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Review Article

Prader-Willi syndrome (PWS) is a complex multisystem genetic disorder characterized 
by hypothalamic-pituitary dysfunction. The main clinical features consist of neonatal 
hypotonia, distinctive facial features, delayed overall development with mental 
deficiency, behavioral abnormalities, poor growth in infancy followed by overeating 
with severe obesity, short stature, and hypogonadism. Recently, patients with PWS 
have been diagnosed at an earlier age, especially in the neonatal period. In addition, 
early interventions such as commencement of growth hormone therapy and dietary 
programs, have received attention in PWS treatment. Since early diagnosis is now 
possible based on both clinical symptoms and signs and on molecular genetic criteria, 
early dietary intervention and early growth hormone therapy during the first two years 
may improve neurodevelopment, increase muscle mass, and reduce obesity. Our aim 
in this review is to document the characteristics of infants with PWS and to provide a 
recent update regarding early management.
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Introduction

Prader-Willi syndrome (PWS) is a complex multisystem genetic disorder characterized 
by hypothalamic-pituitary dysfunction1, 2). The main clinical features consist of neonatal 
hypotonia, distinctive facial features, delayed overall development with mental deficiency, 
behavioral abnormalities, poor growth in infancy followed by overeating with severe obesity, 
short stature, and hypogonadism3). Many features of PWS indicate a deficiency in growth 
hormone (GH) production, including low growth velocity despite obesity, reduced lean body 
mass, low insulin-like growth factor-I (IGF-I) levels, and low insulin levels4, 5). These findings 
provide a rationale for GH therapy in PWS. Weight development in PWS is unique: at birth, 
body weight is slightly reduced, while during the first two years of life, body weight is low or 
normal due to poor feeding. This period is followed by rapid weight gain, resulting in a weight-
for-height index exceeding the normal range at the age of ten years in nearly all patients with 
PWS6). Recently, patients with PWS have been diagnosed at earlier ages, especially during the 
neonatal period. In addition, early interventions, including commencement of GH therapy 
and dietary programs, have received attention in PWS therapy. Our aim in this review is to 
document the characteristics of infants with PWS and to provide a recent update on early 
management.

Genetics and Diagnosis in PWS

The various genomic changes causing PWS lead to the loss of expression of the paternally 
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expressed genes on chromosome 15q11.2–q13 through loss or 
failure of expression; this is because silencing of the maternal 
contribution has been programmed by epigenetic factors (e.g., 
DNA methylation)7). Three mechanisms have been described: 
paternal deletion, maternal disomy (mUPD), and deficient 
imprinting3). Parent-of-origin-specific DNA methylation can be 
used to confirm the clinical diagnosis of PWS patients in all 3 
molecular classes. The most widely used DNA methylation test 
targets the 5´ end of the SNRPN locus8, 9). Normal individuals 
have both a methylated and an unmethylated allele, whereas 
individuals with PWS have only the maternally methylated 
allele. 

Characteristics of PWS in the newborn
and infant period

Severe hypotonia is consistently observed at birth and during 
the neonatal period10). Neonatologists appear to be on the 
frontline of early diagnosis, including PWS in the differential 
diagnosis of severe neonatal hypotonia11). The patients with 
PWS have recently been diagnosed at earlier ages, especially 
in the neonatal period. The first stage of PWS, occurring 
in infancy, is characterized by lethargy, marked hypotonia, 
global developmental delay, and small genitalia with frequent 
cryptorchidism12). Patients with PWS have characteristic 
dysmorphic features including a narrow bifrontal diameter, 
almond-shaped palpebral fissures, narrow nasal bridge, and 
thin upper lip with a down-turned mouth. These patients very 
commonly have shorter total hand size, narrow palms with 
hypoplastic hypothenar bulges, and short feet with short toes. 
On physical examination, the neonates with PWS can show 
the ‘head lagging sign’ and ‘frog leg position.’ Fair hair and 
hypopigmentation of the eyes and skin relative to other family 
members are frequently observed in patients with deletion-type 
PWS; these features are less commonly observed in patients 
with uniparental disomy. Gross motor and language milestones 
are delayed. Early milestones are reached on average at double 
the normal age (e.g., sitting at 12 months, walking at 24 months, 
and words at 2 years).

Growth hormone deficiency in PWS 

More than 85% of patients with PWS are GH deficient5). 
Although length at birth is normal, growth velocity is 
significantly decreased after 2–3 years and the mean final adult 
height is 2 SD scores below normal13). 

1. Effects of growth hormone therapy

GH treatment at the currently recommended dosage for 
children with PWS (0.03 mg/kg/day) restored linear growth and 
final adult height without inducing serious adverse effects14-16). 

Low lean body mass (LBM) in PWS most likely reflects a 
reduced muscle mass and may therefore contribute to clinical 
hypotonia, poor physical performance, and as a result, reduced 
energy expenditure5). A randomized controlled GH trial in 
patients with PWS showed that LBM, corrected for height 
and sex, did not increase during GH-treatment, but LBM did 
significantly decrease in the control group, which suggests that 
GH prevents reduction in LBM14). Some studies report major 
increases in bone mass density with GH treatment17). 

2. GH therapy in infants with PWS

Although GH therapy in PWS has various beneficial effects, 
the body composition and physical function (muscle strength 
and agility) remain abnormal even after 4 years of GH therapy18). 
These persistent manifestations of the syndrome might reflect 
non-GH-related abnormalities intrinsic to PWS and/or the late 
initiation of GH therapy following a critical period of adipose 
and muscle development during infancy12). Therefore, it is 
important to evaluate the effects of early GH therapy on the 
physical findings and neurodevelopment of infants and toddlers 
with PWS. In one study that included similar-aged children 
with PWS who had received or not received long-term GH 
therapy, the strongest evidence to date showed that GH therapy, 
when started early in life, beneficially and significantly altered 
the natural history of PWS by reducing body fat and improving 
muscle strength, physical function, and lipid profiles without 
adverse effects19). Thus, physicians and families can favorably 
weigh the sustained long-term value of GH treatment in 
infantile patients with PWS. The Samsung Medical Center treats 
nearly 220 patients with PWS, and about 110 of these patients 
were diagnosed during infancy. Although children younger than 
2 years of age are not covered by health insurance in Korea, GH 
therapy has been started in infants in recent years after obtaining 
informed consent from their parents. Their growth curves and 
development relative to chronologic age have improved with 
GH therapy. There have been no severe side effects. However, a 
long-term follow-up of these patients treated with GH may be 
needed. We recommend that GH treatment should be started 
at 4-6 month of age at a low dose, such as 0.25–0.30 mg/m2/
day or 0.009–0.012 mg/kg/day and increased during the first 
weeks and months to reach the standard replacement GH dose 
of approximately1.0 mg/m2/day or 0.035 mg/kg/day. Clinical 
effects, such as sleep apnea and increases in the level of IGF-I, 
should be monitored, particularly if there is a clinical suspicion 
of overtreatment (edema, worsening or new development of 
snoring, headache, and/or acromegalic clinical features)20).

3. Mechanism of the effects of GH therapy in infants

with PWS

Administration of GH to infants and toddlers with PWS in 
a randomized, controlled trial resulted in normalized height, 
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increased accrual of lean body mass, and reduction in percent 
body fat after 1 year of treatment. The 2-year data showed that 
the accumulation of excess body fat was delayed and reduced 
but not prevented; these results were similar to those of an 
earlier study that reported a body fat SDS of +3 after 2.5 years of 
GH treatment21). The age at independent walking was younger 
than typical for the syndrome, at 23.3 ± 4.8 months in this study 
and at 24.1 months in a previous study22). Subjectively, the GH-
treated infants and toddlers were reported to be more alert 
and energetic by their families. An increased rate of language 
and cognitive development was noted in the treated group. It is 
unclear whether these results arise solely from the known effects 
of GH therapy on muscle tone. However, the concomitant 
increase in head growth suggests that a central nervous system 
effect may also play a role12). 

In one study, IGF-I levels increased rapidly during GH 
treatment from below the normal range to the high-normal 
range23). IGF-I receptors have been localized in several 
areas of the human brain, indicating that IGF-I may have 
a neuroregulatory role in the central nervous system24). 
Theoretically, IGF-I may directly influence the central nervous 
system or GH might induce local IGF-I expression in brain 
tissue, thereby improving psychomotor development23). 
Another possible explanation for the improvement in mental 

development during GH treatment might be that the improved 
motor development allows  children to sit, stand, and walk 
independently. This could enable them to explore and interact 
more with their environment, thereby improving their mental 
development23). Another study showed that a significant 
improvement in both mental and motor development in 
PWS infants and toddlers after 1 year of  GH treatment 
when compared to randomized controls (Fig. 1)23). Head 
circumference increased from low-normal to normal during 
GH treatment. Greater improvements were seen in children 
with an initially lower motor developmental age than with a 
higher initial motor developmental age, indicating that early 
treatment with GH might be beneficial. 

4. Concerns in GH therapy

1) Obstructive sleep apnea 
Patients with PWS are at risk of obstructive sleep apnea (OSA) 

for several reasons, including obesity25), facial dysmorphism 
(including micrognathia and a small naso- or oropharynx)26), 
sticky secretions27), and hypotonia28). One hypothesis for 
the association between GH therapy and deaths during 
upper respiratory infections is that GH treatment may cause 
enlargement of the tonsils and adenoids, which would narrow 
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Fig. 1. Changes in mental (A) and motor (B) development during 12 months of study. Psychomotor development was assessed at baseline and 
after 12 months with BSID-II. BSID-II yields two scores: mental developmental age (in months) and motor developmental age (in months). The 
mental scale consists of items in relation to visual and auditory information processing, language development, memory, eye–hand coordination, 
imitation, and problem solving. The motor scale assesses gross and fine motor skills. The lower boundary of the boxplot is the 25th percentile and 
the higher boundary is the 75th percentile. The line in the box represents the median. Lines are drawn from the smallest to the largest observed 
value that is not an outlier. The horizontal line represents no change compared to normal children (change of 0%). A positive value represents a 
catch-up, compared to normal children, whereas a negative value represents less progress compared to normal children. (Adapted from Festen et 
al. Clin Endocrinol (Oxf ) 2008;68:919-2523))
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the already small airways of children with PWS29). Another 
hypothesis proposes fluid retention early in therapy as the 
mechanism underlying the development of symptoms of 
OSA30). A causal relationship between GH and sudden death 
has not been demonstrated, although important concerns 
over safety have been raised. A pragmatic approach, where the 
balance of benefit vs. risk favors treatment with GH, is to closely 
monitor each individual for symptoms of OSA and to repeat 
polysomnograms as clinically indicated31). 

2) Carbohydrate metabolism
Children with PWS show fasting insulin levels that are lower 

than those in body mass index (BMI)-matched children with 
simple obesity32). These low insulin levels suggest an increased 
insulin sensitivity, probably related to GH deficiency5). Insulin 
resistance in children with PWS may be associated with BMI, 
even in the absence of GH treatment33). In a prospective cohort 
study33), despite a favorable effect of GH on body composition 
and lipid profile in PWS children, their insulin levels increased 
during therapy. Therefore, carbohydrate metabolism (glucose, 
hemoglobin A1c) should be closely monitored in patients 
receiving GH. 

3) Scoliosis
The rapid growth associated with GH may aggravate this 

spinal deformity. Some authors have described an association 
between increased GH levels and a higher rate of  curve 
progression in children without PWS34-36). In contrast to these 
reports, one randomized controlled trial in a large group of 
children with PWS showed no significant difference between 
GH-treated children and randomized controls with regard 
to onset of scoliosis, curve progression, and start of treatment 
of scoliosis37). Frequent physical examinations and yearly 
radiographic examination are therefore recommended, 
independently from GH treatment. 

Hyperphagia and Obesity

1. Nutritional phase in PWS

PWS has been classically described as having two nutritional 
stages: failure to thrive in infancy, followed by hyperphagia 
in later childhood. One study38) described a total of seven 
nutritional phases of PWS (Table 1). In general, infants with 
PWS cannot suckle properly and many are gavage-fed39). They 
often fail to thrive, although Eiholzer et al.21) reported that even 
underweight infants with PWS have abnormally high body-fat 
measures. An interesting facet of PWS is hyperphagia, which is 
almost universal after the age of 3 years39). Treatment with GH 
has been shown to improve linear growth and to decrease fat-
mass to muscle-mass ratios21), but it appears to have little, if any, 
effect on the abnormal eating behaviors of people with PWS. 
Little research has been carried out regarding the transition 

period between the early childhood phenotype of failure to 
thrive and the older, hyperphagic phenotype. One study, by 
Butler et al.40), sheds light on this under-investigated stage of the 
disorder. Overall, these researchers found considerable variation 
in the age at which children first exhibited an increased interest 
in food, and significantly fewer children displayed the full food 
obsession pattern of behavior than would be expected from 
other reports. However, the standard deviation scores for BMI 
tended to increase around 30 months of age, before any notable 
increase in the characteristic eating behavior as reported by 
many parents, thereby supporting the suggestion that, in fact, 
three stages are involved in the development of PWS: failure to 
thrive in infancy, increased BMI or obesity in early childhood, 
and hyperphagia leading to greater obesity in later childhood 
and adulthood40). A larger-scale longitudinal study could 
usefully explore the use of GH in infancy and clarify the apparent 
delay in the transition between phenotypic stages resulting from 
the treatment.

2. Mechanism of hyperphagia 

Overeating in PWS can be elucidated by the following 
theoretical models: a problem of satiety as opposed to hunger; 
the role of inner physiological awareness and its potential 
effects on feelings of hunger and satiation; hyperresponsive 
reward systems and food as a substance of abuse; the direct 
consequence of genetics on the hypothalamic feeding pathway; 
and the role of the prenatal environment41). In one study, the 
analysis of 18F-FDG PET images of PWS children revealed 
metabolic abnormalities in brain regions that are directly or 
indirectly related with food intake and obsessive–compulsive 
behavior42). 

In recent years, there has been a drive to understand hormonal 
mechanisms that control appetite and eating in PWS. Ghrelin, 
which stimulates hunger, is synthesized principally in the 
stomach. In the gastric body and fundus, 2- to 3-fold increases 
in the numbers of ghrelin-expressing cells and in the amounts 
of ghrelin were noted in PWS patients vs. comparison groups43). 
However, gastric emptying in PWS was reduced, despite higher 
ghrelin levels, and the voracious appetite associated with PWS 
appeared to be related to another mechanism44). Ghrelin may 
be involved in the instigation of the binging and hyperphagic 

Table 1. Clinical characteristics of the nutritional phases
Phase Clinical characteristics
Phase 0 Decreased fetal movements and lower birth weight
Phase 1a Hypotonia with difficulty feeding (0–9 mo)

Phase 1b No difficulty feeding and growing appropriately on 
growth curve (9–25 mo)

Phase 2a Weight increasing without an increase in appetite or 
excessive calories (2.1–4.5 yr)

Phase 2b Weight increasing with an increase in appetite (4.5–8 yr)
Phase 3 Hyperphagic, rarely feels full (8 years adulthood)
Phase 4 Appetite is no longer insatiable (adulthood)
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stage41).

3. Early weight control

The weight of PWS patients starts to increase between 18 
and 36 months of age, without a significant increase in food 
intake (Fig. 2)40). That is, the obesity begins before a substantial 
increase in food intake or interest. Therefore, early management 
of eating behavior is important. At present, the only available 
control for hyperphagia for most people with PWS is close 
mentoring by caregivers and life-long restricted access to food, 
with food cupboards and refrigerators often being locked. In 
one study about early dietary intervention in PWS children, 
early dietary intervention, starting in the second year of life and 
continued until the age of 10 years, was effective in avoiding 
excessive weight gain in patients with PWS45). A macronutrient 
diet with 25% protein, 20% fat (reduction of 33-50% of the 
recommended daily fat intake), and 55% modified carbohydrate 
(a significant reduction in mono- and disaccharides) was 
decisive in controlling hyperphagia and food craving behavior 
in children with PWS. However, those diets had a negative effect 
on growth45). Therefore, GH may be an important additional 
treatment in these patients.

Other considerations

1. Hypothyroidism

Thyroid axis dysfunction seems to be a frequent feature 
in infants with PWS. Pediatricians should be aware of this 

association, in order to evaluate this possibility in PWS during 
this critical period of thyroid hormone action on neurological 
development. This is especially important since neonatal TSH 
screening is not an accurate tool for diagnosing thyroid axis 
dysfunction46). Published data on thyroid hormone levels in 
PWS children treated with GH therapy are very limited. Free 
T4, T3, and TSH levels should be monitored regularly in PWS 
children, particularly during GH treatment47).

2. Cryptorchidism

The majority of individuals with PWS have a dysfunctional 
hypothalamic-pituitar y-gonadal axis, which manifests 
as retarded or incomplete sexual development. Neonatal 
hypogonadism is difficult to assess in girls, but boys affected by 
PWS often have small penises and/or undescended testicles, 
both of which are indications of prenatal hypogonadotropic 
hypogonadism48). Most clinicians agree that cryptorchidism 
should be corrected to enable detection of testicular malig-
nancies. 

3. Adrenal insufficiency

Several reports have indicated a mortality rate for PWS 
patients estimated at 3% yearly49-52). Disturbances in the 
hypothalamus-hypophysis-adrenal axis have been hypothesized 
to be responsible for these events or, at least, to represent 
concurrent factors consistent with an inadequate or late 
response during infections or relevant dehydration episodes53). 
Central adrenal insufficiency (CAI) is likely to result from an 
inappropriate corticotrophin releasing hormone secretion 
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by the hypothalamus. In particular, del15 patients, females, 
obese, and older patients are reported at a higher risk of CAI53). 
Although clinically relevant adrenal failure in PWS children 
is rare, glucocorticoid treatment during intercurrent illness 
should be considered in PWS patients without a recently 
proven normal adrenal function. A replacement treatment 
with hydrocortisone at 30–70 mg/m2/day, divided into 3 doses, 
should be warranted in cases of moderate/severe stress in all 
PWS infants53).

4. Dental problems

Stephenson54) reported sticky saliva to be a diagnostic 
indicator of PWS in neonates, and thick, viscous saliva has 
been a consistent finding in PWS55, 56). Oral findings, including 
caries57-60), enamel defects60-63) and poor oral hygiene59, 60), are 
described. Owing to low salivary flow rate and higher risk of 
gingival inflammation, prevention with regular professional 
cleaning as part of a comprehensive oral preventive program is 
particularly important for individuals with PWS.

Monitoring of reduced salivation and increased caries by 1 
year of age should be considered.

Conclusion

Since early diagnosis is now possible, based on both clinical 
symptoms and signs and on molecular genetic criteria, early 
dietary intervention and early GH therapy during the first two 
years may improve neurodevelopment, increase muscle mass, 
and reduce obesity in PWS infants. This review endeavored to 
summarize characteristics of PWS in the newborn and infant 
periods and to provide useful information for optimizing their 
management. However, long-term safety studies are required, 
particularly regarding the effects of GH treatment on glucose 
metabolism and scoliosis. The parents of today’s infants and 
children with PWS have better access to information and 
support than was available to past generations. As we become 
more aware of the health effects and long-term prospects for 
people with this disorder, the practical advice and guidelines 
available to family caregivers will increase further.
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