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Abstract: Prader–Willi syndrome (PWS) is characterized by a dysregulation of growth hormone 

(GH)/insulin-like growth factor I axis, as the consequence of a complex hypothalamic involve-

ment. PWS’ clinical picture seems to resemble the classic non-PWS GH deficiency (GHD), 

including short stature, excessive body fat, decreased muscle mass, and impaired quality of 

life. GH therapy is able to ameliorate the phenotypic appearance of the syndrome, as well as 

to improve body composition, physical strength, and cognitive level. In this regard, however, 

some pathophysiologic and clinical questions still remain, representing a challenge to give the 

most appropriate care to PWS patients. Data about the prevalence of GHD in PWS children 

are not unequivocal, ranging from 40% to 100%. In this context, to establish whether the pres-

ence (or not) of GHD may have a different effect on clinical course during GH therapy may 

be helpful. In addition, the comparison of GH effects in PWS children diagnosed as small for  

gestational age with those obtained in subjects born appropriate for gestational age is of potential 

interest for future trials. Emerging information seems to demonstrate the maintenance of ben-

eficial effects of GH therapy in PWS subjects after adolescent years. Thus, GH retesting after 

achievement of final height should be taken into consideration for all PWS patients. However, 

it is noteworthy that GH administration exerts positive effects both in PWS adults with and 

without GHD. Another critical issue is to clarify whether the genotype–phenotype correlations 

may be relevant to specific outcome measures related to GH therapy. Moreover, progress of our 

understanding of the role of GH replacement and concomitant therapies on bone characteristics 

of PWS is required. Finally, a long-term surveillance of benefits and risks of GH therapy is 

strongly recommended for PWS population, since most of the current studies are uncontrolled 

and of short duration.
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Introduction
Prader–Willi syndrome (PWS) is considered the most common syndromic cause of 

life-threatening obesity, occurring in approximately one in 10,000–30,000 live births.1 

PWS is associated with the loss of expression of paternal alleles in the PWS region of 

chromosome 15, without sex differences in prevalence. Three main genetic mechanisms 

are responsible for PWS: deletion of the paternal chromosome 15 (del15q11-q13), 

maternal uniparental disomy of chromosome 15 (UPD15), and imprinting defects.2 

Individuals with del15q11-q13 can be further grouped in two classes, the larger type I 

deletion and the smaller type II deletion.1,2

The syndrome affects multiple body systems, and the major clinical manifestations 

are hyperphagia and early onset of severe obesity with its comorbidities (if uncon-

trolled), musculoskeletal issues, dysmorphic features, multiple hormonal abnormali-

ties, and cognitive, behavioral, and psychiatric disturbances.3 Endocrine issues include 
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growth hormone (GH)/insulin-like growth factor I (IGF-I) 

axis dysfunction, hypogonadism, premature adrenarche, 

central hypothyroidism, and central adrenal insufficiency 

(rare).4 It is noteworthy that the clinical picture of PWS 

varies during the entire lifespan, requiring a multidisciplinary 

approach to ensure the more appropriate management of 

these patients.1,4 The early infancy period is dominated by 

muscular hypotonia with feeding difficulties and failure 

to thrive, followed in later infancy or early childhood by 

excessive appetite leading to obesity, in the absence of 

intervention. Other features of the childhood period include 

developmental delay, temperature instability, decreased pain 

sensitivity, underdevelopment of sex organs, strabismus, 

scoliosis, hypopigmentation, respiratory abnormalities 

(central/obstructive apnea, excessive daytime sleepiness), 

acromicria, characteristic facial features, and personality 

problems. Adolescence is characterized by compulsive 

eating and increased prevalence of obesity, incomplete and 

delayed puberty, progression of scoliosis, sleep disorders, skin 

picking, worsening of learning difficulties, and maladaptive 

behavior, including psychiatric illness. Obesity becomes more 

prominent during adulthood, frequently accompanied by its 

comorbidities: type 2 diabetes mellitus, metabolic syndrome, 

gallstones, hepatic steatosis, and cardiovascular and respira-

tory problems. Hypogonadism and osteoporosis are present 

in the great majority of PWS adults, together with a high 

propensity to develop psychosis and self-injurious behavior. 

Overall, the PWS phenotype seems to be related to a complex 

hypothalamic dysfunction, confirmed by the presence of lack 

of satiety, impaired thermoregulation, endocrine abnormali-

ties, high pain threshold, and central sleep apnea.4,5

Short stature is a characteristic feature of subjects with 

PWS. Approximately 50% of subjects are born small for 

gestational age (SGA).6 A typical pattern of growth is found, 

with reduced linear growth velocity in childhood, lack of the 

pubertal growth acceleration, and compromised final adult 

height.7 Considered individually, final height is almost always 

lower than the midparental height.

Altogether, PWS patients are viewed as affected by 

GH insufficiency, although the exact mechanisms of GH 

deficiency (GHD) are not fully understood. In addition, a 

variable percentage of subjects show stimulated GH values 

within the normal range. In spite of these observations, 

the bulk of evidence demonstrates the beneficial effects of 

GH replacement therapy, which includes amelioration of 

the phenotypic appearance of the syndrome (height, face, 

head circumference, acromicria), and improvement in body 

composition, physical strength, and cognitive level.8,9 In this 

context, however, some pathophysiologic and clinical ques-

tions still remain open, representing a challenge to ensure the 

most appropriate care to patients with PWS.10

Starting from an updated overview of GH secretory 

aspects and GH therapeutic effects in PWS, the present review 

is aimed at highlighting those areas not fully investigated 

in these subjects, with special reference to age, genotype, 

and bone health. The computerized databases PubMed, 

MEDLINE, and Google Scholar were searched to identify 

articles examining the pathophysiology of GH secretion and 

the effects of GH treatment in PWS subjects. We used the 

keywords growth hormone (GH), somatotropin, somatropin, 

somatotrophin, somatrophin, Prader–Willi syndrome, Prader–

Willi, bone, bone mineral density, osteoporosis, osteopenia, 

genotype, and the Boolean functions AND and OR during 

searches. In addition, we also reviewed the references of all 

published original articles. Concerning GH therapy, studies 

of short duration were excluded (,6 months).

GH and childhood
Impaired GH responsiveness to a variety of GH secret-

agogues, as well as decreased 24-hour spontaneous GH 

secretion and reduced IGF-I levels, has been documented 

in a large number of PWS children.11,12 In the international 

KIGS (Pfizer International Growth)  database, GHD was 

detected in 74% of 424 children with PWS, while IGF-I 

values were reduced in nearly all subjects.13 More recently, 

it has been found that 84% of 113 children and 81.4% of 

102 prepubertal patients of a French PWS cohort were GH 

deficient after stimulation tests.14 However, the prevalence 

of GHD in PWS children remains still controversial, ranging 

from 40% to 100%.11,14 This discrepancy may be attributed 

to several factors, such as the limitation of GH testing, the 

different stimulation tests used, and/or the different methods 

of GH assay. In addition, GH levels are age-dependent, and 

it may be that GHD is a developing feature in PWS. In this 

respect, the youngest PWS children seem to have impaired 

hypothalamic GH-releasing hormone (GHRH) secretion 

with a normal GH pituitary reserve, while only some of 

them may be defined as true pituitary GH deficient and a 

small percentage shows a normal GH secretion.15 These 

findings seem to support the hypothesis that GH pituitary 

reserve, which is still preserved in young patients, gradually 

declines with age, suggesting that GHD in PWS may be due 

to an evolving process.16 Another critical point is related to 

the concomitant presence of obesity, which is characterized 

per se by reduced GH secretion. A higher prevalence of 

GHD is detected in obese PWS children compared with 
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nonobese  subjects.16 Nevertheless, nonobese children and 

adolescents with PWS showed a lower GH-stimulated 

response in comparison to age- and body mass index (BMI)-

matched healthy subjects, both in terms of immunoreactive 

and bioactive levels.17 According to the altered GH secretory 

pattern, subnormal IGF-I levels were found in most of PWS 

children, without significant correlation with BMI, different 

from what was observed in simple obesity.9,11,18 Altogether, 

the combination of reduced GH and IGF-I levels indicates 

that a true GH/IGF-I axis dysfunction is present in the great 

majority of children with PWS. Consequently, GH testing is 

not required before starting GH treatment, and the positive 

effects of its administration are detectable in all children with 

PWS, independent from the GH secretory status. In this con-

text, it remains to be explained why there is such a good GH 

response in people with PWS overall. In addition, it seems 

to be of interest to establish whether the presence (or not) of 

GHD may have a different impact on clinical course during 

GH therapy.10

The benefits of GH treatment in children with PWS 

are well established, including positive action on linear 

growth, body composition, motor function, and psychomotor 

development.19,20 The greater effects are observed in the first 

years of life, thus recommending the early institution of GH 

therapy (between 4 and 6 months of age) for PWS children.9,10 

During childhood, long-term GH therapy allows the com-

plete recovery from the growth defect, normalizing the final 

adult height, and is associated with an increase of lean body 

mass, adiponectin levels, and head circumference.21–23 GH 

administration is effective in increasing muscle strength and 

motor skills, as well as improving mental speed, flexibility, 

health-related quality of life, and cognition and behavioral 

issues.24–26 It is noteworthy, however, that body composition 

cannot be fully normalized by GH therapy, although the 

positive effects on lean body mass are maintained over the 

years.22,27 In addition, percent fat standard deviation (SD) 

score is reported to improve significantly during the first year 

of GH treatment, returning however to baseline level after 

8 years of therapy.22 In this context, replacement GH dosage 

seems to exert a crucial role, considering that GH amount 

commonly used in non-PWS GHD is usually ineffective 

on body composition.27,28 This finding may be due, at least 

in part, to the significant percentage of PWS children born 

SGA, a condition requiring a higher dose of GH. Taking 

into account this observation, the comparison of GH effects 

in PWS children diagnosed as SGA with those obtained in 

subjects born appropriate for gestational age may represent 

a challenge for future trials.

The dosage of GH actually recommended in children with 

PWS is 1 mg/m2/daily, to be reached within the first weeks 

and months, after a first period of treatment at a lower dose. 

The goal of GH treatment is to obtain a significant increase 

of serum IGF-I concentrations within the upper limits of the 

normal range (maximum + 2 SDS), in order to avoid potential 

side effects due to exaggerated GH therapy.9,10 However, 

recent studies have demonstrated that immunoreactive 

IGF-I levels are not strictly correlated with IGF bioactivity 

during GH treatment, thus making immunoreactive IGF-I 

concentration an unreliable index for GH dosage titration 

in PWS children.29

GH replacement treatment is generally well tolerated, 

the effects of this therapy being well documented across the 

last 15 years. Nevertheless, fatal events in young patients 

with PWS have been reported during the first months of 

GH administration, with respiratory infections being the 

most common cause of death.30 In this respect, a causal role 

of GH therapy in reported deaths seems to be excluded, but 

the question still remains open and additional surveillance 

studies about this issue are required.9,10 Another challenge 

for the future is to confirm the safety of starting GH therapy 

early in the life. For this purpose, a complete clinical and 

instrumental assessment should be performed before starting 

GH treatment, including polysomnography, ear, nose, and 

throat evaluation, and thyroid function. Although long-term 

GH administration is not reported to impair respiratory func-

tion during sleep, a close polysomnography and ear, nose, 

and throat monitoring for the entire duration of GH therapy 

is recommended.31 In case of lymphoid tissue hyperplasia, 

adenoidectomy/tonsillectomy should be taken into consid-

eration either before or during GH treatment. Starting from 

the age of 2.1 to 4.5 years, weight increase is observed, and 

PWS children will become obese if caloric intake is not 

restricted.32 Especially in subjects with rapid weight gain, a 

strict surveillance of glucose and insulin homeostasis during 

GH treatment is necessary, in conjunction with appropriate 

environmental, dietary, and lifestyle changes.33 In order to 

minimize the potential risks of GH therapy, however, it is 

recommended to exclude from this treatment children with 

severe obesity and those with uncontrolled diabetes. Finally, 

although scoliosis is not considered a contraindication for 

GH therapy, a careful follow-up is required in case of its 

worsening.

GH and transition phase
The transition from adolescence to adulthood is a devel-

opmental stage characterized by a wide set of physical and 
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psychosocial changes. It begins in late puberty and finishes 

with full adult maturation, thus lasting from 3 to 10 years.34

The effects of GH during the transition period are mainly 

related to the maintenance of body proportions, cardiovas-

cular function, and favorable metabolic indices, as well 

as to optimize quality of life.35 In the general population, 

individuals with untreated GHD during the transition period 

show impaired somatic and metabolic maturation, including 

altered body composition, low bone mineral density (BMD), 

unfavorable lipid profile, and decreased energy/quality of life. 

In the light of these data, reevaluation of pituitary function 

during transition phase is generally performed in patients 

not affected by PWS.34,35 As previously mentioned, the 

clinical picture of PWS subjects is similar to those observed 

in individuals with nonsyndromic GHD.1,2,4 In this context, 

however, few data about GH secretion throughout the 

transitional period in PWS are available. With GHRH plus 

arginine as provocative agents, 33% of a group of 24 PWS 

patients evaluated using BMI-specific cutoff values during 

the transition phase met diagnostic criteria for severe GHD.36 

In another study, two of seven PWS subjects (28%) had GH 

peak levels after GHRH plus arginine test ,9 µg/L.37 More 

recently, GHD was demonstrated in five of twelve PWS 

subjects aged 18 to 25 years.38

Although controlled studies evaluating the effects of 

continuous GH treatment during the transition phase are not 

available in PWS to date, a prolonged positive effect can be 

assumed by inference from GHD of nonsyndromic cause 

and observational studies in PWS.9 In this regard, it has been 

demonstrated that GH replacement therapy is able to reduce 

fat mass and to increase fat-free mass in PWS adults, includ-

ing patients in the transition phase.8 An increase of 19% in 

exercise capacity, evaluated using treadmill exercise testing, 

was reported in twelve PWS adults (including five transi-

tion patients) after 1 year of GH therapy.39 Long-term GH 

treatment in 15 PWS adults (seven in the transition phase) 

ameliorated body composition, muscle size, and quality, and 

increased muscle strength and exercise tolerance.40 Improve-

ment in mental speed and flexibility and motor performance 

tests during GH administration was detected in 19 PWS 

individuals with a median age of 25  years, with a rapid 

deterioration in physical and social status as well as overall 

functioning after GH therapy withdrawal.41 Moreover, it has 

been reported that cessation of GH therapy in young PWS 

patients worsened BMI, with a tendency toward increases 

in visceral adipose tissue.42

Altogether, these nongrowth-stimulating effects of GH 

should be taken into consideration during the transition 

phase. The challenge is to demonstrate that GH therapy after 

completion of linear growth will lead to an improvement in 

morbidity and mortality in PWS individuals. Thus, a reevalu-

ation of the GH secretory pattern may be beneficial in all PWS 

patients after achievement of final height (Table 1). To avoid 

the potential negative effects of GH treatment, however, PWS 

individuals with severe obesity, poorly controlled diabetes 

mellitus, untreated severe obstructive apnea, and active 

psychosis should be excluded.

GH and adulthood
Evidence of GHD in PWS adults is beginning to emerge, 

although study findings differ largely on its prevalence in 

these patients. Depending on the different study groups and 

the provocative tests used for the evaluation of GH secre-

tion, 8%–55% of adults with PWS met criteria for severe 

GHD, according to BMI-specific cutoffs (Table 1).36,37,43,44 

Impaired GH secretion in PWS adults, however, is revealed 

not only by deficits in secretion amplitude parameters 

but also by deconvolution analysis, as demonstrated by 

abnormalities in the shape of the secretory response which 

is more delayed when compared to obese controls.45 The 

hypothesis that an imbalance of GH/IGF-I axis occurred in 

PWS adults is reinforced by the presence of reduced IGF-I 

Table 1 Current indications for use of GH therapy in PWS

Age Testing GH stimulation tests Peak GH cutoff for diagnosing GHD Dosage

Childhood No9,10 0.5 mg/m2/day, with subsequent 
adjustment toward 1.0 mg/m2/day9

Transition phase Yes GHRH + arginine ,19 µg/L89,* 0.1–0.2 mg/day
ITT ,5 µg/L34

Adulthood Yes GHRH + arginine BMI ,25: ,11.5 µg/L90 0.1–0.2 mg/day9

BMI 25–30: ,8 µg/L90

BMI .30: ,4.2 µg/L90

ITT ,3 µg/L34

Notes: *Italian criteria for determining GHD in PWS during transition phase: (i) three or more pituitary hormone deficiencies, and (ii) a peak GH level ,4.1 µg/L after GHRH 
plus arginine test after a GH wash-out period prior to retesting of at least 1 month.
Abbreviations: GH, growth hormone; PWS, Prader–Willi syndrome; GHD, GH deficiency; GHRH, GH-releasing hormone; ITT, insulin tolerance test; BMI, body mass index.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2016:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

877

GH therapy for PWS

concentrations in the majority of subjects, as observed in 

pediatric age.9,11,18,36,37,44

Similar to subjects with nonsyndromic GHD, PWS adults 

have reduced muscle mass, muscle strength, and BMD, 

decreased heart geometry, increased cardiovascular risk pro-

file, and altered psychological status.10,40,46,47 In this context, 

available data demonstrate a positive effect of GH treatment 

in these patients on body composition, skeletal muscle char-

acteristics and motor performance, peak expiratory flow, 

nocturnal respiratory abnormalities, metabolic markers, and 

psychological well-being.8,39,40,48–55 It is noteworthy that GH 

administration leads to a significant improvement of IGF-I 

levels, lean body mass, cardiovascular outcomes, strength 

development, and exercise capacity both in PWS adults with 

and without GHD.39,40,54 This observation could be of interest 

in the strategic perspective of the use of GH therapy in PWS 

adults, since the beneficial effects deriving from GH adminis-

tration seem to be independent from a concomitant diagnosis 

of GHD. Future research may shed additional light on this 

question, particularly about the need, or not, to determine the 

presence of GHD after attainment of adult height.

Another critical point is to determine how GH therapy 

should be prolonged in adult life. Until now, the majority of 

research on PWS has mainly focused on clinical picture in 

pediatric age and early adulthood. Conversely, data about 

older PWS people are scanty. In this regard, there is con-

cern that, in the absence of hormonal replacement, the risk 

of premature aging or dementia in individuals older than 

40 years may be increased,56,57 mainly in the subgroup of 

female PWS due to UPD15 with a history of psychosis.58 

Interestingly, previous studies suggest that GH and IGF-I 

availability may have favorable effects on cognitive function 

in PWS adults as well as in non-PWS individuals at increased 

risk of cognitive decline and dementia.41,59 However, it has 

not yet been established whether GH/IGF-I axis dysfunction 

may really act as a determining factor in the pathogenesis 

of cognitive deterioration.60 In this light, further additional 

studies are requested to determine the role of GH therapy in 

promoting brain health in pathological aging adults, includ-

ing PWS subjects. Moreover, the potential adverse effects of 

long-term GH administration need to be carefully considered. 

For the purpose of avoiding the possible negative effects of 

GH treatment, the Consensus Guidelines for GH therapy 

in PWS recommended that GH administration should be 

continued for as long as demonstrated benefits outweigh the 

risks, excluding adults with severe obesity and active psy-

chosis.9 Few side effects, however, are generally reported in 

PWS adults during GH therapy, but the data available so far 

are insufficient. The great majority of the current literature 

involves uncontrolled and short-term studies, and only a 

small number of PWS subjects has been evaluated.8,9 The 

most frequent adverse effects include lower extremity edema 

and altered glucose and insulin homeostasis.61 In this context, 

only a slight increase in fasting glucose and trends toward 

hyperinsulinemia and higher insulin resistance are generally 

reported.8 Nevertheless, GH treatment must be suspended 

in PWS adults with uncontrolled diabetes mellitus.9 

Data regarding the effects of GH substitutive therapy on 

respiratory system and heart function are still inconclusive. 

Information about the relationship between GH treatment 

and sleep-disordered breathing in PWS adults is limited 

to a single study which reported that only one out of ten 

subjects had worsened apnea/hypopnea index after 6 weeks 

of therapy.62 In this regard, patients with severe apnea must 

be adequately treated with noninvasive ventilation before 

starting GH therapy. To date, few studies have analyzed the 

cardiovascular characteristics of PWS adults in detail. Obese 

PWS adults have been found to harbor hypokinetic cardiac 

features resembling those seen in GH-deficient subjects (ie, 

lower systolic function, decreased cardiac mass, and lower 

chronotropic response to an adrenergic stimulus).46 Impaired 

microcirculatory function and occasional sinus node dys-

function have also been described.63 Favorable effects on 

cardiovascular features have been observed in both short- 

and long-term GH treatment.49,54 In both cases, however, 

there is evidence of a trend toward a decline of diastolic and 

systolic indices of the left ventricle. Because of the paucity 

of data in older PWS individuals, it is unclear if these subtle 

longitudinal modifications of functional cardiac parameters 

are related to the natural history of the syndrome or may be 

a consequence of GH administration. For this purpose, a 

close cardiac monitoring is mandatory during long-term GH 

replacement for PWS adults.

An association of GH therapy with a higher incidence 

of cancer has been reported in the general population.64 The 

safety record of GH, however, remains good, supported by a 

wide range of sources from around the world.65 The relevance 

of risk of cancer in PWS subjects is currently unknown, and 

malignancies are not commonly reported as cause of death. 

Nevertheless, this circumstance may be simply related to the 

early mortality of PWS, since neoplastic disease is generally 

observed after middle age. In this context, it is widely recog-

nized that mortality rate of adults with PWS is higher than in 

the general population but is generally associated with obesity 

and its complications, including cardiovascular diseases and 

respiratory failure.58,66–68 In spite of this, strict alertness on 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2016:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

878

Grugni et al

the possible association between GH treatment and cancer is 

warranted in PWS adults, and further surveillance protocols 

are needed in the future. It is of particular importance to avoid 

high IGF-I levels during GH therapy, as epidemiological stud-

ies in healthy adults without GHD have suggested associations 

between serum IGF-I levels in the upper part of the normal 

range or above and some forms of cancer.65

GH and genotype
A number of studies have mentioned differences in some of 

the clinical features of PWS depending on the underlying 

genetic abnormality, particularly between del15q11-q13 and 

UPD15.1,2,10 With regard to the GH secretory pattern, PWS 

adults with del15q11-q13 achieve higher GHRH + arginine-

induced GH peak compared to patients with UPD15.36,43,69 

Similar data have been found in pediatric age after clonidine 

stimulation, arginine test, and insulin tolerance test.15,70,71 

Interestingly, transition patients with UPD15 genotype had 

a higher incidence of GHD than those with del15q11-q13 

(80% versus 25%).69 In this context, the deconvolution-

based assessment of pituitary GH secretion shows the most 

delayed GH response in UPD15 subjects, both in children 

and adults.45,72 On the other hand, stimulated GH levels and 

integrated GH secretion are similar in PWS individuals car-

rying type I and type II deletion.69

Because data on genotype–phenotype relationship may 

be relevant to specific outcome measures related to GH 

therapy, for example, metabolic syndrome,73 studies specifi-

cally designed to examine this issue represent a challenge 

for the future research in PWS.9 The aim is to establish if 

the different GH secretory patterns among PWS individuals 

carrying the major genetic subtypes may have a true clinical 

significance.

GH and bone
Prepubertal PWS children not treated with GH have a normal 

BMD, when adjusted for their short stature,74,75 while ado-

lescent and adult subjects show decreased BMD and bone 

mineral content, resulting in a high risk of osteoporosis.11,76 

Reduced BMD in PWS is correlated with an increased fre-

quency of fractures both in the long bones and in the bones 

of hands and feet.66,77 At the metacarpal level, PWS patients 

have an altered bone geometry leading to a reduced strength.78 

The pathological bone characteristics of PWS individu-

als are believed to be secondary to a complex interaction 

of different factors, including deficiency of sex steroids, 

GH/IGF-I axis insufficiency, low muscular activity, and 

deficient intakes of both vitamin D and calcium as a result 

of calorie-restricting diets and obesity.79,80 However, other 

hormonal agents are involved in the regulation of BMD, such 

as adiponectin, leptin, and ghrelin.81 Total adiponectin and 

high-molecular weight adiponectin are negatively associ-

ated to BMD, whereas both leptin and ghrelin seem to be 

positively correlated to BMD, albeit data on ghrelin are still 

contradictory. In this context, PWS is known to be associ-

ated with high levels of adiponectin, while hyperleptinemia 

and hyperghrelinemia may be the expression of a state of 

leptin- and ghrelin resistance.82,83 Finally, data from animal 

model suggest a critical role of the q11-q13 region on paternal 

chromosome 15, which contains the Snord116 cluster, in the 

regulation of skeletal phenotype of PWS.84

Few data about the effects of GH administration on BMD 

and bone geometry in PWS are currently available in the 

literature. de Lind van Wijngaarden et al have previously 

shown that 24 months of GH therapy had no effect on BMD 

in 46 PWS prepubertal children, apart from a temporary 

decrease of total body BMD in the first 6 months of treat-

ment.75 More recently, another study has reported that BMD 

of total body and lumbar spine and bone mineral apparent 

density of the lumbar spine remain stable during long-term 

GH therapy in prepubertal children with PWS but decrease 

during adolescence.85 As far as adulthood is concerned, it has 

been observed that GH treatment for 2 years is unable to ame-

liorate low BMD in individuals with PWS.86 Nevertheless, 

data about GH substitutive therapy and BMD in PWS subjects 

are not unequivocal. Other authors have observed that GH 

administration exerts a beneficial effect on bone mineraliza-

tion of PWS patients.87,88 To the same extent, PWS adults 

who received GH have larger and consequently stronger 

metacarpal bones, as a result of stimulation of subperiosteal 

bone growth induced by GH and IGF-I.78 The discrepancies 

among results on this matter may be related to the different 

clinical characteristics of the study groups, including degree 

of obesity, lifestyle factors (eg, muscular activity, calcium 

intake, and vitamin D levels), duration of GH treatment, and 

lack of adequate gonadal hormone levels during pubertal 

period, due to delayed timing of sex steroid therapy. In this 

respect, the challenge is to ensure an appropriate management 

of the endocrine issues in PWS patients, including prolonged 

GH therapy during transition phase (described in the “GH 

and transition phase” section) and concomitant sex hormone 

replacement at appropriate age, as well as to provide proper 

dietary and motor activity plans at the appropriate time.6,10

Conclusion
Current evidence supports the view that GH replacement 

for PWS exerts a beneficial effect on physical aspects, 

cognition, and behavioral phenotype in both pediatric and 
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adult populations. However, there is little literature on several 

topics related to the role of GH therapy in lifelong care of 

these patients. This manuscript has taken into consideration a 

number of questions, which remain still open (Table 2). In this 

light, further research is required to improve our understand-

ing of the physiopathology of GH/IGF-I axis during the entire 

lifespan of PWS subjects. A more detailed knowledge of the 

therapeutic targets of GH administration is also needed, with 

the aim to optimize the clinical management of these individu-

als. At the same time, the role of concomitant therapies (sex 

steroids, dietary treatment, physical therapy) in the effects of 

GH administration should be better clarified. Since most of 

the current studies are uncontrolled and of short duration, a 

long-term surveillance of benefits and risks of GH therapy is 

strongly recommended for PWS population, in order to obtain 

definitive data on the safety of this treatment.
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