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rader-Willi syndrome (PWS) is a complex genetic dis-
P order that is caused by the absence of normally active
paternally expressed genes from the chromosome 15q11-
q13 region (1). PWS has a prevalence of 1/10,000 to
1/30,000 individuals and is characterized by poor feeding
in infancy often associated with failure to thrive, followed
by obesity beginning around age 2 (1, 2). These individuals
also have hyperphagia, hypotonia, developmental and
cognitive delay, behavioral problems, and neuroendo-
crine abnormalities. Hypogonadism is present in both
males and females and manifests as genital hypoplasia,
incomplete pubertal development, and, in most, infertil-
ity. Short stature is common, related to GH insufficiency.
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 par-
ticularly in those who become obese.

The Case

A 3-month-old infant admitted to the hospital for evalu-
ation of failure to thrive is found to have PWS by DNA
methylation testing. History reveals that he was born via
emergency cesarean section at 37 wk gestational age after
a pregnancy complicated by polyhydramnios and de-
creased fetal movements. He was unable to breast feed due
to poor suck but was able to take 2 ounces of formula over
30 min using a widened, fast-flow nipple. He was dis-
charged home with his parents, but was readmitted for
failure to thrive when he was 3 months old. On physical
examination at admission, he was noted to have almond-
shaped eyes, bitemporal narrowing, a thin upper lip with
downturned corners of the mouth, decreased muscle mass,

Abbreviations: CAl, Central adrenal insufficiency; PWS, Prader-Willi syndrome; REM, rapid
eye movement.
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and a hypoplastic scrotal sac with bilateral undescended
testes. This case will be used to illustrate the range of issues
associated with PWS and the recommendations and con-
troversies surrounding treatment. Specific issues to be ad-
dressed include GH treatment, additional endocrinopa-
thies seen in individuals with PWS, the various nutritional
phases that individuals with PWS go through, and recom-
mendations for weight control.

Background

PWS is an imprinted condition, with approximately 70 %
of the cases due to a de novo deletion in the paternally
inherited chromosome 15 q11-q13 region, 25% from a
maternal uniparental disomy of chromosome 15, and the
remaining 5% from either microdeletions or epimutations
of the imprinting center in the 15q11-q13 region (i.e. im-
printing defects) (3, 4). The absence of expression of one
or more of the paternally inherited genes must contribute
to the phenotype of PWS, but at the current time the exact
function of each of the genes in determining the PWS phe-
notype remains to be elucidated. No single gene mutation
has been found in humans that explains all the features of
this syndrome.

Diagnosis

Although published consensus clinical diagnostic criteria
are available and accurate, the mainstay of diagnosis is
genetic testing. DN A-based methylation testing will detect
abnormal parent-specific imprinting within the Prader-
Willi critical region on chromosome 15. This testing de-
termines whether the region is maternally inherited only
(i.e. thenormal paternal imprintis absent) and detects over
99% of affected individuals. Diagnosis can also be made
by fluorescence iz situ hybridization or chromosomal mi-
croarray for patients who have deletion of chromosome
15q11.2-q13. Angelman syndrome must be in the differ-
ential diagnosis for individuals who have a deletion of
chromosome 15q11.2-q13, and DNA methylation testing
must be done to confirm the diagnosis of PWS. DNA poly-
morphism analysis can be used to test for uniparental di-
somy, but blood from both parents and from the affected
child is necessary for this testing. Blood from both parents
and the child must be sent to an experienced referral lab for
testing for an imprinting center microdeletion. This ge-
netic testing is important to confirm the diagnosis of PWS
in all individuals, but it is especially important in those
who do not manifest the classic clinical features of PWS or
are too young to manifest sufficient features to make the
diagnosis with certainty on clinical grounds. Additionally,
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elucidating the specific genetic cause of PWS is important
for counseling regarding recurrence risk because the re-
currence risk for spontaneous deletions or uniparental di-
somy is low (<1%), whereas some cases of imprinting
mutation have a recurrence risk of up to 50%.

Manifestations and Natural History

Prenatal characteristics

The birth weight, length, and body mass index of in-
fants with PWS is 15-20% smaller than their unaffected
siblings (although often still in the normal range), indi-
cating that growth is abnormal prenatally (5). Prenatal
hypotonia usually results in decreased fetal movement, an
increased incidence of abnormal fetal position at delivery,
and a need for assisted delivery or cesarean section (6).

Neonatal characteristics

Infantile hypotonia is a nearly universal finding, caus-
ing decreased movement with decreased spontaneous
arousal, weak cry, and poor reflexes, including a poor
suck. The hypotonia is central in origin, and neuromus-
cular studies including muscle biopsy, when done for di-
agnostic purposes, are generally normal or show nonspe-
cific signs of disuse. In general, muscle biopsy should not
be done in an infant with central hypotonia unless genetic
testing has ruled out PWS. The poor suck and lethargy
result in failure to thrive in early infancy, and gavage feed-
ing or the use of special nipples is generally required for a
variable period of time, usually weeks to months (5). By
the time the child is drinking from a cup or eating solids,
a period of approximately normal eating behavior occurs.
The hypotonia improves over time, but even adults remain
mildly hypotonic with decreased muscle bulk and tone.

Childhood characteristics

Delayed motor development is present in the great ma-
jority of children with PWS, with average early milestones
achieved at about double the normal age (e.g. sitting at 12
months, walking at 24 months). Language milestones are
also typically delayed. Although a small proportion of
affected individuals have extremely impaired language de-
velopment and apraxia, verbal ability is a strength for
most; however, articulation abnormalities are frequent.
Intellectual and/or learning disabilities are generally evi-
dent by the time the child reaches school age and are of
variable degrees, with some children having normal 1Q
levels whereas others are more severely affected.

Nutritional phases
In contrast to the long-held view that there are two
distinct nutritional phases in PWS, failure to thrive fol-
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lowed by “hyperphagia leading to obesity,” a recent col-
laborative study found that the transition between nutri-
tional phases is much more complex, with seven different
nutritional phases through which individuals with PWS
typically progress (5) (Table 1). Phase O 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 character-
ized by difficulty feeding with or without 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 ata 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 sig-
nificant change in appetite or caloric intake (median age of
onset, 2.08 yr), whereas in subphase 2b the weight gain is
associated with a concomitant increased interest in food
(median age of onset, 4.5 yr). Phase 3 is characterized by
hyperphagia, typically accompanied by food seeking and
lack of a sense of satiety (median age of onset, 8 yr). Not
all individuals with PWS go through all the stages de-
scribed above, but the vast majority do. In addition, some
adults progress to phase 4, which is when the individual no
longer has an insatiable appetite and is able to feel full.
Because PWS is now typically diagnosed in infancy,
parents can be provided with prospective advice on these
nutritional phases. Frequent monitoring of length and
weight during infancy and early childhood can help ame-
liorate the failure to thrive in early infancy as well as the
obesity when the children get older. When increasing
weight gain without a change in calories is noted (phase
2a), a well-balanced diet consisting of 30% fat, 45% car-

TABLE 1. Nutritional phases in PWS?

Clinical characteristics

Decreased fetal movements
and lower birth weight than
sibs

Hypotonia with difficulty
feeding and decreased
appetite

Improved feeding and appetite
and growing appropriately

Weight increasing without
appetite increase or excess
calories

Increased appetite and calories,
but can feel full

Hyperphagic, rarely feels full

Appetite is no longer insatiable

Phase Median ages
0 Prenatal to birth

1a 0-9 months

1b 9-25 months

2a 2.1-4.5yr

2b 45-8yr

3 8 yr to adulthood
4 Adulthood

2 Modified from J. L. Miller et al.: Nutritional phases in Prader-Willi
syndrome. Am J Med Genet A 155A:1040-1049, 2011 (5), with
permission. © Wiley Periodicals Inc.
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bohydrates, and 25% protein helps decrease the rate of
weight gain (7) because research indicates that during
phase 2a, metabolism changes from normal to increased
conversion of carbohydrates to adipose tissue (5).

Therapeutic Strategies

PWS is associated with a number of endocrinopathies,
developmental, and behavioral issues that must be evalu-
ated and treated. If possible, children with PWS should be
treated in a multidisciplinary center familiar with the myr-
iad of issues that must be addressed in the syndrome (8).
Families are encouraged to network with one another via
the parental support groups available through the Prader-
Willi Syndrome Association.

Associated Endocrinopathies

Individuals with PWS can have a number of endocrinop-
athies associated with hypothalamic-pituitary insuffi-
ciency. It is recommended that endocrinologists monitor
for these endocrine disorders both clinically and biochem-
ically. Timing of testing for these hormonal abnormalities
varies between physicians but can be driven by clinical
symptoms.

GH deficiency

Short stature may be apparent in childhood and is al-
most always present by the second decade in the absence
of GH replacement. The lack of a pubertal growth spurt
and GH insufficiency result in an average untreated height
of 155 cm for males and 148 cm for females (9). Data from
at least 15 studies involving more than 300 affected chil-
dren document reduced GH secretion in PWS. Best prac-
tice in early intervention for PWS recommends that GH
therapy be discussed at the time of diagnosis (8). GH ther-
apy decreases fat mass and increases muscle mass. Prelim-
inary data also suggest that it may have a beneficial effect
on weight gain, and possibly appetite, in individuals with
PWS, and perhaps more importantly, an improvement in
cognitive function (8, 10). Infants with PWS treated with
GH therapy and multidisciplinary care have improve-
ments in head circumference, height, body mass index,
body composition (with improvement of lean muscle mass
and delay of fat tissue accumulation), body proportions,
acquisition of gross motor skills, language acquisition,
and cognitive scores (8, 10-14). Older children and ado-
lescents treated with GH therapy not only have the above-
mentioned physical benefits of the treatment but are also
reported to have improvements in behaviors with lack of
behavioral deterioration during adolescence. Children
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with PWS treated with GH through childhood are able to
achieve their expected midparental height (9). Recent
studies have found that up to 72% of children with PWS
treated with GH therapy have a serum IGF-1I level that is
greater than 2 sp values after 24 months of treatment,
despite lower doses of GH than are used for children with
isolated GH deficiency (15). However, IGF-I to IGF bind-
ing protein-3 ratios remained stable with GH therapy,
suggesting that bioavailable IGF-I is not elevated to a
greater extent than is seen in individuals with other causes
of GH deficiency.

GH deficiency is also seen in 50% or more of adults
with PWS (16). One study found that adults with PWS due
to maternal uniparental disomy had lower GH secretion
than those with deletion (17). Several studies have docu-
mented the safety and efficacy of GH treatment in adults
with PWS on body composition and quality of life (18—
21). One study found that the beneficial effects of GH
therapy were unrelated to the pretreatment GH or serum
IGF-I levels (20).

Although there have been concerns about an increased
risk of death in children with PWS treated with GH ther-
apy (22, 23), several studies have found that the rate of
death in affected individuals on and off GH did not differ
(24). A study of the natural history of PWS in one region
of the United Kingdom found the overall death rate of
individuals with PWS to be as high as 3% per year without
GH therapy (25). Thus, the relationship of GH adminis-
tration to unexpected death remains unclear, and parents
need to be counseled about the potential risk before start-
ing therapy. However, studies indicate that the benefits of
treatment exceed the risks (26, 27).

Scoliosis is relatively common in children with PWS
(40-80%), prompting concern about whether GH treat-
ment would increase the frequency or severity of this find-
ing. However, randomized trials have found no relation-
ship between GH therapy and the age of onset or severity
of scoliosis in children with PWS (28, 29).

Hypogonadism

Hypogonadism is present in both sexes and manifests
as genital hypoplasia, incomplete pubertal development,
and infertility in the vast majority. Genital hypoplasia is
evident at birth (1-3). In males, the penis may be small and
the scrotum is hypoplastic, poorly rugated, and poorly
pigmented. Unilateral or bilateral cryptorchidism is pres-
ent in 80-90% of males (1-3). In females, the genital hy-
poplasia is often overlooked; however, the clitoris and
labia, especially the labia minora, are generally small from
birth (1-3). The hypogonadism causes incomplete, de-
layed, and sometimes disordered pubertal development.
Precocious adrenarche occurs in approximately 15-20%
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of cases in both sexes. Females have amenorrhea or oli-
gomenorrhea. Infertility is the rule in both sexes, although
a few instances of reproduction in females have been re-
ported (30, 31). The largest recent study of hypogonad-
ism, which included 84 individuals with PWS (half males,
half females) ages 2-35 yr (32), identified the following
frequencies in males: cryptorchidism, 100 %3 small testes,
76%:; scrotal hypoplasia, 69%; in females: labia minora
and/or clitoral hypoplasia, 76%; primary amenorrhea,
56%; spontaneous menarche (mostly spotting), 44% of
those over age 15 yr; and in both sexes: premature
pubarche, 14%; and precocious puberty, 3.6 % (one male,
two females). The hypogonadism in PWS is due to a com-
bination of hypothalamic and primary gonadal deficien-
cies (33). Treatment with human chorionic gonadotropin
is recommended as a treatment for infant males with un-
descended testes because it may help with testicular de-
scent more than in typical males with cryptorchidism and
also helps improve the size of the scrotal sacif orchidopexy
is necessary in the future (8).

Central adrenal insufficiency (CAl)

In 2008, one study reported that CAI after overnight
single-dose metyrapone tests was noted in 60 % of children
with PWS, suggesting that this may be the cause of the high
incidence of sudden death in this population (34). It is
known that introducing GH therapy can precipitate ad-
renal crisis in individuals with incipient adrenal insuffi-
ciency by accelerating the peripheral metabolism of cor-
tisol, which may explain the correlation between the
incidence of sudden death at the beginning of GH treat-
ment and CAI in individuals with PWS (34). However,
two subsequent studies have found normal cortisol re-
sponses to both low- and high-dose synacthen testing and
insulin tolerance testing (35, 36), so whether CAl is a true
issue for individuals with PWS remains uncertain. Patients
should be counseled about symptoms consistent with ad-
renal insufficiency and educated about the best course of
action and treatment should these symptoms occur.

Hypothyroidism

Central hypothyroidism, with a normal or low TSH
value and low free T, level, has been documented in up to
25% of individuals with PWS, with a mean age of diag-
nosis and treatment of 2 yr (37-39).

Impaired glucose tolerance and diabetes mellitus
Up to 25% of adults with PWS (particularly those with
significant obesity) have type 2 diabetes mellitus (40) with
a mean age of onset of 20 yr. A study of a large French
cohort with PWS (ages 2-18.8 yr) revealed the presence of
impaired glucose tolerance in 4% of individuals (mean
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age, 10.2 yr) but no diabetes mellitus in those less than 20
yr of age (41).

Additional Medical Issues

Obesity

Obesity in PWS typically precedes the hyperphagia and
results from decreased total caloric requirement, due to
decreased resting energy expenditure from decreased ac-
tivity and decreased lean body mass (primarily muscle)
compared with unaffected individuals (1-3). The obesity
in PWS is primarily central (abdomen, 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 (42). Obesity and its complications are
the major causes of morbidity and mortality in individuals
with PWS.

The hyperphagia that occurs in PWS is believed to be
caused by a hypothalamic abnormality resulting in lack of
satiety. Several independent groups have shown that ghre-
lin levels are significantly elevated in hyperphagic older
children and adults with PWS before and after meals (43—
45). However, studies of infants with PWS have also
shown that infants who are not interested in eating still
have elevated levels of ghrelin. Thus, hyperghrelinemia
precedes the development of obesity and increased appe-
tite in PWS (46). However, several groups have now
shown that pharmacological reduction of ghrelin to nor-
mal levels in PWS, using either short- or long-acting
agents, did not affect the weight, appetite, or eating be-
havior in hyperphagicindividuals (47,48). Thus, there are
no consistently identified hormonal abnormalities to ex-
plain the hyperphagia, and the metabolic correlates of hy-
perphagia in PWS are still uncertain.

Although early counseling, caloric restriction, and di-
etary recommendations have not changed the tempo or
timing of the nutritional phases, it is possible to keep the
weight for height normal before the child enters nutri-
tional phase 2b. Retrospective review of growth charts of
older individuals with PWS who were typically not diag-
nosed until 8-12 yr of age showed that they were already
obese when they entered phase 2b, so the increased interest
in food served to worsen their existing obesity (5). Addi-
tionally, parents of children diagnosed in infancy have the
opportunity to institute food-related behavioral modifi-
cation well before the child’s appetite or interest in food
increases. This allows them to proactively teach the child
about healthy eating and food choices, as well as portion
size, so that when phase 3 begins it is often less severe than
what is described in the literature. However, a restrictive
food environment is highly recommended when individ-
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uals with PWS enter nutritional phases 2b to 3, with food
storage being locked, access to food or money to buy food
being forbidden, and constant supervision being em-
ployed whenever possible.

Sleep abnormalities

Sleep abnormalities are well documented and include
reduced rapid eye movement (REM) latency, altered sleep
architecture, oxygen desaturation, and both central and
obstructive apnea (49-52). Sleep studies are recom-
mended before starting GH therapy and approximately
6-12 wk after beginning the therapy to ensure that GH is
not worsening sleep abnormalities due to tonsillar/ade-
noid hypertrophy. Recommendations are for evaluation
by an otolaryngologist and pulmonologist for consider-
ation of tonsillectomy/adenoidectomy vs. continuous pos-
itive pressure if obstructive sleep apnea worsens with GH
treatment (53). 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 pedunculopontine tegmental
nucleus (54, 55). Some individuals with PWS have exces-
sive daytime sleepiness, and some have symptoms of nar-
colepsy and/or cataplexy with rapid onset of REM sleep
and decrease in non-REM sleep instability (55). Interest-
ingly, the narcoleptic symptoms most often occur during
eating in younger children with PWS. Modafinil has been
found to be a safe and effective treatment for children with
PWS with excessive daytime sleepiness, regardless of the
etiology (56).

Behavioral issues

A characteristic behavior profile with temper tantrums,
stubbornness, controlling and manipulative behavior,
compulsivity, and difficulty with change in routine be-
comes evident in early childhood for many individuals
with PWS. Some of the behavioral characteristics are sug-
gestive of autism. Attention deficit/hyperactivity symp-
toms and insistence on sameness are common and typi-
cally of early onset (57). Self-mutilatory behaviors such as
severe compulsive nail biting and/or skin-picking are com-
mon in individuals with PWS and anecdotally are thought
to be associated with the increased appetite.

Approach to Our Patient

Our patient received feedings via a combination of oral
and nasogastric tube once the diagnosis was established
because it was known that his feeding pattern would im-
prove relatively quickly. A course of human chorionic go-
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nadotropin was given twice a week for 5 wk, and a sleep
study was performed before hospital discharge. The child
was sent to an endocrinologist for further treatment. GH
therapy was begun, and the parents noted improvements
in strength, daytime alertness, and eating. Occupational,
physical, and speech therapies were started, and the pa-
tient was seen regularly by a dietician to ensure that the
diet was optimized and that weight gain was adequate but
not too rapid.

Existing Controversies

Controversies exist about the optimal age to begin GH
therapy because, although the benefits of starting GH in
children with PWS are clear, more and more evidence sug-
gests that there may be even greater benefit to beginning
treatment in infancy as opposed to waiting until the child
is older. With parent support groups and internet access,
parents are aware of the potential benefits of starting GH
treatment in infancy, and many are requesting this therapy
as soon as the diagnosis is made. Therefore, endocrinol-
ogists need to be cognizant of the data indicating the ben-
efits of early GH treatment in this population. There is also
debate as to the benefit of monitoring IGF-Ilevels for treat-
ment optimization, given the fact that most individuals
with PWS have elevated IGF-I levels 2 yr after initiation of
treatment despite relatively low dosing. There is no con-
sensus among endocrinologists about how best to handle
the elevated IGF-I levels. Additionally, some endocrinol-
ogists doubt that CAI is a significant problem for those
with PWS, whereas others insist that it is the cause of the
high rate of sudden death. Questions remain about
whether testing for CAI should be performed for all indi-
viduals with PWS or just those with symptoms of adrenal
insufficiency. Additional controversy centers around
treatment for hypogonadism and whether sex steroid
treatment should be used for individuals with PWS and at
what age treatment should be initiated.

Areas of Uncertainty

Many areas of uncertainty merit further discussion and
research evaluation. First and foremost remains the issue
of which hormones cause the changes in weight and ap-
petite and how these could best be modified to reverse the
obesity and hyperphagia. Additional areas of research in-
clude the determination of the optimal age at which to
begin GH therapy and whether or not all adults with PWS
should receive GH treatment, despite deficiency only be-
ing present in approximately 50%. The questions sur-
rounding CAI and treatment for hypogonadism also de-
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serve research evaluation. The relationship of behavioral
problems, self-mutilatory behaviors, and sleep distur-
bances to appetite and obesity need to be identified, as well
as better treatment options for these problems.

Conclusion

PWS is a complex disorder involving the hypothalamic-
pituitary axis, resulting in a myriad of issues for the af-
fected individual, including multiple endocrinopathies,
obesity, sleep disorders, and behavioral problems. Re-
search is being done to try to ameliorate many of these
problems for individuals with PWS, but at this time early
diagnosis, therapies, and treatment with GH have had
positive effects for the younger generation with this syn-
drome. Proactive counseling about the various nutritional
phases has helped parents work to prevent the early-onset
obesity that has long been considered part of PWS. Parents
of children with PWS can be optimistic about the future for
their children in light of the improved knowledge and
treatment options available.

Resources for Families

Prader-Willi Syndrome Association, 8588 Potter Park Drive,
Suite 500, Sarasota, Florida 34238. Telephone: 800-926-
4797 or 941-312-0400; fax: 941-312-0142. Web site:
WWW.pWsausa.org.

Foundation for Prader-Willi Research, 104 Hume Av-
enue, Alexandria, Virginia 22301. Telephone: 703-683-
7500; fax: 703-836-0959. Web site: www.fpwr.org.

Foundation for Prader-Willi Research Canada, 19-
13085 Yonge Street, Suite 370, Richmond Hill, Ontario,
Canada L4E 0K2. Telephone: 866-993-7972. Web site:
www.onesmallstep.ca.
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