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CURRENT TOPIC

Biosynthetic human growth hormone treatment in
the UK: an audit of current practice

D A Price, D I Johnston, P R Betts, JM H Buckler, and M D C Donaldson on behalf of
the participants of the Kabi Pharmacia International Growth Study in the UK

Biosynthetic human growth hormone was
licensed for use in the UK in 1985, shortly
after the withdrawal of human pituitary
derived growth hormone because of the risk of
Creutzfelt-Jakob disease.1 The primary indica-
tion remains the treatment of short stature due
to growth hormone deficiency; the short
stature of Turner's syndrome was a later
approved indication. The release of biosyn-
thetic growth hormone was paralleled by the
cessation of the Health Service Human
Growth Hormone Committee that had suc-
ceeded the Medical Research Council in
supervising the selection of children for treat-
ment. These bodies supported by a national
network of growth centres had maintained a
structured information base with the capacity
for regular clinical audit.24 This mechanism
became impractical with the dispersal of pre-
scribing recommendations to many additional
clinics.
The premature demise of this mechanism

has meant that, in relation to a costly health
resource, we are unaware of the number of
children treated with growth hormone,
whether there are selection differences
between major centres, whether children are
treated early enough and with appropriate
doses and frequency of injections, and whether
they respond adequately.
The Kabi Pharmacia International Growth

Study (KIGS), an international postmarketing
safety and efficacy study, provides growth hor-
mone prescribing centres with the opportunity
to review their own practice by comparison
with national and international standards. The
current KIGS database holds anonymised data
on over 10 000 children of whom more than
1300 have been enrolled in the UK since 1988.
Thus 30-40% of all children receiving growth
hormone in the UK are entered into KIGS.

In this paper the KIGS database has been
used to compare practice in the UK with that
in other European countries, to compare
clinics within the UK, and to identify criteria
that could be used in audit.

Methods
CLASSIFICATION AND ENROLMENT OF PATIENTS
Diagnoses were made by local physicians and
classified according to the KIGS aetiology
classification list,5 which divides children of

short stature into three main categories: (1)
idiopathic growth hormone deficiency
(IGHD); (2) growth hormone deficiency of
known origin; and (3) other causes of short
stature. Each broad category is subdivided into
more specific groups (such as 1.1.2 IGHD with
a history of perinatal trauma, 2.2.1.1 cranio-
pharyngioma, and 3.2.1 Turner's syndrome.
Recommended criteria for the diagnosis of

IGHD included two standard provocation
tests giving growth hormone concentrations in
serum or plasma less than 10 ,ug/l (20 mU/l).
Criteria for idiopathic short stature (not a
licenced indication in the UK) included
normal birth weight, normal body proportions,
absence of chronic organic, psychiatric or
emotional disorder, normal nutrition, and a
growth hormone concentration in serum or
plasma ¢'10 ,ug/l (:20 mU/l).

Data from growth hormone treated patients
were entered into the main database, preserv-
ing both anonymity of patients and confiden-
tiality of information for each clinic and
country.

COUNTRIES AND UK REGIONS SELECTED FOR
COMPARISON
Sweden, Germany, and France were selected
for comparison with the UK, with permission
from respective national coordinators.
More than 95% of Swedish children on

growth hormone treatment outside present
clinical trials have been enrolled in KIGS (K A
Albertsson-Wikland, personal communica-
tion) whereas only a smaller proportion of
growth hormone treated children in Germany,
France, and the UK have been enrolled. The
numbers from the UK (1360), Sweden (1091),
Germany (917), and France (1594) were
nevertheless considered sufficiently large and
representative samples for valid comparisons
of clinical practice between countries. The
estimate of the total number of children in the
UK treated with growth hormone, 4000, is an
approximation based on the quantity ofgrowth
hormone sold in the UK, determined by
International Medical Statistics Ltd, divided
by a monthly dose of 75 units. Four UK clinic
populations were selected with permission
from respective clinic directors: clinic A com-
prised 238 children attending a regional
growth clinic; clinic B 357 children attending
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two growth clinics which combined include all
growth hormone treated children in the North
Western health region; clinic C 255 children
attending the combined Scottish growth
clinics; and clinic D 510 children pooled from
the remaining 15 participating UK clinics. The
analysis was performed on information entered
into the database up until September 1993.

Estimated population sizes for Sweden and
the North Western health region, where there
is a complete audit of growth hormone use,
are 8 684 348 and 4 011 200 respectively.67
The total UK population is estimated at
57 065 000.7

DATA RETRIEVAL FOR COMPARISON
Simple data, such as age, sex, and height SD
score at start of growth hormone, was retrieved
for each country and each UK region. In addi-
tior! first year response was compared as height
velocity (cm/year).
As previous analysis has shown that first year

response to growth hormone in prepubertal
children with IGHD is known to be influenced
by age, frequency of injections, dose of growth
hormone, the difference between target height
and height at start, weight for height index, and
birth weight,8 a comparison was made between
the response predicted by these variables and
the observed response. A significantly lower

Sweden

IGHD
49.4

OGHD
17.2

Non-GHD
11.6

France

Iss
9.2

(Turner's
syndrome

12.6

observed response would indicate either an
inappropriate diagnosis or other adverse
factors affecting response. Predicted first
year height velocity (cm/year)= 1 66-
0-41 (age)+0-46 (weekly frequency of injec-
tions) + 2-97 (dose of growth hormone
IU/kg/week) +0 61 (target height SD
score-height SD score)+0 29 (birth weight
SD score+0 048 (weight for height index)
(R2=0-56; error SD= 1-79).

Similarly first year height velocity in pre-
pubertal girls with Turner's syndrome is
predicted by the same factors (except for birth
weight SD score) but with a different order of
relative importance and weighting; height
velocity (cm/year)=2-02-0-19 (age) +0-28
(weekly frequency of injections) +1 -92 (dose of
growth hormone IU/kg/week)+0 37 (target
height SD score-height SD score) +0-028
(weight for height index) (R2=0-25; error
SD= 1 52). A significantly lower observed
response than predicted would imply the
presence of other adverse factors.
The difference between observed and pre-

dicted height velocities in the first year of
growth hormone treatment has been expressed
as SD score; the expectation is that the
mean SD score for a clinic or country should
not be significantly different from zero if the
patient populations treated are similar. The
standardised difference of observed minus

UK
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Figure 1 Diagnoses of children treated with growth hormone according to country, divided into IGHD, organic or
secondary growth hormone deficiency (OGHD), idiopathic short stature (ISS), Turner's syndrome, and other diagnoses
that are not growth hormone deficiency (Non-GHD). The frequencies are expressed as % of children entered into KIGS
from that country.
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Figure 2 Diagnoses of childreni treated with growth hormone according to UK clinic populationi, divided inlto IGHD,
organic or secondarv growth hormone deficiency (OGHD), idiopathic short statcure (ISS), Tumers syndronic, anzd other
diagnoses that are nlot growth hormneoc deficiec2cy, (.Non-GHD). The frequencies are expressed as Qo of children entered inlto
KlGSfroni the clinic (s).

predicted height velocity is described as
'responsiveness' of a patient group; if the SD
score is positive, responsiveness of a patient
group of growth hormone is better than
average and if the SD score is negative,
responsiveness is poorer than average.

Results
(1) DIAGNOSES
The UK had the lowest frequency of children
classified as IGHD as a proportion of growth
hormone treated children and the highest
frequency of idiopathic short stature (as
defined by referring physicians). France had
the highest frequency of IGHD and the lowest
frequency of idiopathic short stature (fig 1).

Comparisons within the UK showed that
there was considerable variation in the propor-
tions of all diagnostic categories. Clinic A
treated a greater proportion of both IGHD and
of idiopathic short stature (fig 2) than other
clinics studied.

(2) PREVALENCE OF TREATED IGHD
The prevalence of treated IGHD in Sweden
was approximately 62 per million total popula-
tion, whereas in the north west of England the
prevalence was considerably less at approxi-
mately 27 per million. Assuming that 30-40%

of children treated with growth hormone in the
UK are enrolled in KIGS (see methods) the
prevalence of treated IGHD in the whole UK
was 18-24 per million.

(3) PREVALENCF OF TREAT ED TURNER'S
SYNDROME
The prevalence of girls with Turner's
syndrome treated with growth hormone in
Sweden and in the north west of England was
similar at 16 and 15 per million respectively.
Assuming that 30-40% of children treated
with growth hormone in the UK are enrolled in
KIGS, the prevalences of treated Turner's
syndrome in the UK was 8-11 per million.

(4) CHARACTERISTICS OF PATIENTS WITH IGHD
In the UK and Germany children with IGHD
began growth hormone treatment at younger
ages, showed the lowest growth hormone con-
centrations in provocation tests, and higher
ratios of isolated growth hormone deficiency
to multiple pituitary hormone deficiencies,
compared with Sweden and France (table 1).
Within the UK, clinic A showed the pattern of
older age of onset of growth hormone, higher
growth hormone concentrations in tests, and a

high ratio of isolated to multiple deficiency
(table 2).

Clinic A

IGHD
44.7

Clinic B

IGHD
k33.5

Non-GHD\
9.1

Turner's
syndrome

19.2

14.6

Clinic C

/ Turner's
syndrome

18.9

Clinic D
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Table 1 Characteristics ofpatients with IGHD at onset ofgrowth hormone treatment
according to country (median values)

UK Sweden Germany France

Sex ratio (M:F) 1 9 3-1 2-6 2-0
Age (years) 8-2 10-3 8-2 11 1
Height SD score -3-2 -2-3 -2-6 -2-5
Ratio of isolated growth hormone deficiency to multiple

pituitary deficiencies 5-1 9-2 4-2 19-2
Maximum growth hormone in tests (pg/l)* 3-6 6-0 4-9 7-5

* 1 ,ug/l= 2 mUAl.

(5) REGIMENS OF GROWTH HORMONE
TREATMENT

(i) Dose ofgrowth hormone
At the onset of treatment of children with
IGHD, median doses of growth hormone were
0-5, 0-7, 0-5, and 0 4 IU/kg/week in the UK,
Sweden, Germany, and France respectively.
The median dose of growth hormone for
IGHD was constant at 0 5 IU/kg/week from
1988-92 in the UK, but fell with increasing
age. There was no significant difference in dose
between clinics within the UK.

In Turner's syndrome median doses used
were 0-6, 0-7, 0-8, and 0-7 IU/kg/week in the
UK, Sweden, Germany, and France respec-
tively, and there was no significant difference
in dose between clinics within the UK.

(ii) Frequency of injections
The proportion of children receiving six or
seven injections of growth hormone per week
has steadily increased since 1988 in all the
countries studied, and the median value is now
seven in the UK, Sweden, and Germany, and
six in France. Clinic B had a low frequency of
injection3 in 1988 but all UK clinics now use
six or seven injections per week.

(6) RESPONSE IN THE FIRST YEAR OF GROWTH
HORMONE TREATMENT
Comparison of response as shown by height
velocity in the first year of growth hormone
between countries (table 3) shows greater
values in Sweden and lower values in France
than in the UK in all groups of patients. Also
values for response in Turner's syndrome were
higher in Germany than in the UK.

Within the UK the first year response to
growth hormone treatment was similar
between clinics in most of the patient groups
and was better in clinic B in IGHD (table 4).
Comparing the observed response with that
predicted, an indication of responsiveness to
growth hormone (see methods), the median
SD score from clinic B (median +0 285) was
significantly greater (p=0 003) than values

Table 2 Characteristics ofpatients with IGHD at onset ofgrowth hormone treatment
according to UK clinic (median values)

Clinic A Clinic B Clinic C Clinic D

Sex ratio (M:F) 1-6 2-0 1-6 2-2
Age (years) 10-4 8-1 9-3 7.5
Height SD score -2-9 -3-5 -2-8 -3-3
Ratio of isolated growth hormone deficiency to

multiple pituitary deficiencies 11-3 4-4 3-5 4-8
Maximum growth hormone in tests (.glgl)* 5-1 3-1 4-9 3 0

*1 gll=2 mUll.

Table 3 Firstyear response to growth hormone treatment
according to diagnosis and country expressed as median
height velocity (cm/year)

Diagnosis UK Sweden Germany France

IGHD 8-5 9-0 8-7 7-1
Organic growth hormone

deficiency 7-4 8-6 7-6 6-6
Idiopathic short stature 7-2 8-5 7-6 6-6
Turner's syndrome 6-6 7-8 7-6 6-0

Table 4 Firstyear response to growth hormone treatment
according to diagnosis and UK clinic expressed as median
height velocity (cm/year)

Diagnosis Clinic A Clinic B Clinic C Clinkc D

IGHD 8-3 9-1 8-1 8-6
Organic growth
hormone deficiency 7-5 7-2 7-6 7-5

Idiopathic short stature 7 0 7-1 7-4 7-3
Turner's syndrome 6-5 6-5 6-8 7-5

from other clinics combined (fig 3), although
no clinic differed significantly from the
standards. Comparing observed with predicted
responses in girls with Turner's syndrome,
there were no differences between clinics but
clinic B had SD score values significantly
below the standard (p=0-0 1).

Discussion
An audit of growth hormone usage should be
mandatory in relation to aspects of safety,
efficacy, and cost effectiveness. Serious ques-
tions relating to safety have been raised,9 10
showing the need for careful review of adverse
medical events. In addition there has been
much variation between clinics and countries
regarding the selection of patients for treat-
ment and optimal therapeutic regimens using a
very costly medication. It is thus surprising
that there has been no assessment in the UK
since the change from pituitary derived growth
hormone to biosynthetic growth hormone in
1985. The dissolution of the Health Services
Human Growth Hormone Committee is in
part responsible for this deficiency, and it is
only due to the resources of a pharmaceutical
company that this review has been possible.
The main methodological problem for this

study is incomplete enrolment of growth
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Figure 3 Observed v predicted growth velocity in the first
year ofgrowth hormone treatment expressed as SD score, or
'responsiveness' to growth hormone, of children with IGHD
for different UK clinic populations, with mean values
(bars).
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hormone treated patients from different clinics
and from the UK as a whole. As such a signifi-
cant proportion of all growth hormone treated
patients in the UK (30-40%) has been
enrolled it becomes likely that this group is
representative of the whole. Furthermore it is
possible to compare clinic populations that
have complete enrolment. Assuming that the
description of clinical practice is representative
of the UK, a number of potential audit criteria
are proposed.
The first criterion proposed is that of

prevalence of growth hormone treated IGHD
children, based on the premises that the real
prevalence of IGHD is likely to be similar
between regions and countries and that the
need for treatment is the same. The prevalence
within an auditable UK region was 27 per
million and within the UK (as a whole) 18-24
per million. These prevalences are a third to a
half of that seen in Sweden and might suggest
that ascertainment within the UK is very
incomplete. The prevalences of girls treated for
Turner's syndrome, however, are very similar
between the auditable UK region and Sweden.
The age of diagnosis ofIGHD, recognised as a
marker of effective ascertainment, is lower in
the UK than in Sweden. This discrepancy in
prevalence of treated IGHD is more likely to
be related to differing diagnostic criteria, as
shown in table 1, where it can be seen that in
Sweden there is a greater male preponderance,
higher age at start ofgrowth hormone, a higher
frequency of isolated growth hormone defi-
ciency, and a higher median value of growth
hormone in provocation tests. This pattern of
characteristics is also identified in clinic A
(table 2), and suggests treatment of less severe
forms of IGHD. A diagnostic problem in
growth clinics is the young adolescent boy with
pubertal delay who can exhibit a temporary
and physiological deficiency of growth
hormone."I 12 On occasions it can be very
difficult to differentiate pubertal delay from
permanent late onset IGHD; sex steroid
priming of provocative tests is not necessarily
carried out in all centres, and apparently low
growth hormone concentrations in early
puberty can be misleading. There remains
controversy as to whether growth hormone
treatment has a place in the management of
transient growth hormone deficiency in early
puberty; the generally held view in the UK is
that there are alternative and more economical
approaches to boys with delay in puberty.13 14
We suggest that one audit criterion is that

the prevalence of treated IGHD should be
25-30 per million and of treated Turner's
syndrome at least 15 per million. Furthermore,
clinics should examine the pattern of patient
characteristics described as IGHD and
consider a male:female ratio of >2-5, a ratio of
isolated IGHD:multiple pituitary hormone
deficiencies of >5, and a median maximum
concentration of growth hormone in provoca-
tion tests of >5 p,g/l (>10 mU/l) as suggestive
of children with growth delay being inappro-
priately classified within the IGHD category.
A further audit criterion of accuracy of

diagnosis ofIGHD for a clinic population (and

for an individual child) is the responsiveness to
growth hormone in the first year. Response in
the first year of growth hormone treatment of
IGHD is better if the child is younger and
shorter, the parents taller, and the dose and
frequency of injections greater.8 Controlling
for these variables allows prediction of
response and the difference between observed
and predicted response gives a measure of
responsiveness of the child. If an individual
child falls outside 2 SD from the mean pre-
dicted response the clinician is alerted to check
the diagnosis, other modifying factors such as
hypothyroidism, and compliance. If the clinic
population performs poorly with respect to
predicted responses, then the diagnostic
criteria set within that clinic may require
review.

Frequency of injections and dose of growth
hormone should be audit criteria of the
appropriateness of growth hormone treatment.
There is good evidence that frequency of
growth hormone injections should be daily in
order to maximise efficacy,2 8 and the recom-
mended dose of growth hormone is 05
U/kg/week in IGHD, which should be main-
tained with regular adjustments as the child
grows. Growth response is more dose depen-
dent in Turner's syndrome and the dose used
should be at least 075 U/kg/week.

In the development of short stature due to
IGHD, the earlier growth hormone treatment
is instituted, the greater adult height is
achieved. Because the aetiology of IGHD is
multifactorial and varies in severity, children
present with lessening height velocity at differ-
ent ages. The median age of onset of growth
hormone treatment is, however, a good guide
to the speed of ascertainment of IGHD, and
we suggest that the median age in a large clinic
should be less than 8-5 years. There is no
evidence for the best age at which to start
growth hormone treatment in girls with
Turner's syndrome, although some clinicians
would argue that in order to prevent increasing
loss ofheight that may be difficult to recover at
a late age, and to prevent the perception of
abnormality due to short stature in childhood,
growth hormone treatment should be started
in early childhood, between age 3 and 5 years.

Table 5 Potential audit criteria of the efficacy ofgrowth
hormone treatment of children with IGHD and Turner's
syndrome

IGHD
(i) Ascertainment

Prevalence of growth hormone treated IGHD 25-30 per
million

Median age at start of growth hormone <8-5 years
(ii) Accuracy of diagnosis
Male:female ratio <2-5
Isolated IGHD/multiple pituitary deficiencies <5
Median peak growth hormone level in provocation tests <5

SLg/l (<10 mUIl)
Observed minus predicted first year velocity above - 2 SD

(iii) Appropriateness of growth hormone regimen
Frequency of injections daily
Dose growth hormone 0-5 units/kg/week

Turner's syndrome
(i) Ascertainment

Prevalence of growth hormone treated Turner's syndrome
15+per million

(ii) Appropriateness of growth hormone regimen
Frequency of injections daily
Dose of growth hormone 0 75 units/kg/week
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In order to achieve sufficiently early
diagnosis of short stature due to pathological
causes, the authors consider that increased
prominence should be given to the inclusion of
height measurements in the health assessment
of young children. Measurement of height is
non-invasive and remains quite fundamental
to understanding health and disease in a child
and in a community.
We have suggested a number of audit

criteria applicable to treatment with biosyn-
thetic growth hormone based on our interpre-
tation of analysis of clinical practice in several
UK clinics and European countries (table 5).
Audit criteria and standards are not
synonymous with optimal or ideal clinical
practice and there will doubtless be consider-
able discussion about their appropriateness.
However, it is our contention that this is an
area that requires audit and KIGS with its
unrivalled patient numbers has the potential
for generating valuable information on efficacy
and safety of growth hormone. In addition,
enrolment of children into KIGS requires the
clinician to keep regular and accurate docu-
mentation of growth and pubertal develop-
ment in a format that can be shared with
colleagues, a discipline that facilitates audit of
a powerful and costly treatment.
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