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in Prader-Willi Syndrome

Prader—Willi syndrome (PWS) remains a com-
plex disorder in many respects, despite major
advances in recent research. Patients with PWS
usually have many medical problems. The main
symptoms and signs include neonatal and
infantile hypotonia, neonatal severe feeding
problems and failure to thrive, facial dysmor-
phisms, hypogonadism, short stature, mental
retardation and behavioural disturbances, as
well as sleep disorders. After infancy, these
patients are affected by uncontrollable hyper-
phagia and consequent obesity. The pathogene-
sis of the disturbed energy regulation with
hyperphagia and hypoactivity and the abnormal
body composition are still largely unknown. For
decades, most physicians and researchers, as well
as the authors of many publications, have
focused primarily on hyperphagia and the
increased fat mass.

LIMITATION OF NUTRITIONAL INPUT

Limitation of nutritional input was the first and
remains the most important type of intervention
in limiting weight gain and body disturbance.
Obesity is the main cause of morbidity and mor-
tality in PWS [1,2]. The huge fat accumulation
in PWS is caused by an imbalance between
energy intake and energy expenditure, which

results in an increase in energy storage. Between
1 and 4 years of age, the feeding difficulties are
generally replaced by the PWS-specific insatiable
hunger drive, which develops insidiously and
causes life-threatening obesity [3,4].

For a long time, treatment was limited to
non-specific measures, mainly to the reduction
of energy intake and fat content, for example, to
less than 811 kcal/cm length, and about 25%
fat [5]. This was only possible by means of strict
supervision and permanent locking-up of food.
Yet, even close supervision of nutrient intake only
contributed to limit obesity, and was not suffi-
cient to avoid it.

GROWTH HORMONE TREATMENT

The first papers demonstrating that lean body
mass (LBM) is reduced in PWS [6—9] shed new
light on the etiology of obesity in this syndrome.
Short stature and increased fat mass in the pres-
ence of decreased muscle mass are typical symp-
toms of GH deficiency. Subsequently, it was
thought that body composition in PWS, being
abnormal as a consequence of GH deficiency,
could be normalized by substitution of human GH.

Several studies on GH treatment in PWS chil-
dren were initiated (reviewed in [10]). In gen-
eral the observed changes of growth document
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[EEEE Height SDs (a) and weight-for-height SDs (b) of children with PWS, referring to normative data of the Zurich
Longitudinal Study [13], before and during <5.5 years of GH therapy. Values are shown for young, initially
underweight children ( A, n=10) and overweight prepubertal children (=, n=8). Medians are shown as thick
lines; minimum and maximum values of the combined group are shown as thin lines. Significant differences,
tested at 6, 48 and 60 months by the Wilcoxon test in each group versus the value before therapy, are
indicated as *p<0.05 (reproduced from Eiholzer et al, Horm Res 2000; 53[Suppl 3]: 44-53, with permission).

the efficacy of GH treatment in PWS. In our
study, mean growth velocity in the first year
increased in the prepubertal obese children from
—1.4 to 85 standard deviations (SDs) and
remained above 2 SD throughout 3 years of ther-
apy [11]. After 4 years of human GH treatment,
height gain reached 1.8 SD, yielding an average
height of 0 SD and a normalization of hand and,
less markedly, foot length. Furthermore, predic-
tion of final height markedly improved in the
prepubertal children and reached the range of
their parental target height, despite the average
adult height of untreated PWS reported as being
reduced to —2.5 SD of reference values [12]. The
results on growth of all other studies are similar.

Body weight, too, became normal (Figure 1).
In the prepubertal obese children, weight for
height (WfH) dropped during the first 2 years of
GH therapy, the decrease in WfH being greatest
during the first 6 months of therapy; after 2 years
WEH-SDS stabilized at +0.8 SD. In contrast, WfH
in the very young children was reduced before
therapy and continuously increased up to 0.4 SD
at 36 months of treatment.

Unlike other studies, we adjusted lean body
mass not only for age and sex, but also for
height, in order to correct for a growth-related
increase. In this way we could show that the ini-
tial deficit in LBM (—3.0 SD in overweight chil-
dren) is counteracted by GH only during the first
year of therapy (increase to —1.79 SD) [14], and
that no significant additional gain of muscle
mass beyond the first year was achieved by GH
therapy (—1.33 SD at 42 months). In contrast to
what could be concluded from basal studies [7]
or 1- and 2-year GH treatment [9,15-17], GH
therapy could not, even in the long term, com-
pensate for the initial deficit of lean mass [14].
This finding was corroborated by another study
on resting energy expenditure — it was found that
resting energy expenditure, which is dependent
on muscle mass, only increased to a minor
extent during GH therapy [18].

GH therapy has greatly changed the pheno-
type of children with PWS. Height and weight are
nearly normalized in prepubertal children.
Thanks to this new treatment option a large
number of children with PWS no longer become
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grossly obese — provided the restriction of calorie
intake is maintained.

Experience, however, has shown that hyper-
phagia persists during therapy with exogenous
GH. For this reason, and because weight and
body fat will decrease only if energy input is not
increased during GH therapy [14,19], energy
input has to be continuously monitored. We eval-
uated nutrition protocols 3 years after institution
of GH treatment, during a phase of stable weight.
The energy intake in children with PWS was sig-
nificantly reduced by about 25% compared with
healthy control children. From these results, it is
concluded that, even during GH treatment, chil-
dren with PWS can keep their weight stable only
if they reduce their energy intake to about 75% of
what is recommended for healthy children.

Although LBM is improved, it still remains far
from being normalized by GH treatment. Nor-
malizing, or at least improving, body composi-
tion, however, continues to be the main objective
of treatment of children with PWS.

Possible adverse effects of
growth hormone treatment

Cardiovascular risk factors

Several cardiovascular risk factors are already
present in prepubertal children with PWS, most
importantly, the percentage of body fat is
increased in all children [8,16,17,20-23], and
waist-to-hip ratio in one-third of the children
older than 4 years [20]. In roughly 25% of the
children with PWS, elevated levels of LDL-choles-
terol and apolipoprotein B or decreased levels of
HDL-cholesterol were found [24]. In the context
of an increased prevalence of abnormalities in
lipid profiles, there was concern that GH treat-
ment, in addition, raises the concentration of
atherogenic lipoprotein(a) levels [25]. However,
lipoprotein(a) levels did not increase in the long
term, but only rose transiently during the first 6
months of GH therapy. Three years of GH therapy
not only led to a significant decrease of relative
fat mass and abdominal fat distribution but also
improved serum lipid profiles: as an index of the
reduction of atherogenic risk during GH therapy,

the ratio of LDL-cholesterol to HDL-cholesterol
became normal in all patients [24].

Carbohydrate metabolism

Impaired glucose tolerance, as well as an early
and more frequent manifestation of diabetes
mellitus, was often described in individuals with
PWS [1,26-29]. Although more recent studies
revealed that insulin levels are low or normal
[30—32], at least in children, there is concern
about accelerated manifestation of diabetes mel-
litus during GH therapy [33]. This limitation
could restrict the otherwise beneficial treatment
with GH in PWS [15,16,34].

Insulin secretion during intravenous glucose
tolerance testing [31] and oral glucose tolerance
testing [32] was not only reduced compared with
normal obese children, but also the pattern of
insulin release was abnormal and delayed in
children with PWS [35]. Mainly, the first-phase
insulin secretion during oral glucose tolerance
testing was reduced. These findings were previ-
ously ascribed to the hypothalamic GH deficiency
[32]. Tt was subsequently shown that GH signifi-
cantly enhances the first-phase insulin secretion
in children with PWS [31,35], but the delay of
insulin secretion in PWS remained unchanged
during substitution with GH. Tt was speculated
[32] that prolonged eating drive [36,37] or
delayed gastric emptying, as well as impaired
vagotone [32,38] accounted for the delayed and
diminished insulin response to oral glucose load
in PWS. Yet, in general, insulin resistance is not
increased in this form of syndromal obesity, but
rather insulin sensitivity is augmented in chil-
dren with PWS [35], in contrast to simple obesity,
and remains normal during GH treatment. As a
consequence, no specific metabolic risk is
induced by GH therapy [35]. Only in extremely
obese patients with PWS, or in rapid weight gain,
does the risk of manifesting diabetes seem to be
increased. Therefore, in these patients, GH ther-
apy should not be started. Regardless of GH ther-
apy, carbohydrate metabolism in PWS must
always be closely monitored, because excessive
adiposity per se may disturb the metabolic bal-
ance. Body weight, height, body composition (by
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skinfolds or DEXA) and fasting glucose, fasting
insulin, HbAlc and IGF-I should be regularly
assessed during GH therapy in PWS to monitor
side effects and carbohydrate metabolism.

Respiratory problems

Respiratory problems are often present in PWS.
They have been associated with muscular hypo-
tonia and decreased lean body mass, the pres-
ence of throat dysfunction and anomalous
architecture, narrow airways, hyperplasia of ton-
sils and adenoids, and obesity. Recently, the pres-
ence of central dysfunction has been recognized,
implicating a defective hypothalamic control
and hyposensitivity of chemoreceptors [39,40].
These disturbances have also been documented
in very young patients and are independent of
obesity [39]. The concomitant presence of sleep
disturbances put these patients at high risk of
sleep apnoea, both central and obstructive.

Recently, two case reports of death as a con-
sequence of respiratory dysfunction in patients
with PWS who were on treatment with GH were
published [41,42]. Subsequently, three addi-
tional cases out of 318 GH-treated children with
PWS were found in the KIGS (Kabi-Pharmacia
International Growth Study) database and two
more patients were reported from the USA and
Canada. No details are yet available for the
Canadian case; of the other six cases, five were
obese, and four had documented respiratory
problems before starting GH treatment, with
nothing being known on the other two. Three
cases seemed compatible with a diagnosis of
sleep apnoea.

Epidemiology data on death rates in PWS
patients are not available in public registries.
However, in one study, a defined region in Eng-
land and Wales was screened for patients with
PWS and an overall death rate in this PWS pop-
ulation of about 3% per year was found [43]. The
investigators compared this with an overall
death rate in the population of England and
Wales of about 1% per year, and only about
0.13% per year in those under 55 years of age.
The comparison of the KIGS data with the con-
clusion of this article suggests that there are no

I Comment

excess deaths in the KIGS cohort. In addition, a
group of experts is collecting cases of sudden
deaths in patients with PWS [44]. They have
evaluated the medical data of 21 PWS individu-
als, with ages at death ranging from neonatal to
68 years. Acute respiratory illness was common
in the young children, as were obesity-related
causes in the adult group [45]. This information
seems to corroborate the suggestion that sudden
death is not infrequent in PWS, and that a respi-
ratory cause is not unexpected. At the present
time, there is no suggestion that PWS patients
treated with GH are at an increased risk of death
compared with those not receiving GH therapy.
At this point it is important to note that the
studies conducted in PWS patients to assess the
impact of GH treatment on respiratory function
showed positive results. The effects of GH treat-
ment on respiratory function were investigated in
depth in one study and an increase in ventilation
atrest and inspiratory drive accompanied by asig-
nificant increase in CO, sensitivity was observed,
which is a critical function in avoiding a fatal out-
come of sleep apnoea episodes [46]. Positive
effects on the respiratory function in PWS patients
were also reported in another study [15]. However,
the emergence of fatal outcomes of the known
respiratory dysfunction in these patients, who are
increasingly treated with GH, calls for heightened
surveillance, which may require special investi-
gations. Considering the prevalence of respiratory
problems in PWS patients, inspection of the upper
airways by an ENT specialist before onset of ther-
apy and during treatment with GH may be useful,
as may a polysomnography examination. This is
especially relevant if snoring or increase in tonsil
size occurs or if an upper airway infection is sus-
pected, even in the absence of fever, since PWS
children, due to their hypothalamic disturbance,
sometimes do not develop fever during infection.

DAILY EXERCISE PROGRAM

Even though GH therapy had sustained benefi-
cial effects on physical strength and agility, the
reports of parents and care givers that children
with PWS are more active while being adminis-
tered GH [9,16,18,47] remained unproven. We



Treatment Strategies to Normalize Growth, Weight and Body Composition I

35 - ©

30

25 A

20 o

15 o

10 A

Walking distance [km/3d]

Before training

EPws
[ Controls

After training

[EETETE Physical activity before the start and at the end of the training program of children with PWS (n=17) and
controls (n=18) measured by means of pedometer registrations. Results expressed as means £SEM.
*p<0.05, significant difference within the PWS group tested by the Wilcoxon test, and °p<0.05, significant
difference between the PWS and the control group, tested by the Mann-Whitney-U test.

have recently measured spontaneous physical
activity during GH therapy. We found that even
while being administered GH, children with
PWS are considerably less active than controls
[48]. Thus, hypoactivity and a marked dislike
of physical activity seem to be very essential
symptoms of PWS. They are similar in impor-
tance to the lack of satiety and the ensuing
hyperphagia.

To see if hypoactivity is the cause or the con-
sequence of the reduced muscle mass we investi-
gated whether muscles of children with PWS can
be trained in the same way as those of healthy
controls, using a training program for the calf
muscle. After 3 months of training, both children
with PWS and controls increased their local mus-
cle mass by a similar and significant extent (Fig-
ure 2). From this it was concluded that reduced
muscle mass, even during GH therapy, is a direct
consequence of hypoactivity [48].

Moreover, and most promising, a significant
increase in spontaneous physical activity was
observed at the end of the training program in
the children with PWS. Daily walking distance
augmented from 45% to 70% compared with the
baseline data of the controls. Furthermore, the
training program led to a significant increase in
physical capacity.

In summary, a short training program is
sufficient to significantly improve local body
composition, to significantly increase sponta-
neous physical activity, and to lead to a signifi-
cant and sustained improvement of physical
capacity [48]. We suggest a personal and regu-
lar physical training program for individuals
with PWS, including a workout of a variety of
different muscles. This new approach in the
treatment of PWS opens up a complementary
therapeutic option in addition to dietary control
and GH treatment.

HYPOGONADISM

Hypogonadism in PWS is generally also attrib-
uted to hypothalamic dysfunction. However, his-
tologic abnormalities of testes, exaggerated
luteinizing hormone and follicle stimulating
hormone responsiveness to luteinizing hormone
releasing hormone as well as an impaired
gonadal response to gonadotropins suggest the
existence of a primary disorder of the testes, pos-
sibly in most cases as a consequence of crypt-
orchidism. Although hypogonadism is clearly
documented in PWS, the replacement of sex hor-
mones in puberty remains controversial — an
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aspect that is not well covered in the literature.
Most authors recommend androgen replacement
in males, because of its beneficial effects, such as
complete virilization, increasing muscle mass
and higher activity level, but it was commonly
believed that it may lead to more aggressive
behaviour and aggravate temper tantrums. How-
ever, there are no studies of behaviour during sex
steroid substitution. In young women with PWS,
estrogen substitution may prevent osteoporosis,
although an increase in obesity is feared, but has
not vet been scientifically assessed in these
patients [10]. In our experience, a careful sub-
stitution of gonadal function at an appropriate
age (bone age of 13 in boys and 11 in girls), as
routinely performed in other types of hypogo-
nadism, is well tolerated and has only positive
effects for the patients and their families.

PSYCHOLOGICAL COUNSELING
OF THE FAMILIES

Because hyperphagia and hypoactivity persist
even during GH therapy, limiting energy input
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