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Abstract

Purpose of Review This review summarizes our current knowledge on type 2 diabetes mellitus (T2DM) and glucose metabolism

alterations in Prader-Willi syndrome (PWS), the most common syndromic cause of obesity, and serves as a guide for future

research and current best practice.

Recent Findings Diabetes occurs in 10–25% of PWS patients, usually in adulthood. Severe obesity is a significant risk factor for

developing of T2DM in PWS. Paradoxically, despite severe obesity, a relative hypoinsulinemia, without the expected insulin

resistance, is frequently observed in PWS. The majority of PWS subjects with T2DM are asymptomatic and diabetes-related

complications are infrequent. Long-term growth hormone therapy does not adversely influence glucose homeostasis in all ages, if

weight gain does not occur.

Summary Early intervention to prevent obesity and the regular monitoring of glucose levels are recommended in PWS subjects.

However, further studies are required to better understand the physiopathological mechanisms of T2DM in these patients.

Keywords Prader-Willi syndrome . Diabetesmellitus . Impaired glucose tolerance . Hyperglycemia

Introduction

Prader-Willi syndrome (PWS) is a rare and complex

neurodevelopmental disorder, equally affecting both sexes,

due to genetic abnormalities that result in the absence of ex-

pression of one or more of the paternally inherited genes at the

locus q11-q13 of chromosome 15 [1••]. Approximately 60–

65% of affected individuals have a deletion of the paternal

chromosome 15q11-q13, while most of the remaining patients

display a maternal uniparental disomy (UPD15) for chromo-

some 15 (about 25–30%). Only a small percentage of subjects

(less than 5%) may have abnormalities of the imprinting cen-

ter or a chromosomal translocation or rearrangements of the

15q11-q13 region [1••].

PWS is the most frequent cause of genetic obesity, occur-

ring in about 1:10,000–1:30,000 live births and is usually due

to sporadic cases [2, 3].

The clinical picture of PWS is typically characterized by

neonatal hypotonia and poor sucking, dysmorphic features

(characteristic facial appearance, small hands and feet and

narrow hands with straight ulnar border), kyphoscoliosis,

hypogonadism, short stature for genetic background, sleep-

disordered breathing, early childhood-onset of hyperphagia

with food-seeking behavior and progressive development of

severe obesity, with its comorbidities, unless eating is not

promptly restricted [4]. Cognitive impairments (usually mild

intellectual disability), neuropsychomotor developmental de-

lay, behavioral disturbances, as well as psychiatric disorders

are also part of the syndrome [5].

A complex hypothalamic-pituitary dysregulation is cur-

rently thought to be partly responsible for the PWS phenotype

including the lack of satiety, high pain threshold, temperature
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instability, decreased vomiting and various endocrine abnor-

malities [ie, hypogonadism, growth hormone deficiency

(GHD), central hypothyroidism and central adrenal insuffi-

ciency] [1••, 6].

It has been noted that the clinical features of PWS differ

significantly during lifespan, becoming more evident in adult-

hood. In this light, it is a major advantage if the diagnosis can

be made in the neonatal period, in order to have the opportu-

nity to modify the clinical course towards favorable outcomes

[7•]. Methylation-specific multiplex ligation-dependent probe

amplification analysis (methylation test) is able to detect all

the main genetic subtypes (deletion, UPD15 and imprinting

center defect), while a high-resolution karyotype is always

required to detect translocations or other chromosomal rear-

rangements involving chromosome 15 [3].

Obesity in PWS

Hyperphagia is a constant feature of the syndrome and is

associated with abnormal and extreme behaviors regarding

food, including a constant obsession for food that some-

times leads to stealing money to acquire it [8•]. PWS pa-

tients characteristically have poor feeding and decreased

appetite in infancy that develops into an uncontrolled hun-

ger after the ages of two–three and progressively leads to

weight gain [9, 10•]. They are almost always unable to

satisfy their appetite even after eating a whole meal and,

where there is no close supervision, many of these patients

can develop severe obesity even in early childhood. In this

respect, seven nutritional phases have been identified,

starting from birth to adulthood, during which it is possible

to observe the progressive transition from poor feeding and

failure to thrive to normal eating with or without obesity,

up to the increased interest in food, causing hyperphagia,

weight gain and life-threatening severe obesity [11]. It is

important to bear in mind that, in PWS, weight gain may

begin before the child shows a specific interest in food and

before the increase in food intake.

In later stages, incessant and never ending hunger leads the

patients to behave badly in relation to food and they are never

satisfied after having completed a meal. Most subjects are

inclined to take in a large quantity of food, even if it is not

edible for others.

It is noteworthy to observe, however, that during adult-

hood, some PWS patients can feel more satiety and thus re-

duce the search for food.

Altered brain structures, evaluated with imaging studies

and documented by preclinical studies, have been demonstrat-

ed in PWS. They may be responsible for the excessive hyper-

phagia and constant hunger, suggesting a crucial role of sev-

eral brain areas in the abnormal regulation of food intake in

PWS [12–15].

In PWS subjects, obesity shows a distinct phenotype in

comparison with simple obesity. Patients with PWS showed

greater amount of fat mass than essential obesity, with the

same degree of weight excess in all ages [16, 17]. Excessive

adipose tissue in PWS is classically distributed at the level of

the trunk and the proximal extremity of the limbs, with lower

trunk-to-appendicular fat mass ratio [18]. Differently to what

occurs in non-syndromic obesity, PWS subjects showed less

visceral adipose tissue and more subcutaneous fat tissue than

Body Mass Index (BMI)-matched controls [16, 19]. In addi-

tion, lean body mass is significantly lower than the reference

age- and BMI-matched population.

Current evidence suggests that PWS have a reduction in

resting energy expenditure (REE), which may be explained by

less skeletal muscle mass. In fact, once fat-free mass is con-

sidered, these differences between PWS and controls disap-

pear [20, 21]. Data about body composition in PWS, however,

are not homogeneous. Other authors have observed a similar

proportion of abdominal subcutaneous and visceral fat in

PWS subjects with severe obesity in comparison to non-

syndromic obesity [22, 23].

In conclusion, hyperphagia, abnormal body composition

and low resting expenditure seem to be the main determinants

of the development of severe obesity in PWS.

Complications and Comorbidities of Obesity
in PWS

Morbid obesity and its complications significantly worsen the

long-term prognosis and are the major causes of premature

morbidity and mortality in PWS [24]. Mortality is high among

patients with PWS (3% annual death rate across all ages), and,

without supervision, these patients may suddenly die as a

result of choking (above all during bouts of heavy eating)

[25] or stomach rupture and necrosis [26].

The main comorbidities associated with severe obesity

in PWS include obstructive sleep apnea and other respira-

tory disorders (including pulmonary embolism, respiratory

failure and pulmonary hypertension), cardiovascular dis-

eases (right heart dysfunction, myocardial infarction and

arterial hypertension), alteration of the digestive system

(hepatic steatosis and gallstones), venous thromboembo-

lism and chronic leg edema [24, 27–29]. In this regard, it

has been reported that 38% and 16% of deaths in these

subjects are due to respiratory and cardiac diseases, respec-

tively [30].

Taking into account the metabolic profile, hyperlipidaemia

is reported in about one third of PWS subjects [31].

Furthermore, severe obesity is a strong risk factor for the de-

velopment of altered glucose metabolism in PWS, particularly

for diabetes mellitus.
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Type 2 Diabetes Mellitus in PWS

The majority of cases of diabetes in PWS have the phenotype

of type 2 diabetes (T2DM) [32•], while both type 1 diabetes

mellitus (T1DM) [17, 33–35] and monogenic diabetes [36]

are extremely rare. In this context, there have been occasional

reports of islet autoantibodies in PWS subjects with pheno-

typic T2DM [37]. In a group of 23 PWS patients with diabetes

onset at age < 20 years (13.4 ± 3.9 years), β-cell antibodies

were found positive in 4 out of 10 tested for antibodies [38].

Thus so far, however, the anti-islet cell antibodies and other

markers of autoimmune islet cell destruction in PWS have not

been extensively studied.

It has been assumed that, in PWS, abnormal glucose me-

tabolism develops as a consequence of morbid obesity and

concomitant insulin resistance. The relationship between the

obese condition and the development of diabetes, however, is

not clear and seems to be different than that seen in individuals

with simple obesity.

T2DM has been found in 7–24% of adults with PWS

[39–41] and affects 50% of patients after the 5th decade. [42].

In a cohort of 66 adults with PWS, the mean age of diagnosis of

impaired glucose tolerance (IGT)/T2DM was 20 ± 8.2 years

[43] (Table 1). Its prevalence exceeds greatly the prevalence

in the general population (5–7%) [43] and is less frequent in

prepubertal children with PWS. T2DM in fact was detected in

1/50 (2%) PWS patients under 18 years of age, while IGT is

reported with a prevalence of 4.3–17% [44, 45].

A study performed in a large French cohort with PWS

(ages 2–18.8 years) showed the presence of IGT only in 4%

of patients but none had T2DM [41]. On the other hand, an

earlier onset of T2DM was observed in Japanese PWS pa-

tients, even if this occurrence may be due to the higher rate

of T2DM in Asian children than in Caucasians [46] (Table 1).

Nevertheless, an early onset of T2DM in PWS may be

related to the duration of the weight excess, as in non-PWS

populations. In this light, non-obese PWS children showed

lower frequency of glucose homeostasis alterations in com-

parison to obese PWS subjects [47]. It should be noted that,

since the 1990s, early diagnosis followed by preventive inter-

ventions, including GH therapy, has been shown to prevent

obesity in a significant percentage of PWS [39]. The metabol-

ic syndrome (MS) has been shown to be associated with both

T2DM and coronary heart disease. As a result, the MS could

be involved in determining the excessive mortality observed

in PWS. To date, obesity is believed to play a crucial role on

the development of MS in PWS, both in children [47] and in

adult subjects [48].

Although many individuals with PWS are able to maintain

healthier BMI with early diagnosis and appropriate care,

T2DM and IGT are still common in PWS in adult age. In a

multicenter study based on 274 PWS patients, altered glucose

metabolism was detected in 24.4% of the patients and was

significantly correlated to age, BMI and homeostasis model

assessment insulin resistance index (HOMA-IR). This study

shows a strong correlation between development of altered

glucose metabolism, obesity and aging [49••] (Table 1).

In conclusion, the differences in the frequency of T2DM

could result from various sizes of the PWS population includ-

ed in the study, as well as from the wide range of the age and

body weight between the study groups, the study period and

different genetic predisposition in the various study groups.

Carbohydrate and Insulin Metabolism in PWS

It has been widely demonstrated that PWS subjects exhibited

a state of relative hypoinsulinemia despite their severe obesity.

According to early reports, the insulin response to both a

mixed meal and an oral glucose load was found significantly

lower in obese children with PWS in contrast with BMI-

matched controls [50, 51]. Another study has demonstrated

that nondiabetic PWS adult subjects show a reduced first-

and second-phase insulin and C-peptide secretion response

to intravenous glucose administration (IVGTT), as well as a

significantly increased hepatic insulin extraction compared

with obese subjects [52].

More recently, lower fasting insulin levels and reduced

insulin resistance (measured by HOMA-IR) have been report-

ed at all ages in obese patients with PWS, when compared

with non-syndromic obesity [53–55].

Furthermore, non-obese PWS showed lower insulin and

glucose values in respect to obese PWS, both in children

and in adults [47, 48].

Moreover, HOMA-IR in PWS are comparable with those

in BMI-age-matched controls before 5 years of age [56] and

are significantly lower by age 11 [22], but lower HOMA-IR is

seen also in adult PWS [55].

In addition, PWS with normal BMI showed no difference

in HOMA-IR compared with lean controls, while insulin sen-

sitivity (assessed by QUICKI) was slightly but significantly

increased in lean PWS compared with controls [57•].

It seems that the reasons for high insulin sensitivity in PWS

include a selective reduction of visceral fat in PWS after ad-

justment for total adiposity [16, 55], an elevated ghrelin con-

centration for the degree of obesity [8•, 10•, 58] and an im-

paired GH secretion [59]. Acylated ghrelin is an orexigenic

hormone that has been implied as a potential cause of hyper-

phagia and weight gain inducing a positive energy balance

and could be involved in the development of diabetes in

PWS [60]. Additionally, the explanation for beta cell dysfunc-

tion in PWS is an impaired vagal parasympathetic efferent

tone to the pancreas, as demonstrated by the blunted pancre-

atic polypeptide secretion in PWS children [56].

Furthermore, the increased insulin sensitivity of PWS sub-

jects has been related to the presence of high levels of
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adiponectin, a protein secreted by adipocytes that has benefi-

cial effects in the development of inflammatory and athero-

sclerotic disease and exerts a dominant role in modulation of

insulin sensitivity [54].

Another possible reason for hypoinsulinemia in PWS is the

impaired processing of proinsulin to insulin, due to deficiency

in prohormone convertase PC1 [61].

Data about the differences in insulin secretion in PWS,

however, are still under debate. Other authors failed to find a

significant difference in plasma insulin levels and insulin re-

sistance between obese PWS and BMI-matched controls, both

in pediatric age [47, 56] and in adult patients [48, 62].

Moreover, a clear relationship between obesity status and in-

sulin levels is still detectable in PWS children, as obese sub-

jects showed higher insulin levels and HOMA-IR than non-

obese patients [47]. In this context, insulin resistance in PWS

individuals had significant positive correlations with age with

a peak in adolescents [49••], similarly to what observed in

normal-weight and obese subjects [63].

These discrepancies may depend on the different clinical

characteristics of the study groups, including age, degree of

weight excess, body composition parameters and different

percentage of patients undergoing GH and/or sex steroids

therapy. Finally, a familial component in insulin resistance,

as in general population, could also contribute in PWS sub-

jects. On the other hand, the different genotypes (deletion or

UPD15) do not appear to influence the development of altered

glucose homeostasis in PWS [49••].

In conclusion, the exact mechanism of glucose metabolism

alterations and, in particular, of T2DM remains to be clarified

and further research is needed.

Effects of GH Therapy on Glucose Metabolism
in PWS

Multiple studies demonstrate the presence of quantitative and

qualitative defects of the GH/IGF-I axis in the great majority

of children and in a significant percentage (8–38%) of adults

with PWS [2]. Apart from the positive effects on linear growth

in pediatric age, published data support benefits of GH thera-

py (GHT) both in children and during adulthood, with bene-

ficial effects on body composition, muscle strength, exercise

tolerance, lipid profile, cognition and quality of life [59].

The potential causal relationship between GHT and the

occurrence of T2DM in PWS has been a controversial ques-

tion for a long time.

Because of the counterregulatory effects of GH on insulin

action, alteration in glucose metabolism is a side effect to be

considered in patients with PWS during GHT. For this reason,

it has been established by consensus of experts to include a

diabetes risk assessment in PWS patients receiving GHT,

mainly those who are obese and/or are older than 12 years

or who have a positive family history of diabetes or concom-

itant therapy with antipsychotics [64]. In this context, it has

been reported that GHT could contribute to decrease insulin

sensitivity and to impair glucose homeostasis both in PWS

children, especially in obese subjects [65], and in adult pa-

tients [66]. In a meta-analysis, a slight increase in glucose

levels and insulin resistance during GHT has been observed

[67]. Consequently, doubts have arisen on whether GH ad-

ministration can impair glucose homeostasis in subjects prone

to develop diabetes.

However, the evidence of the degree to which GHT

worsens insulin and glucose metabolism in PWS is not un-

equivocal. Other reports have demonstrated that long-term

GHT did not adversely affect glucose homeostasis in all ages

[35, 68]. In this context, fasting insulin levels during GHT

might be slightly elevated in children with PWS, but this is

transient and does not progress to diabetes [35, 68, 69].

Furthermore, it is interesting to note that adults with PWS

who underwent GHT during childhood had lower mean he-

moglobin A1c (HbA1c) and lower mean insulin resistance

index compared with those who were not treated [70].

The relevance of altered glucose metabolism during GHT

has been investigated in a large cohort of PWS subjects,

resulting in a negative correlation between GH administration

and impaired glucose homeostasis [49••]. Altogether, it seems

that altered glucose metabolism during GHT in PWS could

mainly result from weight gain rather than GHT [49••, 68]. In

this light, an evaluation of diabetes risk is recommended prior

to initiation of GHT and a careful periodic surveillance of

glucose homeostasis is required for all PWS subjects treated

with GH. Finally, the presence of severe obesity and/or un-

controlled diabetes mellitus should be an exclusion criterion

for the use of GH [64].

Clinical Characteristics and Management
of PWS with Altered Glucose Metabolism

The clinical impact of T2DM is quite variable, and most PWS

subjects are asymptomatic. In some cases, however, T2DM

may be present with the classic symptoms, including polyuria,

polydipsia and, in rare cases, unexpected weight loss despite

hyperphagia [34, 71].Consequently, the recommendations for

screening of T2DM or IGT in PWS subjects, mainly in obese

individuals, are similar to the guidelines for the general

population.

Starting from childhood, patients with PWS should have as

an initial surveillance a periodic and regular evaluation of

glucose levels, HbA1c, fasting lipid profile, transaminases

and blood pressure, with yearly screening thereafter, especial-

ly in patients that are obese. A standard oral glucose tolerance

test (OGTT) should be performed after 9–10 years of age and

in all obese PWS patients. For definition of impaired fasting
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glucose, IGT or T2DM, the classical criteria of American

Diabetes Association are used [72]. Special attention must

be given to those children and adults on GH treatment.

Periodic fasting glucose and insulin levels are recommended

before and after initiation of GH administration. All PWS

patients on GHT, even if non-obese, should have annual glu-

cose metabolism screening. In these cases an OGTTshould be

periodically carried out especially in presence of obesity and/

or diabetes or obesity in the family.

There have been surprisingly few reports of diabetes-

related complications in PWS [32•, 34, 73, 74]. However, at

least annually, PWS individuals with T2DM should be rou-

tinely monitored for evidence of microvascular complications

(eye examination by an ophthalmologist, 24-h urine collection

with creatinine and microalbumin and screening for autonom-

ic neuropathy) as well as for hypertension and cardiovascular

diseases, together with the appropriate therapy needed for

general standard-of-care practice guidelines.

No definitive treatment strategy for glucose metabolism al-

terations with PWS has yet been established. The prevention of

obesity remains the most important goal of the therapeutic strat-

egy in all PWS patients since severe excess weight certainly

promotes the development of T2DM. Continuous lifelong su-

pervision, strict control over access to food, dietary restriction

and regular exercise are still the only available options [75].

This is because there are to date no effective pharmacological

treatment options for hyperphagia and excessive eating behav-

ior in PWS. At the beginning, the majority of patients achieve

normal glycemic control without drugs when exercise and diet

are appropriately carried out. In milder cases weight loss may

lead to complete resolution of glucose alteration.

Pharmacological treatment for T2DM in PWS should fol-

low routine guidelines as for the general population [76].

T2DM in PWS needs similar pharmacological agents as

with non-syndromic obesity-related diabetes, e.g. insulin-

sensitizing agents, such as metformin or thiazolidinediones,

with the introduction of insulin if required [77] (Table 2)

Since increased insulin resistance is observed in some

PWS patients [78], metformin should be considered as a

first-line medication, especially if T2DM and obesity are

present [79]. It has been reported that metformin is able

to improve both the sense of satiety and the anxiety

towards the food in children and adolescents with

PWS, probably through its positive action on insulin

sensitivity [80]. However, metformin can frequently

cause gastrointestinal disorders and in some cases a vi-

tamin B12 deficiency (Table 2).

Administration of thiazolidinediones as well as sulfonyl-

ureas can cause an increase of body weight and may not al-

ways be appropriate for T2DM in obese subjects with PWS.

Troglitazone was used in PWS patients complicated by diabe-

tes mellitus with beneficial effects on glycemic control by

improving insulin sensitivity [81].

However, the efficacy of these drugs in subjects with PWS

and T2DM has not been thoroughly evaluated.

Among oral hypoglycemic agents, alpha-glucosidase in-

hibitors (Acarbose) have been reported as the ones most used

in Japanese PWS population [46]. This drug can significantly

reduce body weight and postprandial blood glucose levels and

improves the symptoms associated with nocturnal

hypoglycaemia reducing the daily insulin dosage.

Several case reports suggest favorable outcomes of T2DM

in PWS using glucagon-like peptide-1 (GLP-1) receptor ago-

nist (exenatide) and analog (liraglutide) with regard to reduc-

tion of ghrelin secretion, control of glucose and appetite,

weight loss and pre-prandial insulin secretion [9, 82–86]. In

our experience the use of GLP-1 agonists/analogs seems to

induce a true improvement/stabilization of altered glucose me-

tabolism [87]. However, caution must be taken due to poten-

tial side effects of delayed gastric emptying and pre-existing

risk for gastric rupture in the population [88]. Therefore, the

role of GLP-1 agonist therapy in PWS is promising, but has

not yet been fully elucidated as a long-term therapy (Table 2).

Dipeptidyl peptidase-4 (DPP4) inhibitors have been success-

fully used in these patients with regard to weight management

and HbA1c control to avoid or replace insulin therapy [89].

Glucose-lowering SGLT2 inhibitor (canagliflozin,

dapaglifozin and empagliflozin) could be another good option

for treating PWS with T2DM. An improvement in both

HbA1c and body weight has been observed with canaglifozin

in a 40-year-old woman with PWS [90].

Insulin therapy is required when the patient is no longer

controlled by other types of drugs, and there is evidence of

insulin deficiency (ketoacidosis and unexplained weight loss).

Insulin is not recommended in all other cases since it may

increase body weight. However, PWS patients do not always

accept self-monitoring of blood glucose and insulin injections.

PWS is often associated with stubbornness, persistence and

obsessive-compulsive symptoms which make the manage-

ment of diabetes more difficult. In addition, the risk of severe

hypoglycemia during insulin therapy should be taken into

consideration, particularly when their access to food is sud-

denly interrupted by hospitalization or other interventions.

Bariatric surgery has recently found increasing success in

the treatment of morbid obesity in PWS. This procedure

causes weight loss through either a diminished capacity for

food intake and/or a reduced digestional absorption of food. In

particular, laparoscopic sleeve gastrectomy and mini-gastric

by-pass can induce a better control of hyperphagia and food

seeking behaviors postoperatively [91, 92]. In addition to

weight loss, favorable metabolic changes are obtained

(reduction in ghrelin and increase in GLP-1) with improve-

ment or healing of glucose metabolism alterations. No major

perioperative complications or mortality occurred, and the

follow-up of the patients seems to be satisfactory with mini-

mal nutrient malabsorption. Other authors reported a
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successful weight loss after bilio-pancreatic diversion but with

some complications due to intestinal malabsorption [93].

Unfortunately, there is not always a positive effect of bariatric

surgery on hyperphagia in PWS [94]. In all cases, however,

dietary intervention and careful monitoring are always

recommended. Over the long-term, weight gain may recur

after the patient develops compensatory dietary strategies. In

this light, long-term results for up to 10 years have recently

demonstrated that bariatric surgery is unable to produce sus-

tainable long-term weight loss or comorbidity resolution in

PWS [95]. Since the best outcomes for bariatric surgery in

the general population are found in those subjects who are

the most insulin resistant [96], it should be argued that poor

effectiveness of surgery in PWS may be related, at least in

part, to the state of relative hypoinsulinemia. However, other

experiences with bariatric surgery in PWS have been encour-

aging, and a relatively long-term success has been reported in

selected patients [97, 98].

Consequently, bariatric surgery should be considered in

only those severe cases in which serious obesity-related mor-

bidities (i.e T2DM) are present and where a rapid weight loss

is potentially beneficial. Bariatric surgery can be considered

an option in selected and well-disciplined PWS patients, with

cooperating families, particularly when other classical ap-

proaches have failed and if no other effective alternative ther-

apies are available.

Conclusions

Glucose metabolism alterations and T2DM can occur with

variable prevalence in patients with PWS, particularly in

obese individuals and in adults. Since obesity has a main role

in the individual metabolic risk clustering in PWS, T2DM is

less frequent in normal weight or overweight patients with

PWS. Therefore, weight control can prevent glucose metabo-

lism alterations and subsequent related morbidity and remains

the most important goal for any treatment program in these

patients. Physical inactivity and early onset obesity should be

prevented with appropriate interventions. However, PWS pa-

tients are prone to avoid physical exercise and behavior dis-

turbances make dietary intervention hard for families.

Clinically, cases of T2DM in PWS are indistinguishable

from obesity-related T2DM, although it seems that diabetes-

related complications are less frequent than in BMI-matched

controls. Nevertheless, a screening for associated glucose me-

tabolism alterations should be a routine element of care and

treatment for all subjects with PWS, particularly obese and/or

adults, as well as in patients receiving GH treatment, even if

GHT does not seem to influence the development of altered

glucose metabolism.

An early identification and treatment of cases with T2DM

could be useful to improve morbidity and prevent mortality in

these patients. Unfortunately, systematic studies regarding

T2DM in PWS are not available. Therefore, recommendations

and treatment guidelines are mostly extrapolated from studies

in the general population.

In fact, the pharmacological approach in PWS is similar to

that of non-syndromic T2DM. On the other hand, bariatric

surgery seems to be less effective than in simple obesity, partly

because PWS subjects have a tendency towards

hypoinsulinemia.

However, more research is needed to evaluate the effective-

ness and safety of long-term therapies in PWS with T2DM.
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