
is that of familial short stature. They are a younger group of boys who are 
pre- or peri-pubertal at the commencement of treatment, and treatment is 

continued for a longer period of time (until testicular volumes of 6-8 ml are 
reached and we can be more confident that their own endogenous growth 
spurt is imminent). 

Fewer studies have looked at the use of anabolic steroids in younger 
children. Marti-Hennenberg et al (1975) treated 9 pre-pubertal boys, mean 
age 12 years and 5 months, with oxandrolone until peak height velocity had 
been reached. He did not demonstrate a significant increase in height 
velocity in treated boys compared to a control group, nor was there any 
difference in skeletal maturation. Joss et al (1989) treated 36 pre-pubertal 
children with growth delay with oxandrolone for 12 months. Height velocity 
did increase significantly, but bone age also advanced significantly 
compared to chronological age. This group have been followed to final 
height, and there has been no effect on their adult height. Papadimitriou et al 
(1991) treated 46 pre-pubertal boys (mean age 11.9 years) with 
oxandrolone for a mean duration of 0.9 years. Again these children had 

growth delay, with mean bone age delay of 1.9 years. An increase in mean 
height velocity from 4.0 to 7.5 cms/year was seen and sustained if testicular 

volume was >4 ml at the end of he treatment period. Skeletal maturation, as 
judged by HSDS for bone age wasr nöt'tindüly rapid but it is not clear how 
long follow up was after treatment was discontinued. 

It is still unclear as to! exactly. howVoxaridrolone promotes growth and 
its mechanisms may differ in'pre-pbberta 

, 
and pubertal boys. If it exerts its 

effects by enhancing growth hormone 
; secretion, one should be able to 
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detect this directly by physiological or stimulated growth hormone 

measurements, or less directly by the effects on IG Fl. Link et al (1986) 
treated 10 pre-pubertal boys with oxandrolone and showed no significant 
changes in the 24 hour growth hormone profile or IGF1 levels despite 
improvement in growth rate. Clayton et al (1988) demonstrated that growth 
hormone responses to growth hormone releasing factor (GRF), arginine and 
sleep were unchanged in pre-pubertal boys during treatment with 
oxandrolone, whereas in pubertal subjects there was a significant increase 
in GH secretion during sleep. IGF1 levels increased significantly in the 

pubertal boys but not in the pre-pubertal children. However Loche et al 
(1986) reported an increase in the GH response to GRF during oxandrolone 
treatment in five pre-pubertal subjects. In the double-blind study by 
Stanhope et al (1988) IGF1 levels increased from 1.01 to 1.23 U/ml 
(p=<0.05) in the anabolic steroid treated group, but there was no significant 
change in the placebo group. These boys were pubertal, and this may 
explain the rise seen in IGF1. It is clear that the GH and IGF1 responses of 
boys to oxandrolone need to be evaluated with the knowledge of their 

pubertal status. It has been postulated that oxandrolone does not affect the 
GH status of pre-pubertal boys and promotes growth by a direct action at the 

growth plate. In vitro studies on rabbit chondrocytes have demonstrated that 

sex steroid hormones have a direct metabolic effect on skeletal tissue by 

stimulation of cartilage cell proteoglycan synthesis, and that this effect varies 
with the age of the animal (Corvol et al 1987). 

Anabolic steroids are not without potential side. effects -a very 
important consideration when we are considering their use in young 
otherwise normal boys. 

The children we have included in our study have familial short stature 
without significant growth delay and prior to treatment have predicted adult 
heights at or around the 3rd centile. It is vital that any treatment does not 
compromise final height. There have been conflicting reports on the effects 
of anabolic agents on skeletal maturation. 

Sobel (1968) clearly described the problems there are in assessing 
the skeletal response to anabolic steroids. The full effects of these agents on 
bone maturation may not be evident for six to twelve months, and skeletal 
maturation may continue to advance for up to a year after treatment is 
discontinued. Thus when interpreting the effects of courses of anabolic 
steroids on growth and in particular on predicted height follow up data in the 

post-treatment period is required. Tse et al (1990) have followed 40 boys 

with constitutional delay of growth and puberty, who had received 
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oxandrolone for 3-12 months at a median age of 14.2 years, until they 

reached final height. Reassuringly there was a small increase in final height 

compared to predicted height. However the boys in this study had been 

treated in early or mid-puberty and less is known about the prolonged use of 

anabolic steroids in pre-pubertal boys, which is of more relevance for the 
boys included in our study. 

Anabolic steroids appear to have a greater effect on skeletal 
maturation in younger children (Zangeneh and Steiner 1967, Jackson et al 
1973) than in those whose bone age is approaching that of puberty. This 

may reflect a difference in sensitivity of the epiphyseal cartilage at an age 
when it is not normally subjected to androgens, or a greater resistance of 
more mature epiphyseal cartilage to exogenous influence since it is already 
under the influence of endogenous gonadal steroids. Bettman et al (1971) 

also showed that bone age acceleration may continue for 6-12 months after 
discontinuing oxandrolone therapy, and in 5 out of 14 children with a bone 

age of less than nine years at the start of oxandrolone treatment 
demonstrated a fall in predicted adult height of up to 5 cms. Many of these 

earlier studies used larger doses of oxandrolone (eg. 0.25 mg/kg/day) than 

we have employed in our study and so interpretation of the effects on 
skeletal maturation need to be interpreted with caution. Sobel (1968) 

showed no evidence that the growth response to anabolic steroids was dose 

related, thus one should be using the smallest effective dose. 
Anabolic agents have been postulated to have effects on both the 

hypothalamo-pituitary-gonadal axis and testicular function. Hopwood et al 
(1979) treated two groups of children with the anabolic steroids 
fluoxymesterone and oxandrolone respectively. In those treated with 
fluoxymesterone there was a fall in mean testosterone levels, a decreased 
LH response to GnRH and a fall in basal FSH levels, suggesting the 

anabolic steroid had an effect on the hypothalamo-pituitary-testicular axis. In 

the oxandrolone treated boys, testosterone levels fell but there was a 

variable response to GnRH and no suppression of the clinical onset of 

puberty. Malhotra et al (1993) reported ten boys with constitutional delay of 

growth and puberty, mean age 13.8 years, treated with oxandrolone for 

three months. Oxandrolone had androgenic effects suppressing mean 
serum LH and testosterone concentrations, with a rebound after treatment 

was stopped. 
With regard to testicular function, Marti-Hennenberg et al (1975) 

showed a decrease in testicular volume index in his oxandrolone treated 

pre-pubertal boys compared to the control group suggesting a decrease in 
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the rate of testicular growth in those boys receiving the anabolic steroid. 
Testicular effects may be dependent on the anabolic steroid used, dosage 

and duration of treatment, and the age and pubertal status of the child. It is 

recognised that in athletes abusing these agents there are reversible 
changes including clinically apparent testicular atrophy, and azoospermia or 
oligospermia with depression of serum gonadotrophins (Knuth et al 1989). 
In immature rats treated with large doses of oxandrolone (10mg/kg/day sub- 
cutaneous injections) there was a decrease in the weights of the testes, 

prostate glands and seminal vesicles (Grokett et al 1992). It was postulated 
this was due to effects on the Hypothalamus, pituitary and Leydig cells. Thus 

we must follow with care the pubertal development of our relatively young 
group of boys who are treated with oxandrolone. 

Much of the information on the metabolic effects of oxandrolone and 
other anabolic steroids comes from young adults who misuse these agents 
to improve athletic performance or enhance their appearance (Lamb 1984). 
Significant effects have been seen on carbohydrate and lipid metabolism, 
liver function and thyroid function. The effects of anabolic steroids on these 

parameters will be discussed with the relevant data from our study (see 

section 2.5.9) 

:ý 

R 
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2.5. Growth promotion In pert-pubertal boys with familial short 

stature - growth hormone or oxandrolone, singly or in 

combination 

2.5.1. Aims of the study 
2.5.2. Patient recruitment 
2.5.3. Study protocol 
2.5.4. Pre-treatment growth status 
2.5.5. Pre-treatment endocrine status 
2.5.6. Growth results 
2.5.7. Effects' on puberty 
2.5.8. Effects on biochemical markers of growth 
2.5.9. Side effects 

2.5.1. The aims of this study are to determine in peri-pubertal boys with 
familial short stature: 
1) whether treatment with rhGH or oxandrolone or rhGH plus oxandrolone 
improves height velocity in the short-term compared to no treatment. 
2) whether treatment with rhGH or oxandrolone or rhGH plus oxandrolone 
has effects on the timing of puberty and rate of pubertal progression. 
3) whether treatment with rhGH or oxandrolone or rhGH plus oxandrolone 
will improve final height in these boys. 
4) the benefits (physical and psychological) of these treatment modalities. 
5) the complications (if any) of these treatment modalities. 
6) whether there any parameters that are predictive of the response to 

treatment. 
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2.5.2. Patient Recruitment 
Children were recruited from the growth and endocrine clinics at the 

Royal Hospital for Sick Children, Edinburgh, and attached peripheral clinics 
in Scotland. Children were referred to the growth clinic either by their 

general practitioners or the school medical service, or are tertiary referrals 
from other paediatricians. 

The following inclusion criteria had to be met : 
Height at, or below 3rd centile for chronological age (HSDS < -1.88) 
Bone age >10 years 
Bone age delay of <2 years 
Pre- or peri-pubertal (testicular volume </= 4ml) 
No other cause found for their short stature. 

Ethical approval for the study was obtained from Lothian Health Board 
Committee on Medical Ethics. Parents and children were given detailed 
information about the study, and signed appropriate consent forms prior to 

entry. 
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2.5.3. Study protocol 

Pre-treatment Assessments: 
1. Auxology 

Prior to entry into the study the boys were assessed at the growth 

clinic for a minimum of 6 months, though the majority, had measurements 

performed over at least one year. 
Standing height was measured by a single observer (HS) using a 

fixed wall mounted Harpenden stadiometer. Sitting height was measured 

using a sitting stadiometer by a single observer (HS). Weight was measured 

using a standard balance. Measurements were compared to the standards 

of Tanner et al (1966,1976). Triceps and subscapular skinfold thicknesses 

were measured using Holtain calipers by a single observer (HS) and 
compared to the standards of Tanner and Whitehouse (1975). Pubertal 

assessment was performed by a single observer (HS) using the standard 
ratings of Tanner (Tanner 1962, Marshall and Tanner 1969, Marshall and 
Tanner 1970). Testicular volume was estimated by comparison with the 

standard ovoids of a Prader orchidometer (Zachmann et al 1974). 
Bone age was assessed by X-ray of left hand and wrist, and the 

Tanner Whitehouse 11 20 bone method (Tanner et al 1983) of analysis 
performed by a single observer (HS). 

Blood pressure was measured in the right upper limb by a single 
observer (HS) using an appropriate sized sphygmomanometer cuff for each 
child (de Swiet et al 1992). 

2. Endocrine assessment 

a) Overnight profiles 
Prior to entry into the study all the boys underwent overnight blood 

sampling form 20.00 hrs to 08.00 hrs, with samples collected at 20 minute 
intervals to measure plasma growth hormone. The boys were admitted to 

hospital in the early evening following a normal days activities and eating 

pattern. Topical anaesthetic cream (EMLA) was applied to an ante-cubital 
fossa and subsequently an indwelling intravenous cannula was inserted at 
least 45 minutes before blood sampling was commenced. The boys were 

allowed to be freely active, and eat and drink normally during the evening. 
They were strongly encouraged to be in bed by 10.00 pm with "lights out" at 
10.30pm. In practice the majority slept soundly until 7.30-8.00am the 
following morning. 2 mis samples of blood were taken every 20 minutes, 

collected into lithium heparin tubes, immediately centrifuged at -4C, then 
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separated and the plasma stored at -20C until assayed. All samples from a 
given child were assayed in the same batch. 

The samples were assayed in the Regional Hormone Laboratory, 
Edinburgh using an immunoradiometric assay (IRMA). The growth hormone 

profiles obtained were evaluated using the Munro modification of PULSAR 

program on an Apple Macintosh personal computer. 
For an additional study, timed 12 hour urine collections (20.00 hrs to 

08.00 hrs) were also obtained from the children. Urinary growth hormone 

was measured in these samples at the Regional Hormone Laboratory, 
Edinburgh using an amplified enzyme immunoassay (Novo Nordisk). 

Insulin like growth factor 1 (IGF1) levels were measured at 08.00 hrs 
in all children. IGF1 was assayed by Novo Nordisk using a radio- 
immunoassay. 

Testosterone level was measured in all boys at 08.00 hrs (Wu et al 
1993). 

b) Dynamic pituitary function tests 
The following morning the boys underwent combined pituitary 

function tests, using either insulin-induced hypoglycaemia (0.15iu/kg) or 
cionidine (0.15mg per sq. m body surface area) together with TRH (7 

micrograms/kg to a maximum of 200 micrograms) and LHRH (0.25 

micrograms/kg). 35 of the boys underwent an insulin tolerance test, with the 

remainder having clonidine for the growth hormone provocation test. The 
tests were performed in a recognised growth centre, on a ward where the 

staff were well acquainted with the potential hazards of such tests and their 

management, and full facilities for resuscitation were available (Shah et al 
1992). The tests were supervised by the same person (HS) on all occasions. 
There were no significant adverse events as a consequence of these tests. 

The pituitary function tests were performed without the boys being 
"primed" with testosterone, as we were trying to fully evaluate the 
physiological status of the child prior to treatment. The LHRH test used is a 
very low dose one and is likely to be more physiological than the supra- 
maximal stimulus of the conventional doses of 100 microgms or 2.5 
microgms/kg (Hughes 1989). This study in combination with the studies in 
older boys allowed us to evaluate the low dose LHRH test as to whether it is 
a more useful way of assessing the imminence of puberty than the 
conventional dose. 
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3. Psychological assessment 
The psychological studies were performed using a series of 

questionnaires involving parent, child and teacher reports. 
For details please see Section 4.3. 

Randomisation of treatment 

On entry the boys were randomised into one of four groups receiving : 
1) rhGH 24iu/sq. m/week, given as a daily sub-cutaneous injection 

or 2) oxandrolone 2.5 mg orally once daily 

or 3) rhGH plus oxandrolone in the above doses 
or 4) no treatment for one year to be followed by rhGH 15iu/sq. m/wk, 

given as a daily sub-cutaneous injection 

Thus after 12 months all the boys were receiving an active treatment. The 

study design allows us to compare the effects of two doses of rhGH in 
peripubertal boys. 

Assessment of response 
After entry into the study the boys were reviewed at three monthly 

intervals. Detailed auxological measurements (standing height, sitting 
height, weight, triceps and subscapular skinfold thicknesses, pubertal 
staging and blood pressure) were made every three months by a single 
observer (HS). Left hand and wrist X-ray was performed every six months, 
and bone age assessed by a single observer (HS) using the Tanner 
Whitehouse TW II method of analysis. 

Haematological (full blood count with differential white cell count, and 
in a subgroup T and B cell counts) and biochemical (liver function, renal 
function, glucose, HbA1, cholesterol, triglycerides, thyroid function) 

parameters were measured at entry and at three months, six months and at 

six monthly intervals thereafter. IGF1 was measured at entry and six monthly. 
Bone derived alkaline phosphatase was measured at entry, three months, 

six months and at six monthly intervals. 
LH, FSH and testosterone levels were measured six monthly. 

Although these were random samples, all were taken between 09.00 and 
12.00 in the morning. 
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2.5.4. Pre-treatment Growth Status 

Children entered into the study 
43 boys entered this study, all with full written informed consent of their 

parents and themselves. 

The mean age of the boys was 11.64 years (SD 1.19, range 9.16 - 13.69) 
The mean HSDS was -2.50 (SD 0.56, range -3.91 to -1.63) 
The mean height velocity was 4.10 cm/yr (SD 0.91, range 2.29 - 5.98) 
All had testicular volume of 4 ml or less 
The mean bone age was 10.63 years (SD 1.48,8.70 - 13.70) 
The mean bone age delay was 1.02 years (SD 1.05, range -2.87 to +1.14) 

The mean height of the mothers was 153.2 cms (SD 6.20) = 3-10th centile 
The mean height of the fathers was 170.5 cms (SD 6.52) = 25th centile 
The mean target height of the boys was 168.4 cms (SD 5.03) = 10-25th 

centile 
The mean predicted height at entry was 160.5 cms (SD 4.28) =< 3rd centile 

The mean predicted height (calculated using the formula of Tanner 1983 
based on height, bone age, growth rate and rate of bone maturation) at entry 
was significantly less than the target height (calculated as mid parental 
centile height) by 7.90 cms (p = <0.001). 

The mean birth weight of these children was 2.95 kg (SD 0.47, range 
1.50 - 3.63 kg). Three boys were born pre-term (one at 32 weeks, and the 

other two at 36 weeks gestation). Using a definition of small for gestational 
age (SGA) as <10th centile weight for gestational age, 22 of the boys were 
SGA. Unfortunately accurate birth lengths were not available. The high 

percentage of SGA infants in the cohort is a probably a reflection of relatively 
small maternal size. 
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2.5.5. Pre-treatment endocrine status 
a) Growth hormone 

Spontaneous growth hormone (GH) secretion is in a pulsatile fashion, 

and thus the GH profiles we obtained are a measure of the child's 
physiological GH status. The overnight growth hormone profiles we obtained 
from each boy were analysed using the Munro modification of the PULSAR 

program. This program detects pulses of GH, and the overnight GH secretion 
can be described in terms of pulse amplitude (PA), sum of pulse amplitude, 
pulse interval, area under the curve and mean GH level. It has been found 
that there is an asymptotic relationship between HVSDS and pulse 
amplitude (Hindmarsh et al 1987), and that pulse amplitude is the best 
feature of the GH profile to relate to growth. 

The results from the overnight GH profiles are summarised as the 
means (SD) of mean PA, sum PA, and mean GH level, all expressed in mU/l, 
for the boys in the groups of the study. Also included in the table are the 
mean responses to the provocation test and mean IGF1 levels. 

See table : Summary of growth hormone secretory data 

As can be seen in the table, the boys in the combination treatment 
group tended to have lower measured parameters of growth hormone 
secretion whereas the rhGH treated group had the highest measured 
parameters. In terms of mean pulse amplitude and sum of pulse amplitude 
this did not reach significance, but mean overnight GH level was significantly 
lower in the combination treatment group than the mean for the rhGH treated 
boys (p = 0.03). Mean peak stimulated GH response was lower in the 

combination group compared to the rhGH treated group (p = 0.02), and 
mean IGF1 level was lower in this group compared to the no treatment group 
(p = 0.03). There were no other significant differences between the groups. 

The boys were not required to reach a pre-determined standard on 
the stimulation test, in contrast to the pre-pubertal children in Section 1. It is 

well recognised that in peri-pubertal boys who undergo an " unprimed" 
stimulation test, the growth hormone level may be low as there is 
physiological blunting of growth hormone secretion pre-pubertally. 

b) LHRH test and testosterone levels 
Measurement of overnight pulsatile LH secretion using highly 

sensitive assays has been shown to be the best way of detecting the 
hormonal onset of puberty in younger children (Wu et al 1990,1991). 



All boys No Treatment rhGH Oxandrolone rhGH + 
Oxand. 

Overnight GH : 
Mean PA 16.02 (8.49) 17.07 (7.11) 17.66 (6.64) 17.76 (12.91) 11.79 (5.53) 
Sum PA 74.24 (29.78) 79.67 (26.75) 83.10 (24.44) 72.89 (37.78) 61.49 (28.64) 
Mean GH level 7.73 (3.56) 7.58 (2.82) 8.84 (2.72) 8.73 (4.28) 6.09 (2.55) 

Peak stim. GH 27.98 (15.39) 30.75 (19.38) 35.61 (15.70) 24.62 (13.38) 21.32 (9.29) 
mU/I 

IGF1 (Units/ml) 0.65 (0.26) 0.74 (0.26) 0.67 (0.22) 0.65 (0.32) 0.52 (0.20) 

Study 2: Summary of GH secretion 

All boys No Treatment rhGH Oxandrolone rhGH + 
Oxand. 

Mean (SD) 
Peak LH (U/I) 5.18 (3.26) 4.68 (2.83) 6.45 (4.39) 4.64 (2.84) 5.02 (2.96) 

Median 
08.00 Testost. 0.7 0.7 0.7 <0.6 0.7 
(nmoIA 

Study 2: Summary of LH and testosterone levels pre-treatment 
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However this was not practical to do in all our boys and so we used the LH 

response to a low dose of LHRH (0.25 microgms/kg) as a sensitive way to 
assess the pubertal activity of the hypothalamo-pituitary axis. Pre-pubertal 

children normally have baseline LH levels of <1.0 units/I, and will only show 
a small increment in the concentration of LH in response to this dose of 
LHRH. We have found that the pre-pubertal response. of LH to LHRH is to a 
level of 3.8 units/I or less, whereas once puberty is underway level of >4.5 
units/I or more are achieved (see results for younger and older children in 

sections 1 and 3). 

See table : Pre-treatment LH and testosterone levels 

The mean peak LH response of all the boys was 5.18 units/I in the 
study suggested that biochemically puberty was just under way in the boys 
as a whole. However 21 of the boys had responses that we term "pre- 
pubertal" ie. a peak LH responses to LHRH of <3.8 units/I. These boys were 
clinically indistinguishable from their hormonally more advanced peers. No 
significant differences were seen in mean LH response between the 
treatment groups. 

Early morning testosterone levels have been shown to be a useful 
marker of the imminence of puberty. Boys in whom early morning 
testosterone is <0.7 nmol/1 are unlikely to enter puberty within the next 12 
months (Wu et al 1993). Median testosterone levels were 0.7 nmol/1 in all 
treatment groups apart from oxandrolone alone, in which median 
testosterone levels were <0.6 nmol/I. 14 boys individually had early morning 
testosterone levels of 0.7 nmol/I or more - again they were clinically 
indistinguishable from their counterparts, but tended to be the boys who had 
the most active LH response to LHRH. 

These results suggest that clinical examination alone is not wholly 
reliable in predicting pubertal onset in peri-pubertal boys, and that simple 
biochemical tests (eg. early morning testosterone and/or peak LH response 
to low dose LHRH) may be helpful. 
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2.5.6. Growth Results 
See table : Summary of growth data 

1 year growth results 
43 boys entered the study: 

10 received rhGH 
10 received oxandrolone 
11 received rhGH plus oxandrolone 
12 received no treatment 

There were no significant differences between the four groups at entry 
into the study in terms of: chronological age, height, height SDS, height 
velocity, pubertal staging, bone age, bone age delay, and predicted adult 
height. 

All the boys have completed at least one year of follow up with the 
majority completing two or more years. 

"No treatment" group 
The twelve boys who received "no treatment" over the first year grew 

at a mean rate of 4.73 cm/yr compared to a pre-treatment mean rate of 4.07 
cm/yr. This improvement was only just significant (p = 0.04), but may be 
physiologically more significant as one would expect these boys' growth rate 
to be decelerating as they exhibit normal pre-pubertal slowing. Height SDS 
did not change significantly over the year. Mean bone age advance/ 
chronological age advance was 1.11 years. There was no significant 
change in HSDS for bone age nor was there any significant change in 

predicted height compared to pre-randomisation. 

rhGH group 
Ten boys received daily rhGH injections in a dose of 24iu/sq. m/wk. 

Over the first year of treatment they grew at a mean rate of 7.58 cm/yr 
compared to a mean rate of 4.24 cm/yr over the pre-study year. This 
improvement is highly significant (p = <0.001), and is also significantly better 
than the growth of the boys who received "no-treatment" (p = <0.001). HSDS 

improved from -2.43 to -2.15 over the year (p = 0.03). Mean bone age 
advance/chronological age advance was 1.03 years and was not 
significantly different to those who received "no treatment". HSDS for bone 

age improved from -1.71 to -1.33 (p = 0.03), however predicted adult height 
did not increase significantly. 
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Oxandrolone group 
Ten boys received oxandrolone in a dose of 2.5mg daily, equivalent 

to a mean of 0.09 mg/kg/day. They also had a significant improvement in 
height velocity over the first year of treatment, from 4.18 cm/year to 8.08 

cm/year (p = <0.001). This is not significantly different to the improvement in 

growth rate seen in the boys treated with growth hormone alone. Mean bone 

age advance/chronological age advance was 1.54 years, which was 
considerably more than in the boys who received growth hormone alone 
(p = 0.02). HSDS improved from -2.30 to -1.96 (p = 0.04), but as skeletal 
maturation was rapid HSDS for bone age and predicted adult height did not 

improve. 

rhGH and oxandrolone group 
The eleven boys who received a combination of rhG H 

(24iu/sq. m/week) and oxandrolone (2.5mg daily, equivalent to a mean of 
0.09 mg/kg/day) grew fastest over the first year of treatment, with an 
improvement in height velocity from 3.94 cm/year to 9.92 cm/year 
(p = <0.001). This is significantly better than the growth rate achieved with 
rhGH alone (p = 0.01), but not from that achieved with oxandrolone alone 
(p = 0.06). Mean bone age advance/chronological age advance was 1.41 

years. HSDS improved from -2.77 to -2.11 (p = 0.001), with an improvement 
in HSDS for BA from -1.88 to -1.42 (p = 0.001), though predicted adult height 
did not alter significantly. 

Second Year Growth Results 

No treatment group 
During the second year of the study the boys who had received "no 

treatment" in the first year now commenced growth hormone, but in the dose 

of 15 iu/sq. m/wk. Their growth rate improved to 7.25 cm/year (p = 0.001). 
Compared to the boys who received growth hormone alone from the onset 
the improvement in height velocity over the first treated year was not different 
in the two groups (7.58 cm/yr for the 24iu group compared to 7.25 for the 
15iu group, p= NS). The mean age at onset of growth hormone therapy in 

the two groups was of course different (11.52 years in the 24iu group 
compared to 12.22 years, p= NS), but even so there appears to be little 
benefit in prescribing the larger dose of rhGH in this situation. 
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