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Prader-Willi syndrome is characterized by severe infantile 
hypotonia with poor suck and failure to thrive; hypogonadism 
causing genital hypoplasia and pubertal insufficiency; char-
acteristic facial features; early-childhood onset obesity and 
hyperphagia; developmental delay/mild intellectual disability; 
short stature; and a distinctive behavioral phenotype. Sleep 
abnormalities and scoliosis are common. Growth hormone 
insufficiency is frequent, and replacement therapy provides 
improvement in growth, body composition, and physical attri-
butes. Management is otherwise largely supportive.  Consensus 
clinical diagnostic criteria exist, but diagnosis should be 
 confirmed through genetic testing. Prader-Willi syndrome 
is due to absence of paternally expressed imprinted genes at 
15q11.2-q13 through paternal deletion of this region (65–75% 

of individuals), maternal uniparental disomy 15 (20–30%), or 
an imprinting defect (1–3%). Parent-specific DNA methyla-
tion analysis will detect >99% of individuals. However, addi-
tional genetic studies are necessary to identify the molecular 
class. There are multiple imprinted genes in this region, the 
loss of which contribute to the complete phenotype of Prader-
Willi syndrome. However, absence of a small nucleolar orga-
nizing RNA gene, SNORD116, seems to reproduce many of 
the clinical features. Sibling recurrence risk is typically <1%, 
but higher risks may pertain in certain cases. Prenatal diagno-
sis is available.
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15 are inactivated by epigenetic factors and are not expressed. 
The absence of expression of one or more of the paternally inher-
ited genes must contribute to the phenotype of PWS. This lack 
of expression occurs by three primary mechanisms: (i) deletion 
of a 5–6 Mb region from the paternally contributed chromo-
some 15 (found in 65–75% of affected individuals); (ii) mater-
nal uniparental disomy (UPD) 15 (found in 20–30%); and (iii) 
a defect in the genomic region that controls the imprinting pro-
cess, a so-called imprinting defect (ID; 1–3%). IDs are usually 
sporadic but can be due to a microdeletion in the imprinting 
center (IC) and in the latter case may be inherited. Although 
published consensus clinical diagnostic criteria are available 
and accurate, the mainstay of diagnosis is genetic testing. DNA-
based methylation testing will detect abnormal parent-specific 
imprinting within the Prader-Willi critical region on chromo-
some 15; this testing determines whether the region is mater-
nally inherited only (i.e., the normal paternal imprint is absent) 
and detects more than 99% of affected individuals. Diagnosis 
can also be made by fluorescence in situ hybridization (FISH) 
or chromosomal microarray (CMA) for deletion 15q11.2-q13, 
DNA polymorphism analysis in parents and the affected indi-
vidual for UPD, and an experienced referral laboratory for test-
ing for an IC microdeletion. This genetic testing is important to 
confirm the diagnosis of PWS in all individuals, but especially 
so in those who have atypical findings or are too young to man-

OVeRVieW
Prader-Willi syndrome (PWS) is a multisystem disorder with 
an estimated prevalence in several studied populations of 
1/10,000–1/30,000. It is characterized by severe hypotonia 
with poor suck and feeding difficulties in early infancy, fol-
lowed in later infancy or early childhood by excessive eating 
and gradual development of morbid obesity unless eating is 
externally controlled. Motor milestones and language devel-
opment are delayed, and all individuals have some degree of 
cognitive  disability. A distinctive behavioral phenotype is com-
mon, with temper tantrums, stubbornness, and manipulative 
and compulsive behaviors. Hypogonadism is present in both 
males and females and manifests as genital hypoplasia, incom-
plete pubertal development, and, in most, infertility. Short 
stature is common, related to growth hormone (GH) insuffi-
ciency. Characteristic facial features, strabismus, and scoliosis 
are often present, and there is an increased incidence of sleep 
disturbance and type II diabetes mellitus, the latter particularly 
in those who become obese. The physical features and impact of 
treatment are illustrated in Figures 1 and 2.

PWS occurs as the result of absence of expression of paternal 
genes from chromosome 15q11.2-q13. A number of genes in 
this region are subject to genomic imprinting and are normally 
active only from the paternally contributed chromosome 15; 
those same alleles from the maternally contributed chromosome 
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 quotient [IQ]: 60–70), with approximately 40% having border-
line or low-normal intelligence and approximately 20% having 
moderate intellectual disability. Regardless of measured IQ, most 
children with PWS have multiple severe learning disabilities and 
poor academic performance for their mental abilities.5 Although a 
small proportion of affected individuals have extremely impaired 
language development, verbal ability is a strength for most; how-
ever, articulation abnormalities are frequent.

Hyperphagia and obesity
Nutritional phases. In contrast to the long-held view that there 
are two distinct nutritional phases in PWS, failure to thrive 
followed by “hyperphagia leading to obesity,” a recent collab-
orative study found that the transition between nutritional 
phases is much more complex, with seven different nutritional 
phases through which individuals with PWS typically prog-
ress3 (Table 1). Phase 0 occurs in utero, with decreased fetal 
movements and growth restriction compared with unaffected 
siblings. In Phase 1, the infant is hypotonic and not obese, with 
subphase 1a characterized by difficulty feeding with or with-
out failure to thrive (ages: birth to 15 months; median age at 
completion: 9 months). This phase is followed by subphase 
1b when the infant grows steadily along a growth curve, and 
weight is increasing at a normal rate (median age of onset: 9 
months; range: 5–15 months). Phase 2 is associated with weight 
gain; in subphase 2a, the weight increases without a significant 
change in appetite or caloric intake (median age of onset: 2.08 
years), whereas in subphase 2b, the weight gain is associated 
with a concomitant increased interest in food (median age of 
onset: 4.5 years). Phase 3 is characterized by hyperphagia, typi-
cally accompanied by food seeking and lack of sense of satiety 
(median age of onset: 8 years). Not all individuals with PWS go 
through all these stages, but the majority do. In addition, some 
adults progress to Phase 4, which is when an individual who 
was previously in Phase 3 no longer has an insatiable appetite 
and is able to feel full.

ifest sufficient features to make the diagnosis with certainty on 
clinical grounds.

mAniFestAtiOns And nAtURAL HistORY
Prenatal characteristics
The birth weight, length, and body mass index (BMI) of infants 
with PWS are 15–20% smaller than those of their unaffected 
siblings (although often still in the normal range), indicat-
ing that growth is abnormal prenatally.1–3 Prenatal hypotonia 
 usually results in decreased fetal movement, abnormal fetal 
position at delivery, and increased incidence of assisted delivery 
or cesarean section.1

Hypotonia
Infantile hypotonia (Figure 1a) is a nearly universal finding, 
causing decreased movement and lethargy with decreased spon-
taneous arousal, weak cry, and poor reflexes, including a poor 
suck. The hypotonia is central in origin, and  neuromuscular 
studies including muscle biopsy, when done for diagnostic pur-
poses, are generally normal or show nonspecific signs of disuse. 
The poor suck and lethargy result in failure to thrive in early 
infancy, and gavage feeding or the use of special nipples is gen-
erally required for a variable period of time, usually weeks to 
months.4 By the time that the child is drinking from a cup or 
eating solids, a period of approximately normal eating behavior 
occurs. The hypotonia improves over time, but adults remain 
mildly hypotonic with decreased muscle bulk and tone.

developmental disability
Delayed motor development is present in 90–100% of children 
with PWS, with average early milestones achieved at about dou-
ble the normal age (e.g., sitting at 12 months and walking at 24 
months). Language milestones are also typically delayed. Intellec-
tual disabilities are generally evident by the time the child reaches 
school age. Testing indicates that most individuals with PWS 
fall in the mild intellectual disability range (mean intelligence 

a b c

Figure 1 (a) an 8-month-old female with hypotonia, hypogonadism, and need for assisted feeding. (b) a 19-year-old male with inadequate dietary control 
(body mass index (BMi) = 67; Z score = +3.49) showing typical body habitus of Prader-Willi syndrome (PWs) with fat distributed primarily in abdomen, hips, 
and thighs. (c) a 34-year-old man in relatively good dietary control (BMi = 30; Z score = +1.66) living in a specialized PWs group home. Note the hanging skin 
left from his history of morbid obesity. informed consent was obtained for publication of these photographs.



Volume 14  |  Number 1  |  January 2012  |  Genetics in medicine12

Cassidy et al  |  Prader-Willi syndromegenetest review

appetite, or eating behavior in hyperphagic individuals.16–18 At this 
time, there are no consistently identified hormonal abnormali-
ties to explain the hyperphagia, and the metabolic correlates of 
 hyperphagia in PWS are still uncertain.

dysmorphic features
Characteristic facial features include narrow bifrontal diameter, 
almond-shaped palpebral fissures, narrow nasal bridge, and 
thin upper vermillion with down-turned corners of the mouth 
(Figures 1 and 2). These may or may not be apparent at birth 
and slowly evolve over time.

The hands are slender with a hypoplastic ulnar bulge, and in 
young children, the dorsa of the palm and fingers may be puffy 
and the fingers may appear tapered. Hypopigmentation of hair, 
eyes, and skin are common in subjects with a deletion due to a 
concomitant loss of one copy of the OCA2 gene. (A homozy-
gous loss of the OCA2 gene results in tyrosinase-positive albi-
noidism.)

Behavioral and psychiatric disturbance
A characteristic behavior profile with temper tantrums, stubborn-
ness, controlling and manipulative behavior, compulsivity, and 
difficulty with change in routine becomes evident in early child-
hood in 70–90% of individuals with PWS.19 Some of the behav-
ioral characteristics are suggestive of autism; in one study, 19% 
of 59 individuals with PWS vs. 5% of age-, sex-, and IQ-matched 
controls satisfied diagnostic criteria for autism.20 In another 
study of 58 children, attention deficit/hyperactivity symptoms 
and insistence on sameness were common and of early onset.21 
This behavior disorder has been reported to increase with age 
and BMI,22 although it diminishes considerably in older adults.23 
Psychosis is evident by young adulthood in 10–20% of affected 
individuals.24–26 Behavioral and psychiatric problems interfere 
most with the quality of life in adolescence and adulthood.

Hypogonadism
In both sexes, hypogonadism is present and manifests as genital 
hypoplasia, incomplete pubertal development, and infertility in 
the majority. Genital hypoplasia is evident at birth and through-
out life. In males, the penis may be small, and most character-
istic is a hypoplastic scrotum that is small, poorly rugated, and 
poorly pigmented. Unilateral or bilateral cryptorchidism is pres-
ent in 80–90% of males. In females, the genital hypoplasia is often 
overlooked; however, the clitoris and labia, especially the labia 
minora, are generally small from birth. The hypogonadism causes 
incomplete, delayed, and sometimes  disordered pubertal devel-
opment. Precocious adrenarche occurs in approximately 15–20% 
in both sexes. Primary amenorrhea or oligomenorrhea are pres-
ent in females. Infertility is the rule in both sexes, although a few 
instances of reproduction in females have been reported27,28 and 
presented (Vats and Cassidy, unpublished data). The largest recent 
study of hypogonadism, which included 84 individuals with PWS 
(half males and half females) ages 2–35 years,29 identified the fol-
lowing frequencies: in males: cryptorchidism 100%, small testes 
76%, and scrotal hypoplasia 69%; in females: labia minora and/

Obesity. The hyperphagia that occurs in Phase 3 is believed 
to be caused by a hypothalamic abnormality resulting in 
lack of satiety. Food-seeking behavior, with hoarding or 
 foraging for food, eating of inedibles, and stealing of food 
or money to buy food are common. In most, gastric empty-
ing is delayed, and vomiting is rare. Obesity results from 
these behaviors and from decreased total caloric require-
ment. The latter is due to decreased resting energy expen-
diture resulting from decreased activity and decreased lean 
body mass (primarily muscle) compared with unaffected 
individuals.6 The obesity in PWS is primarily central (abdo-
men, buttocks, and thighs) in both sexes, and interestingly, 
there is less visceral fat in obese individuals than would be 
expected for the degree of obesity.7 Obesity and its com-
plications are the major causes of morbidity and mortality 
(see “Morbidity and Mortality”).

Several independent groups have shown that ghrelin levels 
are significantly elevated in hyperphagic older children and 
adults with PWS before and after meals.8–12 Ghrelin is a potent 
circulating orexigenic hormone that is produced mainly in the 
stomach. Circulating ghrelin levels rise after fasting and are 
suppressed by food intake. The appetite-inducing effect acts 
through the appetite regulating pathway in the hypothalamus. 
Ghrelin levels are lower in non-PWS obese individuals versus 
lean controls and they decrease with age.13

In a small study of nine nonhyperphagic children with PWS 
(17–60 months of age), similar levels of circulating ghrelin as in the 
eight control children matched for BMI, age, and sex were found.14 
By contrast, in a larger and younger study cohort of 40 children 
and adolescents with PWS (range: 0.2–17.2 years, median age: 3.6 
years), ghrelin levels were significantly elevated in the PWS group 
at any age compared with 84 age and BMI-matched controls.15 In 
fact, the highest ghrelin levels in PWS were found in the youngest 
children. Thus, in their study, the hyperghrelinemia was occur-
ring long before the development of obesity and increased appe-
tite in PWS. Furthermore, several groups have now shown that 
pharmacological reduction of ghrelin to normal levels in PWS, 
using either short or long acting agents, did not affect the weight, 

table 1 Nutritional phases in Prader-Willi syndrome

Phases median ages clinical characteristics

0 Prenatal to birth decreased fetal movements and 
lower birth weight than sibs

1a 0–9 months Hypotonia with difficulty feeding 
and decreased appetite

1b 9–25 months improved feeding and appetite and 
growing appropriately

2a 2.1–4.5 years Weight increasing without appetite 
increase or excess calories

2b 4.5–8 years increased appetite and calories, 
but can feel full

3 8 years to adulthood Hyperphagic, rarely feels full

4 adulthood appetite is no longer insatiable

Modified from Am J Med Genet A.3
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and feet grow slowly and are generally below the fifth percentile 
by age 10 years. Data from at least 15 studies involving more than 
300 affected children document reduced GH secretion in PWS.33 
Best practice in early intervention for PWS includes recommen-
dations for GH therapy.4,34 GH therapy decreases fat mass and 
increases muscle mass  (Figure 2). Preliminary data also suggest 
that it may have a beneficial effect on weight gain, and possibly 
appetite, in individuals with PWS.33,35 Infants with PWS treated 
with GH therapy have improvements in head circumference, 
height, BMI, body composition (with improvement of lean 
muscle mass and delay of fat tissue accumulation), body propor-
tions, acquisition of gross motor skills, language acquisition, and 
cognitive scores.36–43 Older children and adolescents treated with 
GH therapy not only have the aforementioned physical benefits 
of the treatment but are also reported to have improvements in 
behaviors with lack of behavioral deterioration during adoles-
cence.44 Recent studies have found that up to 72% of children 
with PWS treated with GH therapy have a serum insulin-like 
growth factor 1 (IGF-1) level that is >2 standard deviations after 
24 months of treatment despite lower doses of GH than are used 
for children with isolated GH deficiency, which raises concerns 
about safety issues related to high IGF-1 levels in this popula-
tion.39 However, IGF-1 to IGF binding protein 3 ratios remained 
stable with GH therapy, suggesting that bioavailable IGF-1 is not 
elevated to a greater extent than is seen in individuals with other 
causes of GH deficiency.

GH deficiency is also seen in adults with PWS, although study 
findings differ on the prevalence in the adult population.45,46 One 
study found that adults with PWS due to maternal UPD had 
lower GH secretion than those with deletion, although these 
results have not been replicated.47 Several studies have docu-
mented the safety and efficacy of GH treatment in adults with 
PWS on body composition and quality of life.48,49 One study 
found that the beneficial effects of GH therapy were unrelated 
to the pretreatment GH or serum IGF-1 levels.49

Concern about the possible contribution of GH administra-
tion to unexpected death has been raised by reported deaths 
of individuals within a few months of starting GH therapy.50–55 
The few reported deaths were mostly in obese individuals who 
had preexisting respiratory or cardiac disorders with evidence 
of upper airway obstruction and uncorrected tonsillar and 
adenoidal hypertrophy. In the database of one pharmaceutical 
company, five of 675 children treated with GH died suddenly 
of respiratory problems.56 In another study, the rate of death in 
affected individuals on and off GH did not differ.57 A study of 
the natural history of PWS in one region of the United King-
dom found the overall death rate of individuals with PWS to 
be as high as 3% per year without GH therapy.58 Thus, the rela-
tionship of GH administration to unexpected death remains 
unclear. However, a recent long-term study of 48 treated chil-
dren suggests that the benefits of treatment exceed the risks.42

Other endocrine issues
Central adrenal insufficiency. Central adrenal insufficiency 
(CAI) following overnight single-dose metyrapone tests was 

or clitoral hypoplasia 76%, primary amenorrhea 56%, spontane-
ous menarche (mostly spotting) 44% of those older than 15 years; 
in both sexes: premature pubarche 14%, and precocious puberty 
3.6% (one male and two females). Although the hypogonad-
ism in PWS has long been believed to be entirely hypothalamic, 
resulting in low gonadotropins and subsequent low gonadal hor-
mones, recent studies have suggested that there is a combination 
of hypothalamic and primary gonadal deficiencies.30–32 That con-
clusion was largely based on absence of hypogonadotropism and 
abnormally low inhibin B in both sexes.

short stature and growth hormone deficiency
Short stature may be apparent in childhood and is almost always 
present by the second decade in the absence of GH replacement, 
and lack of a pubertal growth spurt results in an average untreated 
height of 155 cm for males and 148 cm for females. The hands 

a b

dc

Figure 2 (a and b) seven- and 13-year-old children, respectively, not receiving 
growth hormone treatment. (c and d) seven- and 13-year-old children, 
respectively, who have had growth hormone treatment and good weight control. 
informed consent was obtained for publication of these photographs.
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Leg edema and ulceration (especially in the obese) 
Skin picking 
Altered temperature sensation 
Decreased saliva flow 
High vomiting threshold 
Seizures (10–20%)

neuroimaging
In a recent study, all 20 individuals with PWS who were evalu-
ated had brain abnormalities that were not found in 21 sibs or 
16 individuals with early-onset morbid obesity who did not 
have PWS.74 All had ventriculomegaly; 50% had decreased vol-
ume of brain tissue in the parietal-occipital lobe; 60% had Syl-
van fissure polymicrogyria; and 65% had incomplete insular 
closure. In another study, these authors reported white matter 
lesions in some people with PWS.75 A study of brain MRIs from 
91 individuals with PWS from another group showed reduced 
pituitary height in 49% and some neuroradiologic abnormality 
in 67%.76 The implications of these findings are unknown.

mORBiditY And mORtALitY
The mortality rate in PWS is higher than in controls with intellec-
tual disability, with obesity and its complications being factors.77 
Based on a population study, the death rate has been estimated at 
3% per year.65 Another large study suggested a sixfold relative risk 
of death in PWS versus other developmentally disabled individu-
als.77 Two multicenter series of individuals who died of PWS have 
been reported,78,79 and an extensive case and literature review of 
64 cases of death in PWS was done.80 Respiratory and other febrile 
illnesses were the most frequent causes of death in children, and 
obesity-related cardiovascular problems and gastric causes or 
sleep apnea were most frequent in adults. Other causes of morbid-
ity include diabetes mellitus, thrombophlebitis, and skin problems 
(e.g., chronic edema and infection from skin picking).

A few individuals have been reported to have respiratory 
or gastrointestinal infections resulting in unexpected death; 
of these, three who died as a result were noted to have small 
adrenal glands,79 although this is not a common finding. The 
possibly increased incidence of CAI in PWS may provide an 
explanation for some of these unexpected and sudden deaths.

Acute gastric distention and necrosis have been reported in 
a number of individuals with PWS,81,82 particularly following 
an eating binge among those who are thin but were previously 
obese. It may be unrecognized because of high pain threshold 
and can be fatal.

Choking, especially on hot dogs, has been reported as a 
cause of death in approximately 8% of deaths in individuals 
with PWS.83

cLinicAL diAGnOsis
consensus diagnostic criteria
Consensus clinical diagnostic criteria for PWS using a numeri-
cal scale (Table 2), developed in 199384 before the availability of 
diagnostic testing, have proven to be accurate.85 However, con-
firmation of diagnosis requires molecular genetic testing.

noted in 60% of children with PWS in one study, suggesting 
that this may be the cause of the high incidence of sudden death 
in this population.59 It is known that introducing GH therapy 
can precipitate adrenal crisis in individuals with incipient 
 adrenal insufficiency by accelerating the peripheral metabolism 
of cortisol, which may explain the correlation between the inci-
dence of sudden death at the beginning of GH treatment and 
CAI in individuals with PWS.60 However, two subsequent stud-
ies have found normal cortisol responses to low- and high-dose 
synacthen testing, as well as to insulin tolerance testing,61,62 so 
whether CAI is a true issue for individuals with PWS remains 
uncertain at this time and there is no consensus among endocri-
nologists as to whether evaluation for CAI should be  performed 
on every patient with PWS or just those with symptoms consis-
tent with adrenal insufficiency.

Hypothyroidism. Central hypothyroidism, with a normal thy-
roid stimulating hormone value and low free thyroxine level, 
has been documented in up to 25% of individuals with PWS, 
with a mean age of diagnosis and treatment of 2 years.63,64

Impaired glucose tolerance and diabetes mellitus. Up to 25% 
of adults with PWS (particularly those with significant obesity) 
have noninsulin-dependent diabetes mellitus65 with a mean age 
of onset of 20 years. A study of a large French cohort with PWS 
(ages: 2–18.8 years) revealed the presence of impaired glucose 
tolerance in 4% of individuals (mean age: 10.2 years) but no dia-
betes mellitus in those younger than 20 years of age.64

Other findings
•	 Sleep	 abnormalities	 are	 well	 documented	 and	 include	

reduced rapid eye movement (REM) latency, altered sleep 
architecture, oxygen desaturation, and both central and 
obstructive apnea.66,67 Primary hypothalamic dysfunction 
is thought to be the cause of the alterations in sleep micro-
structure and abnormalities in ventilation during sleep, with 
studies showing low levels of orexin and hypocretin in the 
cerebrospinal fluid and decreased levels of acetyl-cholinergic 
neurons in the pedunculo-pontine tegmental nucleus.68–71 
Some individuals with PWS have excessive daytime sleepi-
ness, which resembles narcolepsy, with rapid onset of REM 
sleep and decrease in non-REM sleep instability.70

•	 Strabismus	is	seen	in	60–70%.
•	 Hip	dysplasia	occurs	in	approximately	10–20%.72,73

•	 Scoliosis,	 present	 in	 40–80%,	 varies	 in	 age	 of	 onset	 and	
severity. Randomized trials have found no relationship 
between GH therapy and the age of onset or severity of sco-
liosis in children with PWS.40

•	 Up	to	50%	of	affected	individuals	may	have	recurrent	respi-
ratory infections. There are no reports of immune deficiency 
in PWS, and the increase in respiratory infection may be 
related to respiratory muscle hypotonia and thus decreased 
cough.

•	 	Rates	of	the	following	are	increased: 
Bone fractures caused by osteopenia 
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Age 2–6 years: Hypotonia with history of poor suck and global 
developmental delay.

Age 6–12 years: History of hypotonia with poor suck (hypo-
tonia often persists), global developmental delay, and excessive 
eating with central obesity if diet is uncontrolled.

Age 13 years to adulthood: Cognitive impairment (usually 
mild intellectual disability), excessive eating with central obe-
sity (if caloric intake is uncontrolled), hypothalamic hypogo-
nadism, and characteristic behavior problems.

Genetics OF PWs
molecular genetics
The PWS region is localized to a 5–6 Mb genomic region on 
the proximal long arm of chromosome 15 (15q11.2-q13). It lies 
within a smaller 2.5 Mb differentially imprinted region. PWS 
is a contiguous gene disorder, as studies thus far indicate that 
the complete phenotype is due to the loss of expression of sev-
eral genes. It is also an example of an imprinted condition, as 
the expression of relevant genes in the 15q11.2-q13 region is 
dependent on parental origin.86,87

PWS in conjunction with Angelman syndrome (AS) represent 
perhaps the best examples of genomic imprinting in humans. 
The majority of the genes in mammals display a Mendelian pat-
tern of expression where normal alleles inherited from each par-
ent are equally expressed. By contrast, probably <1% of our genes 
are imprinted, having an expression pattern determined by the 
parent of origin. Although the DNA sequence of the imprinted 
maternally and paternally inherited alleles is the same, multiple 
epigenetic factors (such as DNA methylation, histone modifica-
tions, and chromatin conformation) ultimately will determine 
whether the imprinted allele is expressed or repressed.88,89

The genomic and epigenetic changes causing PWS all lead to 
a loss of expression of the normally paternally expressed genes 
on chromosome 15q11.2-q13. Absence of the paternally inher-
ited copy of these genes, or failure to express them, causes total 
absence of expression for those genes in the affected individual 
because the maternal contribution for these genes has been 
programmed by epigenetic factors to be silenced.86 Conversely, 
a loss of expression of the preferentially maternally expressed 
UBE3A gene in this region by several different possible mecha-
nisms leads to AS.90,91

Genes in the 15q11.2-q13 region. The 15q11.2-q13 region 
can be roughly divided into four distinct regions that are delin-
eated by three common deletion breakpoints,92 which lie within 
segmental duplications93 (Figure 3): (1) a proximal nonim-
printed region between the two common proximal breakpoints 
(BP1 and BP2) containing four biparentally expressed genes, 
NIPA1, NIPA2, CYF1P1, and GCP5.94 (2) The “PWS pater-
nal-only expressed region” containing five polypeptide cod-
ing genes (MKRN3, MAGEL2, NECDIN, and the bicistronic 
SNURF-SNRPN); C15orf2 (an intronless gene that is bialleli-
cally expressed in testis but only expressed from the paternal 
allele in brain); a cluster of C/D box small nucleolar RNA genes 
(snoRNAs); and several antisense transcripts (including the 

The following additional descriptions pertain to the diagnostic 
criteria. The hypotonia is central and improves with age. The feed-
ing problems are related to poor suck and usually result in the 
need for gavage feeding or other special feeding  techniques. Cryp-
torchidism and hypoplastic scrotum are very common in males, 
pubertal development is incomplete, and infertility is almost uni-
versal. Developmental disability is usually mild to moderate. The 
decreased movement and lethargy in infancy improve with age. 
Typical behavior problems include temper tantrums, obsessive-
compulsive behavior, stubbornness, rigidity, stealing, and lying. 
A number of supportive findings were also reported in the con-
sensus criteria for clinical diagnosis, although they do not add 
points to the diagnosis score. These include high pain threshold, 
decreased vomiting, scoliosis and/or kyphosis, early adrenarche, 
osteoporosis, unusual skill with jigsaw puzzles, and normal neu-
romuscular studies (muscle biopsy, electromyography and nerve 
conduction velocity), if tested.

Findings prompting genetic testing
Subsequent to the availability of genetic testing, findings that 
should prompt diagnostic testing were proposed based on 
analysis of satisfied diagnostic criteria in individuals in whom 
the diagnosis of PWS has been molecularly confirmed.85 These 
differ by age group and indicate that the presence of the follow-
ing findings is sufficient to justify DNA methylation analysis for 
PWS (see “Diagnostic Testing”):

Birth to age 2 years: Hypotonia with poor suck in the neonatal 
period.

table 2 Consensus diagnostic criteria for Prader-Willi 
 syndrome

major criteria 
(1 point each)

minor criteria 
(1/2 point each)

1 Neonatal/infantile hypotonia 
and poor suck

decreased fetal movement and 
infantile lethargy

2 Feeding problems and failure 
to thrive as infant

Typical behavior problems

3 Weight gain at 1–6 years; 
obesity; hyperphagia

sleep apnea

4 Characteristic dysmorphic 
facial features

short stature for family by 
15 years

5 small genitalia; pubertal delay 
and insufficiency

Hypopigmentation for the 
family

6 developmental delay/
intellectual disability

small hands and feet for 
height

7 Narrow hands, straight ulnar 
border

8 Esotropia, myopia

9 Thick, viscous saliva

10 speech articulation defects

11 skin picking

Modified from Holm et al.84 Clinical diagnosis requires five points (at least four of 
them major) at age <3 years; eight points (at least five of them major) at age 3 
years or older.
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The exact function of each of the genes in determining the 
PWS phenotype remains to be elucidated, although possible 
insight has been gained by work with mouse models by mul-
tiple investigators. No single gene mutation has been found 
in humans that will explain all the features of PWS, unlike 
the situation in AS where single gene mutations of UBE3A 
fulfill all the major clinical criteria for AS.90,91 However, a 
“key” region to explain much of the PWS phenotype has 
been narrowed to the SNORD116 snoRNA gene cluster by 
several unique deletion and translocation families (reviewed 
by Buiting ref. 102). A crucial role for the SNORD115 locus 
was eliminated by an AS family with a familial microdele-
tion that included the entire SNORD115 gene cluster and the 
UBE3A locus.103 There was no obvious phenotype when this 
microdeletion was passed paternally, but it resulted in AS 
when inherited maternally.

Recently, there have been three separate reports of three dif-
ferent individuals with overlapping microdeletions (175–236 
kb) that all encompass the SNORD116 gene cluster.104–106 All 
three have multiple clinical features typical of PWS including 
neonatal hypotonia, infantile feeding problems, rapid weight 
gain by 2 years of age, hyperphagia, hypogonadism, develop-
mental delay/intellectual disability, and speech and behavioral 
problems. However, these three individuals also have features 
not typical of classical PWS, including tall stature as a child, 
large head circumference, lack of a “PWS facial gestalt,” and 
hand features not typical of PWS. Furthermore, rigorous neu-
robehavioral studies have not been performed to determine 
whether these individuals have the typical PWS behavioral phe-
notype. Nonetheless, it is clear from these studies that absence 
of the paternally derived SNORD116 gene cluster plays a major 
role in the PWS phenotype.

antisense transcript to UBE3A). (3) The “Angelman  syndrome 
(AS) region” containing the preferentially maternally expressed 
genes UBE3A and ATP10A. (4) A distal nonimprinted region 
containing a cluster of three GABA receptor genes, the gene 
for oculocutaneous albinism type 2 (OCA2), HERC2, and the 
common distal breakpoint (BP3).

Central to the PWS region is the SNURF-SNRPN gene. It is 
a bicistronic gene encoding two different proteins. Exons 4–10 
were described first and encode the protein SmN, which is a 
spliceosomal protein involved in mRNA splicing.95 SNURF 
is encoded by exons 1–3, which produces a polypeptide of 
unknown function.96 At the 5′ end of the SNURF-SNRPN 
gene is a CpG island encompassing the promoter, exon 1, and 
intron 1. This is a differentially methylated region, which is 
unmethylated on the paternally inherited expressed allele and 
methylated on the maternally inherited repressed allele.95 The 
promoter and exon 1 overlap with the paternal PWS IC.97 The 
SNURF-SNRPN gene also serves as the host for the six snoRNA 
genes located telomerically, which are regulated by the expres-
sion of SNURF-SNRPN. The UBE3A antisense transcript also 
arises from transcription of SNURF-SNRPN and is thought to 
lead to the repression of the paternally inherited UBE3A gene 
in humans and mice.98–100

The snoRNAs are present in single copy except for SNORD116 
(previously named HBII-85) and SNORD115 (previously named 
HBII-52), which are present in 29 and 42 copies, respectively. It 
is thought that the snoRNAs are probably involved in the modi-
fication of mRNA by alternative splicing and that each snoRNA 
gene might have multiple targets. However, at the present time, 
only one target for a snoRNA gene (i.e., SNORD115) has been 
found and that is the serotonin 2C receptor.101 No targets have 
yet been found for SNORD116.
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the sole paternal 15 is lost, leaving two maternal 15s. Other 
mechanisms could also lead to UPD but seem to be much less 
common in PWS. A nullisomic cell line with only the maternal 
15 could also result from nondisjunction, and a second event 
could result in duplication of this chromosome (“monosomy 
rescue”). In this case, all the genes would be identical in both 
alleles (isodisomy), and there is a risk of duplication of a del-
eterious gene in addition to PWS, which has been documented 
to occur for several genes on chromosome 15. There are other 
possible causes of UPD, including a postfertilization error (by 
somatic recombination or gene conversion), gametic comple-
mentation, and somatic replacement of a derivative chromo-
some. Trisomy associated with Robertsonian translocations 
may also resolve to disomy through loss of a chromosome and 
would result in UPD in 50% of cases. UPD can also be asso-
ciated with small supernumerary chromosome 15 markers, 
and both maternal and paternal UPD 15 have been identified 
from this situation, although maternal is more common.121 The 
parental origin of these small markers is frequently unknown 
due to the small size and lack of unique genetic material. It has 
been estimated that approximately 5% of small supernumerary 
markers are associated with UPD.122

Imprinting defect. This molecular class affects the imprint-
ing process on the paternally inherited chromosome 15. It 
only accounts for approximately 1–3% of individuals with 
PWS. Most IDs result from epigenetic causes (epimutations) 
and demonstrate a maternal-only DNA methylation pattern 
despite the presence of both parental alleles (i.e., biparental 
inheritance). DNA sequence changes are not found in these 
epimutations, and they are thought to be random errors in the 
imprinting process during spermatogenesis of the fathers86 or in 
early embryogenesis in the rare cases of somatic mosaicism.102 

 However, approximately 15% of individuals with an ID are 
found to have a very small deletion (7.5 to >100 kb) in the PWS 
IC region located at the 5′ end of the SNRPN gene and promoter 
(i.e., an IC deletion).97 Of these, about half have been inherited 
from an unaffected father with the IC deletion on his mater-
nally inherited chromosome 15. The other half are de novo IC 
deletions on the paternally inherited 15 that arose during sper-
matogenesis in the father or after fertilization.88,123

GenOtYPe-PHenOtYPe cORReLAtiOns
There are no features known to occur exclusively in individuals 
with one of the genetic classes. However, there are some statistical 
differences in the frequency or severity of some  features between 
the two largest classes (deletion 15q11.2-q13 and UPD). Post-
term delivery is more common with UPD.1 Individuals with UPD 
are less likely to have the hypopigmentation, 115,124 typical char-
acteristic facial appearance,115,116 or skill with jigsaw puzzles.125 
In most studies, those with UPD have a somewhat higher verbal 
IQ and milder behavior problems.19,126,127 However, psychosis128 
and autism spectrum disorders129,130 occur with significantly 
greater frequency among those with UPD. Individuals with the 
slightly larger, type 1 deletions (BP1–BP3) have been reported 

Molecular classes of PWS. There are three main molecular 
mechanisms that result in PWS: paternal deletion, maternal 
UPD 15, and ID (Figure 4).

Paternal deletion. Most cases of PWS result from an inter-
stitial microdeletion of the paternally inherited 15q11.2-q13 
region.86,107,108 Deletions account for 65–75% of the individu-
als with PWS. The majority of individuals with deletions have 
one of two common proximal breakpoints (BP1 or BP2) and a 
common distal breakpoint (BP3).92,93 These recurrent common 
interstitial deletions measure approximately 5–6 Mb in size and 
are due to the presence of multiple copies of tandemly repeated 
sequences at the common breakpoints (BP1, BP2, and BP3) 
flanking the deleted region. These low copy repeat sequences 
stretch for approximately 250–400 kb and can cause nonhomol-
ogous pairing and aberrant recombination of the 15q11.2-q13 
region during meiosis, leading to deletions (causing PWS or AS 
depending on parental origin), duplications (both maternal and 
paternal), triplications, and inverted dup (15).93,109–112 In addi-
tion, approximately 8% of those with a deletion have a unique 
or atypical sized deletion (i.e., not type 1 or 2) from a variety 
of etiologies, including an unbalanced translocation (Driscoll 
and Kim, unpublished data). A deletion that is smaller or larger 
than typically seen in PWS may affect the phenotype.

Maternal UPD. Maternal UPD 15 is the situation in which 
there are two chromosomes 15 from the mother and none 
from the father.113,114 This accounts for approximately 20–30% 
of individuals with PWS. Maternal UPD has been shown to 
be associated with advanced maternal age.3,115,116 A two-step 
process explains most cases of maternal UPD. First, there is a 
maternal nondisjunction event resulting in an ovum disomic 
for chromosome 15. After fertilization with a normal sperm, 
the resultant trisomy 15 in the blastocyst is lethal unless a 
second event produces a daughter cell that has lost one of the 
three chromosomes 15. This process, referred to as “trisomy 
rescue,” has been documented to result in PWS on a number 
of occasions based on the presence of a trisomic cell line in 
the placenta with UPD in the embryo.117–120 PWS results when 

65–75% 20–30% 1–3%

P M M(M)P

I II III

M M

Figure 4 Genetic classes of Prader-Willi syndrome (PWs) and their 
average frequencies (I: deletion, II: uniparental disomy, III: imprinting 
defect). Bars represent chromosome 15. P indicates the paternally inherited 
chromosome 15, and M indicates the maternally contributed one. Class III 
occurs when there is biparental inheritance, but the paternally inherited 
chromosome 15 is imprinted in the manner typical of the maternal 
chromosome 15 (i.e., relevant genes are not expressed).
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exon 1, and intron 1 region of SNRPN are unmethylated on 
the paternally expressed allele and methylated on the mater-
nally repressed allele. Normal individuals have both a methy-
lated and an unmethylated allele, whereas individuals with 
PWS have only the maternally methylated allele. Methylation-
 specific multiplex-ligation probe amplification (MS-MLPA) 
can also  determine the parental origin in this region and is 
discussed further below.

Although DNA methylation should be a first-line test for 
diagnosis, it cannot distinguish the molecular class (i.e., dele-
tion, UPD, or ID). Therefore, once the diagnosis of PWS is 
established by DNA methylation analysis, determination of the 
molecular class is the next step. This determination is impor-
tant for genetic counseling and genotype-phenotype correla-
tion. It is usually most efficient to start by looking for a deletion 
as this is the most frequent cause of PWS  (Figure 4). Deletions 
of 15q11.2-q13 have traditionally been diagnosed with chro-
mosomal analysis using FISH with the SNRPN probe. With 
the increasing use of CMA in clinical genetics, it is possible 
that arrays may replace FISH analysis for the identification of 
deletions in PWS (and AS). However, each technique has its 
advantages. CMA will precisely report the deletion size, which 
is anticipated to become increasingly important for genotype-
phenotype correlations in the future (Driscoll and Kim, unpub-
lished data). However, at this time, CMA is more expensive 

to have more compulsions and poorer adaptive behavior, intel-
lectual ability, and academic achievement than those with type 
2 deletions (BP2– BP3) deletions.131,132 Two other studies found 
much less clinically significant differences between individuals 
with these two deletion types.133,134

diAGnOstic testinG
DNA methylation analysis is the most efficient way to start the 
genetic workup if PWS is suspected clinically (Figure 5 and 
Table 3). The differential DNA methylation of several imprinted 
maternal and paternal loci in the 15q11.2-q13 region provides 
a powerful tool for assessing paternal-only, maternalonly, and 
normal (biparental) inheritance. DNA methylation analysis is 
the only technique that will diagnose PWS in all three molecu-
lar classes and differentiate PWS from AS in deletion cases,86,95 
and a methylation analysis consistent with PWS is sufficient 
for clinical diagnosis (although not for genetic counseling 
purposes). It does not require parental DNA samples to dif-
ferentiate the maternal and paternal alleles. Beginning in 1992, 
there have been three generations of DNA methylation clini-
cal assays based on three distinct differentially methylated loci 
in the region.95,135,136 The most robust, and now most widely 
used, assay targets the 5′ CpG island of the SNURF-SNRPN 
(typically referred to as SNRPN) locus, and it will correctly 
diagnose PWS in more than 99% of cases.95,137 The promoter, 

DNA methylation
analysis at 5´ SNRPN

Normal
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unlikely FISH or CMA

Normal (disomy)

Maternal UPD
Biparental inheritance

(imprinting defect)
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or sequence analysis
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No IC deletion
(epimutation)
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Figure 5 Algorithm for genetic testing for Prader-Willi syndrome (PWs). CMa, chromosomal microarray; FisH, fluorescence in situ hybridization; 
iC, imprinting center; MLPa, multiplex ligation probe amplification; UPd, uniparental disomy.
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between maternal UPD and an ID. This is accomplished by 
using DNA polymorphism analysis of chromosome 15 loci 
on the proband’s and parents’ DNA.138 If the family polymor-
phism study reveals that the proband has biparental inheritance 
of chromosome 15 loci (rather than maternal UPD), then the 
molecular class is presumed to be an ID. It is then important to 
determine whether the ID is due to an epimutation (low recur-
rence risk) or a small deletion in the IC, as in the later situation 
the recurrence risk can be as high as 50% if the father also has 
an IC deletion. Approximately 15% of individuals with PWS 
due to ID have an IC deletion and approximately 50% of these 
are familial mutations.88 Testing for an IC deletion should be 
done in a laboratory with experience in looking for IC deletions. 
This can be done by sequence analysis at the smallest region of 
overlap for the PWS IC, which is a region of approximately 4.3 
kb,88,97 or by the recently developed MS-MLPA assay.

The commercially available MS-MLPA assay by MRC-Hol-
land (Amsterdam, The Netherlands) combines both DNA 
methylation analysis and dosing analysis across the PWS region 
and has been shown to be very effective.139,140 The newest ver-
sion as of this writing (ME028-B1) comes as a kit with 32 dos-
ing probes specific for the 15q11.2 region and 14 probes outside 
the region (on chromosome 15 and other chromosomes), which 
serve as controls for copy number changes. In addition, five of 
the probes determine the DNA methylation status at differen-
tially methylated sites in 15q11.2. The latest kit (B1) has partic-
ularly dense probe coverage for dosing and DNA  methylation 

than chromosomal analysis with FISH testing in many com-
mercial clinical laboratories, and arrays will not pick up the rare 
chromosomal rearrangements (translocations and inversions) 
involving proximal 15, which are detectable by simultane-
ous karyotype and FISH analysis and are important in recur-
rence risk determination. For genetic counseling purposes, 
a  chromosomal analysis is advised in the proband to discern 
an interstitial de novo deletion from a balanced or unbalanced 
chromosomal rearrangement involving the 15q11.2 region. A 
CMA would also be indicated if an individual with PWS had 
a more severe phenotype than is typical, to discern if there was 
a larger deletion present or an additional chromosomal abnor-
mality elsewhere in the genome.

Sometimes the first genetic test the individual with PWS has 
is chromosomal analysis with FISH or CMA rather than DNA 
methylation. If one of these techniques reveals a deletion in the 
PWS/AS region (i.e., 15q11.2-q13) and the child is younger than 
2 years, it is still necessary to perform DNA methylation analysis 
as the deletions in PWS and AS are typically indistinguishable 
and AS can also present with hypotonia, feeding difficulties, and 
developmental delay in the neonatal period.91 In our clinical 
practice, the authors have independently been referred a num-
ber of infants who were “diagnosed” as PWS by a FISH deletion 
who, in fact, had AS. However, by 2–3 years of age, the clinical 
features of PWS and AS should become distinguishable.

If DNA methylation is positive for PWS (i.e., maternal only 
imprint), but no deletion is found, the next step is to  distinguish 

table 3 Genetic testing used in Prader-Willi syndrome

methods molecular classes detected Uses and limitations

dNa methylation deletions, UPd, and id Will identify >99% of PWs. Will not distinguish molecular class. Can be done by 
southern blot or Ms-PCR.

Ms-MLPa deletion, UPd, and id Will identify >99% of PWs and distinguish deletion from UPd. detects five parent-
specific methylation sites. Will not distinguish UPd from id. Can give approximate 
size of deletion and identify type 1 and type 2 deletions. Newest kit should also pick 
up most iC and SNORD116 microdeletions.

High-resolution karyotype Most typical deletions Can detect most deletions but requires experienced technician. should not be used 
alone because it will miss some deletions, and FisH analysis is much more sensitive. 
Will not distinguish normal, UPd, and id.

FisH almost all deletions Will identify 65–75% of PWs. Typically done in conjunction with karyotype. 
information is limited to as/PWs region and the specific probes used (e.g., SNRPN). 
does not query the whole region and will miss small deletions. does not give 
information about the rest of the chromosomes and does not distinguish normal, 
UPd, and id.

dNa polymorphisms UPd and id Not a first-line test. done after dNa methylation analysis reveals PWs, but FisH or 
CMa analysis suggests UPd.

CMa—comparative genomic 
hybridization

deletions similar to FisH, will identify 65–75% of PWs. However, will give very good 
information regarding size of the deletion if an oligo (vs. BaC) array is used. also, 
gives information regarding deletions and duplication in the rest of the genome. 
Much more precise than chromosomes and FisH, and usually more expensive.

CMa-sNP array deletions and some UPds same as CMa-comparative genomic hybridization (above) plus will allow detection 
of UPd in cases with long contiguous stretches of homozygosity.

dNa sequence iC deletions Has very specific role in ids to distinguish iC deletions from epimutations. Limited 
to a region of <5 kb in the PWs iC sRO.

as, angelman syndrome; BaC, bacterial artificial chromosome; CMa, chromosomal microarray; FisH, fluorescence in situ hybridization; iC, imprinting center; 
id, imprinting defect; Ms-MLPa, methylation-specific multiplex ligation-dependent probe amplification; Ms-PCR, methylation-specific polymerase chain reaction; 
PWs, Prader-Willi syndrome; sNP, single-nucleotide polymorphism; sRO, smallest region of overlap; UPd, uniparental disomy.
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 characteristic sucking problems, hypogonadism, and facial 
appearance of PWS. Because AS can be caused by the same 
deletion as PWS, DNA methylation analysis is needed to distin-
guish them. Fragile X syndrome also includes hypotonia, which 
can be significant in the neonatal period.

In childhood, MECP2-related disorders (e.g., Rett syn-
drome) can present with hypotonia, obesity, and gynecomastia, 
as well as developmental disability. Affected individuals lack 
the characteristic history of sucking problems, hypogonadism, 
and facial appearance of PWS, and they often appear clinically 
normal in early infancy and have a progressive course.

Obesity and developmental delay/intellectual disability with 
or without hypogonadism can be seen in several genetic disor-
ders. AS and Fragile X syndrome can both include obesity in 
a subset of individuals but not hypogonadism. Maternal UPD 
for chromosome 14 causes early motor and speech delay, excess 
weight, hypotonia, and can also include feeding problems, short 
stature, small hands and feet, and scoliosis.144 However, early 
puberty and joint laxity are typical. Albright hereditary osteo-
dystrophy can include excess weight and developmental delays 
and also includes short stature and short metacarpals (espe-
cially 4th and 5th digits) but lacks hypotonia and has differ-
ent characteristic facial appearance (round face). Bardet-Beidl 
syndrome includes truncal obesity, cognitive impairment, and 
male hypogonadotrophic hypogonadism but is distinguished 
by rodcone dystrophy, postaxial polydactyly, complex female 
genitourinary malformations, renal dysfunction, and a differ-
ent facial phenotype from PWS. Cohen syndrome includes 
hypotonia, developmental disability (more severe than PWS), 
and obesity but has a different facial phenotype, microcephaly, 
progressive pigmentary retinopathy, severe myopia, and inter-
mittent neutropenia. Borjeson-Forssman-Lehmann syndrome, 
seen in males, includes intellectual disability (severe), hypog-
onadism, marked obesity, infantile hypotonia and failure to 
thrive, and short stature. It can be distinguished by the severity 
of delays, the presence of nystagmus, and characteristic facial 
appearance, as well as genetic testing. Alstrom syndrome is 
characterized not only by early-onset obesity and developmen-
tal delay (approximately 50%) and sometimes male hypogo-
nadotrophic hypogonadism but also by cone-rod dystrophy, 
progressive sensorineural hearing impairment, dilated cardio-
myopathy (>60%), and the insulin resistance syndrome/type 2 
diabetes mellitus associated with acanthosis nigricans, as well 
as urologic disorders of varying severity in females in their late 
teens and severe renal disease as a late finding.

A number of cytogenetic abnormalities result in overlap of 
manifestations with PWS, including deletion of 1p36, 2q37.3, 
6q16.2, and 10q26 and duplication of 3p25.3.26.2 and Xq27.2-
ter. Thus, CMA is an appropriate test when testing for PWS is 
negative or does not explain all the features.

Features similar to those of PWS in the presence of joint con-
tractures suggest Urban-Roger, Camera, or Vasquez syndromes, 
all of which are rare.

Careful clinical evaluation by a medical geneticist or other 
trained diagnostician is useful to direct testing appropriately 

analysis in the PWS “critical region” between the PWS IC and 
SNORD116. Similar to CMA, MS-MLPA will not pick up 
chromosomal rearrangements (translocations and inversions) 
involving proximal 15, which are detectable by simultaneous 
karyotype and FISH analysis.

Some laboratories, particularly in Europe, now begin testing 
for PWS by using the MS-MLPA analysis (rather than single 
locus DNA methylation analysis at 5′SNRPN). The advantage of 
MS-MLPA over traditional DNA methylation analysis is that the 
MS-MLPA will investigate five distinct differentially methylated 
sites rather than just one locus and will give information on dos-
ing in the 15q11.2 region. The MS-MLPA kit also will pick up IC 
deletions in PWS (and AS) and small deletions encompassing 
the SNORD116 gene cluster. If testing begins with MS-MLPA 
analysis, rather than single locus DNA methylation analysis, then 
the deletion status will be assessed at the same time as the DNA 
methylation status. However, neither single locus DNA methy-
lation analysis nor MS-MLPA analysis will distinguish between 
the UPD and ID classes, and DNA polymorphism analysis of 
the parents and the proband is still necessary if no deletion is 
present and the DNA methylation is positive for PWS. Single-
nucleotide polymorphism arrays can diagnose UPD in some 
cases but not all. However, DNA polymorphism analysis is still 
the gold standard test to use for diagnosing UPD.

diFFeRentiAL diAGnOsis
many disorders can mimic part of the PWs phenotype.
Craniopharyngioma and the results of its treatment and other 
types of damage to the hypothalamus show the greatest overlap 
with PWS, particularly if they occur at a young age.

Hyperphagic short stature is an acquired condition related to 
psychosocial stress that includes GH insufficiency, hyperphagia, 
and mild learning disabilities.141

Hypotonia in infancy is seen in many other conditions.142,143 
Neonatal sepsis and central nervous system depression are 
common causes. Congenital myotonic dystrophy type 1 is 
characterized by hypotonia and severe generalized weakness 
at birth, often with respiratory insufficiency, developmental 
delay, and early death. A number of myopathies and neuropa-
thies present as neonatal hypotonia, including some instances 
of spinal muscular atrophy. In these situations, poor respiratory 
effort may be present, a feature rarely seen in PWS. Molecular 
genetic testing, electromyography/nerve conduction velocity 
and/or muscle biopsy are often required to differentiate these 
conditions. A number of inborn errors of metabolism also may 
present with hypotonia with or without lethargy as their only 
finding in infancy. Pompe disease should particularly be con-
sidered. Newborn screening with tandem mass spectrometry 
will detect many inborn errors; metabolic disorder screening 
tests will detect others. Pompe disease must be confirmed by 
measurement of acid α-glucosidase enzyme activity or analysis 
of the GAA gene.

Several other genetic syndromes can present with neonatal 
hypotonia, including AS, which may have no other manifes-
tations in the neonatal period. Affected individuals lack the 
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 prescription of appropriate supplementation, is indicated, espe-
cially for calcium and vitamin D. Evaluation and treatment of 
sleep disturbance is recommended.147 Treatment depends on 
the cause and may include tonsillectomy and adenoidectomy 
and/or continuous positive airway pressure, as in the gen-
eral population. GH treatment normalizes height, increases 
lean body mass, decreases fat mass, and increases mobility, 
which are beneficial to weight management.4,35–39,41–43 Dose 
 recommendations in children are generally similar to those 
for individuals with isolated GH deficiency, i.e., approximately 
1 mg/m2.42,147 Educational planning should be instigated, and 
speech therapy is often needed for articulation abnormalities 
and delays. An individual aide in the classroom is helpful in 
assuring attendance to task. Social skills training groups have 
been beneficial (personal observation). Firm limit setting is the 
first approach to limiting or treatment of behavioral problems; 
serotonin reuptake inhibitors are helpful for most individuals 
with more severe problems.150 Decreased saliva production 
can be addressed with products developed for the treatment 
of dry mouth, including special toothpastes, gels, mouthwash, 
and gum (personal observation). Issues of guardianship, wills, 
trusts, and advocacy should be investigated no later than ado-
lescence.

Adolescence and adulthood
Management of hyperphagia and prevention of obesity are 
much the same as in children.46,48,49 The conventional adult 
dose of GH is 20–25% of the dose recommended in children. 
Replacement of sex hormones at puberty produces further 
development of secondary sexual characteristics (personal 
 observation).  However, systematic studies of sex hormone 
treatment in adolescents or adults with PWS are not avail-
able. If desired by the parents and child, treatment of hypogo-
nadism usually commences at around age 11–12 years for 
females and age 12–13 for males. Females can be treated with 
low-dose estrogen therapy (usually by a transdermal patch to 
avoid interference with GH metabolism), with escalating doses 
for 2 years or until menarche, at which point they are transi-
tioned to a combined estrogen-progesterone oral contracep-
tive pill or transdermal patch. The decision to treat hypogo-
nadism in females with PWS is very much a personal decision 
for each family and typically depends on the maturity level, 
independence, and degree of obsessive-compulsive behaviors 
in the affected individual. Adolescent males with PWS can be 
treated with either a low-dose transdermal testosterone patch 
or gel with escalating doses every 3–6 months to allow the tes-
tosterone levels to get into the normal range for age or with 
hCG therapy. Treatment with hCG increases endogenous tes-
tosterone production, which increases testicular volume and 
lean body mass without causing the characteristic mood and 
aggressiveness problems which parents occasionally report 
with testosterone therapy.151

Consideration of sex education and contraception should 
occur, particularly in females with PWS, as pregnancy has 
been reported infrequently.27,28 Bone densitometry by DEXA 

and may avoid the unnecessary expense of molecular testing for 
diagnoses that are less likely based on clinical findings.

mAnAGement
Management of the manifestations of PWS is age dependent 
and should include both addressing the consequences of the 
syndrome and anticipatory guidance. It is recommended that a 
team approach be used, if possible. Several other approaches to 
management have been published recently.4,34,145–148

infancy
Special nipples or gavage feeding is usually needed to ensure 
adequate nutrition, as poor suck will result in failure to thrive 
if untreated. Growth measurements (height, weight, and head 
circumference) should be obtained and plotted at diagnosis 
and thereafter on a regular and frequent basis, at least every 2–3 
months for the first year of life and as long as obtaining adequate 
calories is an issue. Those with prolonged failure to thrive despite 
adequate caloric intake should be assessed for hypothyroidism, 
which occurs in approximately 15%.63 Cryptorchidism should 
be sought and addressed with hormonal and/or surgical treat-
ments in males. Many males with PWS can benefit from early 
treatment of hypogonadism (within the first 6 months of life) 
with either testosterone therapy or human chorionic gonado-
tropin (hCG) treatment to improve phallus size and assist with 
testicular descent into the scrotal sac.4 These therapies have the 
added benefit of improving muscle mass and strength. Clinical 
assessment for scoliosis should be done at diagnosis and annu-
ally, with follow-up X-rays should there be suspicion of its pres-
ence. GH replacement therapy to normalize height, increase 
lean body mass, mobility and activity level, and decrease fat 
mass is standard of care and can be started at any age.4,35–39,41–43 
Studies thus far have indicated that no age is too early for GH 
treatment, and the sooner it is started the more benefit it has.42 
It is recommended that a sleep study be performed before initi-
ation of GH therapy to assess for and treat obstructive apnea.147 
Developmental assessment and early intervention, to include 
physical therapy, should be focused on improving muscle 
strength and developmental milestone attainment. Referral for 
an ophthalmologic evaluation is indicated during the first year 
of life to assess for strabismus and visual acuity. Early diagnosis 
and multidisciplinary care have been shown to reduce hospital 
time and prevent early  obesity.149

childhood
Strict supervision of daily food intake based on height, weight, 
and BMI is required to ensure dequate energy requirements 
while limiting weight gain (keeping BMI <30). This should 
 commence even before obesity is evident, to prevent its onset. 
Consultation with a dietician and close follow-up are usu-
ally necessary, and locking of the kitchen, refrigerator, and/or 
cupboards is often needed. The energy requirement of people 
with PWS, which rarely exceeds 1,000–1,200 Kcal/day,3 should 
be considered in planning daily food intake. Assessment of 
 adequacy of vitamin and mineral intake by a dietician, and 
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prognosis of the proband is thus influenced by the presence of 
additional chromosomal anomalies.

A parental chromosomal rearrangement is not typically obvi-
ous using only the proband’s chromosome and FISH analy-
ses. For example, a paternal paracentric inversion within or 
including the 15q11.2-q13 region with unequal crossing over 
in paternal meiosis could result in a deletion in the offspring. A 
normal brother and sister with a paracentric inversion involv-
ing the 15q11.2-q13 region has been reported.158 The brother 
had a child with PWS and the sister had a child with AS. 
Therefore, fathers of children with deletion should be offered 
chromosomal and FISH analyses for the 15q11.2-q13 region. 
FISH analysis of individuals with PWS and their fathers should 
include at a minimum the simultaneous use of a chromosome 
15 p arm or centromeric probe (e.g., D15Z1), a critical region 
probe (e.g., SNRPN) and a distal control probe (e.g., PML at 
15q22). The use of a 15p or centromeric probe is crucial in diag-
nosing a cryptic translocation, particularly between two acro-
centric chromosomes. Furthermore, it would be ideal for the 
examination of the father’s chromosomes 15 to include the use 
of two differentially colored critical region probes (e.g., SNRPN 
and D15S10) to evaluate for the possibility of an inversion. It 
is technically much harder to use two (rather than only one) 
critical region probes due to the difficulty in getting sufficient 
separation of the probes in condensed chromosomes. However, 
adequate separation, although technically difficult, could be 
possible in interphase, with orientation provided by the short 
arm/centromeric and distal 15 probes.

Maternal UPD 15 is typically de novo (IIa), with a recur-
rence <1% except if a Robertsonian translocation is present 
in either parent, so a chromosomal analysis is indicated in 
the proband. If this is normal, then the father of the child 
should be offered a chromosomal analysis to ensure that he 
does not have a Robertsonian translocation. We presume that 
the mother does not have a Robertsonian translocation as the 
two maternal chromosomes 15 are normal in the proband. 
However, we cannot rule out the possibility that the father 
has a Robertsonian translocation involving chromosome 15, 
which led to aberrant segregation at meiosis I and resulted 
in a sperm that was nullisomic for 15. This, combined with 
monosomy rescue to disomy, would result in an embryo with 
maternal UPD 15.

Rarely, a small marker chromosome is also present in a 
proband with maternal UPD 15.121 In these instances, it is 
important to examine both parents’ karyotype as it seems that 
these small marker chromosomes may increase the risk for 
nondisjunction and UPD.122

People with PWS due to an ID should be tested for an IC 
deletion by a laboratory experienced in detecting them. The 
majority (approximately 85%) of those with an ID have a de 
novo epigenetic mutation (IIIb) and the recurrence risk is <1% 
for this group. However, approximately 15% of those with an 
ID have it on the basis of a microdeletion in the IC (IIIa). In 
approximately half of these individuals, the IC deletion is famil-
ial and the recurrence risk is 50% for these families. Therefore, 

every 1–2 years in adulthood is useful to evaluate for possible 
osteoporosis.147 Diabetes mellitus is usually avoided if obesity is 
avoided; calcium and vitamin D supplementation might aid in 
prevention of osteoporosis. Scoliosis should be sought at regu-
lar examinations throughout life. Routine monitoring of weight 
and BMI is important to ensure appropriateness of exercise 
program and diet. No currently available medication or  surgical 
approach has been shown to aid in controlling hyperphagia. 
Daily muscle training increases physical activity and lean 
body mass.152 Psychosis is reported to respond well to selective 
 serotonin reuptake inhibitors but not to mood stabilizers.150 A 
group home for individuals with PWS that incorporates regu-
lation of behavior and weight and ensures adequate physical 
activity may prevent morbid obesity (personal observation).

Genetic cOUnseLinG
Knowing the specific genetic etiology in individuals with PWS 
is essential for the appropriate genetic counseling of affected 
families (Table 4). The majority of families have a recurrence 
risk less than 1%. However, certain etiologies have a recurrence 
risk as high as 50%, and a scenario with a risk of almost 100% 
is very unlikely but theoretically possible (i.e., a mother with a 
15/15 Robertsonian translocation).

Nearly all 15q11.2-q13 deletions are de novo interstitial dele-
tions (Ia) with a very low recurrence risk (<1%). A chromo-
some analysis with FISH should be performed in individuals 
with a deletion as, on rare occasions, the deletion is the result of 
a chromosomal rearrangement (Ib). This could have occurred 
de novo in the proband’s father’s gamete, or the father may carry 
a balanced rearrangement. There have been several reports 
of a balanced rearrangement (translocation or inversion) in 
the father resulting in a deletion of the 15q11.2 region.153,154 
In these cases, there is a theoretical recurrence risk as high as 
25–50%. On rare occasions, a second chromosomal anomaly 
is noted in addition to the 15q11.2 deletion, such as Klinefelter 
syndrome.155–157 Counseling of the family regarding the clinical 

table 4 Risks to sibs of a proband with Prader-Willi 
 syndrome by genetic mechanism

molecular 
class

Frequency 
of class Genetic mechanism Risk to sibs

Ia 65–75% 5–6 Mb deletion <1%

Ib <1% Chromosome 
rearrangement

Possibly up to 50%

IIa 20–30% Maternal UPd <1%

IIb <1% Maternal UPd with 
predisposing parental 
translocation or 
marker chromosome

approaching 100% 
if mother has a 
15;15 Robertsonian 
translocation

IIIa <0.5% id with deletion in 
the iC

as high as 50% if 
father also has an iC 
deletion

IIIb 2% Epimutation—id 
without deletion in 
the iC

<1%

iC, imprinting center; id, imprinting defect; UPd, uniparental disomy.
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fathers of children with an IC deletion should have DNA meth-
ylation and dosing analysis (or sequence analysis) to determine 
whether they carry the IC deletion.

Offspring of a proband
With rare exception, individuals with PWS do not reproduce. 
However, there are two reported27,28 and two as-yet unre-
ported (Cassidy and Vats, unpublished data) women with 
genetically confirmed PWS who have had a child. No geneti-
cally  confirmed males with PWS have been known to have 
fathered a child. The risk to the child of an affected individual 
depends on the etiology of the PWS and the sex of the affected 
individual. If the proband has PWS as the result of a deletion, 
the offspring have a 50% risk of having AS if the proband is 
female28 and PWS if the proband is male (never reported). 
There is a single report of a female with PWS caused by UPD 
having a normal child.27

Prenatal testing
Families who have children with PWS should be aware that 
prenatal diagnosis for PWS is available and will not be typically 
diagnosed in a standard prenatal chromosome analysis. Germ 
cell mosaicism in the father is a rare but distinct possibility 
and has been observed in cases of 15q11.2 deletions159 and IC 
deletions.123,160 In addition, recurrent meiotic nondisjunction 
of maternal chromosome 15 has been observed.161 FISH, array 
comparative genomic hybridization, DNA methylation analy-
sis, MS-MLPA, and DNA polymorphism studies for UPD have 
been validated in prenatal diagnosis, but only DNA methyla-
tion analysis (including MS-MLPA) at the 5′ SNRPN locus will 
identify the IDs.162–164 It should be noted that only a few clini-
cal laboratories have the experience to use DNA methylation 
analysis in prenatal diagnosis and these laboratories typically 
prefer to use amniocytes (versus chorionic villi) for analysis 
because of the known hypomethylation of tissue derived from 
the placenta.163,165
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