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Abstract: Prader-Willi syndrome (PWS) is a complex genetic disorder with implications on the endocrine

and neurologic systems, metabolism, and behavior. Early in life, PWS is characterized by hypotonia and

failure to thrive, followed by obesity and hyperphagia. Patients with PWS develop hypothalamic dysfunction

which may lead growth hormone deficiency (GHD), hypogonadism, hypothyroidism, adrenal insufficiency,

and poor bone mineral density (BMD). In addition to hypothalamic dysfunction, individuals with PWS have

increased risk for obesity which may be complicated by metabolic syndrome and type 2 diabetes mellitus

(T2DM). In this paper, we will review the current literature pertaining to the endocrine concerns of PWS

and current recommendations for screening and management of these conditions.
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Introduction

Prader-Willi syndrome (PWS) is a complex genetic disorder
with implications on the endocrine and neurologic systems,
metabolism, and behavior. The estimated prevalence
of PWS is 1 in 10,000 to 30,000, with equal numbers
of male and females affected. PWS results from lack of
expression of the paternally-inherited genes on chromosome
15q11.2-q13 due to paternal deletion, maternal uniparental
disomy, or imprinting defect of this region (1). Early in life,
PWS is characterized by hypotonia and failure to thrive,
followed by obesity and hyperphagia (2). Patients with
PWS develop hypothalamic dysfunction which may lead
to several endocrinopathies, including growth hormone
deficiency (GHD), hypogonadism, hypothyroidism, central
adrenal insufficiency (CAI), and poor bone mineral density
(BMD). In addition to hypothalamic dysfunction and
lack of satiety, individuals with PWS have lower resting
energy expenditure. Thus, increased risk for obesity which
may be complicated by metabolic syndrome and type

2 diabetes mellitus (T2DM) (3). Therefore, individuals with
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PWS require close management with an endocrinologist
throughout their lifespan, from infancy to adulthood. At our
institution, we utilize a multi-disciplinary approach to address
the complex needs of PWS patients in which individuals see
multiple specialists including genetics, neurology, psychology,
and dietetics, with endocrinology at the forefront. In this
paper, we review the current literature pertaining to the
endocrine concerns of the infant, child, adolescent, and adult
with PWS and current recommendations for screening and
management of these conditions.

Growth hormone (GH)

The GH axis is the most extensively studied within the
PWS population and GHD is the most commonly reported
endocrinopathy. Although the prevalence of GHD in PWS
is reported to range between 40-100% based on various
studies (4,5), an altered GH-IGF-1 axis is thought to be
a universal feature of this syndrome. The KIGS database
(Kabi International Growth Study) noted GHD in 74% and
IGF-1 deficiency in nearly 100% of the PWS patients
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studied (6). Reasons for such discrepancy in prevalence of
GHD is likely due to variation in the testing methods used,
differences in growth hormone (GH) assays, and age of
patients at time of testing.

The exact pathogenesis of GHD in PWS is not entirely
clear. PWS children demonstrate decreased spontaneous
24-hour GH secretion, in addition to inadequate response
to GH stimulation testing (5). Serum IGF-1 levels are
universally noted to be sub-normal as well. It is likely that
there is a combination of subnormal GH reserve and IGF-1
generation in individuals with PWS leading to subnormal
growth response. Pituitary GH reserve may progressively
decline with age in PWS children and GH levels are noted
to be relatively lower in obese PWS patients than those
who are non-obese (7). Additionally, one study has shown
genotypic differences in GH secretary responses on GH
stimulation testing, with higher GH response in PWS
patients with paternal deletion of 15q11-q13 than in those
with maternal UPD15 (8). However, the clinical response
to GH treatment based on genotype is not fully defined.

The clinical presentation and features in PWS
individuals are consistent with those typically seen in GHD.
PWS may present with short stature, growth deceleration,
reduced pubertal growth spurt, and short final adult height.
Multiple studies have reported improvements not only in
linear growth, but various other parameters including: body
composition and lean muscle mass, motor development,
energy expenditure, BMD and cardiovascular health across
all ages of PWS children, adolescents, and adults treated
with GH (9-12). Additionally, these positive therapeutic
effects have been noted in all patients with PWS irrespective
of their baseline GH status. It has been reported that up to
63-74% of patients with PWS have pituitary morphological
abnormalities on brain MRI, although there is no direct
correlation with pituitary hormone deficiencies (13,14).
PWS patients do not need formal testing to demonstrate
GHD prior to initiation of GH therapy in the United
States (US), yet testing to demonstrate GHD may be still
required in some countries (15,16). The US Food and Drug
Administration approved GH therapy for PWS in the US
in 2000. Current recommendations are for early age of
initiation of GH therapy, preferably before onset of obesity,
which is often noted to occur by 2 years of age. However,
many experts choose to start GH therapy soon after a
diagnosis of PWS is made, as early as 3—6 months of age
(15,16) given reported improvements in meeting motor and
cognitive developmental milestones (9).

The majority of clinical trials examining benefits of
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GH therapy have utilized a dose of 1 mg/m*/day (15),
which is equivalent to about 0.035 mg/kg/day or
0.245 mg/kg/week (17). Clinical guidelines recommend
starting GH therapy in infants and children at a lower
dose of 0.5 mg/m’/day to avoid potential side effects, then
gradually titrating the dose towards 1 mg/m’/day based
on IGF-1 (15). Even at these lower doses, PWS patients
are noted to be very sensitive to the IGF-1 generation
response to GH, and GH treatment often results in
IGF-1 levels above the normal reference range (18).
Recommendations for frequency of IGF-1 monitoring
vary, but in our clinical practice, we obtain IGF-1 levels
1-2 months after starting treatment, then every
6-12 months. In patients that have had an elevated IGF-1
in the past, we recommend checking 1-2 months after a
dose increase as well.

Overall, GH therapy is generally safe and well tolerated
in children and adolescents with PWS (Figure I). However,
because of reports of unexpected mortality in PWS patients
on GH treatment, extreme caution needs exercised for
concerns of breathing problems and sleep apnea (19).
Polysomnography should be obtained prior to initiating
treatment, within 3—-6 months after starting GH therapy,
and then annually. Additionally, if there is concern for
development of snoring or other symptoms suggestive of
sleep disordered breathing or sleep apnea, we recommend
holding GH therapy until a sleep study can urgently
be performed. Lymphoid hyperplasia may theoretically
develop due to GH treatment and supra-physiologic IGF-1
levels (20). Expert opinion recommends maintaining IGF-
1 in the upper range of normal for appropriate reference
ranges, and titrating GH dose based on IGF-1 levels (15).

Hemoglobin Alc should be monitored annually during
GH treatment due to GH effects on insulin resistance and
risks of diabetes and metabolic syndrome in PWS patients.
Other potential side effects including joint pain, edema,
scoliosis, SCFE, and pseudotumor cerebri should all be
closely monitored as in other patients on treatment with
GH. PWS patients on GH therapy should preferably be
monitored closely by endocrinologists with expertise in
PWS. Treatment is generally continued until completion
of linear growth. GH treatment then may be transitioned
to adult GH treatment based on current guidelines. Usual
dose recommendations for GH in adults vary in range of
0.2-1.6 mg/day. IGF-1 levels should be maintained within
the upper half of the reference range. Evidence for beneficial
effects of adult GH treatment in PWS is growing, and may
include improved quality of life, as well as improvements in
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Diagnosis of PWS
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No GH stimulation test or
baseline IGF-1 required
for initiation of GH therapy

Y
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A
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dose and titrating to goal ea,‘((\e

treated (potential CPAP,
overnight oxygen,
T&A) can (re)-start GH
therapy

A

1-2 months after initial
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6-12 months
Goal upper half of normal,

Obtain repeat PSG
Then, obtain every >»| after 3-6 months of
therapy, then annually

New onset snoring

adjust dose as needed

iNo SDB

Screen for side effects of GH
therapy at each appointment
(SCFE, edema, snoring, worsening
scoliosis, pseudotumor cerebri,
insulin resistance)

Screen hemoglobin A1c annually

Continue treatment
into adulthood

Figure 1 Algorithm for growth hormone treatment in PWS. PSG, polysomnography; SDB, sleep disordered breathing; ENT,

otolaryngology; T&A, tonsillectomy and adenoidectomy; SCFE, slipped capital femoral epiphysis; PWS, Prader-Willi syndrome; GH,

growth hormone.

behavioral and psychologic functioning (15).

Hypogonadism

All patients with PWS have some degree of hypogonadism,
although both hypogonadotropic hypogonadism and
primary gonadal failure have been reported. In males and
females, there is heterogeneity as to the phenotype of
hypogonadism (primary or central) in each PWS patient.
However, it is usually not correlated to the genetic subtype

of PWS (21,22).
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Males

Cryptorchidism (either unilateral or bilateral) is almost
universal in males with PWS, ranging from 66% to 100%
of newborns (23,24), and almost all require orchiopexy.
Human chorionic gonadotropin (hCG) treatment has
been used to lower the testicular position in most patients,
yet almost all patients still required orchiopexy. However,
early treatment with hCG may result in better outcomes
including development of the scrotal sac and growth of
phallus length (25). Most studies report normal penile
length at birth and in early childhood (22,26). However,
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over time, penile length starts to fall below -2SDs
compared to healthy males (27). Smaller penile size coupled
with a large supra-pubic fat pad seen in many obese PWS
patients may lead to difficulty urinating while standing in
young males, and treatment with a short course of low-dose
testosterone may be considered to aid in potty-training.

PWS males demonstrate a normal mini-puberty
of infancy with normally elevated LH, FSH, and
testosterone levels within the first few months of
life (26). After the mini-puberty, testosterone and the
gonadotropins decrease to pre-pubertal levels. At the
onset of puberty, testosterone levels increase, but remain
low. LH and FSH are more variable, but most studies
report that LH levels remain low-normal to normal,
while FSH increases and remains normal to high
(21-23,27-30). Additionally, most studies report a normal
age of onset of puberty in males, although an arrest of
pubertal progression typically occurs at Tanner stage 3,
coinciding with testicular failure. Testicular size may
progress to a volume of 6-7 milliliters and remain small
into adulthood (21-23,27-29). PWS males are generally
thought to be infertile, and there have been no known
reports of PWS males fathering children (31). Inhibin B, a
marker of spermatogenesis and Sertoli cell function, is low
or undetectable in most adolescents and adults, which is
when testicular failure is most evident (21-23,27-30).

No consensus exists as to the most appropriate regimen
for pubertal induction or hormone replacement in males
with PWS. However, experts agree that the dosing and
timing should reflect the normal process of puberty.
Typically, treatment with testosterone replacement is
recommended for PWS males with delayed or incomplete
puberty, usually by age 15-16 years (21,22). At our
institution, we observe for natural progression of puberty,
but testosterone treatment has been started as early as
age 14 years if there is evidence of pubertal stalling.
We generally recommend intramuscular testosterone
replacement starting at a dose of 50-100 mg given every
28 days with gradual increase towards typical adult
male doses. Careful monitoring of growth and skeletal
maturation is needed to avoid unfavorable effects of final
height. Once males are at adult doses, other forms of
testosterone administration can be considered including
testosterone patches or gel, although caution must be
taken in individuals with skin picking tendencies. Since
these patients are already at risk of behavior issues and
aggressive outbursts, families should be counseled on the
potential increase in these behaviors with testosterone
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treatment.
Females

Females with PWS are also affected by a combination
of hypogonadotropic hypogonadism and primary
gonadal failure. PWS females are born with hypoplasia
of the external genitalia with labia minora and clitoral
hypoplasia in up to 76% (24). The onset of puberty with
breast development typically occurs at a normal age, but
progression of breast tissue to Tanner 3 and 4 is usually
significantly delayed, with very few patients reaching
Tanner 5 breast development (32,33). Most females with
PWS do not progress to menarche, although 8-25% has
spontaneous periods. Average age of reported first period
is late but varied, occurring at an average age of 20 years,
and almost all have had oligomenorrhea after menarche
(21,22,32).

Low to low-normal estrogen and LH levels have been
reported in almost all pubertal females with PWS. FSH
levels have been found to be more variable in females after
pubertal onset (ranging from low to normal to high), which
may be indicative of mixed central and primary defects.
Inhibin B, a measure of gonadal function, is reported to
be low in most adult females with PWS (21,22,30,32-34).
However, a subset of PWS females may have preservation
of fertility. Studies indicate Inhibin B levels >20 pg/mL
correlate with the potential for fertility in PWS females,
though these levels are still frankly low (22,34). Although
rare, there have been six documented pregnancies in
females with PWS. Females with 15q11.2-q13 deletion
have a 50% chance of mothering a child with Angelman
syndrome (31). Therefore, counseling female patients on
reproductive health and contraceptive practices is warranted
in all females with PWS.

As in males, there are no formal guidelines for hormone
replacement in females with PWS. Our practice has been
to monitor females clinically for spontaneous initiation and
progression of puberty. If no breast development occurs by
age 13 years, pubertal progression stalls, or no menarche
by age 16 years then hormone replacement is started. Oral
estrogens at graduated doses are typically used for initiation
or continuation of stalled puberty, with combined oral
contraceptive pills (OCPs) used after the first menstrual
bleed has occurred.

Premature adrenarche

There is a high rate of premature adrenarche in both males
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and females with PWS, with a prevalence of 14-30%
(24,35). Androgens levels may be slightly elevated during
childhood, but these typically normalize as adults (22,35).
GH treatment generally has no effect on adrenarche or
DHEA-S levels (35). Adrenarche may be associated with
advanced bone age in some cases, although presence of
obesity may also be causative of skeletal advancement (36).
Premature adrenarche in PWS is typically not rapidly
progressive or associated with other signs of central puberty,
and is generally felt to be benign. Reassurance should be
provided to families that further investigation or treatment
is not usually warranted.

Hypothyroidism

Similar to other endocrinopathies in PWS, hypothalamic
dysfunction may place patients at increased for central
hypothyroidism. There are varying reports as to the
prevalence of hypothyroidism in PWS. Some report
prevalence to be as common as 20-30% of patients (13), but
others have reported it to be present in only 2-4% of the
PWS population (37,38), which is not significantly different
from healthy controls or the general population.

A 2013 study found no significant difference between
TSH and total T4 levels on newborn screening in PWS
patients compared to healthy controls. TRH stimulation
testing in the same population also did not reveal any
cases of tertiary hypothyroidism (38). However, a study
examining thyroid function over the first two years of
life did report a higher rate of central hypothyroidism in
patients with PWS with 13 of 18 patients having low free or
total T4 levels, with normal TSH. Therefore, TSH alone
or on state newborn screens may not be enough to rule
out hypothyroidism in the neonate with PWS (39). Several
other studies in older children and adults with PWS have
not shown higher rates of central hypothyroidism, and have
found similar rates of hypothyroidism compared to healthy
controls (37,38).

Thyroid function should be monitored once starting GH
therapy. A study by Festen et al. of 79 children with PWS
revealed decreases in free T4 after starting GH (although
still within the normal range for all but 4 patients).
However, TSH remained normal and total T3 levels were
normal or high-normal in each patient. This may be due to
an increased conversion of T4 to T3, which can be caused
by the GH therapy (40).

Although there is some literature showing a higher rate of
hypothyroidism at a young age, CNS maturation may help
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normalize thyroid function as these patients get older (39).
Regardless, since there may be an increased prevalence in a
patient population already at risk of developmental delays
and poor growth, the expert consensus is to screen for
hypothyroidism within the first three months of life, and
then yearly, especially if on GH therapy (40,41). Treatment
with levothyroxine at typical replacement doses based
on age and weight should be used if thyroid function is
indicative of hypothyroidism.

Central adrenal insufficiency

Individuals with PWS are at risk for CAI due to known
hypothalamic dysfunction. However, the true prevalence of
CAl in the PWS population is unclear. Several studies using
different testing methods including insulin tolerance test
(ITT), low dose/high dose ACTH stimulation, glucagon
stimulation and overnight metyrapone tests have reported
strikingly differing results. The reported prevalence of
CALI has ranged from 0% to as high as 60% of the PWS
population showing evidence of cortisol deficiency based on
these various means of dynamic testing (42-47). This data
has been problematic for clinicians, and subsequently, there
is no consensus amongst endocrinologists or experts within
the field regarding best practice or management.

It has been speculated that CAI may in part be
responsible for the high mortality rate of 3% per year
reported in PWS patients (48). In a review of 64 cases
of death in children with PWS, deaths most frequently
occurred due to respiratory insufficiency or sudden death
during sleep (49). It is unclear if this high rate of mortality
is explained by cardiopulmonary arrest due to undiagnosed
and untreated central adrenal insufficiency. Autopsies
of PWS individuals with unexplained death have found
small adrenal glands by weight, supporting this potential
hypothesis (50,51).

In 2008, de Lind van Wijngaarden et a4/l. reported an
alarming 60% of children with PWS demonstrated CAI
based on ACTH response to overnight metyrapone
testing (52). Morning and diurnal cortisol values profiles
were found to be normal in these children, despite abnormal
ACTH response to metyrapone, suggesting that adrenal
insufficiency occurs only during stressful conditions. These
authors further suggest that insufficient ACTH response
during stress in combination with central sleep apnea
during sleep might be responsible for increased risk of
sudden death. Subsequent studies have not supported this
high rate of CAI in individuals with PWS. Studies using
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low dose ACTH stimulation tests have shown prevalence
of CAI to be an as low as 0-14% (42-44), while testing with
ITT and glucagon stimulation test has revealed an even
lower prevalence at 0-5% (45-47). Beauloye et al. further
studied the relationship between peak cortisol and cortisol
increase on I'TT and glucagon stimulation test with only
one of 20 subjects (5%) showing insufficient response to
ITT. Furthermore, these authors did not find significant
correlations between cortisol response and central apnea
index on polysomnography, which authors suggest do not
support a causal link between CAI and central apnea leading
to death (47).

Whether or not GH treatment clinically impacts
adrenal function in individuals with PWS is currently
unknown. GH inhibits 11 f-hydroxysteroid dehydrogenase
type 1, decreasing conversion of cortisone to the active
hormone cortisol. Treatment with GH, therefore, may
theoretically impair optimal adrenal function at baseline
and during times of stress. However, Tauber ez 4/. found
no differences in causes of death between those PWS
children who received GH and those that did not, possibly
dismissing this theoretical concern (49). This is an area of
study that has not been well-explored and warrants further
investigation.

As a result of discrepancies in multiple studies assessing
for presence of CAI, there are currently no guidelines
or recommendations on the appropriate evaluation and
management of CAI in the PWS population. Therefore,
clinicians should maintain a high index of suspicion for CAI
across the life-span in PWS individuals. Empiric treatment
with glucocorticoids during anesthesia or major surgery is
recommended by some (53), while others recommended
stress dose steroids for all patients during physical stress
or illness, including mild upper respiratory infections (52).
We would recommend to educate all families on the risk
for CAI given hypothalamic dysfunction, and to counsel of
signs and symptoms of this condition; although it is notable
to mention that individuals with PWS rarely develop fever
or signs of illness including vomiting. Our practice has been
to assess for CAI by routine testing methods prior to any
major surgery or procedure requiring anesthesia and to treat
with perioperative steroids empirically if normal adrenal
function has not been documented. If CAI is detected,
we recommend typical glucocorticoid replacement of
30-50 mg/m°/day during mild or moderate illness
divided three times daily, and 75-100 mg/m°/dose given
immediately prior to major surgery or anesthesia. Caution
should be used to avoid over treatment in a population
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already at risk for obesity and poor BMD. It is unclear
which test is optimal for assessment of CAI in patients with
PWS. Additionally, the need for ongoing or repeat testing
over the lifetime is uncertain.

Nutritional management and obesity

Traditionally, obesity has been a hallmark feature of
PWS. Lean body mass is decreased, even in very young
infants and toddlers with normal or non-obese BMI (54).
This leads to increased fat mass and lower resting energy
expenditure, further promoting weight gain and abnormal
body composition (55). Failure to thrive and difficulty
feeding due to poor suck is seen during the first year,
followed by a period of relative normal appetite and weight
gain in the early toddler years. Increased weight gain without
an increase in caloric intake occurs by age two to four
years, with evidence of increasing appetite and hyperphagic
behaviors becoming prominent by school age (56).
Hyperphagia and lack of satiety leading to increased risk for
obesity predominates during childhood through adulthood,
although some but not all adults may develop satiety and
resolution of food seeking tendencies. Nutrition counseling
therefore is key in preventing excess weight gain, and
studies have shown that with early dietary intervention,
normal body mass can be achieved during childhood (57).

Study of orexigenic and anorexigenic hormones
has been of great interest within the PWS population
recently, possibly aiming to explain the stages of appetite
dysregulation that are seen throughout infancy, childhood,
and into adulthood. The orexigenic hormone ghrelin,
which is normally released from the gut during fasting and
starvation, has been found to be elevated in PWS children,
and even precedes the onset of obesity (58,59). Additionally,
in patients with PWS, ghrelin levels remain elevated and do
not appropriately suppress after eating when compared to
obese controls (60). It is speculated that hyperghrelinemia
in early infancy might be a response to failure to thrive,
and that chronic or persistent hyperghrelinemia eventually
promotes hyperphagia in early childhood.

Anorexigenic hormones including pancreatic polypeptide
(PP) are reduced in children with PWS, and peptide YY
(PYY) has shown to decline with age (61). However, no
differences were found in post-prandial PYY levels in PWS
children compared to controls (59), possibly suggesting
that regulation of these appetite and satiety peptides might
be something that progressively deteriorates over time.
Leptin, a hormone secreted by adipocytes to signal satiety,
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is elevated in children with PWS, suggesting excess fat mass
for age and size, decreased lean muscle mass, and a BMI
that underestimates the degree of adiposity (61). Recently,
studies have investigated the effects of the anorexigenic
hormone oxytocin on food-related and social behaviors in
patients with PWS with mixed results. While the majority
of studies have not shown significant improvement in food-
related behaviors (62,63), one study did show improvement
in oral feeding skills in very young infants receiving a short
course of oxytocin within the first 6 months of life (64),
possibly indicating that early administration of oxytocin
shows promise in modifying the natural history of feeding
and feeding-behaviors in the PWS population. Future
studies investigating the relationship of these hormones
on appetite and feeding behaviors to potentially guide
pharmacologic treatment are needed.

Long-term observational studies reviewing treatment
with GH shows improved body mass composition and
reduction in BMI, although GH treated PWS individuals
are still obese (65). In 2016, Butler e 4/. published growth
curves for GH treated infants and children with PWS.
Patients were treated with GH for at least 40% of the
lifespan (66). Although their study does not show complete
normalization of weight or BMI status in males or females,
a downward shift of these profiles when compared to
non-GH treated PWS individuals is evident (67).

The development of metabolic syndrome and
complications of obesity in PWS children and adults is
largely dependent on obesity status. Frequency of insulin
resistance, hyperlipidemia, and hypertension in obese
PWS children is similar to obese controls, with these
conditions being quite rare in non-obese PWS children (68).
Subsequent studies have shown obese PWS children to
have greater insulin sensitivity and less fatty liver disease
compared to obese controls (69,70). These findings
have also been reported to persist into adulthood (71).
Speculative reasons for this could include abnormal fat
composition seen in PWS with increased subcutaneous fat
and decreased visceral fat deposition, as well as increased
adiponectin, which may serve as a protective factor for
development of metabolic syndrome. GH treatment can
decrease insulin sensitivity regardless of obesity status,
although changes to hemoglobin Alc have not been
demonstrated in studies over the short term (72).

Although many individuals with PWS are able to
maintain healthier BMI with earlier diagnosis, treatment,
and intervention, T2DM is still very common in up to
25% of PWS adults (73), although rarely develops during
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the childhood years. Recommendations for screening
for T2DM and metabolic syndrome are similar to the
general guidelines in obese adolescents. Starting around
the typical age of puberty, patients with PWS should have
hemoglobin Alc, lipid profile, and transaminases obtained
for initial surveillance, with yearly screening thereafter in
patients that are obese. All PWS patients on GH therapy,
even non-obese, should have annual hemoglobin Alc
screening. Treatment for T2DM or insulin resistance in
PWS should also follow routine guidelines for the general
population (41). Intensive dietary counseling and regular
exercise are the first-line approach. Metformin can be
added as adjunctive therapy, and has been shown to have
positive effects on satiety in some, but not all children and
adolescents (74). The addition of insulin is also routinely
needed based on hemoglobin Alc (75). More recently,
treatment with GLP-1 agonists (exenatide, liraglutide) has
been shown to have beneficial effects on weight, satiety, and
glycemic control in PWS adults with T2DM (76-80). These
medications have been well-tolerated (less bloating, nausea,
and vomiting) in PWS patients, possibly due to higher
threshold for pain and nausea in PWS (76,77); however,
caution must be used due to potential side effect of delayed
gastric emptying and pre-existing risk for gastric rupture in
the population (76,81).

Bone health/vitamin D deficiency

Historically, it has been reported that osteoporosis and
increased fractures are seen at increased frequencies in
PWS. Fracture rates have been reported as high as 29% in
adults with PWS (73). Many of the earlier studies examined
BMD in adults with PWS, reporting significantly lower total
BMD and high rates of osteoporosis in 60-90% (82-84).
However, more recent studies in PWS children show no
differences in BMD when compared to controls (85-87).
BMD seems to decline during adolescent years, by
age 11 in females and age 14 in males (85), and will
eventually decline to osteoporosis by adulthood (82-84).
Younger age of initiation of GH treatment has been
associated with improved adolescent BMD (85), however,
starting GH treatment in adulthood has not shown
similar improvements in BMD (88). Most likely, the
decrease in BMD during adolescence and osteoporosis in
adulthood in PWS patients is due to hypogonadism and
lower sex hormones during this time (85,86). 25(OH)-
vitamin D levels in PWS adults are similar to the general
population (89), although studies in PWS children have
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Table 1 Recommended monitoring and screening for endocrinopathies in PWS

Endocrinopathy Screening recommendation
Growth hormone (I) No formal testing required to diagnose GH deficiency
deficiency (I) Obtain baseline polysomnography to screen for sleep apnea prior to initiation of GH therapy
Hypogonadism (I) Examination for undescended testes in males
(1) Monitor for initiation and progression of spontaneous puberty
(1) If pubertal progression is delayed or stalls: obtain LH, FSH, and testosterone/estradiol levels
(IV) Counsel for contraception in females due to potential of fertility
Hypothyroidism (I) Obtain TSH and free T4 in first 3 months of life

(1) Continue to screen with TSH and free T4 annually (especially if treated with GH)

Central adrenal
insufficiency

(I) Counsel families on signs and symptoms of adrenal insufficiency

(I) Consider formal testing for CAl (low dose ACTH stimulation testing, ITT, overnight metyrapone testing) prior to any

surgical procedure or based on clinical symptoms

Obesity

(I) Obtain hemoglobin A1c, lipid panel, and transaminases in all patients at the age of puberty, then annually if obese

(I) Obtain hemoglobin A1c annually on all patients treated with GH therapy

Bone health/vitamin  (I) Screen for normal dietary calcium intake

D deficiency (I) Obtain 25(OH)-vitamin D annually

(1) Obtain baseline bone densitometry scan at the typical age of puberty and repeat every 1-2 years, or as clinically

indicated

PWS, Prader-Willi syndrome; GH, growth hormone; CAl, central adrenal insufficiency; ITT, insulin tolerance test.

shown that 12% have 25(OH)-vitamin D levels less than
20 ng/mL, and 49% have levels less than 30 ng/mL (87).
Guidelines for optimal 25(OH)-vitamin D in the
general population vary, although most agree that levels
less than 20 ng/mL are deficient/insufficient (90-92).
Edouard et 4/. noted that calcium, phosphorus, alkaline
phosphatase levels, and radiological findings were similar in
children with PWS, regardless of whether 25(OH)-vitamin
D levels were sufficient (defined as greater than 20 ng/mL) or
insufficient (87). There are no specific guidelines for optimal
25(OH)-vitamin D levels in the PWS population, and it
remains unclear how hypovitaminosis D may play a role in
BMD decline into adulthood.

There are no clear recommendations regarding
monitoring bone health in PWS patients, although
assessment of BMD with bone densitometry scan around
the age of puberty and every 1-2 years thereafter has been
our routine practice. Ensuring normal vitamin D status and
normal calcium intake or dietary supplementation for age
in light of calorie restriction is needed. We recommend
obtaining annual 25(OH)-vitamin D levels. Avoiding
delayed treatment of hypogonadism may also help lessen
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the risk of low BMD and osteoporosis. Further research in
this area is needed to improve the guidelines for screening
and treatment of low BMD in this population.

Conclusions and future directives

PWS is a complex disorder involving the hypothalamic-
pituitary axis, resulting in multiple endocrinopathies,
among other issues. Monitoring and management of these
conditions in the PWS child, adolescent, and adult is
best navigated by endocrinologists experienced with this
complex disorder to provide the best care to this population.
There is increasing appreciation for the management
of PWS in a multi-disciplinary setting. However, it is
important for endocrinologists and general pediatricians
to be knowledgeable of the screening and monitoring
recommendations in PWS (1able I). In recent years, drastic
increases in scientific knowledge of this disease have
improved clinical management of this condition, leading
to better outcomes for PWS individuals. Future research
should be directed at continuing to define clinical guidelines
for best practice.
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