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Abstract
Aims—To evaluate the eVect of the admin-
istration of growth hormone on stature,
body weight, and body composition in
children aged between 4 and 10 years with
Prader-Willi syndrome.
Methods—Height, weight, and skinfold
thickness were recorded in 25 children
using standard anthropometric techniques
at recruitment, and sixmonths later, short-
ly before the start of daily subcutaneous
injections of growth hormone. Body com-
position was assessed via ameasurement of
total body water using stable isotopes.
Measurements were repeated at the end of
the six months of growth hormone admin-
istration. Measurements of height, weight,
and skinfold thickness were expressed as
standard deviation scores (SDSs).
Results—There was a significant reduc-
tion in the percentage of body fat after
growth hormone treatment; height veloc-
ity doubled during treatment; body weight
did not change significantly when ex-
pressed as an SDS. Skinfold thickness at
both the triceps and subscapular site
decreased in absolute terms and when
expressed as an SDS.
Conclusions—These results indicate suY-
cient potential benefit to justify a more
prolonged trial of growth hormone treat-
ment and an exploration of diVerent
dosage regimens in children with Prader-
Willi syndrome.
(Arch Dis Child 1998;78:474–476)
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The Prader-Willi syndrome is characterised by a
number of features that include hypotonia
beginning in the prenatal period, hypogonad-
ism, short stature, mental retardation of a
variable degree, hyperphagia, and obesity.1 The
obesity usually develops within the first four
years of life and, as adolescents and young
adults, weight for height can exceed 200% of
normal.2 A number of these features, namely,
short stature, obesity, and hypotonia, might be
aVected by administered exogenous growth
hormone. Indeed, the lipolytic and anabolic
eVects of growth hormone on body composition
may be more beneficial to children with Prader-
Willi syndrome than the more obvious potential
for improving linear growth. There have been
contradictory reports about the endogenous
production of growth hormone secretion in the
syndrome,3–5 but the more recent work suggests
that neurosecretory abnormalities may be a
common feature of Prader-Willi syndrome.6

The eVect of growth hormone administra-
tion in children with Prader-Willi syndrome

has received little attention in published work,
with only a few reports, and some of these sin-
gle case histories.7–10 With the ready availability
of biosynthetic growth hormone, however,
there is increased pressure on clinicians to pre-
scribe growth hormone for children with
Prader-Willi syndrome, despite the lack of evi-
dence of its eYcacy. The high cost of treatment
with growth hormone and the possibility of
side eVects also influence decisions about the
prescription of growth hormone in these
patients. Potential benefits considered by clini-
cians are most likely to be changes in stature,
weight, and body composition after growth
hormone treatment. We therefore investigated
the eVect of growth hormone administration
on body size and body composition in a group
of children with Prader-Willi syndrome.

Subjects and methods
Twenty five children (18 boys, seven girls) were
recruited with the assistance of the Prader-
Willi Association (UK) and consultant paedia-
tricians throughout the UK. Inclusion criteria
were that the boys were aged between 4 and 10
years and the girls between 4 and 9 years.
These ranges were chosen to reduce the
chances of pubertal changes influencing the
interpretation of alterations that might occur in
body size and body composition. Diagnosis of
Prader-Willi syndrome must have been based
on either a reported deletion of chromosome
15 in the 1–13 band or the child satisfying
other accepted diagnostic criteria.11

Ethical approval for the study was obtained
from the Dunn Nutrition Unit Medical
Research Council ethical committee and from
the health authority of each subject. The
parents of the children gave written informed
consent for the study.
After initial recruitment (time 0) and assess-

ment, a control period of six months started.
After this time (time 6), further assessments of
body size and body composition were made.
There then followed a further period of six
months during which the child received daily
subcutaneous injections of growth hormone
(Humatrope; Lilly, Basingstoke, Hants, UK) at
a dose of 20 IU/m2/week after which (time 12)
body size and body composition were assessed
for a final time. The following measurements
were made at times 0, 6, and 12.

ANTHROPOMETRY

Body weight, stature, and skinfold thicknesses
were measured. Body weight was recorded to
the nearest 100 g using a Schoele digital scale
with the child wearing minimal clothing.
Height was measured to the last completed mil-
limetre using a Karrimetre (Raven Equipment).
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Skinfold thicknesses were measured (when pos-
sible) at the triceps and subscapular sites using
Holtain callipers (Holtain, Crymch, Dyfed,
UK).

BODY COMPOSITION

The assessment of body composition used the
measurement of total body water using the sta-
ble isotope 2H in the form of water (2H2O). A
dose of 0.05 g/kg body weight was adminis-
tered by mouth. The dose was given from a
standard 125 ml bottle via a drinking straw. In
all instances the dose consumed was measured
to two decimal places of a gram. A single urine
sample was collected before the administration
of the dose and further samples collected
between four and six hours later, and then daily
for 10 days. The isotopic enrichment of the
urine samples was measured using isotope ratio
mass spectrometry (Aqua-Sira; VG Isotech,
Cheshire, UK). Total body water was calcu-
lated using a modification of the equation
described by Halliday and Miller12:

N = TA
a

× Ea − Et
Es − Ep

where N is total body water (g), A is the dose of
isotope given (g), a is the weight (g) of a portion
of the dose retained for mass spectrometer
analysis, T is the weight of the tap water in
which the portion (a) is diluted, Ea is the
enrichment of the portion, Et is the enrichment
of tap water, Es is the antilog of the intercept of
the regression line of the logarithm of the post-
dose enrichment against time, and Ep is the
enrichment of the predose urine sample. All
enrichments are expressed as delta units
relative to a local standard. The dilution space
was reduced by 4% to correct for the exchange
of isotope with non-aqueous hydrogen.13

Fat free mass was calculated from body
water by using reference values14 for the water
content of the fat free mass. Fat mass was cal-
culated as body weight minus fat free mass.

STATISTICAL ANALYSIS

Measurements of body weight and stature were
converted to standard deviation scores (SDSs)
for each child using the published UK growth
standards,15 thus adjusting for age and sex
simultaneously. Skinfold thicknesses at the
triceps and subscapular sites were also converted
to SDSs.16 Multiple regression analysis was used
to assess which variables influenced the magni-

tude of the change in stature and body composi-
tion after the growth hormone treatment.

Results
Table 1 shows some physical characteristics of
the subjects at recruitment, 6 months, and 12
months. Average stature at recruitment was
close to the third centile (SDS −1.87), but the
average body weight was close to the 67th cen-
tile (SDS +0.43). The mean triceps and
subscapular skinfold thicknesses were above
the 97th centile. The mean percentage body fat
was high at 36.7%.
The stable isotope assessment of body com-

position showed that the mean percentage of
body fat increased from 36.7% to 40.6%
between time 0 and 6 months. There was no
significant diVerence in any of the age and sex
adjusted variables (that is, those expressed as
SDSs) or in the percentage body fat between
time 0 and 6 months.
After six months of daily subcutaneous

injections of growth hormone the average stat-
ure had increased by 5.7 cm, which was more
than double the growth velocity of the previous
six months, so that the mean height SDS at the
end of the treatment period was −1.33. The
change in stature while receiving growth
hormone treatment varied considerably within
the cohort, with the range extending from 3.2
to 7.7 cm (a coeYcient of variation of 19%).
Weight and weight SDS had increased by
1.9 kg and 0.05 respectively.
It was not possible to record skinfold

thickness on seven occasions. This was because
the skinfold thickness was greater than the cal-
liper’s jaw aperture (40 mm). Four of the miss-
ing skinfold measurements were at recruit-
ment, the remaining three at six months into
the study. These missing data were less than
5% of the available data and as such are not
expected to influence the results.
Both skinfold thicknesses had reduced at

both sites, in absolute terms and as SDSs. The
percentage of body fat had decreased on aver-
age by 8.1 percentage points to 32.5%. The
change in body fat also varied between
subjects; these ranged from a gain in fat of 9.3
percentage points to a loss of 19.2 percentage
points at the other extreme. A paired t test for
diVerences in percentage body fat at 6 months
and 12 months was significant (t = 2.32;
p < 0.025).
The mean decrease in percentage body fat

was accompanied by a mean increase in
percentage fat free mass during the six months
of growth hormone treatment from 59.4 to
67.5%. This change was also statistically
significant (t = 2.32; p < 0.025).
Between time 6 and time 12 the mean

change in height SDS was 0.560, which reflects
an improvement in growth velocity. A paired t
test of these SDS changes between time 0 and
time 6, and time 6 and time 12 was highly sig-
nificant (t = 10.59; p < 0.0001).
Tables 2 and 3 show the results of the multiple

regression analysis to determine the influencing
factors on change in height SDS and percentage
body fat. Table 2 shows that the most significant
factor predicting the change in height SDS was

Table 1 Physical characteristics of 25 children with Prader-Willi syndrome

Physical characteristic Time 0 Time 6 Time 12

Age (years) 6.62 (1.48) 7.08 (1.47) 7.6 (1.47)
Height (cm) 109.6 (10.9) 112.1 (11.1) 117.8 (10.9)
Height (SDS) −1.87 (1.25) −1.90 (1.28) −1.33 (1.24)
Weight (kg) 26.2 (11.8) 27.8 (13.0) 29.7 (14.1)
Weight (SDS) 0.43 (1.8) 0.44 (1.8) 0.49 (1.73)
Triceps skinfold (mm) 17.2 (4.7) 17.6 (4.0) 14.9 (6.2)
Triceps skinfold (SDS) 2.01 (0.81) 1.98 (0.65) 1.27 (1.25)
Subscapular skinfold (mm) 17.8 (7.6) 16.4 (7.6) 13.8 (7.6)
Subscapular skinfold (SDS) 2.33 (0.75) 2.02 (0.72) 1.52 (1.12)
% Fat 36.7 (10.4) 40.6 (11.9) 32.5 (12.5)
% Fat free mass 63.3 (10.4) 59.4 (11.9) 67.5 (12.5)

Time 0; at time of recruitment; time 6; six months after recruitment (before treatment started);
time 12, after 6 months of growth hormone treatment (12 months after recruitment).
Values are mean (SD).
SDS, standard deviation score.
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the age of the child (p = 0.06) and the percent-
age body fat (p = 0.08) at the start of growth
hormone treatment. The shortest children and
those with the greatest percentage body fat
showed the greatest changes.
Table 3 shows that only the percentage body

fat at the initiation of growth hormone
treatment significantly predicted the response
in body composition to growth hormone treat-
ment (p < 0.01). Again, the children with the
largest percentage body fat showed the greatest
changes.

Discussion
After six months of treatment with daily
subcutaneous injections of growth hormone in
25 children with Prader-Willi syndrome, there
were significant improvements in linear growth
and body composition. The mean increment in
stature during the six months of treatment was
5.7 cm (range 3.2–7.7 cm), a major improve-
ment in linear growth. This does not necessar-
ily indicate that final adult stature would be
greater if growth hormone treatment was con-
tinued, final height might simply be reached
more quickly.
In the current treatment of Prader-Willi syn-

drome a major goal is the control of excessive
weight gain, and specifically excessive fat gain.
Thus the fact that the mean body weight, in
absolute terms and when expressed as SDSs,
increased during the course of the study may
be a disappointment. However, this does not
take into account the major changes in body
composition that occurred during growth hor-
mone treatment.
The normal changes in body fat as a

percentage of body weight between the ages of
4 and 10 years in normal children are relatively
simple. In both sexes there is a gradual
decrease in the percentage body fat from about
17% of body weight at 4 years of age to a nadir
at around 7 years of age, with levels of approxi-
mately 12% in boys and 16% in girls. A gradual
increase then occurs in both sexes to reach val-
ues of 18% in boys and 19% in girls at 10 years.
The mean percentage body fat in the children

with Prader-Willi syndrome of 36.7% at
recruitment is considerably above the expected
values. During the six months of pretreatment
observation the mean value increased by nearly
4 percentage points, again a greater than
expected gain. During growth hormone treat-
ment 21 of the 25 children showed a reduction
in the percentage body fat. This was accompa-
nied by a gain, on average, of 4 kg in fat free
mass. Body weight increased due to the fact
that the densities of fat free mass and fat mass
are not the same. The changes in body compo-
sition are significant and beneficial, and show
the need for body composition assessment in
the evaluation of the eVects of growth hormone
treatment, rather than a simple assessment of
changes in body weight.
In conclusion, this study has shown that in

prepubertal children with Prader-Willi syn-
drome treatment with growth hormone at a
dosage of 20 IU/m2/week for six months pro-
duced a substantial increase in height velocity
and considerable changes in body composition,
with decreased fat and increased fat free mass,
these changes relating to the height and fat mass
at the start of the study. It is of interest that sev-
eral parents spontaneously volunteered that
their children were more active and energetic
when receiving growth hormone. These results
seem to indicate suYcient potential benefit to
justify a more prolonged trial of growth
hormone treatment and exploration of different
dosage regimens.
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1 Laurance BM, Brito A, Wilkinson J. Prader-Willi syndrome
after age 15 years. Arch Dis Child 1981;56:181–6.

2 Coplin SS, Hine J, Gormican A. Outpatient dietary
management in the Prader-Willi syndrome. J Am Diet Assoc
1976;68:330–4.

3 Tolis G, Lewis W, Verdy M, et al. Anterior pituitary function
in the Prader–Labhart–Willi (PLW) syndrome. J Clin
Endocrinol Metab 1974;39:1061–6.

4 Bray GA, Dahms WT, SwerdloV RS, Fiser RH, Atkinson
RL, Carrel X. The Prader-Willi syndrome. Study of 40
patients and a review of the literature. Medicine 1983;62:
59–80.

5 CosteV H, Holm VA, Ruvalcaba R, Shaver J. Growth
hormone secretion in Prader-Willi syndrome.Acta Paediatr
Scand 1990;79:1059–62.

6 Angulo M, Castro-Magana M, Uv J, Canas A, Palekar A.
Growth hormone (GH) therapy in Prader-Willi syndrome
children with neuro-secretory GH deficiency. Pediatr Res
1990;27:128A.

7 Ruvalcaba RHA, Holm VA. EVects of growth hormone in
Prader-Willi syndrome: a case report. Clin Pediatr 1993;32:
292–5.

8 Lee PDK, Wilson DM, Hintz RL, Rosenfeld RG. Growth
hormone treatment of short stature in Prader-Willi
syndrome. Am J Med Genet 1987;28:865–71.

9 Angulo M, Castro-Magana M, Uv J, Rosenfeld W. Growth
hormone evaluation and treatment in Prader-Willi syn-
drome. Pediatr Res 1991;29:126A.

10 Lee PDK, Wilson DM, Hintz RL, Rosenfeld RG. Growth
hormone treatment of short stature in Prader-Willi
syndrome. J Pediatr Endocrinol 1987;2:31–4.

11 Holm VA, Cassidy SB, Butler MG. The Prader-Willi
syndrome. Consensus diagnostic criteria. Pediatrics 1993;
91:398–402.

12 Halliday D, Miller AG. Precise measurement of total body
water using trace quantities of deuterium oxide. Biomed
Mass Spectrom 1977;4:82–9.

13 Westerterp KP, Lafeber HN, Sulkers EJ, Saver JJ. Compari-
son of short term indirect calorimetry and doubly labelled
water method for assessment of energy expenditure in pre-
term infants. Biol Neonate 1991;60:75–82.

14 Fomon SJ, Hasche F, Ziegler EE, Nelson SF. Body compo-
sition of reference children from birth to age 10 years. Am
J Clin Nutr 1982;35:1169–75.

15 Freeman JV, Cole TJ, Chinn S, Jones PRM, White EM,
Preece MA. Cross-sectional stature and weight reference
curves for the UK, 1990. Arch Dis Child 1995;73:17–24.

16 Davies PSW, Day JME, Cole TJ. Converting Tanner–
Whitehouse reference triceps and subscapular skinfold
measurements to SD scores. Eur J Clin Nutr 1993;47:
559–66.

Table 2 Regression analysis with the change in height
SDS as the dependent variable and age,% fat at 6 months,
height and weight SDS at 6 months, and sex as the
independent variables

Predictor CoeYcient t value p value

Constant 0.74 2.81 0.01
Age −0.07 −1.98 0.06
% fat at 6 months 0.01 1.83 0.08
Weight SDS at 6 months −0.11 1.65 0.12
Height SDS at 6 months 0.05 0.58 0.57
Sex −0.03 −0.27 0.79

Table 3 Results of regression analysis with the change in
% fat as the dependent variable and age,% fat at 6
months, height and weight SDS at 6 months, and sex as the
independent variables

Predictor CoeYcient t value p value

Constant 6.75 0.73 0.47
Age 1.02 0.82 0.43
% fat at 6 months −0.66 −2.78 0.01
Weight SDS at 6 months 3.85 1.59 0.13
Height SDS at 6 months −2.08 −0.75 0.46
Sex −0.69 −0.18 0.86
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