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SUMMARY Sixteen girls with Turner's syndrome aged 7*9-15-2 years (bone ages 7-0-11-8 years)
were given methionyl growth hormone (somatrem) 4 IU/M2 body surface daily, corresponding to
0-9 IU/kg/week. During one year of treatment their mean (SD) height velocity increased from 3-4
(0.9) to 7-2 (1-7) cm/year and height prediction from 148-2 (4-4) to 150-0 (4.4) cm. All the girls
except one had a height velocity increment of more than 2 cm/year and these velocities are above
the age references for girls with Turner's syndrome. The girl with a low growth response had
antibodies against growth hormone with high binding capacity (3.7 U/l). The height velocity
increment was inversely correlated with age and bone age, but this might be partly due to the
somewhat higher dosage/M2 body surface and kg body weight that the younger patients were
given because of the rounding off of the dose. The better results of our study compared with
those of other workers who used similar dosages but did not give the drug as often suggest that
giving it daily might have increased the growth response as it does in children deficient in growth
hormone.

Turner's syndrome comprises a number of physical
abnormalities including sexual infantilism, webbed
neck, cubitus valgus, and poor growth velocity that
results in short stature. The growth pattern has been
well documented, and the reported mean adult
height varies between 141-0 and 147-8 cm.1-3
The mechanism underlying this failure to grow is

not known, but it is generally believed that the
defect is primarily cellular.4 Peak plasma concentra-
tions of growth hormone have been reported as
normal by some authors but as low by others after
various pharmacological provocation tests.5 6 Ross
et al7 studied the 24 hour growth hormone profiles in
30 patients with Turner's syndrome, and observed
that between 9 and 20 years of age these girls had 24
hour growth hormone profiles with low integrated
growth hormone concentrations, peak amplitudes,
and peak frequencies compared with those of age
matched controls. In contrast, these values were not
significantly different between 2 and 8 years of age.

In a number of short term studies, treatment of
patients with Turner's syndrome by human pituitary
growth hormone (sometimes given simultaneously

with anabolic steroids) gave divergent results con-
cerning growth velocity.8-4 Until recently wider use
was impossible because the supply was limited, but
since 1985 biosynthetic growth hormone produced
by recombinant deoxyribonucleic acid (DNA) tech-
nology has been widely available. Biosynthetic
methionyl human growth hormone (somatrem) in a
supraphysiological dose given three times a week
has been used for patients with Turner's syndrome
with favourable results.'5 16 Similar results have
been obtained with pituitary derived growth
hormone.17 So far there are no data on the effect of
giving growth hormone daily, though in children
with growth hormone deficiency this has been
shown to improve the growth response.1820

In this report we describe the response to soma-
trem 4 IU/M2 body surface given subcutaneously
once a day for 12 months.

Patients and methods

Sixteen girls with Turner's syndrome were entered
into the study. For inclusion the children had to
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meet the following criteria: age over 6 years, height
more than 2*5 standard deviations below the mean

for age,21 a growth velocity below the 25th per-

centile for bone age,22 and bone age less than 12
years assessed by the method of Tanner and
Whitehouse (TW 2, 20-bones).23 Patients were

excluded if they had any endocrine or metabolic
disorder, if they were taking other drugs, or if there
was a suspicion of psychosocial dwarfism. The
diagnosis of Turner's syndrome was confirmed by
lymphocyte chromosomal analysis. Children with
monosomy XO as well as with mosaicisms were in-
cluded, unless the mosaicisms contained aY chromo-
some. Ages ranged from 7-9 to 15-2 years (mean 11.7)
and bone ages from 7 0 to 11 -8 (mean 10.2). (table 1).
Two standard growth hormone provocation tests

(the arginine infusion test and the exercise test), and
a growth hormone releasing factor test were per-
formed. Arginine hydrochloride (0.5 g/kg body
weight to a maximum of 30 g) was given in-
travenously over 30 minutes. Blood was taken 30
minutes before the infusion, at the time it started,
and then 15, 30, 45, 60, 90, 120, and 150 minutes
later for determination of growth hormone concen-
trations. The exercise test comprised 30 minutes of
strenuous physical exercise on a bicycle ergometer,
and blood samples were taken from an indwelling
venous catheter at the time the test started, and 10,
20, and 30 minutes later. For the growth hormone
releasing factor test synthetic growth hormone

releasing factor 1 Rg/kg body weight was
used (KabiVitrum, Stockholm, Sweden). Blood
samples were taken 30 minutes before it was given,
at the time it was given, and at 15, 30, 45, 60, and
120 minutes later. Determinations of growth
hormone concentrations were performed in the
laboratories of the participating centres. The various
assays were compared through a series of test
samples, and the growth hormone concentrations
obtained from patients' serum samples were
corrected for systematic assay differences.
The children received somatrem 4 lU/M2 body

surface daily; if the measurement was between 0*60
and 0.86 m, 3 IU were given, and if it was between
0*87 and 1-20 mi2, 4 IU were given. The mean (SD)
growth hormone dose/m2/week was 26-2 (2-4).
Expressed as IU/kg/week this is equivalent to 0-92
(0-26). Somatrem was prepared by KabiVitrum AB
(Stockholm, Sweden) in rubber sealed phials con-
taining 4 IU (about 1*7 mg) as a sterile lyophilised
powder containing 37 mg glycine and 0*7 mg sodium
phosphate. The parents were carefully instructed
about how to reconstitute the drug solution. Soma-
trem was injected subcutaneously by the children
or the parents according to a standardised proce-

dure, and the site of injection was changed daily.
The children received no additional drugs except
children aged over 13 who received low dose
ethinyloestradiol (0-1 ,ug/kg body weight/day (cases
1, 8, 10, and 11).

Table 1 Selected clinical data

Case Chromosomal Age Bone Height Weight Taking
No pattern (years) age23 ethinyl

Cm Standard Kg % Of oestradiol
deviation median
score weight

for
height

1 45,XO 14-1 11-7 134-1 -4-6 32-0 113-1 Yes
2 45,XO 12-5 11.8 123-5 -4-6 36-0 155-2 No
3 45,XO/46,X,r(X) 12-4 11-0 132-2 -3 3 36-7 134-4 No
4 46,XXq-* 10-5 8 5 115-5 -4 3 36-9 182-1 No
5 45,XO 9-3 9-7 122-2 -2-6 24-7 109-2 No
6 45,XO 7-9 7-0 110.1 -3-5 20 9 112-9 No
7 45,XO 12-9 11-2 130-3 -4-2 36-4 137-6 No
8 45,XO/46,X,r(X) 13-1 10-9 131-6 -4-2 34-7 128-5 Yes
9 45,XO 11-8 9.4 118-5 -4 5 20-1 94-3 No
10 45,XO 13-8 116 130-8 -4-9 32-2 120-5 Yes
11 46,X,i(Xq) 15-2 11-6 135-9 -5-1 34-1 116-3 Yes
12 45,XO/46,X,r(X) 11-4 9.4 119-5 -4-2 22-8 105-2 No
13 45,XO 10-1 9-8 120-6 -3-3 22-4 1018 No
14 45,XO/46,XX 9-6 9-0 124-2 -2-5 28-4 120-8 No
15 45,XO 12-9 10 8 129-8 -4-3 32-8 125-2 No
16 45,XO 9-9 9-4 122-8 -2-9 26-7 116-4 No

Mean (SD) 11-7 (2-0) 10-2 (1-4) 125-1 (7-3) -3-9 (0-81) 29-9 (6-1) 123-3 (21-6)

*46,XXq-=46,XX,-X,+der(X),del(Q21 --- Q ter).
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The response of height to somatrem was analysed
by measuring height when standing with a Harpen-
den stadiometer after 4, 8, 12, 26, 39, and 52 weeks
of treatment. The short term effect on growth
velocity was investigated by measuring height after
4, 8 and 12 weeks of treatment. Heights were always
measured at the same hour of the day, and the
measurements were performed four times by each of
two investigators. The average of the means of both
investigators was used for further calculations. From
six months onwards measurements were made by
one investigator, and the mean of four measure-
ments was used for further analysis.

Heights were expressed as standard deviation
scores using the recent Dutch cross sectional
references.21 The growth velocity was expressed as
cm/year and for comparison the velocity curves for
girls with Turner's syndrome prepared by Ranke et
al24 were used. Sitting height was measured by
standard techniques. The ratio sitting height:subis-
chial leg length was transformed to a standard
deviation score using the reference values from the
Zurich longitudinal growth study (RH Largo and M
Zachmann, personal communication). Weight was
measured on an accurate scale and expressed as a
percentage of the median for height.21

Skinfold thickness was measured at the left
biceps, triceps, and subscapular site, according to
standard procedures.25 The left arm circumference
was measured halfway between the acromion and
olecranon. The muscle/bone area (mm2) in the left
upper arm was estimated using the equation n
.(C/2n(b+t)/40)2, where C is the arm circumference

(mm), b the biceps skinfold thickness (0 1 mm) and t
the triceps skinfold thickness (0-1 mm). These
values were compared with Dutch age references.26
Radiographs of the hands were taken at 0, 6, and 12
months and assessed by one of the authors (AB)
using the atlas of Greulich and Pyle27 and the
method of Tanner and Whitehouse.23 Values for
height were calculated using the tables of Bailey and
Pinneau.27
Before the start of treatment, and at three

monthly intervals during treatment, blood samples
were taken for estimation of concentrations of
haemoglobin, erythrocytes, leucocytes, platelets,
and total eosinophils, leucocyte differentiation, and
haematocrit. Biochemical assessment of serum sam-
ples included blood urea nitrogen and creatinine
concentrations, alkaline phosphatase and transami-
nase activities, electrolytes, albumin, and thyrox-
ine concentrations. Urine samples were analysed by
routine methods for the presence of glucose, pro-
tein, blood, and sediment. Urinary concentrations
of retinol binding protein were measured with the
Hyland Disc nephelometer (Hyland, Nivelle, Bel-
gium) by the technique of Renckens et al.28 The
antiserum used was rabbit antiretinol binding pro-
tein (Dako, Glostrup, Denmark) and the detection
limit was 0*12 mg/l.
The immunological screening consisted of deter-

minations of circulating immune complexes (CIq
method29), antibodies against growth hormone and
antibodies against Escherichia coli proteins. Most
determinations of circulating immune complexes
were done in the central laboratory of the blood

Table 2 Growth velocity (cmlyear)

Case No Before During treatment Increment after
treatment one year of

0-3 Months 0-6 Months 0-12 Months treatment

1 2-6 6-8 5-9 6-2 3-6
2 3-4 4-8 5-8 4-1 0-7
3 2-5 6-1 6-8 6-1 3-6
4 5-0 7-0 7-0 7-2 2-2
5 4-3 7-4 8-8 8-1 3-8
6 3-4 10-3 10 0 10-1 6-7
7 3.1 8-0 6-2 5*9 2-8
8 3-7 9-7 6-0 5*7 2-0
9 3-2 7-6 7-0 6-3 3-0
10 2-9 6-2 4-6 5-7 2-8
11 1-6 10-8 6-9 6-2 4-6
12 3-1 9-2 7-6 8-4 5.3
13 3-3 10-0 8-2 7-9 4-6
14 3-2 11 5 9-1 10-1 6-9
15 3-6 8-4 8-2 7-1 3-5
16 5-3 13-2 11-0 9.7 4-4

Mean (SD) 3-4 (0.9) 8-6 (2-2) 7-4 (1-7) 7-2 (1-7) 3-8 (1-6)
Range 1.6-5-3 4-8.13-2 4-6-11-0 4-1-10-1 0-7-6-9
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transfusion service in Amsterdam (normal range
<7%) and some in the laboratories of the Free
University in Amsterdam, and of the Erasmus
University, Rotterdam (normal range <15%). Anti-
bodies against growth hormone were measured at
the endocrine laboratory of the Bergweg Hospital in
Rotterdam by determining the percentage binding
of 1251 labelled human growth hormone before and
after the addition of 25 [tU somatrem. In 75 controls
the percentage binding ranged between 2 and
16*7%, and 0O5 and 11-5%, respectively. If the
binding percentage was greater than 16*7% it was an
indication that antibodies against growth hormone
were present. If the binding was greater than 15% a
Scatchard plot was made to determine the binding
capacity and K value of the strongly binding and
weakly binding antibodies. Antibodies against E coli
proteins were measured by an enzyme linked
immunosorbent assay (ELISA) by KabiVitrum
(Stockholm, Sweden).

Results are expressed as mean (SD), except
where indicated otherwise. The paired Student's t
test and the Wilcoxon matched pairs signed rank test
were used for the analysis of changes within the
groups. The correlations between various measure-
ments were made by Spearman's correlation test.

Results

Table 2 shows the individual growth velocities
before and during treatment with somatrem, and the
increments while receiving treatment. There was a

significant increase in the mean growth velocity
from 3-4 to 7-2 cm/year in the first 12 months
(p<0O001). When compared with the Turner growth
velocity reference curves24 all growth velocities
before treatment were within the reference range,
whereas all growth velocities after the start of
treatment except one were well above this range
(fig 1). The mean cumulative growth velocities are
shown in fig 2.
During the first year of treatment the mean (SD)

increase in bone age was 1*0 (0.4) years when
assessed by the method of Tanner and Whitehouse23
and 1.1 (0-8) when assessed by that of Greulich and
Pyle.27 The increase in bone age assessed by the
method of Tanner and Whitehouse was 0-4 (0-3) in
the first semester, not statistically different from
that in the second semester (0.6 (0-3)). According
to the method of Greulich and Pyle the increase in
bone age during the first semester was 0-2 (0.4),
significantly less than that in the second semester
(0.9 (0-6), p<0O001). The mean (SD) height predic-
tion (based on the bone age readings with the
Greulich and Pyle atlas and the Bailey Pinneau
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tables) increased from 148-2 (4-4) to 150*0 (4.4) cm
(p=006).
There were no significant changes of the triceps,

biceps, and subscapular skinfold thicknesses, weight
for height, muscle/bone area, or the ratio of the
sitting height:subischial leg length expressed as
standard deviation score for bone age.
There was a weak but significant negative correla-

tion between the growth velocity increment after 12
months of treatment and chronological age
(r=-0-51, p<0.05), and bone age (r=-0-55,
p<005). The rounding off of the growth hormone
dose meant that the average older girls received less
growth hormone per m2 body surface or kilogram
body weight than the younger girls. This is illus-
trated by the negative correlation between age and
growth hormone dose in IU/kg/week (r=-0-67,
p<0-01). As the height velocity increment is also
correlated with the growth hormone dose in IU/kg/
week (r=0-54), it is possible that the inverse
correlation between height velocity increment and
age is at least partly a dosage effect. Neither the
growth velocity before treatment nor the delay in
bone maturation correlated with the growth velocity
increment after 12 months of treatment. The growth
velocity increment after four weeks did not correlate
significantly with the increment after 12 months
(r=0-43), but did after 8 and 12 weeks (r=057,
p<005, and r=0-73, p<001, respectively).
The maximum growth hormone concentrations

after arginine infusion were between 2 and 68 mU/l
(mean 24), after exercise between 1 and 50 mU/l
(mean 22), and after growth hormone releasing
factor between 7 and 137 mU/l (mean 40). In six
girls (aged 9-3 to 13-8 years, mean 11.9) the peak
growth hormone concentrations during the two
provocation tests were below 20 mU/l. When the
patient with the high concentration of antibodies
against growth hormone was excluded, the mean
(SD) increment was 3-0 (0.7) cm-year compared
with 4*5 (1.5) cm/year in the remaining children.
To see if there were any predictors of the effect of

treatment with growth hormone in patients with
Turner's syndrome we calculated the correlation
coefficients of the peaks of the different growth
hormone provocation test against the increment of
height velocity as well as the height velocity itself.
None of these correlated significantly with the
growth response.
The haematological and biochemical measure-

ments in blood and urine did not show any
significant changes. The urinary excretion of retinol
binding protein remained below the detection limit
in all children. In seven of 15 patients antibodies
against growth hormone were found during treat-
ment. Binding capacity was low (<1.3 U/l) in six

children. One child (case 2) showed antibodies
against growth hormone with a high binding capa-
city of 3-7 U/i. She had a growth velocity increment
of 0-7 cm/year, which is much lower than the mean
growth velocity increment. In addition, her absolute
growth velocity while receiving treatment (4-1 cm/
year) was far below those of the other patients
(fig 1). Her treatment was therefore changed to a
non-methionyl growth hormone preparation after a
year. Transient rises in concentrations of circulating
immune complexes were noticed after three months
of treatment in five girls (range 11-87%). Another
girl had a high value after nine months of treatment
(31%). After 12 months of treatment all measure-
ments were within the normal range. In four of these
six girls antibodies against growth hormone were
found.

In eight children antibodies against E coli proteins
were detectable before treatment, but the titres
were low (0.1-0.8). During treatment the number of
children in whom the antibodies were detected did
not increase and the titres remained the same.
No adverse reactions were noted, compliance was

good, and the girls were enthusiastic about the
results. There were no problems with the daily
injections of growth hormone.

Discussion

The effect of pituitary derived growth hormone on
patients with Turner's syndrome has been described
in a number of studies. Soyka et al"l and Tanner et
allo f6und little or no growth acceleration over a
period of 12 months using doses as high as 18 mg
(presumably 18 IU) and 20 IU per week. Stahnke et
al reported that six of eight patients with Turner's
syndrome did not benefit from treatment with
growth hormone.9 Other authors found significant
increases in growth velocity in patients taking
pituitary or biosynthetic growth hormone.8 121
Rosenfeld et al also reported a good growth
response in the second year of treatment.30 In the
period after treatment the growth velocity usually
decreased to values before treatment, and in one
study the acceleration during treatment was can-
celled out by the deceleration after treatment.10

Ross et al3l studied the dose response association
between short term linear growth and growth
hormone dosage, given three times a week. Lower
leg length showed no increase with a growth
hormone dose of 0-15 IU/kg/week, but increased
significantly with doses of 0-45 and 1-35 IU/kg/week.
The higher dose of 1-35 IU/kg was no more effective
than that of 0*45 IU/kg. In our study, daily
somatrem (0-9 IU/kg/week) resulted in a consider-
able increment in growth velocity, which is higher
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Table 3 Comparison ofthe results from different studies

Study Mean dose of No of Mean (SD) Growth velocity (cmlyear)
growth hormone injectionsl age (years)
(lUlkglweek) week Before Up to 12

treatment months after
treatment

Rosenfeld et all Somatrem 0-9 3 91 (2-1) 4-5 6-6
Takano et al"5 Somatrem 0-2-0-9 2-4 11-5 (1-8) 3-6 5-5
Raiti et al"7 Human pituitary derived 3 Not known 3-2 5-9

growth hormone
Present study Somatrem 0-9 7 11-7 (2-1) 3-4 7-2

*Conversion factor 1 mg=2½/2 IU.

than the increments with 0-6-0-9 IU/kg/week given
by three injections per week reported by other
authors (table 3). When the results of Ross et al are
extrapolated to one year periods, a dose of 0 9
IU/kg/week should have no better effects than a
dose of 0-6 IU/kg/week. This suggests that the better
results in our study are due to giving the doses more
often. This is in line with the reports that in children
deficient in growth hormone daily doses of growth
hormone have more effect on growth than doses
given three times a week.1820
Takano et al'5 found antibodies against growth

hormone in 60% of their patients at the end of 12
months of treatment with somatrem. In our patients
the percentage was 73%. Only one child had
antibodies against growth hormone with a high
binding capacity, and this child also had a poor
growth response.
Bone age advanced by 1-0 (0-4) years and the

average height prediction increased by 1-8 cm.
These preliminary results and the results of the
American collaborative study'6 30 suggest that the
increased growth velocity may result in higher final
heights. Long term follow up is required however,
to determine whether this will be the case.
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growth hormone, the technicians of the pediatric laboratory in
Nijmegen for measuring retinol binding protein, and Mrs B
Batelaan-Hulshof and Mr T Schipper for administrative support
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generous financial support.
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