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Abstract
Catch-up growth of 26 children with
growth hormone deficiency during four
years of growth hormone treatment,
which was started young (<3 years), was
compared with that of 16 children with
coeliac disease on a gluten free diet. In
children with growth hormone deficiency
mean (SD) height SD score increased
from -4-3 (1-8) to -1 9 (1-4) and in
patients with coeliac disease from -1-8
(0.9) to -0 1 (0.8). Height SD score after
four years correlated positively with injec-
tion frequency and height SD score at
start of treatment in children with growth
hormone deficiency. All patients with
coeliac disease reached a height above -2
SD scores after four years, while the
height of 26% of children with growth
hormone deficiency on daily injections
and of 86% of children on 2 or 4
injections/week was still below -2 SD
scores. In patients with growth hormone
deficiency on daily injections with an
initial height SD score between -2 and -4
catch-up was similar to that of patients
with coeliac disease with a comparable
initial height deficit. Growth hormone
deficient children with an initial height
SD score <-4 did not reach full catch-up
growth within four years. In conclusion,
catch-up growth in early treated children
with growth hormone deficiency over four
years is adequate provided that daily
injections are given and the initial height
SD score is not less than -4.
(Arch Dis Child 1995; 72: 427-431)
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In 1958 growth hormone was introduced for
the treatment of growth hormone deficiency.'
Since then many investigators have studied the
efficacy of growth hormone treatment in
growth hormone deficient patients.2-7 These
studies have demonstrated that, although
growth hormone treatment of children with
growth hormone deficiency induces a signifi-
cant increase of height velocity during the first
years of treatment, the average height after
several years oftreatment, as well as final height
has remained approximately 2 SD below the
population's mean. Early diagnosis and treat-
ment of growth hormone deficiency gives a
greater improvement in gained height.4-6 0

Theoretically, there are at least three
possible explanations for this disappointing

outcome. The first one is that the therapeutic
regimen has not been optimal. Whereas it is
nowadays generally believed that daily growth
hormone injections are more effective than 2 or
4 injections/week,"l the optimal substitution
dosage is still unknown, which is illustrated by
the wide range of the dosages applied in vari-
ous countries. 12 The second explanation is that
treatment on average has been started too late.
A long period of untreated growth hormone
deficiency might either directly affect the
growth plate or leave insufficient time to catch
up before the onset of puberty. In fact, a large
international survey showed that the median
chronological age at start for 4462 children
with idiopathic growth hormone deficiency
was 10 0 years (10th centile=4-2, 90th centile
14.4).12
The third explanation is that growth hor-

mone deficiency causes permanent damage to
one or more levels ofthe growth regulatory axis
in the intrauterine period and shortly after
birth. If this last explanation is true, even early
initiation of treatment could not overcome the
resulting growth retardation.'3 We tested this
hypothesis by studying the growth pattern of
children with growth hormone deficiency who
started growth hormone treatment before the
age of 3 years, either with daily injections or 2
or 4 times/week.

In order to assess the adequacy of catch-up
growth in growth hormone deficiency, it was
compared with the growth response in coeliac
disease. In children with coeliac disease the
cause of the growth retardation is eliminated at
the moment that a gluten free diet is started, in
general before the age of 3 years, and catch-up
growth is usually complete after 2-3 years.'1'7

Patients and methods
Patients with growth hormone deficiency were
selected from the files of the Dutch national
registry on growth hormone treatment, which
contains growth data of nearly all growth hor-
mone treated children in the Netherlands.
Inclusion criteria were: peak serum growth
hormone concentrations of less than 10 pLg/l
(20 mU/l) during at least two standard provo-
cation tests, start ofgrowth hormone treatment
before the age of 3-0 years, and completion of
four years of growth hormone treatment.
Patients with isolated growth hormone defi-
ciency as well as patients with growth hormone
deficiency in combination with other pituitary
deficiencies were included, whereas patients
with intracerebral tumours were excluded.
Twenty six growth hormone deficient children
(16 boys and 10 girls) fulfilled the inclusion
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criteria. Seven (27%) patients had an isolated
growth hormone deficiency and in the other 19
patients it was accompanied by a thyroid
stimulating hormone deficiency, 16 (64%) of
whom also had a deficiency of adreno-
corticotropic hormone. In five cases (19%) one

of the parents was also growth hormone
deficient.
The standard regimen of growth hormone

treatment in the Netherlands has changed over

the years. From 1970 to 1986 a fixed dose of 8
IU/week was given, initially administered in 2
intramuscular, and from 1983 in 4 sub-
cutaneous, injections/week. From 1987 the
substitution regimen was individually adjusted
to body surface and the frequency of injections
was increased to 6 or 7 times/week. The cur-

rent standard treatment is 12-14 LU/m2/week
divided into 6 or 7 subcutaneous injections.
The growth hormone deficient patients were

subdivided in three subgroups according to the
frequency of growth hormone administration.
Subgroup 1 contained the patients who in the
first four years received a weekly dosage of 8
IU divided into 2 or 4 injections/week (n=7),
subgroup 2 was formed by the patients who
started on 8 IU in 4 injections/week but were

transferred to 6 or 7 injections/week within this
period (n=7), and subgroup 3 contained the
patients who always received 6 or 7 injec-
tions/week (n= 12).
The growth data of the patients with coeliac

disease were obtained from an earlier study.14
Inclusion into the coeliac disease group was
restricted to patients diagnosed before 3 years
of age by at least two small bowel biopsies and
a positive gluten challenge. Data of 16 coeliac
disease patients (seven boys and nine girls)
were suitable for this analysis.

Supine length (in infants and children less
than 2-3) or height (in older children) was

measured with standard equipment and
expressed as SD score for chronological age
calculated by [patient's height-mean
height]/SD, in which the appropriate mean

height and SD for age and sex were taken from
the 1980 nationwide Dutch references.18 If
parental heights were available and neither
parent was growth hormone deficient, height
SD score was corrected for target height by
subtracting the mean parental SD score from
the child's SD score. The mean parental height
SD score was computed as the average of the
height SD scores for both parents, using the

references for adult height from the 1965
Dutch nationwide survey.19 Height SD score

was corrected for parental height in 13 (81%)
patients with coeliac disease and in 20 (77%)
growth hormone deficient patients.

In order to enable a comparison between the
patients with growth hormone deficiency, for
whom height measurements generally had
been performed at three monthly intervals, and
the patients with coeliac disease for whom
growth data were often available at less regular
intervals, we have modelled the SD score

curves of the patients with coeliac disease.
Each individual curve was fitted to a growth
function as previously described.20

Unless otherwise specified, results are

expressed as mean (SD). Paired t tests and
repeated measures analysis of variance or in
case of non-normality, Wilcoxon signed rank
or Friedman statistic tests, were performed to
assess differences within the groups. To test
differences between the groups unpaired t tests
or analysis of variance and in case of non-

normality Wilcoxon signed rank or Kruskal-
Wallis tests were used. A comparison of
nominal variables among the groups was made
using a x2 analysis. The correlations between
various parameters were calculated by univari-
ate linear regression analysis and expressed by
the Pearson's correlation coefficient.

Results
Clinical data at onset of treatment of the
patients with growth hormone deficiency and
coeliac disease are presented in the table. No
significant differences between the subgroups
of growth hormone deficient patients were

found with respect to the maximum serum

growth hormone peak and the total weekly
growth hormone dose. Whereas midparental
height SD score and age at onset of treatment
were similar in all growth hormone deficient
subgroups and the coeliac disease group, birth
length and height SD score at start of treat-
ment was significantly lower in patients with
growth hormone deficiency than in coeliac
disease patients (p<0Q001). The birth length of
patients with isolated growth hormone defi-
ciency was 46- 1 (5 8) cm (n=7), similar to that
of patients with multiple pituitary deficiencies
(45-7 (3.7) cm, n= 14; not significant).
The growth response to four years of

treatment in growth hormone deficiency,

Clinical data at onset of treatment in patients with growth hormone deficiency and coeliac disease; values are mean (SD)
exceptfor serum growth hormone peak, which is median (range)

Growth hormone deficiency

2 or 4 injections/ Transfer group* 6 or 7 injections! Coeliac disease
week (n= 7) (n= 7) week (n= 12) (n= 16)

Birth length (cm) 45-6 (1-8) 46-4 (3-0) [n=5] 45-7 (6 4) [n=9] 51-2 (2 0) [n= 13]
Birth length SD scoret -1-6 (0-4) [n=5] -2-3 (1-7) [n=5] -2-0 (3 0) [n=9] NAS
Age of start of treatment (years) 1-6 (0 7) 1-4 (0 7) 1-4 (0 8) 1-5 (0 6)
Serum growth hormone peak (,ugIl)t 1-5 (0 3-4 5) 1 0 (0 5-6 0) 3-9 (0 3-9 0) NA
Growth hormone substitution dose

(IU/m2/week) 15-4 (1-6) 15-6 (3-1) 15-8 (2 4)
Midparental height SD score -0 3 (1-0) [n=5] -0-2 (0-8) [n=5] 0-1 (0 7) 0 0 (0 6) [n=13]
Height at start of treatment (cm) 68-4 (8-0) 67-0 (10-3) 67-1 (7-4) 75-7 (5-5)
Height SD score at start of treatment -4-5 (1-6) -4-4 (1-8) -4-1 (2-1) -1-8 (0-9)

*Transfer from 2 or 4 to 6 or 7 injections/week within four years. tSD score corrected for gestational age.25
iTo convert from pg/l to mUll multiply by 2. §Not available (NA) as gestational age was unknown.
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Figure 1 Mean (SD) height SD score against duration of treatment. (A): Coeliac disease
and all patients with growth hormone deficiency (GHD). (B): GHD, divided into
subgroups according to injection frequency.

irrespective of initial height SD score and ther-
apeutic regimen, and in coeliac disease is
shown in fig 1 (A). Both groups showed signifi-
cant catch-up growth (ASD score 2A4 (1-6),
p<005 and 1-7 (0 7), p<0 001 respectively),
but height remained below -2 SD in 1 1 child-
ren with growth hormone deficiency in con-
trast to none of the coeliac disease patients. In
the growth hormone deficient group height SD
score after four years of treatment correlated
significantly with height SD score at the start of
treatment (r=0-74, p<0 01), but not with
birth length (r=0-21; not significant). Height
SD score increment over four years showed an
inverse relationship with height SD score at the
start (r=-0-63, p<O001).
When the growth hormone deficient

patients were subdivided according to injection
frequency (fig 1(B)), catch-up growth on the
regimen of daily injections, either during the
full four years or started later in that period,
was superior (p<005) to the regimen of 2 or 4
injections/week, while the dosages were simi-
lar. The increment of height SD score over
fouryearsoftreatmentwas 1 4 (1 1), 2 6 (1.9),

and 2-7 (1.6) in subgroups 1, 2, and 3 respec-
tively. While 14 of the 19 patients (74%) from
subgroups 2 and 3 had a height above -2 SD
score after four years of treatment, this was
reached by only one of the seven patients
(14%) on 2 or 4 injections (p<005). When
growth hormone deficient patients receiving
daily injections were subdivided in those with
isolated growth hormone deficiency (n= 4) and
multiple pituitary deficiencies (n= 8), no
significant difference was found with respect
to their growth response (height SD score
increased from -4 3 (09) to -1.3 (08)
and from -4 0 (2 5) to -1-4 (1 0), respec-
tively).

Because of the differences between the
patients with growth hormone deficiency and
coeliac disease with regard to initial height SD
score, and the importance of the latter for the
success of catch-up growth, we grouped all
patients according to initial height SD score
(fig 2). The number of growth hormone defi-
cient patients with an initial height SD score
below -2 (fig 2(B), (C)) allowed for a further
subdivision according to injection frequency.
There were no coeliac disease patients with an
initial height SD score <-3. Patients with
growth hormone deficiency with an initial
height SD score between -2 and -4 and
treated with 6 or 7 injections/week (age at start
1-3 (1 1) years) showed similar catch-up as
coeliac disease patients. In growth hormone
deficient patients with a severe initial growth
retardation (<-4 SD score, age at start 1 6
(06) years) the present therapeutic regimen
was more efficacious than the previous
regimens but did not lead to full catch-up
within four years, although the increment of
height SD score did not reach a plateau.

Discussion
The hypothesis that congenital growth hor-
mone deficiency would lead to a permanent
impairment of growth potential can be rejected
at least for the children with an initial height
SD score between -2 and -4, as on the pre-
sent growth hormone therapeutic regimen they
showed similar catch-up growth as observed in
coeliac disease. In children with an initial
height SD score <-4, the hypothesis can
neither be rejected nor proved, as catch-up was
not complete after four years, while no com-
parison with coeliac disease was possible. In
this subgroup with severe initial growth retar-
dation the incomplete catch-up may be caused
by permanent impairment of growth potential,
a suboptimal growth hormone regimen, insuf-
ficient time for reaching full catch-up, or a
combination of these factors. The observation
that catch-up did not reach a plateau after four
years would suggest that the last factor is at
least responsible for part of the effect. We
found no evidence that the degree of intrauter-
ine growth retardation affects the completeness
of catch-up growth, as birth length was not
correlated with height SD score after four years
of treatment.

Children in whom growth hormone defi-
ciency is diagnosed at a young age can usually
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Figure 2 Mean (SD) height SD score against duration of treatment according to height
SD score at start of treatment: (A) > -2, (B) between -2 and -4, and (C) <-4;
GHD=growth hormone deficiency.

be classified retrospectively as having con-
genital growth hormone deficiency and their
degree of growth hormone deficiency is gener-
ally more severe than that of children diag-
nosed later. In this study we have confirmed
our earlier data'3 showing that congenital
growth hormone deficiency, even in the iso-
lated form,,affects intrauterine growth, as birth
length was 5 cm less than that of infants with
coeliac disease. This is in concordance with the

recent observation that growth hormone has a
definite role in prenatal human growth regula-
tion.21

There was no effect of the presence of addi-
tional pituitary deficiencies, indicating that
substitution treatment with thyroid hormone
and cortisol was adequate, in line with the
clinical impression. However, there was a
strong effect of growth hormone injection fre-
quency which appears more manifest in these
infants and young children than in older
children.I1 22 23 This may be due to the ten-
dency to hypoglycaemia in infants and toddlers
on a schedule of 2 or 4 injections/week.24
As an indicator for the pattern of catch-up

growth that could be expected on adequate
treatment, we chose the model of coeliac
disease. This disease has a causal and fully
efficacious treatment, which usually leads to
complete catch-up growth within 2-3
years.14-17 While suitable as a model for catch-
up growth, there are some relevant differences
with congenital growth hormone deficiency.
The growth retardation in coeliac disease starts
after the introduction of gluten at approxi-
mately 6 months of age, while growth of
approximately 50% of the infants with con-
genital growth hormone deficiency start deviat-
ing in utero. This is one of the reasons why the
growth deficit at diagnosis is less pronounced
in coeliac disease than in growth hormone
deficiency. Another reason for the less extreme
growth deficit at diagnosis is that coeliac
disease is usually associated with more severe
clinical symptoms and therefore often diag-
nosed before an extreme growth retardation
has occurred. On the basis of these differences,
it would have been no surprise if catch-up
growth would have been less successful in
growth hormone deficiency than in coeliac
disease. In contrast, we found that catch-up
was similar when only growth hormone
deficient children with comparable initial
height SD scores and daily growth hormone
injections were included.

In conclusion, early treatment of growth
hormone deficient children with daily injec-
tions leads to similar catch-up growth as
observed in coeliac disease with a similar initial
height SD score, indicating that congenital
growth hormone deficiency does not result in a
permanent impairment of growth potential. If
the initial height deficit is more extreme, full
catch-up growth is not reached within four
years. This emphasises the importance of early
diagnosis and treatment. Daily injections are
much more effective than 2 or 4
injections/week.
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