© 2008 Wiley-Liss, Inc.

American Journal of Medical Genetics Part A 146A:873—880 (2008)

Developmental Profiles in Young Children With
Prader—Labhart—Willi Syndrome: Effects of Weight and
Therapy With Growth Hormone or Coenzyme Q1

Urs Eiholzer,'* Udo Meinhardt,' Valentin Rousson,? Nelica Petrovic,"
Michael Schlumpf,' and Dagmar I'Allemand’

1/Center for Pediatric Endocrinology Zurich (PEZZ), Zurich, Switzerland
2Depzlrtmem of Biostatistics, University of Zurich, Zurich, Switzerland

Received 12 February 2007; Accepted 17 September 2007

Muscle hypotonia and failure to thrive are key symptoms of
Prader—Willi syndrome (PWS) allowing diagnosis during
infancy already. Improved general care as well as Coenzyme
Q10 (CoQqp) and growth hormone (GH) are administered to
improve PWS children’s outcome. This study aims to
investigate psychomotor development of young PWS chil-
dren in relation to body weight and body composition at
baseline as well as to the effects of GH or CoQ;, therapy.
Twenty-six young children (age 1.0+£0.1 years, mean-
+ SEM) with PWS genetically proven at age 0.1 £0.1 years
(17 deletions, 8 maternal disomy) were divided into three
groups: Group 1 on GH therapy (started in 1994—1996, 6 mg/
kg/week) tolerating low body weight (<50th centile), group
2 on GH (1997-2000) and group 3 on CoQ, (2001-2002,
2.5 mg/kg/day orally), both combined with active early
weight management to achieve weight >50th centile.
Anthropometry, body composition and Griffith’s develop-
mental scores (DQs) were assessed before therapy and after

12 months. DQs were not related to infants” weight, lean
mass or genetic background. DQs improved significantly
with chronological age and were best in the most recently
diagnosed group. Improved psychomotor development,
mainly due to progress in locomotor development, did not
differ between GH and CoQ treated groups. In conclusion,
while only GH has significant effects on growth and
body composition, GH and CoQ;, therapy act equally on
psychomotor development of PWS infants. However,
improving psychomotor development may merely reflect
an age-related phenomenon additionally depending on
early diagnosis and introduction of appropriate care.
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INTRODUCTION

As discussed in Prader’s original description of the
syndrome [Prader et al., 1956] Prader—Willi syn-
drome (PWS) can be diagnosed in the newborn
child. These children typically present with muscle
hypotonia and hypogenitalism [Gillessen-Kaesbach
et al., 1995; Miller et al., 1999; Gunay-Aygun et al.,
2001; Whittington et al., 2002]. Other early features
are psychomotor developmental delay and major
feeding difficulties often leading to poor weight gain.
In the course of this disorder these children become
obese and have behavioral abnormalities. Morbid
obesity [Holland et al., 1995; Lindgren et al., 2000]
and progressive behavioral abnormalities together
with cognitive deficits [Whitman and Accardo, 1987;
Malich et al., 2000; Clarke et al., 2002] are a major
challenge in the care of children with PWS. The

functional abnormalities like disturbance of energy
regulation, sleep-related breathing disorders, tem-
perature instability, short stature due to growth
hormone (GH) insufficiency (reviewed in Burman
et al. [2001] and Eiholzer and Whitman [2004]) and
hypogonadism [Eiholzer et al., 2006] result from
hypothalamic dysregulation [Prader et al., 1956;
Eiholzer, 2001]. While hypogonadism and GH
deficiency can be efficiently treated with hormone
replacement therapy, there is no specific therapy for
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the other abnormalities [Whitman, 2003; Eiholzer
and Whitman, 2004].

During the last decade, there was a considerable
progress in the knowledge on pathophysiology and
natural history of PWS, suggesting that it is crucial to
diagnose PWS and to start treatment as early as
possible [Vogels and Fryns, 2004]. Early diagnosis
leads to early intervention including enhancement of
physical activity, special education, and psycholog-
ical support of the families [Eiholzer, 2001; Eiholzer
et al., 2003; Butler et al., 2006; Schlumpf et al., 20006],
improving health status and psychosocial develop-
ment in these patients [Vogels and Fryns, 2004].
While in the first years of management of PWS, a
body weight in the lower normal range was tolerated
during infancy, a more active weight management,
for example by tube feeding, was suggested to
improve lean mass and growth (personal communi-
cation of O. Trygstad, Norway). In addition, GH
replacement therapy not only improves weight and
body composition [Carrel et al., 1999, 2004; Myers
et al., 2000; Eiholzer et al., 2000b, 2004, 2006], but
also motor development in young children [Eiholzer
etal., 2000c; Carrel et al., 2004]. GH therapy was even
claimed preventing behavioral deterioration in 4-—
16 years old children with PWS [Whitman et al., 2002]
and improving speech development together with
cognitive functioning in 15 months old children
[Myers et al., 2007].

Another, non-hormonal drug therapy used in PWS
children is coenzyme Qj, (CoQ;p). CoQ;q serum
levels were found to be reduced in obese subjects
with and without PWS [Butler et al., 2003]. CoQ
transfers electrons within the mitochondrial
respiratory chain, acts as antioxidant and regulates
physiochemical properties of mitochondrial and
other membranes. Therefore, CoQ;y is used in
neuropediatrics, for example to treat mitochondrial
myopathy. It was further suggested that treatment
with CoQ;o enhances muscle tone and physical

activity in infants with PWS (WV Judy, Southeastern
Institute of Biomedical research, U.S., personal
communication). The beneficial effect of a treatment
with CoQ,, in infants with PWS, however, is
unproven.

Our hypothesis was that in infants with PWS
improvement of body weight and body composition
is associated with better psychomotor development
and that as a consequence, not only early active
weight management, but also early GH therapy or
CoQ,p supplementation stimulate psychomotor
development. Thus our observational retrospective
study is aimed at investigating the effects of the
following variables on psychomotor development of
PWS infants: (a) body weight and body composition,
(b) date of diagnosis, representing the intensity of
comprehensive care and weight management, and
(¢) therapy with GH or CoQy,.

METHODS

In this observational study, a retrospective longi-
tudinal group comparison, a total of 26 infants and
toddlers with genetically proven PWS were studied.
All measurements were performed by a single
investigator (UE). In most cases, PWS was diagnosed
during the first 2 months of life. Feeding difficulties
were encountered in all newborns to a differing
degree, often persisting into infancy. From 1997 on,
extreme attention was paid to improving body
weight at least up to the 50th centile of weight for
height (WfH > 0 SDS). Management of these children
included tube feeding, continuous nutrition coun-
seling, physiotherapy and special education teach-
ing. Infants were divided into three groups according
to the period of care and mode of management
(Table D): Group 1 included infants started on GH
therapy between 1994 and 1996 with WfH below
0 SDS. Group 2 included infants started on GH
therapy between1997 and 2000, profiting from active

TABLE 1. Baseline Data Comparing Growth Hormone (GH) and Coenzyme Q,, (CoQ;) Treatment
Groups (Means &+ SEM; for Age at Diagnosis Median (Range))

Group 1 2 3

Start of GH or CoQ therapy 1994-1996 1997-2000 2001-2002

Age at diagnosis (years) 0.03 (0-0.34) 0.02 (0-1.83) 0.01 (0-0.39)

Medication GH GH CoQ1q

n (m/f) 6(3/3) 12 (5/7) 8 (6/2)

Age (years) 0.73+0.10 1.30+£0.20 0.60 4 0.20*

Height (SDS) —-2.0+0.6 —25+£05 —-1.7+£0.4

Weight for height (SDS) -20£03* —-09+04 -1.0+0.4

Genotype (paternal deletion/maternal disomy/imprinting 4/2/0 9/3/0 4/3/0
mutation) of n=25

Gestational age (weeks) 39 (31-42) 37.6+£1.6 39.7+0.5 39.1£0.8

APGAR score sum (max. 30) 245415 21.0£1.56 234422

Birth length (SDS)
Birth weight (SDS)

—231£0.82 —-0.82+£0.30 —1.70+0.37
—2.27+0.74 —1.54+£0.12 —-1.87+£0.41

*P < 0.05 compared to group 2 and combined group 1 and 2.

**P=0.075 compared to group 2.
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weight management aiming for normal weight gain.
In infants of group 1 and 2 GH therapy was started
after the initial investigation (Genotropin®,
Pfizer, Duebendorf, Switzerland, subcutaneous daily
injections of 6 mg/m*/week corresponding to
0.025 mg/kg/day). Group 3 included infants started
on CoQq therapy after the year 2000 (Sanomit™,
2.5 mg/kg/day orally, MSE, Bad Homburg, Ger-
many) for 1 year before switching to GH thereafter
(dose as mentioned above) and weight management
identical to group 2.

Family history was negative for mental or neuro-
logical diseases, social background was middle-class
on average and free from unfavorable conditions.
Information on birth weight, length and delivery
complications (APGAR score) is provided in Table I,
there were no differences between the three groups.
Besides cryptorchidism in the majority of the boys
and scoliosis in two children, overall health status
was normal. The level of medical care was similar
in all children, because there is the same basic
insurance system in all patients in Switzerland,
providing necessary medical and psychological
therapies in the patients and their families.

Height, weight, body composition, and psycho-
motor development were measured before, after
6 and 12 months of GH or CoQ, therapy. Height and
weight were measured using standard techniques
[Prader etal., 1989] and expressed as age and gender
adjusted standard deviation scores (SDS) based on
reference data of the 1st Zurich Longitudinal Study
[Prader et al., 1989]. As a measure of obesity weight
was related to height (weight for height, WfH).
Because of the initial presentation with short stature
and subsequent catch up growth, WfH was shown to
be superior to BMI to represent adiposity in PWS
children [Eiholzer et al., 2000b]. Body composition
was derived from total body water determined by
stable isotope dilution [Eiholzer et al., 2004]. Lean
mass (LM) was calculated from total body water as
published earlier [Fusch et al., 1993]. Fat mass (FM)
was computed by subtracting LM from total body
weight, and relative fat mass (%FM) by dividing fat
mass X 100 by total body weight. Body composition
measurements were expressed as SDS based on
healthy children [Fusch et al., 1993] matched for
height and gender [Eiholzer et al., 2000b]. Body
composition measurements were available for
12 infants of group 2 and 6 infants of group 3 only.
Psychomotor development was assessed by the
Griffith test. This developmental test is widely used
in central Europe. It can be performed by specially
trained pediatricians in children between 1 and
24 months in the presence of their parents, and to a
higher age in children with developmental disabil-
ities. The German edition was validated in German
children by Brandt [1983]. Developmental quotients
are expressed in percent of the median of age-related
references: Global DQ for global development, DQ A

for the scales of locomotion, DQ B for personal-
social development, DQ C for hearing and speech,
DQ D for hand and eye and DQ E for cognitive
performance, all consisting of 24 items except for DQ
A with 22 items.

Early GH therapy and the related investigations
were prospectively approved by the local Ethic’s
Committee of the Children’s University Hospital of
Zurich.

All data were processed by GAS 5.021, a database
system (Institute for Medical Informatics, Zurich,
Switzerland). Data are presented as means and
standard errors of the mean (SEM). Differences
within the groups were assessed by using the
nonparametric Wilcoxon signed rank test for paired
samples. Differences between the groups were
identified by the Mann—Whitney U test at baseline
and after 12 months. The results obtained at 0, 0,
and 12 months were completely assessed in 21
children and compared by ANOVA for repeated
measurements, allowing to test for changes during
therapy (factor Time), for differences between
the groups in the level (factor Group) and in the
pattern of the longitudinal profiles in each group
(interaction Time x Group). P values for factor Time
and interaction Time x Group were corrected
according to Greenhouse-Geisser. Correlations were
assessed by the Spearman’s rank correlation test. P
values below 0.05 were considered as being statisti-
cally significant.

RESULTS

Genotype, Gender, and Phenotype

At baseline, there was no difference in any
parameter between children with paternal deletion
(n=17) and with maternal unidisomy (n=S§,
Table D, on the one hand, and between boys and
girls, on the other. Also with regard to perinatal
conditions (Table 1), no significant differences
between the groups were found.

Anthropometry

Before starting GH or CoQ;q therapy, children in
group 3 were significantly younger compared to
children in the combined GH treated group (1 and 2)
and height SDS were low in all groups without being
different between the groups (Table ). On therapy
height SDS increased significantly in the two GH
treated groups (ANOVA Time P < 0.0001), but not in
the CoQq treated group, the difference between the
treatments being significant (ANOVA Group x Time
P<0.01, Fig. ). WfH did not differ significantly
between the groups, neither before start (Table D),
nor on GH and CoQ, therapy. WfH SDS increased
similarly in all groups (ANOVA Time P < 0.01, Fig. 2).
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Fic. 1. Twelve-month period of height (a) and weight evolution (b) in
young children with PWS on growth hormone (GH), group 1 (n =6, broken
line with black rhombus) and group 2 (n = 12, dotted line with open triangle) or
coenzyme Q10 treatment (group 3, n=38, full line with black square),
means £ SEM. ***** ANOVA time P < 0.0001 or P <0.01, respectively, within
the groups and °® ANOVA Group x Time P < 0.01, different pattern between
the groups. P <0.001 or P<0.05 significant changes between 0 and
12 months within the combined group 1 and 2. *P=0.06 trend of difference
between group land 2 before therapy.

Body Composition

Before starting GH or CoQq therapy FM SDS and
%FM SDS were equally high and LM SDS equally low
in both groups examined (group 2 and 3). In the
CoQ10 treated group but not in the GH treated group
FM SDS increased and LM SDS decreased when
comparing 0 and 12 months results (Table ID).

Developmental Quotients

At baseline in the three groups mean global
developmental quotient (DQ) ranked between 54%
and 66% of the reference mean and did not differ
between the groups (Fig. 2). On therapy global DQ
increased in all groups without being different
between the groups (ANOVA Time P=0.015,
Fig. 2a). Among all partial skills tested the locomotor
function (DQ A) ranked the lowest before therapy
(on average between 30% and 44% of the references,
Fig. 2b) without being different between the groups.
Even though DQ A increased highly significantly
over time in all groups without difference between
them (ANOVA Time P=0.001), it remained low
(<80%). At baseline the personal-social develop-
ment (DQ B) in the three groups ranked between
60% and 80%. The CoQj, treated group had
significantly higher DQ B than the combined GH

treated groups both at baseline and throughout the
study (ANOVA Group P=0.041). There was no
significant change in DQ B over time by ANOVA, but
in the combined group 1 and 2 it was significantly
higher after 12 months compared to baseline
(Fig. 2¢). At baseline hearing and speech quotient
(DQ ©) was uniformly reduced in all groups (around
55% of the reference mean). DQ C increased
significantly over time without being different
between the groups (ANOVA Time P=0.048,
Fig. 2d). Before and during therapy hand and eye
development (DQ D) was almost normal in group 3
(81% of the reference mean), being significantly
higher compared to the combined GH treated groups
both at baseline (68%) and throughout the study
(ANOVA Group P=0.042). DQ D however did not
change during therapy (Fig. 2e). Before therapy the
intellectual performance (DQ E) ranked between
57% and 70%. Throughout the observation period,
DQ E was significantly higher in group 3 compared to
the combined groups 1 and 2 (70% of the reference
mean and 062%, respectively, ANOVA Group
P=0.024). DQ E increased similarly in all groups
during treatment (ANOVA Time P=0.010, Fig. 2f).

When age-related groups were formed across all
patients, before therapy, children 1.3—2.3 years old
showed significantly better motor development
than infants (0—0.5 years, DQ A 59.9+£5.1% vs.
30.6 £ 7.4%, respectively), even though corrected for
age, while there were no other significant differences
between the age groups.

Correlation Analysis Before Therapy

Based on pooled data of the three groups before
therapy, we calculated Spearman correlations
between developmental quotients (global DQ, DQ
A, DQ B, DQ C, DQ D, and DQ E) and clinical
candidate predictors (date of diagnosis, age at
diagnosis, age at baseline, WfH SDS, height SDS,
LM SDS, FM SDS, and %FM SDS). The older the
children, the better was their locomotor develop-
ment (baseline age vs. DQ A: rho=0.51, P<0.0D).
The date of diagnosis correlated positively with DQ
B (tho=0.41, P<0.05) and DQ D (tho=0.41,
P < 0.05), meaning that children diagnosed in more
recent years scored better on the personal-social and
hand-eye scales. While WfH SDS did not correlate
with any predictors tested, height SDS correlated
positively with both DQ C for speech and hearing
(tho=0.54, P<0.01) and DQ D for hand and eye
skills (rtho=0.42, P<0.05). A lower fat mass
was associated with a better performance DQ E
(tho=—-0.515, P < 0.05).

DISCUSSION

PWS is often diagnosed only after infancy [Gilles-
sen-Kaesbach et al., 1995; Whittington et al., 2002;



American Journal of Medical Genetics Part A

DEVELOPMENT IN YOUNG CHILDREN WITH PWS 877
a b
100 - 100 -
90 90 1
*
80 T 80 . ok
g 70 A < 70 A
o 60 - g 60 1
Q 50 | » 50 4
: g
§ 40 - 2 40|
G 30+ § 30
20 ~ -1 20
10 4 10
0 T T T ] T T T
c 0 6 12 d 0 6 12
Months of Therapy 100 - Months of Therapy
g 90
Q
g 80
= 70
8 60
] 2
Q 50 1 o 50 A
b T ]
=+ 40 S 40
= &
5 20 & 20 A
8 o
10 1 T 104
0 . 0 T T T
e 0 6 12 f 0 6 12
100 - Months of Therapy 100 - Months of Therapy
| e - q0 |
= 90 §. 90
E' 80 A " 80 -
o 701% ¢ 70 1
a
o 60 e 60 1
> ]
w50 | € 50 1
o ]
S 40 1 E 401
-] (] ]
g 30 £ 30
T 20 & 20|
10 10
0 : . r 0 T T r
0 6 12 0 6 12
Months of Therapy Months of Therapy

Fie. 2. Developmental quotients (DQ) in young children with PWS during 12 months of therapy with GH (group 1 =broken line with black rhombus, group
2 =dotted line with open triangle) or CoQ (full line with black square), means & SEM. Refer to Figure 1 for further explanations. a: Global DQ, * ANOVA Time P < 0.05,
significant and similar increase during therapy in all three groups. ¥P < 0.01 significant change between 0 and 12 months within the combined group 1 and 2.
b: Locomotor DQ A, ** ANOVA Time P < 0.01 refer to (b) for further explanations. ¢: Personal-social DQ B, “P < 0.05 significantly higher DQ B in group 3 compared to
the combined group 1 and 2 before therapy and throughout the study, * ANOVA Group P < 0.05. *P < 0.05 significant change between 0 and 12 months within the
combined group 1 and 2. d: Hearing and speech developmental DQ C, refer to (b) for explanations. e: Hand and eye DQ D, refer to (¢) for explanations. f: Cognitive
performance DQ E, * ANOVA Group and * ANOVA Time P < 0.05, higher DQ E in group 3 compared to the combined group 1 and 2 and significant increase during

therapy in all groups.

Wigren and Hansen, 2003; Vogels and Fryns, 20041,
although the nutritional status during the first year of
life is crucial for the later outcome [Ong and Loos,
2000] in terms of cardiovascular risk profile [Ekelund
etal., 2006] and cognitive function [Lucas, 1998]. Due
to typical neonatal presentation with muscular
hypotonia and hypogenitalism, diagnosis is being
made earlier in Switzerland compared to other
countries [Vogels and Fryns, 2004]. Nevertheless,
the number of very young children with PWS
available for studies is limited [Bekx et al., 2003;
Eiholzer et al., 2004; Myers et al., 2007], because PWS

has a very low prevalence of 1: 15,000 up to 1:25,000
[Burd et al., 1990; Whittington et al., 2001; Vogels
et al., 2004].

To study how psychomotor development depends
on pretreatment anthropometric or genetic parame-
ters and on GH or CoQ10 therapy, PWS children
diagnosed between 1994 and 2003 were categorized
into three groups according to the year of initiation of
GH or CoQ therapy.

This stratification indirectly included the effects of
a secular trend in weight management after 1996:
Before starting therapy children of the first group
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TABLE II. Body Composition (Mean & SEM) Adjusted for Height and Gender at 0, 6, and 12 Months of
Therapy With Growth Hormone (GH, Group 2) or Coenzyme Q1o (CoQ;,, Group 3)

Group 0 months 6 months 12 months
2,GH (n=12)
Lean mass (SDSpcignt) -1.334+0.13 -1.334+0.25 —0.8940.27
Fat mass (SDSpcigho) 0.98+0.14 0.8540.38 1.03+£0.32
% Fat (SDSheigh) 1.15£0.10 0.84+0.34 0.894+0.25"
3, CoQq (n=106)
Lean mass (SDSpigh) —0.89+0.20' —0.85+0.24 —1.33+0.10'
Fat mass (SDSpeign,) 0.44+0.31% 0.91+0.25 1.48£0.32
% Fat (SDSpeigh) 1.02+0.30 1.18£0.17 1.50£0.20°

'2Comparing groups with identical indices: P < 0.05.
“Comparing groups with identical indices: P=0.08.

(1994-1996) often had lower body weight than
children treated after 1996. In the past the weight in
the lower normal range typically seen in infants with
PWS was tolerated hoping to prevent obesity
[Stadler, 1995]. As expected and reported previously
[Eiholzer et al., 1999, 2004] we found reduced LM in
all infants; nevertheless their FM was relatively
increased. The body compositional characteristics
found in these infants illustrate that the dysregulation
of body composition typically seen in PWS is already
present at this early age. Based on these results and
on studies suggesting impaired neurodevelopment
and growth in children with suboptimal nutrition
during the critical postnatal phase [Skuse et al., 1994;
Lucas, 1998; Schmidt et al., 2001; Latal-Hajnal et al.,
2003], early active weight management was intro-
duced in 1997 [Eiholzer and Whitman, 2004]. In the
present study improved WfH, however, did not
improve short stature, possibly as a consequence of
GH insufficiency.

During therapy with CoQ;y, growth and body
composition deteriorated. In contrast, GH therapy
normalized height, improved LM for age and
stabilized FM, as it had been shown in other studies
[Eiholzer and I’Allemand, 2000; Eiholzer et al., 2000b,
2004; Carrel et al., 2002, 2004]. The increase in WfH,
however, does not indicate the quality of changes in
body compositional [Eiholzer and I’Allemand, 2000;
Eiholzer et al., 2000b; Carrel et al., 2002].

The main finding of the present study was that
global DQ improved significantly without being
differentbetween GH and CoQ treated groups. The
improved DQ was due to improved subscales,
locomotion and speech, both ranking the lowest at
baseline and the time course of both not being
different between GH and CoQ;q. During infancy,
children with PWS experience more difficulties in
subscales of locomotion and speech compared to
other qualities of psychomotor development [Cas-
sidy et al., 1997; Butler et al., 2004]. Both speech and
locomotor development are strongly influenced by
muscle hypotonia and known to improve sponta-
neously with age [Prader et al., 1956]. The age
dependency of locomotion was confirmed by

locomotor DQ being positively correlated with age
at onset of therapy. Therefore, the observed
improvement of DQ and related subscales simply
reflects an age dependent phenomenon, GH or
CoQg therapy exerting a minor or no effect.

Finally, the improved cognitive functioning ob-
served both during CoQio and GH therapy in the
present and during GH therapy in a recent other
study [Myers et al., 2007] may be secondary to the
spontaneous improvement in motor activity and
communication. This means that improved cognitive
functioning may not be due to GH therapy but due to
age and/or other supportive treatments. The most
recently treated and youngest group 3 always
showed a better cognitive score than the others.
There were no group differences in genetic subtype
to explain higher cognitive performance, but the
observation that the performance DQ was higher the
lower fat mass, points to a successful comprehensive
care and stimulation of these patients. The numbers
are too small and the developmental tests performed
not specific enough to decide, whether onset of
therapy at young age, improvement of knowledge
on management on infants with PWS, intensity of
supportive therapy or psychosocial background are
related to a better cognitive development in PWS.

During the study period of GH or CoQq treatment,
personal-social and hand-eye development were
unchanged and least affected, as previously pub-
lished [Eiholzer et al., 2000b]. We found a positive
correlation between the date of diagnosis and
“personal-social” and “hand-eye” development,
suggesting that special education teaching, which
was continuously improved in the more recent years
[Whitman and Greenswag, 1995; Whitman, 2003;
Eiholzer and Whitman, 2004] may improve social and
fine motor abilities in PWS. This is supported by the
fact that PWS children diagnosed in the most
recent years scored highest not only in “personal-
social” and “hand-eye” development, but also in the
“performance” subscale.

Finally, we found no positive correlation between
initial body weight and psychomotor development.
This finding is not in line with our initial hypothesis
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early active weight management improving psycho-
motor development. To assess the influence of
nutritional status in detail, future studies should be
done prospectively and by objective methods.

This study has several weaknesses: The small
number of patients is inherent to all studies in age-
specific subgroups of patients with rare diseases, but
is compensated for in part by the homogenous
management by the same physician. As the present
study is an observational study in disabled children,
the absence of an untreated group is due to the
fact that we held it to be unethical to withhold
growth hormone from these patients, because
there is a hypothalamic insufficiency in growth
hormone secretion in PWS [Lindgren et al., 1998;
Eiholzer et al., 2000a] and because beneficial effects
of GH on growth and body composition had been
shown in older children with PWS [Lindgren et al.,
1998; Carrel et al., 1999; Eiholzer et al., 2000b]. Finally
the 1-year follow-up in our study may be too short to
document all effects. To expand sample size and
observation period, studies will be continued.

In summary improved psychomotor development,
in particular locomotion, does not differ between GH
and CoQq, treated groups of infant and young
children with PWS. The improvement may only
reflect an age-related phenomenon possibly linked
with PWS muscle hypotonia spontaneously improv-
ing with age, but not related to weight status.
Cognitive development is better in the most recently
diagnosed group, suggesting that improved com-
prehensive care including early and special educa-
tion may be crucial. We therefore conclude that in
order to support psychomotor development in PWS
children, it may be best to aim for an early diagnosis
allowing early introduction of general care. Only for
growth hormone, but not for CoQ10, could signifi-
cant therapeutic effects be clearly demonstrated,
namely the improvement of growth and body
composition already during infancy.
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