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Abstract

Background Prader-Willi syndrome (PWS) is a rare and complex genetic disease, with numerous implications on
metabolic, endocrine, neuropsychomotor systems, and with behavioural and intellectual disorders. Rare disease
patient registries are important scientific tools (1) to collect clinical and epidemiologic data, (2) to assess the clinical
management including the diagnostic delay, (3) to improve patients’ care and (4) to foster research to identify new
therapeutic solutions. The European Union has recommended the implementation and use of registries and data-
bases. The main aims of this paper are to describe the process of setting up the Italian PWS register, and to illustrate
our preliminary results.

Materials and methods The Italian PWS registry was established in 2019 with the aims (1) to describe the natural
history of the disease, (2) to determine clinical effectiveness of health care services, (3) to measure and monitor quality
of care of patients. Information from six different variables are included and collected into this registry: demographics,
diagnosis and genetics, patient status, therapy, quality of life and mortality.

Results A total of 165 patients (50.3% female vs 49.7% male) were included into Italian PWS registry in 2019-2020
period. Average age at genetic diagnosis was 4.6 years; 45.4% of patients was less than 17 years old aged, while the
54.6% was in adult age (> 18 years old). Sixty-one percent of subjects had interstitial deletion of the proximal long
arm of paternal chromosome 15, while 36.4% had uniparental maternal disomy for chromosome 15. Three patients
presented an imprinting centre defect and one had a de novo translocation involving chromosome 15. A positive
methylation test was demonstrated in the remaining 11 individuals but the underlying genetic defect was not identi-
fied. Compulsive food-seeking and hyperphagia was present in 63.6% of patients (prevalently in adults); 54.5% of
patients developed morbid obesity. Altered glucose metabolism was present in 33.3% of patients. Central hypothy-
roidism was reported in 20% of patients; 94.7% of children and adolescents and 13.3% of adult patients is undergoing
GH treatment.
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Conclusions The analyses of these six variables allowed to highlight important clinical aspects and natural history of
PWS useful to inform future actions to be taken by national health care services and health professionals.
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Introduction

Prader—Willi syndrome (PWS) is a rare and complex
genetic disease; it is mainly characterized by severe
neonatal hypotonia with feeding difficulties in the first
months of life, followed by global developmental delays,
hyperphagia and gradual development of morbid obesity
in later childhood, if uncontrolled [1]. Patients show typi-
cal dysmorphic facial features, acromicria, kyphoscolio-
sis, strabismus, and other musculoskeletal disorders [2].
PWS has numerous implications on metabolic, endo-
crine, and neuropsychomotor systems and patients may
display behaviour abnormalities, mild to moderate intel-
lectual disability and high incidence of psychosis.

PWS has an estimated prevalence of 1/10000 to
1/30000 [2, 3] and an incidence of approximately 1 in
21,000/births [4], resulting the most common syndro-
mic cause of morbid obesity. PWS affects males and
females equally, without difference between ethnicities.
The mainstay of diagnosis is DNA methylation testing
to identify any defect in the parental imprinting within
the PWS critical region on chromosome 15, and this test
can detect more than 99% of all affected individuals [1, 2,
5]. In developed countries, diagnosis can be made early
in life at around 18 days of age [3]. Nonetheless, in most
cases, confirmation is done at mean age of 3.9 years, even
in centres of reference. Globally, the number of individu-
als with PWS is approximately 400.000, and 20.000 of
these cases are in the United States [6—8].

From a genetic point of view, PWS is an imprinting dis-
order and results from the loss of expression of a cluster
of paternally expressed genes on 15q11.2-q13 chromo-
some. The most common genetic abnormalities include
paternal deletion (60—65%) of cases, maternal uniparental
disomy (30—-35%) and defects in the imprinting center on
chromosome 15, such as microdeletions or epimutations,
or paternal chromosomal translocation in the remaining
individuals [5]. Of note, some cases with mosaic methyla-
tion pattern have been also described [9].

The complexity of this multifaceted syndrome makes
its clinical management particularly challenging and
highlights the role of the inter-professional clinical team
in improving patients’ care [10].

Rare disease registries are important tools to collect
and share data, to enable multidisciplinary collabora-
tion with the overall aim of improving patients’ care
and to support healthcare management [11]. Since 2008
the European Commission recommended Member

States to make collaborative efforts to establish regis-
tries and databases on rare disease as key instruments to
increase knowledge on these disorders and develop clini-
cal research. In fact, they are the only way to pool data
achieving a sufficient sample size for epidemiological
research and/or clinical research [12].

Moreover, the European Commission acknowledges
the relevance to improve standardization and data com-
parability among patient registries and promoted the use
of common data elements for the collection of compara-
ble data [13].

Finally, rare disease registries are key to Evidence-
Based Personalized Medicine [14].

With this background, the Italian PWS registry was
launched in 2019 using a standardized and customizable
web-based platform named RegistRare, developed by the
National Centre for Rare Diseases (NCRD) at the Istituto
Superiore di Sanita (ISS). RegistRare is available to collect
clinical and epidemiological data on specific rare diseases
in Italy after a formal agreement among stakeholders
involved in a specific rare disease, such as patients’ asso-
ciations, clinicians and researchers [15].

The Italian PWS registry is based on the official agree-
ment among the Italian Federation PWS-Onlus, the
referral PWS centres within Italian hospitals and the
NCRD of the ISS.

Its aims at collecting clinical and epidemiologic data
to improve and standardize the management of patients
at national level, to reduce morbidity and mortality, to
accelerate research and to support the development of
treatments for PWS assessing the long-term patient
outcomes. Specific aims of the Registry are (1) to study
the PWS natural history; (2) to understand the full spec-
trum of PWS features across the entire population; (3) to
identify unmet medical needs, rare complications, and
understudied areas; (4) to facilitate partnerships with
stakeholders; (5) to expedite completion of clinical trials;
(6) to guide the development of standards of care; and (7)
to allow participants to centrally store their PWS medical
data.

Materials and methods

Registry architecture and security

The Italian PWS registry is a web-based database, in
compliance with EU criteria and standards [16] and
it is hosted on the web-based Platform “RegistRare”.
It has been developed as a collaboration among ISS,
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patient advocacy groups, and clinicians from Italian
reference centres involved in PWS. The Registry is
compliant with Health Information Privacy Laws, and
the security requirements of the European Union Gen-
eral Data Protection Regulation (GDPR). Registry data
is only accessed by registry study personnel. De-iden-
tified data can be shared with researchers and other
stakeholders as per the Registry protocol. All protocols
for patient’s inclusion are reviewed and approved by a
Scientific Committee (SC).

Additionally, to meet registry objectives and facili-
tate further eventual sharing with global registries,
Findable, Accessible, Interoperable, and Reusable
(FAIR) Guiding Principles [17] have been included in
the developing of the Italian PWS registry. These prin-
ciples refer to data being findable in discipline specific
search engines or directories via data identifiers and
metadata; accessible via clear, transparent protocols
or policies; interoperable via the use of community or
discipline approved formats and terminologies for data
and metadata, as well as linking of metadata to related
resources via identifiers and reusable by retaining data
richness, provision of a machine readable licence and
source information, and available metadata to facilitate
reuses.

The data are provided based on a dedicated informed
consent (IC) signed by each patient and/or by the legal
representative, also providing for the possibility of its
revocation. All the information relating to the study
are provided to subjects in accordance with the rules
of good clinical practice and current regulations. The
required data are drawn up from the literature and an
exhaustive list of potential data (including outcomes
of interest). The study protocol is conformed with the
Declaration of Helsinki and is reviewed and approved
by the ISS Ethics committee and by the Ethics commit-
tees of each reference centres involved in the project.

Registry governance

The Italian PWS Registry is administered by a dedicated
SC whose member are selected among researchers
from ISS (experts in Registry development and govern-
ance), clinicians from the hospitals involved in the care
of PWS, and rare disease communities including PWS
patient groups, parents, caregivers. The SC main aims
are (1) to select inclusion criteria; (2) to validate qual-
ity of data within the registry; (3) to analyse patients’
data; (4) to eventually submit proposals to run research
projects through the Registry; (5) to publish an annual
report deeply describing the information and analyses
from data collected. SC has regular meeting to discuss
about registry governance and data.
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Patients inclusion criteria

The Italian PWS Registry includes patients of all ages
with genetically confirmed PWS diagnosis by DNA
methylation-specific testing. Patients with a diagno-
sis that does not meet the agreed definitions are not
accepted in the database and are not included in the anal-
yses. Table 1 summarizes PWS collected types (and rela-
tive Orphacode).

Data anonymization and quality control (QC)

Data form patients are anonymous and each patient is
included within the registry through the use of a specific
code. Registry administrators continually review data.
On an ongoing basis, data points within the registry are
curated for date of birth, and diagnosis. Any errors that
are identified are corrected by Registry administrators,
after a direct discussion with the person who manages
the account. Additionally, automatic internal QC have
been included and developed within the registry web
based platform and are totally compliant with current
recommendation [11].

Data set

It includes mandatory and optional fields within the fol-
lowing variables: demographics; diagnosis and genetics;
patient status; therapy; quality of life (QoL); mortality.

Participating centres

The clinicians of all Italian PWS reference centres were
invited to participate. Agreements for data transfer, pro-
cessing and protection were requested and obtained.
Patients data are included only after full written informed
consent is obtained; data reflect routine clinical prac-
tice and does not require any additional investigations
to be carried out over and above standard care. Centres
involved in 2019-20 patient’s enrolment are listed in
Table 2.

Table 1 PWS collected genotypes and relative ORPHA codes

PWS genotype # ORPHA code
By means of chr 15q11q13 paternal deletion 98793

By means of chr 15g11q13, type 1 paternal deletion 177901

By means of chr 15911q13, type2 paternal deletion 177904

By means of chr 15 uniparental maternal disomy 98754

By means of a imprinting center mutation 177910

By means of a point mutation 398069

By means of a chromosomal translocation 177907
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Table 2 PWS ltalian Centres (N=10) and relative patient’s distribution
Name of the Italian Referral center per Region N of patients %
AQU Policlinico Giovanni XXIll—Bari 3 1.8
AOU Federico ll—Napoli 13 79
IRCCS Associazione Oasi Maria SS—Troina (EN) 14 8.5
IRCCS Burlo Garofolo—Trieste 4 24
IRCCS Istituto Auxologico Italiano—Piancavallo (VB) 64 388
IRCCS Ospedale Pediatrico Bambino Gesu—Roma 2 12
IRCCS Ospedale San Raffaele—Milano 14 8.5
IRCCS Ospedale Pediatrico IRCCS G. Gaslini—Genova 14 8.5
Ospedale Regina Margherita—AOU Citta della Salute—Torino 20 12.1
Policlinico S.Orsola-Malpighi—Bologna 17 10.3
Total of patients 165 100
Table 3 Number of patients with a PWS diagnosis by means of
molecular genetic testing performed 1
Genetic testing performed N of patients % a 8
PWS (by mean of a positive methylation test) 11 6.7 30
PWS (by mean of 15q11q13 paternal deletion) 94 570 24
PWS (by mean of maternal uniparental disomy, 56 339
UPD 15 chromosome)
PWS (by mean of the imprinting center defect) 2 12 6 1
PWS (by mean of a point mutation) 1 0.6
PWS (by mean of a chromosomal translocation) 1 0.6 2
Total 165 100 1

11 2
Results :
Demography, diagnosis, and genetics
A total of 165 patients were enrolled into the Italian PWS
registry in 2019-2020 period: 50.3% (N =83) of patients 1
was female and 49.7% (N=82) male. In Italy it has been
estimated a total number of 2000 patients with PWS. Our 5

registry currently has an estimated coverage of 8.25%.

Patients were collected by 10 different Italian PWS
referral centres (Table 2); these Centres collect the major
part of PWS patients in Italy. In 2021, 4 additional Cen-
tres (from Sicily, Tuscany, Lombardy and Lazio regions)
actively participated to Italian PWS registry activities but
data from their centres are not included in the present
paper.

Seventy-five subjects were 17 years of age or less, while
90 were adults. Interestingly, first PWS diagnosis (by
genetic analyses) was provided in 50 different centres,
which are not always the same in which the patients are
currently followed-up (10 out of 50).

Age at genetic diagnosis ranged from 0 to 45 years;
average was 4.6 years (median 0.9 years). Table 3
describes number of PWS diagnoses by means of molec-
ular genetic testing performed by Methylation-specific

Fig. 1 PWS patient’s geographical distribution according to the
Italian Region of residence

multiplex ligation-dependent probe amplification
(MSMLPA) or DNA polymorphism study by microsat-
ellite analysis. Ninety-four subjects had interstitial dele-
tion of the proximal long arm of paternal chromosome
15 (del15q11.2-q13), 56 had uniparental maternal disomy
for chromosome 15, three presented an imprinting cen-
tre defect and one had a de novo translocation involving
chromosome 15. In addition, a positive methylation test
was demonstrated in the remaining 11 individuals but
the underlying genetic defect was not identified. Figure 1
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shows patient’s geographical distribution according to
the Italian Region of residence.

Clinical data

Our preliminary data show that 105 subjects out of 165
(63.6%) were characterized by compulsive food-seeking
and hyperphagia, with a higher percentage in adults
(87.8%) than in subjects under the age of 18 (34.7%). As a
result, 90 patients (54.5%) developed morbid obesity [18,
19], including 24 children and adolescents (32.0%) and
66 adults (73.3%). Table 6 shows number and percentage
of patients with an altered glucose metabolism (left side,
32.3%). Impaired fasting glucose (IFG), impaired glucose
tolerance (IGT), diabetes mellitus type 1 (DMT1) and
type 2 (DMT2) percentages are also indicated. Most cases
with altered glucose metabolism involved adult patients,
with the exception of 4 children and adolescents with
IGT. Thirty-two patients with altered glucose metabo-
lism were undergoing pharmacological therapy, while the
remaining 22 subjects were on diet only. Overall, 40% of
patients had an altered lipid profile, single or combined
(Table 4, right side), 75.6% being adults and 24.4% chil-
dren and adolescents. Eight subjects were treated with
statins, one with fenofibrate and one with polyunsatu-
rated fatty acids.

Concerning endocrine diseases, central hypothyroid-
ism was reported in 20% of patients, while central adrenal
insufficiency was present in 10.3% of subjects. Sixty-eight
adults had an evaluation of the growth hormone/insu-
lin growth factor (GH/IGF) axis, and 37 of them (54.4%)
had GH deficiency (GHD). Overall, 94.7% of children and
adolescents and 13.3% of adult patients (59,5% of subjects

Table 4 Patients (N and %) with altered glucose [17] and lipid
metabolism

Patients with altered glucose and lipid metabolism

Altered glucose Altered lipid metabolism

metabolism
n % n %
Missing data 4 24 5 30
No 103 624 93 56.4
Unknown 3 18 1 0.6
Yes 55 333 66 40.0
IFG4/55 7.3 Hypercholesterolemia 42/66 63.6
IGT 24/55 43.6  Hypertriglyceridemia 10/66 15.2
DMTT 0/55 0.0 Mixed hyperlipidemia 5/66 30
DMT227/55  49.1  HDL hypocholesterolemia 13.9
23/66
Total 165 1000 165 100.0

Page 5 of 9

with GHD) were undergoing GH treatment, respectively
(Table 5).

Finally, 77.6% of patients had typical psychiatric and
behavioural features of people with PWS. In particular,
self-injury was reported in 49.1% of them, while 9.7% of
patients were affected by psychiatric disorders, including
stereotyped behaviour, obsessive—compulsive disorder,
schizophrenia spectrum, etc. (Table 6). All the patients
(out of the 165 actually included in the registry) were liv-
ing at the time of publication.

Discussion

Advances in e-technologies offer new opportunities to
collect, integrate and share data and information from
different sources and to advance the understanding of
diseases thus eventually supporting the development of
diagnostic tools as well as new treatments.

In the last years many papers have been published on
the topic “rare disease registry”: a recent search (August
2022) on PubMed using “rare diseases” AND “registry”
shows a 100% increment of publications in 2016-2021
period (https://pubmed.ncbi.nlm.nih.gov/?term=rare+
disease+AND+-registry).

Setting up a registry includes a tremendous variability
in scope, size, and resource requirements for registries.
This may require the collection of limited or extensive
amounts of data, being active for short or long periods
of time. Most importantly, the scope and focus of a reg-
istry may be well defined and, at the same time, adapted
over eventual new research questions. Finally, registries
require good planning to be successful [20].

The Italian PWS registry was established in 2019 fol-
lowing an official request by the Italian Patients Federa-
tion PWS-Onlus and by the scientific PWS community to
better describe the natural history of PWS, to determine
clinical effectiveness of health care services and treat-
ments, to monitor the quality of patient care. The final
aim of the registry is to improve benefits to patients and
their caregivers and to increase scientific knowledge by
focusing on: treatment effectiveness, provision of infor-
mation on the natural history of disease, active moni-
toring of risk groups and provision of risk stratification,

Table 5 Number of Patients undergoing GH treatment

Patients undergoing GH treatment

Paediatric age Adult age

N % N %
No 3 4.0 54 327
Yes 71 94.7 22 133
Missing data 1 13 14 8.5
Total 75 100 90 55
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Table 6 Number of patients with behavioural and psychiatric disorders

Patients with behavioural
and psychiatric disorders

N

Undetermined

Sterotyped behavior

Obsessive—compulsive disorder

Disruptive disorder

Impulse-control disorder

Other psychotic disorder and intermittent explosive disorder
Schizoaffective disorder

Suicidal ideation and depressed mood, compulsive food-seeking
Obsessive—compulsive disorder, aggressiveness

Other psychotic disorder

Intermittent explosive disorder and aggressiveness

Total

3
1
4
1
1
1
1
1
1
1
1
1

6

assessment of disease burden, health care planning and
identification of areas in health care services policies that
require intervention.

In this respect, PWS registry was developed within the
frame of a dedicated web-based platform named “Regis-
tRare” established by the National Centre for Rare Dis-
eases at the Istituto Superiore di Sanita (Rome).

Preliminary results are focused on a total of 165
patients enrolled in 2019 — 2020 period (estimated Ital-
ian PWS coverage of 8.25%); despite the small number of
patients currently included in the analyses of the present
paper, our aim is to highlight the registry initiative (the
first in Italy for this syndrome) and to compare our pre-
liminary results with the actual scenario.

As expected, our data show that the majority of PWS
patients were morbid obese, affecting 54.5% of the indi-
viduals. However, it should be noted that this percent-
age is lower than that previously observed in the Italian
population with PWS, both in paediatric and in adult
subjects [21]. The possible explanation for these promis-
ing results could be the increasing precocity of diagnosis
associated with multidisciplinary care at all ages and ade-
quate transition management, achieved in the last decade
[22, 23].

If compared with literature [24], our data suggest a
higher prevalence of altered glucose metabolism, preva-
lently in adult subjects. Overall, 40% of patients included
in PWS registry had an altered lipid profile, isolated or
combined, thus confirming our previous findings in chil-
dren [25] and in adult patients [26]. Furthermore, data
from Italian PWS registry, show that both the alterations
of glucose metabolism and those of the lipid profile are
mainly treated with diet only, while the propensity to use
drugs is low.

Concerning endocrine diseases, hypothyroidism was
reported in 20% of patients, similarly to what observed
by other Authors [27, 28]. On the other hand, the per-
centage of patients with adrenal insufficiency was signifi-
cantly higher than that reported in the literature [29, 30].
This difference may be due to the origin of our results,
as they derive from a real-life experience and not from
standardized research protocols. However, with the data
available from the present study, we are actually unable to
give definitive answers to this discrepancy.

The great majority of children and adolescents with
PWS was undergoing GH therapy, according to the inter-
national consensus guidelines [31]. As for adult subjects,
only 13.3% of them (59.5% of subjects with GHD) are
treated with GH. In this context, previous studies have
shown that GH administration exerts beneficial effects
both in PWS adults with and without GHD [32, 33].
However, few data are currently available on the natural
history of adults with PWS with or without GH therapy.
From this point of view, we strongly believe that data
from a well-defined registry could be extremely useful in
better understand the potential benefits of GH treatment
in these subjects.

Italian PWS registry also collects mortality and its
causes data; all the patients (out of 165 actually included
in the registry) were living at the time of publication. It
will be extremely important and interesting to include
in the future data regarding the average life expectancy
of people living with PWS and, eventually, to underline
its variation from country to country. Such knowledge
might inform the effectiveness of current diagnosis and
treatment.

Finally, our results showed that behavioural and psy-
chiatric disorders affect more than three-quarters of our
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population with PWS [34]. These data confirm that man-
aging the behavioural and psychiatric phenotype repre-
sents a daily challenge for the care of these patients, for
both healthcare professionals and caregivers. Also in this
case the registry allows to focus on the area of interven-
tion in which the utmost surveillance and the greatest
commitment of resources are required.

Conclusion

Despite the important difficulties in the planning phase
of a registry setting up (i.e. strategies for patient’s enrol-
ment and retention, limited resources and voluntary
rather than mandatory participation, etc.), use of this tool
is extremely important for collecting clinical and epide-
miologic data, assessing the clinical management includ-
ing the diagnostic delay, improving patients’ care and
fostering research to identify new therapeutic solutions.

The Italian PWS registry provides the flexibility of both
updatable as well as longitudinal surveys. This reflects on
the possibility to capture the natural history of onset and
severity of PWS symptoms and their treatment through-
out a participant’s life, as well as to track changes over
shorter periods of time for aspects, of the PWS pheno-
type such as obesity and its comorbidities, endocrine
alterations, behavioural aspects or psychiatric disorders.
With the ongoing increasing number of participating
centres (and consequently of included patients) within
the registry, it will be interesting to monitor and update
these data year by year.

With growing participation, the Italian PWS Regis-
try aims at strengthening collaborations with national
and international researchers, clinicians, patients and
other partners to advance the understanding of PWS,
direct efforts in basic and clinical research, and support
the development of novel therapies for this challenging
disorder.

Another future direction for PWS registry is repre-
sented by the aim of increasing patient involvement even
in the data collection process; our final aim would be to
improve their perception on medical registries and data
collection, by the addition of variables that matter to the
registered individuals. Also, for certain domains, like
patient care, subjects involvement can be translated into
a gain in the capacity to collect support care data in real
time [35] and favouring medical registries in the delicate
balance between the right to privacy and the need for
information in the public health domain.
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