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The article by Donze et al., in a recent issue of EJE (1),
concludes that prompt initiation of thGH treatment of
infants with Prader-Willi Syndrome (PWS) permits the
development of cognition (as measured by IQ) at the
same pace as healthy peers. Up until this century, the
Prader-Willi (aka Prader-Labhart-Willi) syndrome (OMIM
#176270) was a little known, rare genetic condition
among endocrinologists other than being part of their
differential diagnosis of obesity.

PWS is a multisystem, genetically heterogeneous
condition caused by a lack of paternal gene expression at
the chromosome 15q11-q13 PWS locus and is one of many
syndromes which has helped us to further understand
the importance of epigenetics to gene expression. Its
birth incidence estimates have increased over time as
genetic testing has moved to DNA methylation analysis
as the primary test, and it is currently thought to be
approximately 1:15 000 live births (2).

The clinical phenotype changes over time, from
prenatal followed by post-natal hypotonia, whose clinical
course can be modified to some degree by current medical
treatment coupled with multidisciplinary interventions
(2). Initially, the hypotonia is accompanied by feeding
difficulties and failure to thrive in early infancy, often
requiring assisted feeding. Appetite and food-related
behavior subsequently evolve through several distinct
phases, culminating in extreme hyperphagia and abnormal
food-seeking behavior that can include stealing, eating
from garbage cans, and throwing tantrums if denied food
access (2). Excessive food intake and severe obesity occur
over time, putting them at high risk for obesity-related

comorbidities; a very few individuals may be capable of
controlling appetite as young adults.

Body composition is characterized by an increased
fat mass and a decreased lean body mass even in infancy,
before obesity is evident. By the ages between 2 and S5,
caloric needs are also far less than the Recommended
Dietary Allowance (RDA) for this age group because of
the decreased basal metabolic rate in these individuals
and need to be decreased to 60-80% to prevent evolving
obesity. The dysregulation of the hypothalamus extends
beyond hyperphagia and basal metabolic rate and may
include hormone deficiencies. Hypogonadism is present
in the vast majority of patients and may be a mixture of
primary and central, at least in boys. It may manifest as
small external genitalia, undescended testes, and later
absent or incomplete pubertal maturation. In girls, the
genital hypoplasia may be more subtle as a small clitoris
or labia, especially the labia minora; fertility has rarely
been documented in women (2). GH deficiency can often
be demonstrated and explains at least a part of the body
composition abnormalities as well as the short adult
stature; however, one should recognize that the peak
GH level for most growth hormone stimulation tests is
lower for the obese and super-obese, making it difficult to
determine sensitive and specific cut-off values. IGF-I levels
are also lower than expected in children with PWS for the
degree of obesity, likely because of their lower insulin
levels. Cessation of thGH therapy at the end of linear
growth results in a deterioration of body composition,
and studies are still necessary to evaluate longer-term use
of GH in this population (2). It is reassuring, therefore,
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that GH treatment does not contribute to type 2 diabetes
in the absence of obesity (3). Central hypothyroidism and
ACTH deficiency occur, but the literature has disparate
numbers for their prevalence, without consensus.
Interestingly, these patients show very early adrenarche;
increases in DHEA-S concentrations occur in children
with PWS as young as at the age of 4 (2). This probably
contributes to their more rapid bone age advancement
and earlier attainment of adult height.

By far the most difficult aspect of the evolving
phenotype, however, is that of the behavioral
manifestations, which include increased oppositional
and aggressive behavior, mood lability, temper outbursts,
auto-mutilation (skin-picking), anxiety, and obsessive-
compulsive traits. It is also increasingly apparent
that a large percentage of patients, particularly those
with chromosome 15 uniparental disomy (UPD), will
eventually manifest psychotic behavior (4).

In the past, our ability to diagnose children with
this syndrome was based on recognition of the typical
dysmorphic features and relied on fluorescent in situ
hybridization (FISH) analysis to demonstrate a deletion in
the PWS locus. This often led to delays in diagnosis, as the
molecular genetics are now known to not only include
two major sizes of deletion on the paternal chromosome
15q11-13, but also to with
maternal uniparental disomy or, much less commonly,
chromosomal rearrangements leading to smaller deletions
or defects in the imprinting process by itself. Although
the vast majority of children with PWS represent sporadic
inheritance, rare familial cases have been reported in
conjunction with very small deletions of the imprinting
control center, which is responsible for determining which
genes, maternal or paternal, will be actively transcribed.
This genetic diversity in pathophysiology presents
particular diagnostic and counseling challenges (2). The
potential link of PWS syndrome with epigenetic errors
possibly because of assisted reproduction technology
involving intracytoplasmic sperm injection (ICSI) has
alerted physicians to be attentive to reproductive history
of the parents when a new child has been diagnosed with
PWS (5). Understanding the molecular basis for Prader—
Willi Syndrome also permits more detailed studies on
genotype-phenotype relationships and, as recently noted,
thisis perhaps critical in predicting the neuropsychological
and psychiatric manifestations of individuals living with
this condition. These issues as well as those related to
excessive eating and morbid obesity have been reviewed
in depth (2, 6, 7).

include individuals
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Virtually, all major developmental milestones,
including fine and gross motor skills and language
development are delayed. Cognitive deficits range from
mild to more severe, although the implementation of
multidisciplinary teams over the last 15-20 years has
markedly changed the landscape of the ‘typical’ child
with PWS seen in the more distant past. All recent clinical
practice recommendations recognize the importance of
early stimulation and rapid prevention or treatment of
comorbidities frequently seen such as sleep apnea, dental
issues, and scoliosis, to name only a few.

Growth hormone administration has also been
widely felt to be a cornerstone of treatment of children
with PWS (8). It was approved by the US Food and
Drug Administration (FDA) based on the stimulation
of height velocity and by the European Medicines
Agency (EMA) based on improvements in both height
velocity and body composition. When prescribed in
slightly supraphysiologic doses during childhood, it has
shown benefits not only on adult height, but also on
the maintenance of an average BMI in the range of +2.5
SDS and an adequate bone mineral density. In patients
treated with thGH, both before and after the initiation
of replacement therapy with sex hormones, additional
benefits can be seen in muscle mass, strength, VO2max,
endurance, bone mineral density, quality of life measures,
and decrease in fat mass.

In their report, Donze and co-workers note the
cognitive effects of rhGH treatment of infants and children
with PWS (1). Potential mechanisms for its effects on
cognition have been reviewed and supported by animal
and in vitro data (4). The data presented in this issue
extends their previous data and those of other groups, as
noted in their reference list, obtained over shorter periods
than the present 8-year study. The early studies included a
placebo control and noted that children with PWS treated
with thGH for 2 years developed at the same trajectory
as a healthy reference population, but the control group
noted significant deterioration (1). Primarily, because
of these data, all children in the Netherlands are now
treated with rhGH at an early age and parents of children
with PWS on several continents are actively seeking GH
treatment soon after the birth of their child. This clearly
limits our potential to design confirmatory, long-term
placebo-controlled studies.

In this 8-year longitudinal, prospective study, the
investigators evaluated the effects of continuous treatment
with thGH from infancy. A second group which received
rhGH beginning only later in childhood (~8 years) was
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included to determine if an early start of thGH therapy
was beneficial in the longer term.

Forty-three children with genetically confirmed
diagnosis of PWS who were naive to thGH and had at
least three WISC tests during the 8 years of follow-up were
evaluated. The second phase included a cross-sectional
cohort of 22 children with PWS who began therapy in
infancy and were compared to the 43 longitudinally studied
children who started rhGH therapy later in childhood.
Cognitive function was assessed using the WISC, suitable
for children 6 to 16 years of age. Three subtests, Block
Design, Vocabulary, and Similarities, were administered.
At baseline, those who started thGH therapy at a median
age of 8.1 years had an estimated mean block design score
below -2 s.p. for the Dutch reference population without
PWS, but the Vocabulary and Similarities tests were
within the normal range. The estimated total IQ score was
consistent with mild intellectual impairment. During the
8-year period of therapy with thGH, the subtest scores did
not change significantly, demonstrating no deterioration
in visual spatial skills, abstract verbal reasoning, or
vocabulary skills. Thus, the children with PWS developed
at the same trajectory as the reference population.

The effect of age at start of therapy was evaluated in a
separate group of 22 children with PWS and compared to
those of the 43 longitudinally investigated children who
began therapy later in childhood. Although those who
began in infancy had a significantly greater vocabulary
score and estimated total 1Q, scores in the other two
subtests were indistinguishable. The results of this last
comparison did not account for a number of possible
differences (confounders) between the groups that are
known to affect the cognitive trajectories of children
and thus could affect the results: the activity and motor
benefits of thGH therapy that give the children more
energy and the ability to explore their environment at an
earlier, critical age; the educational level and IQ of the
parents and their socioeconomic status; the incidence of
maternal depression; and the number of contacts with
the multidisciplinary team members compared to those
starting GH at a later age (6, 9). The investigators rightly
note no deterioration in some skills that might have been
expected from their earlier randomized, control trial with
rhGH vs no additional treatment. Thus the children with
PWS were developing at a rate similar to the healthy
Dutch population (controls), albeit at a lower level.

It may also be that earlier and more aggressive use
of GH therapy in these infants also prevents previously
undocumented episodes of hypoglycemia. Given the
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recent understanding of how defects in MAGEL2, an
imprinted gene lying within the PWS locus, can result in
episodes of hypoglycemia which resolve with GH therapy
(10) as well as the abnormal counter regulatory responses
to hypoglycemia observed in Magel2-null mice (11), we
should not exclude unrecognized hypoglycemia as a
contributor to the cognitive delay in PWS.

It is our view that the even more important issues
that require attention are the food-seeking behavior and
the other behavioral aspects of this syndrome, such as
the repetitive behaviors as well as the difficulties with
social interactions and the long-term risk for psychiatric
disease. These can markedly affect the quality of life of the
caregivers (12, 13, 14, 15).

There are currently a large number of investigational
drugs under study which target hyperphagia and obesity
(16). Drug development is not without its challenges,
as in the case of the hyperphagia target compound,
methionine aminopeptidase 2 inhibitor. Phase 3 trials
were halted because of serious adverse events (pulmonary
thrombo-embolism). We have, since, acquired better
epidemiologic data evaluating morbidity and mortality
in patients with PWS, which will result in better trial
design and surveillance, since thrombosis is an already
anticipated event in the very obese patient with PWS
(17). It is hoped that the use of a validated hyperphagia
questionnaire for PWS (18) will help to objectify drug
responsiveness, in as much as the caregivers are able to
accurately assess abnormal food-seeking behavior. This
is difficult when there is a very strict control on food
access, particularly, as older adolescents become better
at manipulation. Caregivers are also desperate to find
a solution to their child’s hunger and may therefore
use a longer recall period than stipulated by protocol.
One promising therapy, among others, includes LV-101
(carbetocin) administered intra-nasally, because it
may not only target hyperphagia, but also some of the
anxiety manifestations and the repetitive behaviors. This
oxytocin analog has shown positive results in phase 2
trials (18). The ultimate solution may be a combination
of pharmaco/therapeutic approaches similar to what has
been used in other fields when the pathophysiology is
polygenic and heterogeneous.

As mentioned previously, the high risk of psychosis
and other psychiatric comorbidities in this population
is perhaps one of the most concerning observations,
and higher levels of cognition may not be protective
(6, 7). These comorbidities not only require a better

understanding of their similarities and differences
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compared to the population without PWS, but it should
stimulate us to make concerted efforts to diagnose, treat,
and perhaps someday even prevent them (2).

In conclusion, it may be a rather long leap — from
rhGH stimulating its receptor throughout the brain and
GH/IGF-1 affecting the genesis of neurons stimulating
brain growth, development and myelination - to an
improvement in IQ in PWS, and we must be careful in
the messages we convey to the community of families
living with a child recently diagnosed with PWS. The
factors influencing the developmental trajectories of
IQ are complex, and we now understand that 1Q is no
longer static (19). It is far more complex, beginning with
the genetics of parental IQ beyond the PWS locus, the
genetic subtype of PWS, and the marked evolution in how
these children are now integrated into health networks
— particularly in countries with universal healthcare
where socioeconomic status (SES) of the families may
play a lesser, but non-negligent, role as an environmental
confounder. The multidisciplinary approach to the care of
patients with PWS is now more proactive and anticipatory,
and team members see the children frequently. Earlier use
of thGH may help infants not only to better interact with
their environment through improvement in lean body
mass and endurance, but also because it means increased
contact with families, allowing for improved support
of the caregivers. All of this has probably contributed
to the IQ trajectory in not only the children involved
in the study of Donze et al. (1), but in all our children
diagnosed with PWS in the last 15 years. A study to
test this, however, is virtually impossible to design and
execute, in part, because of the rare disease context,
patient and family heterogeneity, and parental desire to
do whatever possible to help their children. It behooves
us to maintain equipoise, as we remain highly attentive
to the perceptions and needs of the caregivers, as well as
those of our patients living with PWS.
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