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Abstract

Prader-Willi syndrome (PWS) is a genetic disorder characterized by short stature, low lean body mass, muscular hypotonia,
mental retardation, behavioral abnormalities, dysmorphic features, and excessive appetite with progressive obesity. It is caused
by lack of expression of genes on the paternally inherited chromosome 15q11.2-q13. This genetic disorder has an estimated
prevalence that ranges between 1/10,000—1/30,000. Hypothalamic dysfunction is a common finding in PWS and it has been
implicated in several manifestations of this syndrome such as hyperphagia, temperature instability, high pain threshold, sleep
disordered breathing, and multiple endocrine abnormalities. These include growth hormone deficiency, central adrenal insuffi-
ciency, hypogonadism, hypothyroidism, and obesity often complicated by type 2 diabetes. The aim of this manuscript is to
overview the current literature on metabolic and endocrine complications of PWS, focusing on human studies and providing
insights on the physio pathological mechanisms. A careful management of metabolic and endocrine complications can contribute
to improve quality of life, prevent complications, and prolong life expectancy of PW patients.
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1 Introduction

Prader-Willi syndrome (PWS) is a genetic syndrome that is
characterized by neonatal hypotonia and feeding difficulties in
early infancy, short stature, behavioral problems, cognitive
impairment, psychiatric illness, dysmorphic features (charac-
teristic facial appearance like small mouth with downturned
corners and thin upper lip with up-slanting palpebral
fissures[ 1], small hands and feet, narrow hands with straight
ulnar border, scoliosis), multiple endocrine abnormalities
(hypogonadism, growth hormone [GH]/insulin-like growth
factor I axis dysfunction, hypothyroidism, central adrenal
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insufficiency), early development of hyperphagia with food
seeking behavior, and progressive development of severe
obesity[2]. The typical obsessive compulsive behavior of
these patients leads to skin picking that create different skin
lesions (excoriations, scabs, scars, secondary milia) on the
hands and the forearms [1]. This genetic disorder has an esti-
mated prevalence that ranges between 1/10,000—1/30,000.
PWS is the result of lacking expression of paternal genes from
chromosome 15q11.2-q13. In fact in this region there are
genes which are genomic imprinted and are normally active
only from the paternally contributed chromosome 15 while
those same alleles from the maternally chromosome 15 are
inactivated through epigenetic mechanisms and are not
expressed. Thus, the phenotype of PWS is determined by
the lack of expression of one or more of the paternally
inherited genes. The most common genetic mechanism re-
sponsible for PWS is deletion of a 5-6 Mb region from the
paternally contributed chromosome 15 (found in 65-75% of
affected individuals) followed by maternal uniparental disomy
(UPD) 15 (found in 20-30%) and finally it could be due to a
defect in the genomic region that controls the imprinting pro-
cess, a so-called imprinting defect (ID; 1-3%) [3].
Hypothalamic dysfunction is the endocrinological core com-
plication. The most dreaded complications of PWS are related
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to hyperphagia that is due to hypothalamic dysfunction and
that leads to hyperphagia, temperature instability, high pain
threshold, sleep-disordered breathing, and multiple endocrine
abnormalities [3, 4]. In particular uncontrollable hyperphagia
often results in severe obesity that requires more sophisticated
dietary treatment [5] approach and that in turn increases the
risk of developing Type 2 Diabetes Mellitus which has been
reported in 25% of adult PW population [6]. Due to general-
ized hypothalamic dysfunction, children and adults with PWS
are at risk for central adrenal insufficiency which has been
detected in about 60% of cases [7]. Hypothyroidism is also a
common finding (approximately 20-30% of children) in PWS
and it is thought to be central in origin [8]. Moreover, individ-
uals with PWS at birth often show clitoral and labia minora
hypoplasia in females and micropenis with hypoplastic scrotal
sac in males [3]. Further, hypogonadism represents a common
finding leading to complete or partial pubertal failure due to
insufficient secretion of the pituitary gonadotropins LH and
FSH and gonadal sex steroids. Also, unilateral or bilateral
cryptorchidism is detected in 80-90% of males [3]. Finally,
short stature is one of the main characteristic of individuals
with PWS that is almost always present by the second decade
in the absence of GH replacement [3, 9]. Therefore, the aim of
this review is to provide an overview on the current literature
on metabolic and endocrine complications of PWS, focusing
on human studies and providing insights on the physio path-
ological mechanisms.

2 Obesity and diabetes

PWS represents the most common cause of syndromal obesi-
ty, which is responsible for the increased metabolic complica-
tions and mortality observed in these subjects [10].

Overweight and obesity prevalence in PWS is approxi-
mately 82-98%. Unfortunately, to date, the exact mechanism
of the development of obesity in PW patients is not fully
understood (Fig. 1).

In these subjects, alterations in energy expenditure [11],
food intake and hormone deficiencies [12], are attributed to
a dysfunction in the hypothalamic satiety centre and to its
hormonal circuitry.

Brain structure alterations, documented by preclinical
studies and brain imaging studies conducted in mice, sug-
gest that several brain areas play a crucial role in the abnor-
mal food intake regulation. Examples of such alterations
are an increased functional response of the hypothalamus
to food stimuli, an involvement of the amygdala and a re-
duced interaction between the ventral striatum and the lim-
bic structures [10, 13, 14]. Excessive eating has been ob-
served in all genetic subtypes of the syndrome, and it has been
defined as a hallmark of the disease. In the absence of rigorous
supervision of food intake, many PW patients grow to weigh
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more than twice their ideal body weight. Aggressive and ob-
sessive food seeking and storage are considered part of a
broader abnormal behaviour and, according to Miller et al.,
the nutritional and eating behaviour of PW patients is charac-
terized by seven successive phases with later stages, resulting
in a persistent and inexorable hunger that causes wide prob-
lematic hunger-related behaviours [15].

Obesity in PWS has been thought to be related to abnor-
malities in the adipocyte-leptin-hypothalamic pathway.
Although high leptin levels have been reported in PW pa-
tients, no difference has been observed in leptin concentration
in PW patients as compare to healthy controls, after adjust-
ment for BMI o fat mass content [16, 17]. Thus, there is no
evidence that defective leptin production causes obesity in
PWS, and leptin receptor deficiency is not a primary conse-
quence of the gene defects leading to leptin resistance. Since
ghrelin affects appetite as well as GH secretion, and both are
abnormal in PWS, it has been hypothesized that this condition
might involve ghrelin dysregulation. Elevated plasma ghrelin
levels have been observed in patients with PWS, both before
and after the development obesity and they are comparable to
or higher than those reported to stimulate appetite and food
intake during peripheral ghrelin administration in human
[18-20].

Obesity of PW subjects is metabolically different from sim-
ple obesity [3]. Indeed, PW subjects exhibit a lower amount of
lean body mass and a higher level of fat mass as compared to
obese subjects. The decrease in muscle mass is associated with
reduced Resting Energy Expenditure (REE), with a normal
relationship between fat-free mass and REE [21]. When
corrected for lean mass, no differences between the PWS
and obesity groups in the resting metabolic rate or in metabol-
ic flexibility was observed [22]. Differently from the matched
obese subjects, excessive fat mass in PW is typically distrib-
uted to the trunk and to the proximal extremity of the limbs,
with a lower trunk-to-appendicular fat mass ratio and lower
visceral adiposity. According to the latter, a higher insulin
sensitivity (with lower fasting insulin and HOMA-IR) is gen-
erally observed in PW patients when compared to the obese
population [23]. The possible explanation for this higher in-
sulin sensitivity in PW could be identified in the prevalent
subcutaneous and less visceral fat accumulation, in the higher
ghrelin and adiponectin levels as well as in the lower GH
hormone levels [24]. It is important to consider however, that
data about insulin secretion and body composition in PWS are
not univocal [25]. In a few studies, insulin levels and the
degree of insulin resistance resulted to be similar in PW and
in obese controls [23] with a similar proportion of abdominal
subcutaneous and visceral fat accumulation observed in obese
PW subjects as well as in BMI-matched controls [26]. On the
basis of the aforementioned data, it definitely appears that
further investigations are needed to analyse the metabolic pro-
file of PW subjects and it is important to compare it with the
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Fig. 1 Potential underling mechanisms in obesity and metabolic alterations in PWS

metabolic profile observed in patients with essential obesity.
An interesting point will be the comprehension of the specific
role on insulin resistance in the prediction of metabolic alter-
ations in obese PW patients. This is because the mechanisms
underlining the higher rate of glucose metabolism alterations
(approximately 20%) observed in PWS, to date ascribable to
the morbid obesity and insulin resistance, is still debatable
[27]. The available data support the hypothesis that {3-cell
dysfunction remains the exclusive possible explanation of
the altered glucose homeostasis in the PWS. Schuster et al.
demonstrated that glucoregulatory mechanisms are different
in obese PW versus non-PW subjects. The author showed that
non-diabetic PW subjects manifest a deficiency in the 1st and
2nd phase of insulin release after glucose stimulation i.e. a
significant increase in hepatic insulin metabolism
(extraction) when compared with obese controls [25].
Possible causes of the (3-cell dysfunction detected in the
PWS are:

— adecreased GH secretion with a consequent reduced beta
cell growth and response of insulin secretion;

— a reduced vagal parasympathetic tone to the pancreas
which determines a decrease in insulin secretion [28].

A relative hyperadiponectinemia that may promote fatty
acid oxidation and elevate inulin sensitivity [20]. As for
non-PW diabetic/obese subjects, the therapeutic approach
for diabetic/obese PW patients aims to aid weight loss and to
the control blood glucose levels. This could be achieved by
nutritional therapy together with an increase in physical exer-
cise. However, education alone is not sufficient to obtain a
lifestyle changes. Life style intervention should be associated

with behavioral management technique in order to achieve
short term attainable goal; this could help in sustaining moti-
vation and compliance [29]. In PW patients not responding to
the above interventions the therapeutic approach could by
implemented with a pharmacological intervention using met-
formin, pioglitazone or even insulin, when needed. Recently,
positive outcomes have been obtained with long acting
Glucagon-like Peptide 1 Receptor agonists in terms of weight
loss, glycaemic control, insulin secretion improvement as well
as a reduction in plasma ghrelin [27, 30]. More wide and long
term studies are however needed to further investigate the
possible role of these drugs in the treatment of obese and/or
diabetic PW patients .

3 Hypothyroidism

Hypothalamic dysfunction in PWS seems to be responsible of
central hypothyroidism.

There are conflicting data in the literature regarding the
prevalence of hypothyroidism in PWS: some studies report a
prevalence of 2—4% in children and adult patients with PWS
[31, 32] which is similar to that of the general population,
while other authors report a prevalence of 20-30% [8, 33] or
even of 72% in a study conducted on patients with PWS
during the first 2 years of life [34]. Sharkia et al. performed
a study in 23 new-borns with PWS; at the time of neonatal
screening for congenital hypothyroidism, they found that TSH
and total T4 concentrations were within the normal range and
similar to those of controls [32]. In the same study, TSH re-
sponse to thyroid-releasing-hormone in 21 children from birth
to adolescence showed normal patterns except in one elder
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child with hypothalamic (tertiary) hypothyroidism [32].
However, Vaiani et al., studying the thyroid function of 18
children with PWS under 2 years of age, found low serum
total T4 and/or free T4 levels without increments of serum
TSH in 13 of 18 infant patients (72%) suggesting that
hypothalamic-pituitary-thyroid axis dysfunction might be a
common feature in PWS during infancy [34]. These studies
suggest that central hypothyroidism may not be present at
birth but may occur later, so neonatal screening is not enough
to identify it and it is recommended to perform screening for
hypothyroidism within the first 3 months of life and then
yearly [35]. When hypothyroidism is diagnosed, treatment
with levothyroxine at typical replacement doses should be
used. In addition, as reported by Festen, particular attention
should be given to thyroid function in patients starting GH
therapy: in a study conducted on 75 PW children, a significant
reduction of FT4 to low-normal levels, with normal TSH
levels and relatively high or normal T3 levels, was observed
during GH replacement therapy, suggesting that GH therapy
could be responsible of an increased conversion of T4 to T3
[36]. Latter, in the literature there are also some anecdotal
cases of congenital hypothyroidism in PW new-borns due to
ectopic sublingual thyroid gland [37, 38] and fetalgoiter [39]
(Table 1).

4 Adrenal insufficiency

Central adrenal insufficiency is a common finding in PWS. It
has been reported that an undiagnosed and untreated dysreg-
ulation of hypothalamic-pituitary-adrenal axis could justify
the high mortality rate of 3% per year reported in PW patients
[40]. In fact in an autopsy study performed on four individuals
with PWS, small adrenal glands by weight were found in three
of them, suggesting that an unrecognized adrenal insufficien-
cy (Al) may have contributed to their death [41]. For this
reason, in recent years some studies have been conducted to
highlight the real prevalence of the this disease, showing dif-
ferent results based on different testing methods used (0—-60%)
to detect adrenal insufficiency [7, 42—47]. In 2008, de Lind
van Wjingarden et al. published the first cross-sectional anal-
ysis of adrenal insufficiency, conducted on 25 children with
PWS using overnight single-dose metyrapone testing to mea-
sure ACTH response [7]. They found that 15 patients (60%)
fulfilled the criteria of AI (ACTH response <33 pmol/l at
07:30 h), but conserved normal morning and diurnal cortisol
values suggesting that there is a deficit in the reserve necessary
for the stress response [7]. Subsequent studies conducted with
other methods have led to less alarming results. Corrias et al.
subjected 84 children with PWS to Low-Dose Tetracosactrin
Stimulation Test (LDTST) 1 mcg, showing a sub-optimal re-
sponse (defined as a peak cortisol response <500 nmol/l) in 14
of them (14.3%), which reconfirmed with the Standard Dose
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Tetracosactrin Stimulation Test (SDTST) in 4 patients (4.8%
of the cohort) [42]. Similar results were obtained on 53 adult
PW subjects, showing an abnormal cortisol peak after a
LDTST in 15.1%, confirmed with a SDTST in 7.5% [43].
Beauloye et al. assessed Al using insulin tolerance test (ITT)
and glucagon test (GT) in 20 PW children, reporting a preva-
lence of 5% [44], similar to that obtained in another retrospec-
tive study, using ITT, LDTST and SDTST [45]. Instead, some
studies showed that the function of HPA axis was normal in
PW subjects [46, 47]. Nyunt et al. reported normal cortisol
response to stress in the entire cohort of 41 PWS children
using LDTST to screen for Al [46]. Similarly Farholt demon-
strated a normal response to SDTST or insulin tolerance test
(ITT) in most of the patients, except one that showed an in-
sufficient response to the first test not confirmed by the second
one [46, 47]. The controversial results regarding to the prev-
alence of Al in PWS could be due to the different tests used to
detect Al that have a different sensitivity and this prevent to
draw final conclusions. Hypothalamic dysregulation has been
hypothesized as a common mechanism underlying both
stress-induced CAI and central respiratory dysfunction during
sleep. PW children with CAI has been reported to have a
higher central apnea index compared to those without. The
administration of metyrapone in PW children resulted in an
increase in the central apnea index which was particularly
high in PW children with CAI [48]. However, these results
were not confirmed by a retrospective study by Beauloye
et al., that do not support a link between CAI and central
respiratory dysregulation in PWS [44]. In conclusion, consid-
ering the risk of asymptomatic adrenal insufficiency which
may manifest as severe intraoperative hypotension [49], we
recommended to assess for Al by routine testing methods
prior to any major surgery or anesthesia, using typical gluco-
corticoid replacement dose if Al is detected. However, gluco-
corticoids should be consider as prophylaxis or, at very last, be
readily available, before or during surgery if normal adrenal
function has not been documented. At the same time, chronic
treatment with glucocorticoids should be consider with cau-
tion as it would increase the risk of bone demineralization and
weight gain, already present in this syndrome (Fig. 2; Table 1).

5 Hypogonadism

Hypogonadism represents a common clinical feature in PW pa-
tients. Similar to other endocrine manifestations of the syndrome,
hypogonadism has been classically thought to be central in ori-
gin, due to hypothalamic dysfunction and subsequent insufficient
secretion of gonadotropins by the pituitary [3, 50, 51]. More
recently, primary gonadal failure has been demonstrated as a
major component of hypogonadism in both sexes [52-55].
Besides the fact that sexual hormones (testosterone and estro-
gens) are usually below normal range, studies have shown a
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Table 1

Recommendations for monitoring and treatment of endocrine diseases in PWS patients at different ages of life

Endocrine disease

Age of life

Clinical and biochemical monitoring

Treatment

HYPOGONADISM

GROWTH HORMONE

DEFICIENCY

HYPOTHYROIDISM

ADRENAL

INSUFFICIENCY

Early infancy

Childhood and
mid-adolescence

Adult life

Early infancy

Childhood and
mid-adolescence

Adult life

Early infancy

Childhood and
mid-adolescence

Adult life

Early infancy
Childhood and

mid-adolescence
Adult life

Clinical examination in males for

-Undescended testes

-Penilelength

- Clinical monitoring for initiation and progression of
spontaneous puberty.

-Careful monitoring of growth and skeletal maturation

-If pubertal progression is delayed or stalls, assess hormone
profile, including LH, FSH, testosterone/estradiol levels
and inhibin B

Assess Inhibin B levels for potential of fertility in females

- Checking for Born small for gestational age (SGA) status

- Monitoring of growth

- Assessing anthropometric measures

(Use standardized anthropometric curves for
non-GH-treated infants and children with PWS)

- Assessing IGF-I concentration

- Monitoring of growth and skeletal maturation

- Monitoring pubertal development

- Assessing anthropometric measures

(Use standardized anthropometric curves for
non-GH-treated infants and children with PWS)

- Assessing IGF-I concentration

- Assessing anthropometric measures

- Measuring muscular strength

- Assesing lipid and glucose profile

- Aassesing IGF-I concentration

Clinical manifestations:

-Poor feeding

-Excessive sleeping

-Weak cry

-Constipation

-Prolonged jaundice

TSH, FT3, FT4 within three months of life

Clinical manifestations:

-Slow growth

-Delayed tooth development

-Tiredness

-Delayed puberty

TSH, FT3, FT4 every year, or every 6 months if in therapy
with GH

Clinical manifestations:

-Fatigue, joint pain, muscle weakness

-Constipation, weight gain

-Cold intolerance

-Menorrhagia

-Sleep apnea and snoring

-Dry skin, hair loss and thin nails

-Decreased heart rate

-Decreased exercise capacity

-Cognitive impairment, memory loss

TSH, FT3, FT4 every year, or every 6 months if in therapy
with GH

Classic manifestations of adrenal insufficiency including
unexplained death and remembering that PWS
individuals rarely develop fever or signs of illness
including vomiting, because of hypothalamic
dysfunction.

Low-Dose Tetracosactrin Stimulation Test 1 mcg (n.v. >
18,1 pg/ml)

-Human chorionic gonadotropin (hCG)
-Short course of low-dose testosterone

Start testosterone/estrogens at graduated doses
for initiation or continuation of stalled pu-

berty

Sex hormone replacement therapy
(testosterone/ estrogens alone or in
combination with progestin)

Counsel for contraception in females

Start GH therapy as diagnosis of PWS is made

(standard dose: 1 mg/m2/daily or
~0.035 mg/kg/daily achieved within
1 month)

Start GH therapy as diagnosis of PWS is made
(standard dose: 1 mg/m2/daily or

~0.035 mg/kg/daily achieved within

1 month)

Restart GH therapy if GHD diagnosis is
confirmed after achievement of final height
(starting dose: 0.1-0.2 mg/daily)

Levothyroxine at typical replacement doses

Levothyroxine at typical replacement doses

Levothyroxine at typical replacement doses

Hydrocortisone at typical replacement dose
prior to any stressful event, major surgery or
anaesthesia, if Al is confirmed by test, or
prophylactically if adrenal function has
never been evaluated.
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Fig. 2 Typical development of
the hypogonadic phenotype in
PWS

Typical features of the hypothyroidism in Prader-Willi

Syndrome

HH Newborn

Childhood and mid- Adult life
adolescence

hypotonia, lethargy,
prolonged jaundice,
constipation, difficulty in
eating, poor growth, dry
skin, myxedema,
macroglossia, umbilical
hernia, large fountanel

combined picture of hypogonadotropic hypogonadism with de-
creased levels of gonadotrophins, and primary
hypergonodotropic hypogonadism with normal LH, low inhibin
B and relatively high FSH levels [56, 57]. As a consequence, in
both male and female PW patients there is a wide heterogeneity
of the phenotype of hypogonadism (primary or central or both
components) and its clinical presentation is extremely variable
(Fig. 3; Table 1).

5.1 Male PW subjects

Hypoplastic scrotal sac may be evident at birth. Unilateral
or bilateral cryptorchidism is a common finding, ranging

Fig. 3 Diagnosis, monitoring and
treatment of hypothyroidism and
adrenal insufficiency in PWS

1 |

Fatigue, cold intolerance,
weight gain, constipation,
depression, slowing of
thoughts and movements,
muscle pain and weakness,
muscle cramps,dry skin,
fragility of hair and nails,
irregular menstruation.

Slowing of growth and
development, mental
retardation and severe short
stature.

from 66% to 100% of newborns [3, 57, 58]. Most PW
patients require orchiopexy to reach a stable scrotal posi-
tion, although early treatment with human chorionic go-
nadotropin (hCG) may result in an anatomically lower tes-
tis position and better outcomes, including complete scro-
tal descent, development of the scrotal sac and growth of
penis length [59]. Despite micropenis (stretched penis
<2.5 cm) may be evident at birth, penile length is within
normal range at birth and in early childhood, but over time
it falls near or below -2SDs compared to healthy subjects
[60—62]. Smaller penile size associated with a large supra-
pubic fat may lead to difficult urinating while standing in
young obese males.

Typical development of the hypogonadic phenotype in

Prader-Willi Syndrome

HH Newborn

Childhood and mid- Adult life
adolescence

Genital hypoplasia
(cryptoorchidism and
micropaenis in males;
absent or hypoplastic
labia minora or clitoris in
females)

\_
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In most PW males mini-puberty of infancy occurs normal-
ly, with a transient increase in gonadotropins and testosterone
levels during the first few months of life [60]. At the onset of
puberty, testosterone increases in comparison with pre-
pubertal levels, but remain low. LH and FSH levels may vary
according to the relative contribution of central and gonadal
dysfunction. In males PW patients, primary gonadal dysfunc-
tion is common, while severe gonadotropin deficiency is rare.
As a consequence, in most subjects LH levels remain within
the normal range, while FSH increases and remains normal to
high [57, 61]. Levels of Inhibin B (INB), a marker of sper-
matogenesis and Sertoli cell function, may be normal in infant
boys, but are below the normal range in almost all PW ado-
lescent and adult males [57, 63, 64]. Most studies report a
normal age of onset of puberty in males, but early or delayed
puberty may occur as well. Anyway, PW patients experience
an incomplete pubertal development and testicular size remain
small in adulthood [53, 57, 61, 64]. PWS males are generally
infertile and no cases of paternity have been reported in the
literature [51, 65].

5.2 Female PW subjects

The pattern of gonadal dysfunction in PW females is similar to
that seen in males, that is a combination of various degree of
primary gonadal defect and hypothalamic dysfunction, but it
is usually less severe [53, 54, 63, 65]. Hypoplasia of the ex-
ternal genitalia is often evident at birth, with labia minora and
clitoral hypoplasia seen in up to 76% of newbors [58].
Minipuberty is normal in infant girls and the onset of puberty
typically occurs at a normal age [54, 55, 66]. However, puber-
tal progression is usually delayed and development impaired
[54, 55, 67]. Most females with PWS have primary amenor-
rhea. However, up to 25% of PW girls undergo spontaneous
menarche, which usually occurs late at an average age of
20 years; almost all subjects who progress to menarche have
subsequent oligomenorrhea and secondary amenorrhea [54,
63]. After pubertal onset, serum estradiol levels are often in
the normal early follicular range or low and LH levels are
usually low or low-normal, while FSH levels may vary from
low to normal to high, according to the different degrees of
either primary or secondary gonadal failure [53, 63, 65]. INB,
a measure of gonadal function, is reported to be low in most
adult females with PWS, while the anti-miillerian hormone
(AMH) is usually within normal values. Studies indicate
INB levels>20 pg/mL correlate with the potential for fertility
in PW females, though these levels are still frankly low in
respect to healthy subjects [64, 67]. For this reason, INB is
considered the most reliable marker of gonadal function and
potential for fertility in female PW [65]. Indeed, despite mat-
uration of follicles is impaired, maybe due to dysregulation of
LH secretion, ovulation and thus conception cannot be ruled
out in female adolescents with PWS [53, 65]. Pregnancies

have been reported [68, 69] the most reliable marker of go-
nadal function and probably of fertility potential.

5.3 Premature adrenarche

There is a high prevalence, up to 30%, of premature
adrenarche in both males and females with PWS. It is com-
monly associated with pubic or axillar hair, but it is typically
not progressive and not associated with other signs of central
puberty. Increased growth velocity and advanced bone age
have been reported in some cases, although presence of obe-
sity may also contribute to skeletal advancement [50, 70].
Premature adrenarche is generally thought to be benign, and
further investigation or treatment is not usually warranted.
Nevertheless, careful clinical assessment is necessary to
exclude/demonstrate further testicular enlargement as a first
sign of puberty in males (testicular volume greater than 4 ml
using a Prader orchidometer) and breast development Tanner
stage II as the first sign of puberty in females with PWS [50,
51].

The laboratory diagnosis of hypo gonadotropic
hypogonadism in PW patients relay on the identification of
very low circulating total testosterone or estrogens levels, as-
sociated with variable gonadotrophins (low to normal to high)
and low to low-normal and inhibin B levels. Hormone profile
assessment is recommended in each patient before consider-
ing sex hormone replacement therapy, mainly in females.

Even though the beneficial effects of hormone replacement
on bone density and muscle mass, body image and quality of
life are well known [71-73], no consensus statement exists as
to the most appropriate regimen of sex hormone treatment in
PW patients. Androgen replacement should be always consid-
ered in hypogonadal PW males, mostly in boys in mid-
adolescence [50, 51]. The choice of the hormone replacement
therapy protocol aimed at virilising the patient will depend on
age at diagnosis and local practices. [50, 51, 73]. However,
there is agreement that dosing and timing should reflect the
normal process of puberty. Usually, replacement with testos-
terone is recommended in PW males if pubertal progression is
delayed or stalls, by age 14-16 years [64, 65]. In general
practice, injectable testosterone enantathe is preferred for rea-
sons of convenience and cost. It should be started as low as
25% of the recommended normal adult dose, that is at t a dose
of 50-100 mg given every 28 days, with gradual increase
towards typical adult male doses (200250 mg), to keep
low-normal serum testosterone levels [65, 73]. Once males
are at adult doses, other forms of testosterone administration
can be considered including testosterone patches or gel, al-
though these forms require daily administration, raising prob-
lems of adherence. Caution must be taken in individuals with
skin picking behavior. Careful monitoring of growth and skel-
etal maturation is needed to avoid unfavorable effects of final
height. Also, potential increase of aggressiveness may occur
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under testosterone treatment, even if it has not been clearly
demonstrated [50].

Hormone replacement in PW women should be individu-
ally tailored depending on sexual development, hormonal pro-
files, bone density and individual needs. In girls with delayed
or incomplete puberty, if no breast development occur by age
of 13 years or no menarche by age 16 years, oral oestrogens at
graduated doses should started for initiation or continuation of
stalled puberty. Oral oestrogen in combinations with progestin
should be used after the first menstrual bleed has occurred.
Counselling about the risk of pregnancy and contraception
(contraceptive pills) should be considered in those women
who may have the potential for fertility (normal INB levels
at serial measurements) [50, 51] (Table 1).

6 Growth hormone deficiency

Growth hormone deficiency (GHD) is the most frequent and
studied endocrinopathy in PWS with a prevalence ranging
from 40 to 100% [12, 32, 74].

In PWS GH 24-h secretion is decreased along with a re-
duction of IGF-I production and a lower response of GH to
stimulation tests [32, 75]. Some factors influence GH secre-
tion in these patients [76, 77]:

— age: there is a progressive decline of GH secretion with
age;

— body mass index (BMI): PW obese patients have lower
GH levels;

— genetics: GH response to test is lower in patients with
maternal uniparental disomy for chromosome 15
(UPD15) than in patients with paternal deletion of
15q11-q13 (dell5).

Fig. 4 Diagnosis, treatment and
monitoring of Growth Hormone
Deficiency (GHD) in PWS

In consequence of such altered GH/IGF-I secretory pat-
terns which indicates the presence of GHD in PW paediatric
patients, current guidelines suggest that GH testing is not re-
quired before starting GH therapy in children with PWS [34,
78]. On the other hand, several studies indicate that GHD is
not present in all adult PW patients, therefore performing dy-
namic tests after the attainment of final height may be benefi-
cial in adult [78].

Moreover, some pituitary morphological abnormalities
were found in 63—74% of patients with PWS despite there is
no correlation with hypopituitarism [8, 79].

Short status is typical of PWS [80] and this is one of the
clinical features due to GHD together with growth decelera-
tion, reduced pubertal spurt, increased body fat, decreased
lean body mass, reduced muscle strength, impaired bone min-
eral density and psychological impairment [12, 51, 80].

GH treatment in children with PWS has the aim to achieve
a final height within normal range and to compensate for met-
abolic disorders caused by GHD [81]. Metabolic benefits of
GH treatment support the continuation of therapy also during
transitional age and adult age and in adult PW patients previ-
ously untreated [82]. In fact, in adult patients who
discontinued GH therapy were observed an increase in viscer-
al adipose tissue and decrease of muscle mass and an alter-
ation of IGF-I status and lipid profile [83-86].

It is recommended to start therapy as soon as possible just
the diagnosis of PWS is made (often around 3—6 month of
age) [82, 87], before the onset of obesity and in order to obtain
better improvements in motor and cognitive developments
[81, 88].

Starting GH dose recommended by guidelines for PW
children is 0.5 mg/m?*/day gradually increased to 1 mg/
m?/day based on IGF-I levels in order to avoid side ef-
fects [87]. In adult the initial dose is 0.1-0.2 mg/day [34]

Typical features of the Growth Hormone Deficiency in

Prader-Willi Syndrome

HH Newborn

Childhood and mid- Adult life
adolescence

Born small for gestational
age (SGA), significant
decrease in growth
velocity after age 2 e 3
years, increased body fat,
decreased lean body mass
status
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which may be gradually increased maintaining IGF-I
levels within the upper half of the reference range [89].

In children GH treatment has beneficial effects on final
height, body composition, increasing lean mass and re-
ducing fat mass, adaptive communication, cognitive
skills, language [84, 88—90] motor development, energy
expenditure, BMD and cardiovascular health [88, 91, 92].
There is also an improvement in ventilation and breathing
pattern which may reduce the risk of sleep apnoea [81].
Positive effects on body composition, energy expenditure,
BMD, hearth and respiratory functions are observed in
adulthood too [51, 82, 93]. In these patients there is also
an improvement in quality of life and behavioural and
psychologic functioning [87].

GH treatment seems to be generally safe and well tol-
erate [51]. Although GH treatment could result in an in-
crease in fasting plasma glucose and insulin resistance,
usually it does not increase the onset of diabetes which
seems to be most influenced by obesity [85, 87, 89].
Moreover, because of reports of unexpected mortality in
PW patients during GH treatment, it is recommended to
monitor breathing problems and sleep apnoea [94]. Other
potential side effects include joint pain, oedema, scoliosis
and intracranial hypertension [51]. So, it is recommended
to perform polysomnography before starting treatment
and periodically after, monitoring glucose profile and
IGF-I levels, and monitoring development and/or progres-
sion of scoliosis during growth [51, 81].

Regarding exclusion criteria for GH therapy in PWS,
the presence of severe obesity, untreated severe sleep ap-
noea, active cancer, active psychosis and uncontrolled di-
abetes contraindicates GH treatment [93]. However, long-
term surveillance of benefits and risk of GH treatment in
PWS at any age is required because of the lack of data
(Fig. 4; Table 1).

7 Conclusions

PWS genetic disorder characterized by dysfunction of the
hypothalamic -pituitary axis. Endocrine disorders such as
hypogonadism, growth hormone [GH]/insulin-like growth
factor I axis dysfunction, hypothyroidism and central adre-
nal insufficiency are common findings and are often un-
treated. Further research is needed on frequency and man-
agement of these endocrine diseases in PWS in order to
lead to a significant improvement in health and develop-
mental outcomes.
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