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Abstract It is well established that insulin-like growth factor 1 (IGF-I), insulin-like
growth factor binding protein-3 (IGFBP-3) and insulin are low in growth hormone de-
ficiency, but due to their dependence on nutrition, they are elevated in healthy obese
children. As the presence of growth hormone deficiency in Prader-Labhart-Willi syn-
drome (PWS) is still controversial, we studied insulin, IGF-I and IGFBP-3 levels in 19
children with PWS (age range 0.5-14.6 years). Serum concentrations of insulin (SDS:
—0.74+0.9, P=0.01) and IGF-I (SDS: —0.7 £ 0.8, P = 0.002) were low, but IGFBP-3
(SDS: —0.3+ 1.2, P =0.2) was normal compared to normal weight age-matched chil-
dren. Since children with PWS are typically obese, insulin, IGF-I and IGFBP-3 levels
should be compared to normal obese children who present increased levels of these
hormones. In comparison to data of healthy obese children reported in the literature, not
only IGF-I, but also IGFBP-3 levels are low and fasting insulin levels even very low,

suggesting a growth hormone deficiency.
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Introduction

Prader-Labhart-Willi syndrome (PWS) was first de-
scribed in 1956 [1] and affects 1 in 16.000 live births [2].
The syndrome is caused by a lack of a specific part of the
paternal homologue of the long arm of chromosome 15
due to a deletion [3] or to a maternal uniparental disomy
[4, 5]. Growth is characterised by moderate intra-uterine
and postnatal growth delay, lack of a pubertal growth
spurt and short stature as an adult [6]. Infants with PWS
are underweight, but between the 2nd and 4th year of
life, they become obese as a consequence of uncontrolled
compulsive eating. Hypogenitalism, cryptorchidism and

incomplete pubertal development are common features
in addition to delayed psychomotor development,
mental retardation and behavioural problems, especially
in older children and adolescents.

The link between the chromosomal disorder and
clinical manifestations is unknown. There is evidence
that various hypothalamic centres are involved, but until
now gonadotropin deficiency is the only clearly docu-
mented endocrine hypothalamic disorder in PWS [7-9].
Several lines of evidence suggest, however, that a growth
hormone deficiency (GHD) due to hypothalamic dys-
regulation may contribute to abnormal growth pattern,
decreased lean body mass, muscle hypotonia and in-
creased total body fat [10].
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Growth hormone (GH) response to insulin, arginine,
clonidine and dopa are reported to be low-normal or
blunted [7,10-14], as are sleep-induced GH secretion [15]
and 24-h integrated GH concentrations [11]. As similar
results were found in simple obesity, a controversy arose
as to whether the insufficient GH secretion is the con-
sequence of obesity, or whether this is a case of a gen-
uine GHD due to hypothalamic dysfunction. In contrast
to simple obesity however, bone maturation is reported
to be often retarded [7], lean body mass to be reduced
and insulin-like growth factor I (IGF-I) [10-12], and
insulin-like growth factor binding protein-3 (IGFBP-3)
[10] to be low or in the low-normal range.

In the past, only little attention was given to insulin
levels in PWS children. It was thought that the metabolic
characteristics of PWS obesity do not differ from usual
exogenous obesity which is characterised by hyper-
insulinaemia and insulin resistance [16], leading to type
II diabetes in some adolescents and adults.

We have recently reported GH induced changes in
children with PWS, namely growth acceleration, dra-
matically decreasing weight for height with loss of body
fat and increasing muscle mass, increasing physical
performance and physical activity [17]. As GH treat-
ment-induced changes seemed rather like those observed
in GHD than those seen in simple obesity, and with
regard to the ongoing debate about GHD in PWS, we
studied insulin, IGF-I and IGFBP-3 levels in untreated
children with PWS in search for further arguments for
GHD in PWS. We thereby focused our attention on
insulin levels because elevated plasma insulin is an im-
portant argument against a claimed GHD [18, 19] and
because plasma insulin was suggested to play a role in
the regulation of appetite [20]. In order to study the
effect of obesity in PWS we analysed data of young non-
obese and older obese PWS children separately.

Subjects and methods

The sample consisted of 19 children with PWS (10 boys, 9 girls)
with documented deletion or uniparental disomy of chromosome
15, of whom 14 were prepubertal and 5 had reached pubertal stage
2 or 3 (Tanner). The children were subdivided into two groups. The
non-obese group consisted of seven children with weight for height
(WfH) below the mean; the other 12 children formed the obese
group with a WfH above the mean.

Blood samples were taken between 8 and 9 a.m., after a 12 h
overnight fast.
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Insulin was determined using an enzyme-linked immuno-
absorbent assay (Tosho, Tokyo, Japan). In two of the youngest
children (non-obese group) we could not obtain enough serum to
measure insulin (n=17). Because of age dependence, results are
given in SDS [21], but due to lacking normal data for children
below 3 years of age, SDS could be calculated in only 14 patients
(including all of the obese group, but only two of seven in the non-
obese group). IGF-I was measured in sera after acid ethanol ex-
traction as described [22] and expressed in SDS [23]. Specific radio
immunoassays were used to determine serum concentrations of
IGFBP-3 [24] and expressed in SDS [24]. All data were processed
by GAS 3.0 of Institute for Medical Informatics, IMI, Zurich,
Switzerland. Tests of significance were performed with One Sample
Wilcoxon test, a P-value of less than 0.05 was considered signifi-
cant.

Results

Table 1 presents anthropometric measurements of all
patients and of the obese and the non-obese groups
separately. The mean age of the non-obese group was
1.8 (£1.3) years and 8.3 (£3.4) years in the obese group,
illustrating the biphasic weight pattern of the syndrome.

The children of the non-obese group (defined as
WfH < 0) were markedly underweight as shown by WfH
(SDS: —1.8(+£0.7)) and body mass index (BMI) (SDS:
—1.6(£0.8)), whereas the obese group was markedly
overweight (defined as WfH >0) (WfH SDS: 4.6 (£2.8),
BMI SDS: 3.6(£2.7)).

Table 2 presents the laboratory findings in raw values
as well as expressed in SDS. In all children (n=19),
serum levels of IGF-I were lower compared to age-
matched normal weight children (SDS: -0.7+
0.8, P = 0.002) [23], they were even lower in the obese
group (SDS: —1.0+0.8,p =0.001 compared to age-
matched normal weight children) than in the non-obese
group (SDS: —0.3£0.8,P =0.005 compared to the
obese group, Wilcoxon two sample test).

Serum levels of IGFBP-3 of all children (n=19) were
normal compared to age-matched normal weight chil-
dren (SDS: —0.3+£1.2,P =0.2) [24] and lower in the
non-obese group than in obese group (P < 0.001).

Fasting plasma insulin levels of all but one (see be-
low) children were low (SDS: —0.7 £ 0.9, P = 0.01) [21]
compared to age-matched normal weight children.
There was no difference between the obese and non-
obese children. The basal insulin level of one patient was
considerably elevated compared to all others. Therefore
he was excluded from the group.

Table 1 Anthropometric data (Obese patients: WfH (SDS) > 0; non-obese patients: WfH (SDS) < 0)

Age Height SDS  Weight SDS  BMI (kg/m?) BMI SDS WfH SDS
All patients Mean =£SD 6.3 (£4.5) -20(£1.2) =0.0(£25) 19.5(£57) 1.9 (£3.5) 2.4 (+3.9)
(n=19) Range 0.5-14.6 -4.8-0.2 -3.3-5.9 13-38 -2.5-9.7 -2.8-12.0
Non-obese patients Mean = SD 1.8 (£1.3) -1.9(£09) -22(+£0.7) 145(x1.1) -1.6(x£0.8) -1.8(%0.7)
n=17) Range 0.5-4.1 -3.9-0.9 -3.3-13 14.0-16.4 -2.5-0.3 -2.8-0.6
Obese patients Mean = SD 8.3 (£3.4) -2.1(£1.4) 1.3 (£23) 22.1(£5.6) 3.6 (£2.7) 4.6 (£2.8)
(n=12) Range 3.7-14.6 -4.8-0.2 -2.1-5.9 18.6-38.0 -0.2-9.7 0.8-12.0
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Table 2 Hormonal data

IGF-1 IGFBP-3 Insulin

nmol/l SDS pg/l SDS pmol/l SDS
All patients Mean £ SD  12.2 (£8.4) —0.7 (£0.8) 2511 (£1085) —0.3 (+1.2)  30.6 (£24.5* -0.7 (£0.9)°
n=19) Range 1.4-37.6 -2.2-0.6 1000-5200 -2.2-2.8 <15-85 -2.3-1.0
Non-obese patients Mean £ SD 6.5 (£3.7) -0.3 (£0.8) 1671 (£519) -0.8 (£1.3) 149 (+£5.0* —0.8 (£0.2)°
n=17) Range 1.4-12.1 -1.3-0.6 1000-2400 -2.2-1.2 <15.0-21.0 —-0.68/-0.92
Obese patients Mean £ SD  15.6 (£8.6) —1.0 (£0.8) 3000 (£1034) 0.06 (+1.2) 37.7 (£26.6) —0.7 (£1.0)
(n=12) Range 5.9-37.6 -2.2-0.1 2100-5200 -1.2-2.8 <15-85 -2.3-1.0

42 patients are lacking (n=17)
°5 non-obese patients without insulin SDS

Discussion

The presence of a GHD in PWS has been a controversial
issue in the past. Whereas some authors take a sceptical
view [25], others, including all those reporting on GH-
treated children with PWS, were convinced of the pres-
ence of a GHD, despite the paradoxical fact that all of
them have administered supraphysiological doses of GH
[26-29]. Furthermore GH treatment-induced clinical
changes, which we have reported recently [17], namely
marked growth acceleration, increasing muscle mass and
decreasing body fat, seemed rather similar to those ob-
served in GHD than to those in normal obesity. It is well
established that IGF-I, IGFBP-3 [30] and insulin [18, 19]
are low in children with GHD, but elevated in healthy
obese children. Therefore we studied IGF-I, IGFBP-3
and insulin levels in children with PWS before any
treatment was instituted. Our data provide further ar-
guments in favour of a hypothalamic GHD in PWS.

In our study, IGF-I levels were significantly lower,
and IGFBP-3 was normal compared to normal weight
children. The levels were not as low as expected in
classical GHD, but in obese children, serum concentra-
tions of IGF-I [31] as well as of IGFBP-3 [30] have been
reported to be increased by 50% to 100% [30,32,33]
compared to normal weight children. Therefore, the
obesity-induced counterregulation may explain the fact
that IGF-I and IGFBP-3 levels in PWS are not as low as
expected in classical GHD.

Both groups, the non-obese young children and the
markedly obese older children, had decreased insulin
levels. The mean insulin level found in the obese group is
very low in relation to the 2-2.5 fold elevation seen in
normal obese children [34,35]. Only the oldest male pa-
tient who had already reached puberty and was grossly
overweight (BMI 38 kg/m?), had an elevated insulin level.
These results contradict, at least in children, the view that
the metabolic characteristics of PWS obesity do not differ
from usual exogenous obesity [16]. They are also in con-
tradiction with the speculation that insulin levels in PWS
were only low before obesity sets in. This was the expla-
nation used in the study in which single children were
found to have low insulin levels besides many subjects
with high insulin levels [36]. Our data, however, show that

not only underweight, but also the overweight prepu-
bertal PWS children have low insulin levels as it is the case
in classical GHD [37]. It may thus appear that even in
overweight children with Prader-Willi syndrome, there is
at first a higher insulin sensitivity compared to both
normal weight and obese children, which may only later
turn into an insulin resistance. This idea is compatible
with the recent hypothesis that insulin resistance in GH
deficient adults depends on the absolute amount of body
fat and that the BMI has to be at least 27 kg/m? to induce
obesity-associated insulin resistance [37].

This finding also suggests that insulin resistance or
the resulting hyperinsulinaemia is unlikely to be an im-
portant cause of obesity in PWS and is consistent with
the hypothesis to the contrary that the acquisition of
insulin resistance and hyperinsulinaemia represent
physiological adaptions to obesity that may further limit
fat deposition as was suggested in Pima Indians [38]. In
animal models, it was hown that high insulin levels in the
brain decrease appetite and food intake [20]. Thus, in
PWS, low insulin secretion could therefore be a factor
predisposing to weight gain.

In conclusion, insulin, IGF-I and IGFBP-3 levels in
children with PWS are low compared to healthy obese
children, as reported in the literature and are an argu-
ment in favour of the assumed hypothalamic GHD. We
hypothesise that in PWS, hyperalimentation could
partly counteract the effect of hypothalamic GHD and
lead to relatively higher IGF-I and IGFBP-3 levels.

Although the crucial question whether there is a
GHD in PWS may not be ultimately answered, several
arguments strongly suggest that the hormonal situation
differs from that in simple obesity. GHD on its own may
already account for several features of PWS.
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