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Abstract
The comparative effect and safety of
2 IU compared with 4 IU/m2/day of
recombinant human growth hormone
(rhGH) was studied in 38 growth hormone
deficient children regarding the impact of
several factors on short term (one year)
and long term (three year) growth
response.

In 21 newly diagnosed patients, three
years of rhGH treatment resulted in a
significant increase of height velocity SD
score, height SD score, and predicted
adult height SD score, irrespective of
rhGH dose. In 17 transfer patients
(previously treated with 12 IU

rhGH/m2/week) 4 IU/m2/day resulted in a
significantly higher height velocity SD
score and height SD score for chrono-
logical age than 2 IU/m2/day, while
more of them reached their target range
or showed a substantial height SD
score increment. Height SD score for
bone age and predicted adult height SD
score only increased significantly with 4
IU rhGH.

After one year of rhGH treatment,
new patients showed significant negative
correlation between A height SD score
with age and baseline insulin-like growth
factor I (IGF-I) SD score, and positive
correlation with rhGH dose. After three
years of treatment, A height SD score for
chronological age was significantly, neg-
atively correlated with age and baseline
'corrected' height SD score (height SD
score for chronological age minus target
height SD score). There was no signifi-
cant correlation with rhGH dose.
Prolonged treatment with either dose
had no adverse effect on IGF-I con-

centrations, carbohydrate or lipid
metabolism.
As early age and divergence between

height SD score and target height
SD score seem more important for
growth response than rhGH dose, it is
recommended that treatment starts early
with 2 IU rhGH/m2/day and the dose is
doubled if growth is insufficient after
several years oftreatment.
(Arch Dis Child 1994; 71: 12-18)

The aim of growth hormone treatment for
children with growth hormone deficiency is to
induce normal growth during the growth
phase and thereby achieve a final adult height in
conformity with the individual target height or
the adult height of the general population. The
ideal dosage of growth hormone to realise
this aim has not yet been established, although
daily subcutaneous injections are known to have
a greater growth response than intramuscular
injections three times a week.1 2 Sandahl
Christiansen et al achieved near normal
nocturnal plasma patterns in growth hormone
deficient children by injecting 2 IU growth
hormone/M2 subcutaneously per day, roughly
equal to 006 IU/kg/day.3 That regimen is
presently applied in the Netherlands.
To test the efficacy of the growth hormone

dose, a multicentre prospective study is
comparing the effect of 2 IU compared
with 4 IU of recombinant human growth
hormone (rhGH)/m2/day on auxological
and biochemical parameters in two groups of
growth hormone deficient children, a consecu-
tive sample of newly diagnosed patients
and a cohort undergoing rhGH treatment
before enrolment. Preliminary results showed
a significantly greater increment in height
velocity for patients of either group on 4 IU
rhGH than for those on 2 IU.4
We now report the results after three years of

this ongoing study. We investigated whether
the double dose of rhGH induced a sustained
improvement of growth in both groups of
patients. We assessed which other factors in
addition to the dose had an impact on short
term (one year) and long term (three year)
growth response. We also determined the
safety of treatment with a higher dose ofrhGH
over a three year period.

Subjects and methods
PATIENTS
Altogether 38 prepubertal growth hormone
deficient patients were enrolled in the study:
21 new patients upon diagnosis of growth
hormone deficiency and 17 transfer patients
already on rhGH treatment for at least
one year, of which at least six months was at a
fixed dose of 12 IU/m2/week. The diagnostic
definition of growth hormone deficiency and
entry requirements are described elsewhere.4

Treatment consisted of one daily sub-
cutaneous injection, at bedtime, of rhGH
(Norditropin, Novo-Nordisk). Each group was
randomly divided into two subsets, whereby
subset A received 2 IU and subset B 4 IU

*The other members of the Dutch Growth Hormone Working
Group who participated in this study are: H A Delemarre-vd
Waal, Amsterdam; W Oostdijk, Leiden; H M Reeser, The
Hague; B J Otten, Nijmegen.
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Comparative effect of two doses ofgrowth hormone for growth hormone deficiency

Table 1 Baseline clinical data for new and transferpatientsper subset (A=2 IU rhGH/m2/day; B=4 IU/m2/day);
figures are mean (range) or number ofpatients

New patients Transfer patients

A B A B

Noofpatients 10 11 9 8
Sex ratio (M/F) 8/2 8/3 6/3 5/3
Chronological age in years 6-8 (1-5-11-6) 6-9 (1-5-13-8) 9 9 (2-8-14-9) 9-5 (6-1-14-9)
Bone age (TW2-20) in years 5-4 (0-7-9 4) 5-6 (0-8-11-6) 7-6 (2-7-10-8) 7-6 (4-5-11-2)
Isolated growth hormone deficiency:

Idiopathic 8 8 5 2
Organic 1 2 - -

Multiple pituitary hormone deficiency:
Idiopathic 1 - 3 6
Organic - 1 1 -

Maximum growth hormone concentration (pLg/l):
<35 4 4 8 8
3-5-10 6 7 1 -

Target height SD score -1-15 (-1-58-0-11) -0 79 (-2-91-1-56) -0-19 (-2-20-1-10) 0-02 (-1-57-1-63)
Years of growth hormone

treatment - - 4-0 (1-4-8-8) 5-1 (1-3-10-5)

rhGH/m2. The transfer patients, who enrolled
concurrently at the start of the study, were

paired according to chronological age and
bone age. Table 1 gives the baseline clinical
data for all 38 patients.
The protocol was approved by the medical

ethics committees of all six participating
centres, and all parents gave their written,
informed consent.

GROWTH EVALUATION

At the start of the study and subsequently
every three months, the patients underwent a

physical examination including measurements
of height, weight, and blood pressure.
Height and sitting height were measured
with Harpenden equipment, four times in
succession by two investigators for each centre
and always at the same time of day. The mean

values were used for further analysis. Weight

was expressed as body mass index (BMI)
(weight/height2) and BMI SD score for
chronological age and sex.5 Systolic and
diastolic blood pressures were measured in a

sitting position with a Dynamap four times in
succession with 10 minute rest periods in
between. The mean of the last three measure-

ments was taken for analysis. Bone age was

determined by the same investigator immedi-
ately before the start of the study and
subsequently every 12 months, using the
TW2-20 and TW2-RUS method.6 TW2-20
was used for all calculations and TW2-RUS
for adult height prediction.7

Height was expressed as SD score for
chronological age and bone age using the most
recent Dutch national growth references.8
Height velocity was expressed as cm/year and
for prepubertal children only as SD
score for age.9 The ratio of sitting height to
subischial leg length was expressed as SD

Table 2 Effect of either 2 IU (A) or 4 IU (B) rhGH/m2/day on mean (SD) height velocity, height velocity SD score, advance in bone maturation (A
bone age/A chronological age), height SD score for chronological age and bone age, and predicted adult height SD score minus target height SD score
during three years ofstudy

Change Change
from from

New patients prestudy Transfer patients prestudy
AvB AvB

No A No B (p value) No A No B (p value)

Height velocity (cm/year)
Pretreatment 10 5-5 (2 2) 11 5-3 (2-2) 9 8-2 (2-2) 8 8-9 (1-6)
Year 1 10 11-0 (3.0)* 11 13-3 (3.9)* NS 9 7-4 (1-6) 8 11 0 (1-8)jj <0 005
Year 2 10 8-0 (2.2)* 11 9-5 (2-4)* NS 9 7-6 (2-0) 8 8-9 (1-9) NS
Year3 10 7-0 (0-5) 9 7-2 (1-9) NS 9 6-9 (1-9) 8 7-9 (1-4) NS

Height velocity SD score
Pretreatment 10 -1-89 (2-01) 11 -1-72 (1-81) 9 3-85 (2-65) 8 4-88 (2 24)
Year 1 10 5 70 (3-15)* 11 8-46 (3.00)*f NS 9 3-49 (1-57) 8 8-15 (2 33)t§ <0-005
Year 2 9 3-04 (1-85)* 10 4-74 (2.08)* NS 6 3-17 (2 27) 6 6-42 (1-98)t <0 05
Year 3 9 2-13 (2.07)* 7 1-52 (2-16)t NS 6 2-74 (2 53) 6 4-80 (1-12)t NS

Height SD score for chronological age
Pretreatment 10 -3-60 (0-88) 11 -3-26 (1-52) 9 -2-18 (0 90) 8 -2-08 (1-89)
Year 1 10 -2-44 (0.53)* 11 -1-70 (1-35)* NS 9 -1-94 (1-27) 8 -1-20 (2-12)* <0 05
Year 2 10 -1-88 (0.67)* 11 -0 97 (1-42)* NS 9 -1-61 (1-43) 8 -0-61 (2.26)* <0 05
Year 3 10 -1.66 (0.65)* 9 -1-12 (1-06)* NS 9 -1-30 (1-49)t 8 -0-15 (2-21)* <0 05

A Bone age/A chronological age
Pretreatment 10 0-7 (0-4) 11 0 7 (0 2) 9 0-8 (0-4) 8 1-1 (0-5)
Year I 10 1-2 (0 4) 11 1-1 (0 3) 9 1-1 (0-5) 8 1-2 (0-5)
Year2 10 1-0 (03) 11 1-2 (04) 9 1-3 (1-1) 8 1-2 (0 6)
Year3 10 0-9 (0 5) 9 1-3 (0 5)* 9 0-8 (0 4) 8 0 5 (0 4)

Height SD score for bone age
Pretreatment 10 -1-68 (1-04) 11 -1-33 (1-24) 9 -0-26 (1-04) 8 -0-22 (1-51)
Year 1 10 -0-99 (1-05)* 11 -0-09 (0.99)* <0 05 9 0-02 (0-93) 8 0-46 (1-48) NS
Year 2 10 -0.50 (1-34)* 11 0-31 (1.01)* NS 9 0 04 (0-77) 8 0-61 (1-64) NS
Year3 10 -0-25 (1-19)* 9 0-07 (1-05)* NS 9 0-38 (0 60) 8 1-39 (1-73)t NS

Predicted adult height SD score-target height SD score
Pretreatment 6 -2-00 (0-86) 8 -1-75 (1-50) 8 -0-68 (1-29) 8 -1-56 (1-46)
Year 1 6 -1-08 (0.85)* 8 -0-80 (1-29)* NS 8 -0-61 (0-99) 8 -0-67 (1-45)* <0 01
Year 2 6 -0-51 (1-15)t 8 -0-26 (1-15)t NS 8 -0-76 (0-65) 8 -0-12 (1-79)* <0 01
Year3 6 -0-12 (1-31)t 6 -0 11 (1l1 )t NS 8 -0-59 (087) 8 040 (1-74)* <001

*=p<0-01 compared with prestudy year; t=p<0 05 compared with prestudy year; *=p<0 05 compared with subset A; S=p<0 005 compared with subset A
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score for chronological age, using reference
values from the Zurich longitudinal growth
study.'0 Predicted adult height was expressed
as SD score based on the 1980 Dutch national
reference values.8 Parental height served
to determine their child's target height.
Secular trend was taken into account:
[father's +mother's height+ 12 cm]/2+ 3 cm."I
Target height SD score was calculated using
the 1980 Dutch reference values.8 Target
range was defined as target height SD score+ 1
SD score. For adult males 1 SD amounts to
6-7 cm, for females 6-2 cm.8 Predicted adult
height in relation to target height was based on
the difference between these two parameters
expressed as SD score. The 'corrected' height
SD score for chronological age was determined
by subtracting target height SD score from
height SD score for chronological age. We
investigated whether the corrected height SD
score for chronological age was above the
lower limit of the target range (above -1 SD
score) at the end of the third study year, or
continued to increase substantially, that is,
with more than 0-25 SD score, during that
third year.

LABORATORY ANALYSES
Blood samples were taken frequently during
the first two years of study, and subsequently
once a year. A number of haematological,
biochemical, and immunological variables
were determined,4 such as haemoglobin,
packed cell volume, white cell count and
differential, platelet count, (free) thyroxine and
thyroid stimulating hormone (TSH), glycated
haemoglobin (HbAl), and antigrowth
hormone antibodies. Concentrations of
insulin-like growth factor I (IGF-I) and serum

lipids were measured for the new patients only.
To adjust measured IGF-I for age and sex, the
SD score was determined up to the age of 14-5
years for boys and 13-5 years for girls after
log transformation to obtain homogeneity
of variance. Lipid evaluation consisted of
measurement of cholesterol, low density
lipoprotein (LDL), apolipoprotein (Apo) -Al,
and Apo-B concentrations. The lipid profiles
were compared with records of healthy Dutch
children from a previous study, involving 757
boys and 801 girls with a mean (SD) age of 8-4
(0 7) years.'2 Laboratory testing methods are

described elsewhere.4

STATISTICAL ANALYSES

In the auxological evaluation, the Wilcoxon
signed rank test was used for differences within
each dosage group, and the Mann-Whitney U
test and x2 test for differences between dosage
groups. In the biochemical evaluation,
repeated measures analysis of variance was

used to test the significance of changes with
time and dosage and interaction of time with
dosage or both.
To adjust the estimate of the dose effect for

other prognostic variables such as baseline age

(years), sex (male 0, female 1), bone age
(years), bone age retardation (years), BMI SD
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'Corrected' height SD score for chronological age (height
SD score for chronological age minus target height SD
score) after three years ofstudy of 19 new patients and
17 transfer patients.

score, height SD score for chronological age,
target height SD score, height SD score for
chronological age minus target height SD score
(corrected height SD score for chronological
age), height SD score for bone age, corrected
height SD score for bone age, maximal growth
hormone peak after stimulation, IGF-I SD
score, isolated growth hormone deficiency
or multiple pituitary hormone deficiencies,
idiopathic or organic cause of growth hormone
deficiency, multiple linear regression analysis
was used for the new patients only. These
variables were entered into the model contain-
ing the rhGH dose (2 or 4 IU/m2/day), the key
variable of this study, in a stepwise forward
manner. Two analyses were carried out, one
with A height SD score for chronological age
for one year (short term response) as depend-
ent variable, the other with A height SD score
for chronological age for three years (long term
response) as dependent variable.

Statistical procedures were performed using
SPSS version 4.0 (SPSS Inc, 1990).

Results
Regarding the two study groups separately, the
clinical data for each subset appeared compar-
able, except for the type of growth hormone
deficiency in the transfer patients (table 1).
Of the 21 new patients 19 completed

three years of study. The remaining two, both
subset B patients, had organic growth
hormone deficiency and stopped rhGH

_9i l
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Table 3 Results ofstepwise multiple regression analysis of increment in height SD score for
chronological age after one year and after three years ofrhGH treatment in new patients

Regression p
Variable coefficient SE Value

After 1 year Dose 0-20 0-09 0-041
Age -0-11 0-03 0-003
IGF-I SD score -0-17 0-04 0-001
Sex 0-69 0-28 0-026

After 3 years Dose 0-33 0-18 0-08
Age -0-17 0-06 0-01
Corrected height SD score for

chronological age -0 39 0-17 0-04

Regression equations:
A Height SD score 1 year= 1-02-0-11 x (age) -0- 17X (IGF-I SD score) +0-69X (sex) +0-20X
(rhGH dose); R2=0-82.
A Height SD score 3 years=1-49-0-17X(age)-0-39X(corrected height SD score for
chronological age)+0-33x (rhGH dose); R2=0-65.

treatment after two years because their clinical
condition deteriorated due to the underlying
disease. In the first year all 21 patients
remained prepubertal. Two patients, one of
each subset, entered puberty in year 2 and an
additional patient of subset B in year 3.

All 17 transfer patients completed three
years of study. In the first year all 17 remained
prepubertal. Three patients, one subset A and
two subset B, entered puberty in year 2 and
two more of subset A in year 3.

GROWTH EVALUATION
Table 2 gives the auxological results for both
study groups, showing comparable prestudy
data for the subsets.

New patients
Compared with pretreatment values, height
velocity, height velocity SD score, and height
SD score for chronological age showed a
significant increase during the first two years of
rhGH treatment, which persisted for all but
height velocity during year 3. The increment
during the first two years was greater with
4 IU rhGH than with 2 IU, but this was not
statistically significant.
The advance in bone age was comparable

for both subsets during the first two years of
rhGH treatment, but during year 3 this was
significantly greater with 4 than with 2 IU
rhGH. Total advance in bone age over three

years was not significantly different between
subsets: mean (SD) 3-1 (0-7) for subset A
(n= 10) and 3-5 (0 8) for subset B (n=9). This
remained true when pubertal patients were

excluded. After 3 years, height SD score for
bone age had increased significantly compared
with pretreatment values irrespective of the
rhGH dose, although this increase became
significantly greater with 4 IU than with 2 IU
after year 1. In both subsets predicted adult
height SD score minus target height SD score

increased significantly, without a significant
difference between doses.
The figure shows corrected height SD

score for chronological age (height SD score

for chronological age minus target height
SD score) of all 19 patients who completed
three years of rhGH treatment. Nine out of
10 subset A patients and all nine subset B
patients either had a height SD score for
chronological age above the lower limit of the
target range, or the increase in height SD score

for chronological age during year 3 surpassed
0-25 SD scores, or both. For one patient of
subset B height SD score for chronological age
surpassed target height SD score with more

than 2 SD scores. After three years mean (SD)
corrected height SD score for chronological
age increased with 2 IU rhGH from -2-45
(0-87) to -0-51 (0-61) and with 4 IU from
-2-72 (1-68) to 0-02 (1-23), without a

significant difference between subsets.
BMI SD score and sitting height/subischial

leg length ratio SD score had not changed
significantly after three years of rhGH
treatment irrespective of dose. At the start and
after three years of rhGH, the mean (SD)
sitting height/subischial leg length ratio SD
score was 0-71 (1-10) and 1-06 (0-93) for
subset A and 0-40 (1-14) and 0-14 (1-14)
for subset B.

Table 3 gives the results of the stepwise
multiple regression analysis of A height SD
score for chronological age after one and after
three years of rhGH treatment. It appeared
that an older age and a higher IGF-I value at
the start of rhGH treatment had a significantly
negative effect on the short term growth
response, while female sex and the higher
rhGH dose (4 v 2 IU) had a significantly

Table 4 Values ofHbA1 and blood lipids before and after three years of treatment with 2 IU (A) or 4 IU (B)
rhGH/m2/day in new growth hormone deficient patients compared with control subjects

New patients

A B Controls
Mean (SD)

No Mean (SD) No Mean (SD) A+B Males Females

HbAl (%)
Before 7 6-9 (1-1) 9 6-6 (1-6) 6-7 (1-4) 5-0-8-0
After 3 years 7 5-6 (0-7) 8 5-6 (0-6) 5-6 (0-6)

Cholesterol (mmolIl)
Before 9 4-57 (0-51) 11 5-27 (0 56)* 4-96 (0-64)t 4-55 (0-70) 4-71 (0-78)
After 3 years 6 4-62 (0-50) 8 4-45 (0-83) 4-52 (0 69)t

LDL (mmol/l)
Before 9 2-48 (0-84) 11 3-21 (0-41) 2-88 (0-74) 2-61 (0-70) 2-77 (0-80)
After 3 years 6 2-73 (0-33) 7 2-34 (0-52) 2-52 (0-47)

Apo-Al (mg/100 ml)
Before 9 146 (33) 11 149 (32) 148 (32) 137 (18) 136 (18)
After 3 years 6 126 (22) 8 125 (29) 127 (25)-

Apo-B (mg/100 ml)
Before 9 82 (19) 11 92 (18)* 88 (19)* 69 (14) 72 (16)
After 3 years 6 77 (9) 8 69 (6) 72 (9)4

*p<0-01 compared with controls; tp<0-05 compared with controls; *p<0-05 compared with pretreatment.
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positive effect. Age and corrected height SD
score for chronological age at the start ofrhGH
treatment had a significantly negative effect on
the long term growth response. Dose of rhGH
did not reach the conventional level of statisti-
cal significance (p=0 08).

Transfer patients
During the first two study years, height velocity
SD score increased significantly only for subset
B on 4 IU/m2/day. In all three study years
height velocity SD score was significantly
higher for patients receiving 4 IU than for
those on 2 IU/m2/day. Height velocity only
increased significantly in subset B patients
during the first study year, and likewise during
year 2 once pubertal patients were excluded.
Height SD score for chronological age had
increased significantly compared with prestudy
values after three years of study with either
rhGH dose, but significantly more so with the
higher dose.
Bone age advance during the three years of

study was similar for both subsets, irrespective
of inclusion of pubertal patients. Height
SD score for bone age and predicted adult
height SD score increased significantly with
4 IU/m2/day only.
The figure shows corrected height SD score

for chronological age for all 17 transfer
patients. Significantly more patients of subset
B (eight out of eight) than of subset A (five out
of nine) had attained a height SD score for
chronological age above the lower limit of
the target range at the end of the third study
year, or the increase in height SD score for
chronological age during year 3 surpassed 0-25
SD scores, or both (p=0 03). For two subset B
patients, height SD score for chronological age
surpassed target height SD score with more
than 2 SD scores. During the three years of
study, the mean (SD) corrected height SD
score for chronological age of subset A
patients, on 2 IU/m2/day, increased from
-1-99 (0-8 1) to -1 11 (1.2 1), while subset B
on 4 IU showed a significantly greater
increase (p<0 05) from -2-10 (1.77) to -0-17
(2.08).
BMI SD score did not change significantly

irrespective ofrhGH dose. After three years of
study, the mean (SD) sitting height/subischial
leg length ratio SD score had decreased
significantly with either dose, from 0-69
(1 11) to 0-0 (1-38) with 2 IU and from 1-05
(1-56) to 0-01 (1 13) with 4 IU. The outcome
remained similar when pubertal patients were
excluded.

SAFETY PARAMETERS
Blood pressure
No change occurred in either systolic or
diastolic blood pressure in the new patients
during three years of rhGH treatment. For the
transfer patients, systolic blood pressure
showed a statistically significant decrease from
mean (SD) 104 (11) to 93 (8) irrespective of
dose, while diastolic blood pressure remained
unchanged.

Plasma IGF-I
Concentrations of IGF-I and IGF-I SD score
of new patients increased significantly during
three years of rhGH treatment. In the first
two years the increment was higher with 4 than
with 2 IU/m2/day, but this difference was
not statistically significant. After one year of
treatment, six patients (one of subset A and
five of subset B) had an IGF-I SD score higher
than two, after three years only one patient of
subset B had an IGF-I SD score of more than
2 SD scores (2.6 SD scores). The mean (SD)
IGF-I SD score after three years of rhGH
treatment amounted to -0 01 (1 36) for
subset A on 2 IU, and 0 79 (1-82) for subset B
on 4 IU/m2/day.

Carbohydrate and lipid metabolism
During the 3 years of study, mean (SD)
concentrations of HbA1 decreased in all
patients, irrespective of rhGH dose, from 6-7
(1-4) to 5-6 (0-6)% in the new patients and
from 6-6 (0 5) to 5 9 (0.6)% in the transfer
patients. Table 4 shows concentrations of
HbAl and blood lipids before and after three
years of rhGH treatment in the new growth
hormone deficient patients compared with
controls.

Thyroidfunction
Before the start of the study two new and 10
transfer patients received thyroid medication.
In the course of the study, two additional
new patients (one of either subsets) and one
transfer patient (subset B) required thyroid
treatment, because of subnormal thyroxine
with low TSH concentrations. There were no
clinical signs of hypothyroidism.

Antigrowth hormone antibodies
After three years of study, none of either new
or transfer patients had developed antigrowth
hormone antibodies. Four transfer patients,
previously treated with methionyl rhGH, had
antigrowth hormone antibodies at the start of
the study, but these disappeared after 3-18
months of treatment with authentic rhGH.

Other haematological and biochemical variables
Slight, but clinically insignificant changes
occurred in both new and transfer patients
regarding haemoglobin, packed cell volume,
white cell count and differentiation, as well as
platelet count. All values remained within
normal limits during three years of study.

Discussion
The height velocity (expressed as SD score) of
all new growth hormone deficient patients
remained above pretreatment values during
three years of rhGH treatment. Evaluation at
the end of the first study year showed that 4 IU
had a significantly stronger effect on growth
than 2 IU/m2/day after correction for the
severity of growth hormone deficiency.4
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However, this difference disappeared during
prolonged treatment. We found comparable
results for the increment in height SD score for
chronological age during rhGH treatment,
which we considered a more appropriate
measure of short term (one year) and long
term (three year) growth response. While the
higher rhGH dose had a significantly greater
effect on the short term growth response, this
effect faded during three years of rhGH treat-
ment. In the multiple regression analysis with
A height SD score for chronological age after 3
years as dependent variable, the correlation
with the rhGH dose showed a trend towards
significance (p=008) with a regression coeffi-
cient of 0 33 (95% confidence interval -0 03
to 0-68), suggesting that after three years of
rhGH treatment, height SD scores of patients
on 4 IU might increase with approximately
0-66 SD scores more than that of patients
receiving 2 IU/m2/day.
Our study clearly shows that age at start of

treatment is paramount importance for both
short term and long term growth response.
The younger the child at the start of rhGH
treatment, the better the gain in height. Also,
the shorter the child in relation to target height
at the start of treatment, the better the growth
response, implying that both pretreatment
height and target height are of influence.
These observations confirm earlier reports.1317
However, it should be emphasised that all these
studies are retrospective evaluations of growth
hormone treatment for growth hormone
deficiency with variable frequencies of growth
hormone administration and/or lower growth
hormone dosages than in our study. One of the
reports concerns a recent analysis of growth
hormone treatment of a large group of growth
hormone deficient patients.16 The authors
observed that the magnitude of the first year
growth response was inversely correlated with
chronological age and height SD score at the
start of treatment, but was positively correlated
with the growth hormone dose, the frequency
of gowth hormone injections per week, and
midparental height.
We can find no explanation for the signifi-

cantly positive effect of female gender on
the first year growth response. Four of the
five girls were very young at the start of
rhGH treatment, between 1.5 and 2-5 years
of age. However, the younger baseline age
cannot have influenced the above finding as
the multiple regression analysis selects for
independent predictors.

For previously treated growth hormone
deficient patients, doubling the rhGH dose
led to sustained growth improvement. The
increment in height SD score for chronological
age during three years of study was signifi-
cantly higher with 4 IU than with 2 IU rhGH.
One of the aims of growth hormone treat-

ment is to normalise statural growth during the
growth phase. We therefore investigated how
many patients had attained a height SD score
above the lower limit of the target range after
three years of study, or showed an increase in
height SD score above 025 SD scores during
year 3, or both. In the transfer group this

occurred more frequently for patients on 4 IU
rhGH than for those who continued receiving
2 LU/m2/day. For the new patients there was
no significant difference in results between
doses. The influence of the rhGH dose (2 v 4
IU) being particularly significant for the
transfer patients only, may be due to various
factors. There was greater severity of growth
hormone deficiency in the transfer group,
while the chronological age of the transfer
patients was significantly more advanced at the
start of the study in comparison with the new
patients (p=0-018). Another explanation
might be that a dose increase rather than the
dose as such overcame the waning effect of
prolonged rhGH treatment.

After three years of study, one new patient
and two transfer patients receiving the higher
rhGH dose reached a height SD score for
chronological age that surpassed the target
height SD score with more than 2 SD scores.
For the one new patient the actual height
SD score for chronological age was 069 SD
scores but for the two transfer patients actual
height SD score for chronological age was
more than 2 SD scores, that is, above the
97th centile. Although there were no clinical
signs or symptoms of acromegaly, 4 IU/m2/day
might have been too high a dose for them. For
the other transfer patients the higher rhGH
dose was clearly beneficial. They all either
reached their target range or their height SD
score continued to increase substantially, in
contrast with just over half the transfers on the
lower dose.
The first year increment in height SD

score for bone age of new patients was
significantly greater with 4 IU than with 2 IU
rhGH. However, the increment over a three
year period was similar for either dose.
Likewise, the three year increment in predicted
adult height SD score was comparable for
either dose, mean predicted adult height
SD score almost reaching target height SD
score. This finding may partly be explained
by the significantly greater advance in bone
maturation with the higher dose during year 3.
In the transfer patients, bone maturation was
even less with 4 IU than with 2 IU. Mean
height SD score for bone age and predicted
adult height SD score increased significantly
with 4 IU only during three years of study.
Since the new patients were younger at the
start of the study it might be that the higher
rhGH dose has a higher impact on bone
maturation of younger than of older growth
hormone deficient patients.

For the new patients we could not find a
significant correlation between BMI SD score
at the start of rhGH treatment and short term
or long term growth response. Consequently,
our study does not confirm earlier reports
that fatter children respond better to growth
hormone treatment than relatively thin
ones.12 17-19
While three years of rhGH treatment

had no significant effect on the sitting
height/subischial leg length ratio SD score of
the growth hormone deficient patients, the
results for our transfer patients showed that
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prolonged growth hormone treatment does
lead to a complete normalisation of the upper-
lower ratio.

Prolonged rhGH treatment had no adverse
effect, on IGF-I concentrations, carbohydrate
or lipid metabolism, irrespective of dose.
In contrast, we even noted a beneficial
effect. For all except one patient the IGF-I
concentrations had normalised after three
years of rhGH treatment. Mean HbAl
concentrations showed a tendency to decrease.

Hypercholesterolaemia is a well docu-
mented metabolic consequence of growth
hormone deficiency.2024 LDL-cholesterol is
associated with an increased risk of cardio-
vascular disease while high density lipoprotein
(HDL)-cholesterol is associated with a
reduced risk.25 There are conflicting reports
in the literature as to the effect of growth
hormone treatment on serum lipids.21-24 26 In
our study population, the raised pretreatment
cholesterol, LDL and Apo-B concentrations
decreased to control values during the three
years of rhGH treatment. Although Apo-Al,
the major Apo of HDL, showed a tendency to
decrease, the concentrations were not below
those of controls after three years, irrespective
of rhGH dose.
As expected,14 some patients required

thyroid medication during rhGH treatment.
After three years of study, none of the patients
had antigrowth hormone antibodies or any

haematological abnormality.
In conclusion: a higher rhGH dose together

with a younger age and a lower IGF-I
concentration at the start of treatment are
significant predictors for the increment in height
during the first year of rhGH treatment, but a

younger age and a higher difference between
height SD score for chronological age and target
height SD score are more important for the long
term growth response than an rhGH dose of
either 2 or 4 IU/m2/day. Therefore, we recom-
mend a dose of 2 IU/m2/day for the first years of
rhGH treatment. If the target range has not
been reached by then, doubling the dose
should be considered. Prolonged treatment
with 4 IU rhGH/m2/day appears to be without
adverse effects. Careful individualisation of
rhGH dosage is indicated as not all growth
hormone deficient patients require the higher
dose.
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