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Abstract Prader-Willi syndrome (PWS) is a rare genetic syn-
drome. The phenotype includes moderate to intellectual dis-
ability, dysmorphia, obesity, and behavioral disturbances (e.g.,
hetero and self-injurious behaviors, hyperphagia, psychosis).
Psychotropic medications are widely prescribed in PWS for
symptomatic control. We conducted a systematic review of
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published literature to examine psychotropic medications used
in PWS. MEDLINE was searched to identify articles pub-
lished between January 1967 and December 2014 using key
words related to pharmacological treatments and PWS. Arti-
cles with original data were included based on a standardized
four-step selection process. The identification of studies led to
241 records. All selected articles were evaluated for case de-
scriptions (PWS and behavioral signs) and treatment (type,
titration, efficiency, and side effects). Overall, 102 patients
were included in these studies. Treatment involved risperi-
done (three reports, n=11 patients), fluoxetine (five/n=6), nal-
trexone (two/n=2), topiramate (two/n=16), fluvoxamine
(one/n=1), mazindol (one/n=2), N-acetyl cysteine (one/n=
35), rimonabant (one/n=15), and fenfluramine (one/n=15).

Conclusion: We identified promising treatment effects with
topiramate for self-injury and impulsive/aggressive behaviors,
risperidone for psychotic symptoms associated with uniparen-
tal disomy (UPD), and N-acetyl cysteine for skin picking. The
pharmacological approach of behavioral impairment in PWS
has been poorly investigated to date. Further randomized con-
trolled studies are warranted.

What is Known:

* Behavioral disturbances in Prader-Willi syndrome including aggressive
reactions, skin picking, and hyperphagia might be very difficult to
manage.

* Antipsychotic drugs are widely prescribed, but weight gain and
increased appetite are their major side effects.

What is New:

* Topiramate might be efficient for self-injury and impulsive/aggressive
behaviors, N-acetyl cysteine is apromising treatment for skin picking
and Antidepressants are indicated for OCD symptoms.

* Risperidone is indicated in case of psychotic symptoms mainly
associated with uniparental disomy.

Keywords Prader-Willi syndrome - Antipsychotic -
Topiramate - Risperidone - Methylphenidate - Antidepressor
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Abbreviations

ABC Aberrant behavior checklist

CBT Cognitive behavioral therapy

CaGI Clinical global impression

DEL Deletion

OCD Obsessive compulsive behavior
ROAS Retrospective overt aggressive score
SIRCL Self-injury restraint checklist

UPD Uniparental disomy

YBC-OC Yale Brown obsessive compulsive subscale

Introduction

Patients with a rare disease are often challenging to treat when
considering psychotropic treatment for behavioral or psychi-
atric manifestations. There is an important lack of clear data or
treatment guidelines for treating behavioral disturbance in pa-
tients with intellectual disabilities. Prader-Willi syndrome
(PWS) is a paradigmatic example of such a disease. It is a rare
disease with an estimated prevalence of 1:25,000 at birth [40].
PWS is a genetic disease located on chromosome 15 (15 q11—
q13). Imprinting silences the maternal genes on 15 q11—q13,
rendering them non-functional, with the paternal non-
imprinted genes being absent. Approximately 60 to 70 % of
patients with PWS have a paternal deletion of 15 q11—q13
[12]. An additional 25 to 35 % of patients have two copies
of maternal chromosome 15 (uniparental disomy (UPD)).
Rarely, PWS may be associated with translocation, mutation,
or other anomalies [12]. Angelman syndrome, which has pri-
marily been associated with autism spectrum disorders, in-
volves the same genetic region and is commonly associated
to mutations of the maternal allele of the UB3a gene or rare
deletions.

PWS patients present in a neonatal hypotonic state with
deficit of sucking and eating refusal which progresses to with
hyperphagia and obsession with food in early childhood. In
addition, patients have distinct facial features, such as a nar-
row forehead, almond-shaped eyes, and a triangular mouth, as
well as a short stature, related to growth hormone deficiency
and small hands and feet. Puberty is often delayed or incom-
plete, and most affected individuals are unable to have chil-
dren. This eating disorder is more similar to an addictive dis-
order to food than a traditional eating disorder [21]. PWS
leads to severe obesity, which is a major issue associated with
quality of life and medical prognosis.

Psychiatric and cognitive symptoms in patients with PWS
are severe and have an important impact on social and inter-
personal life [53]. Patients with PWS often have mild to mod-
erate intellectual disability (ID) [28], with learning impair-
ments and poor academic achievement [59]. They have par-
ticular difficulties in mathematics, calculation, and abstraction
[9], which may be related to under-diagnosed neurovisual
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impairments [46]. There is a large individual heterogeneity
of language impairments, primarily in morphosyntaxic abili-
ties [56]. Behavioral impairments predominately include tem-
per outbursts, impulsivity, emotional liability, and aggressive
behavior [7, 21], as well as self-injury behavior, such as com-
pulsively picking the skin and mucosa (rectal picking), which
may lead to a severe wound and severe infections [37]. Pa-
tients with UPD as a group have more psychiatric illness and
autism symptoms and exhibit more severe overall symptoms
than patients with a deletion; however, they seem to have less
skin picking and even better expressive language [21]. Mea-
sures of maladaptive behavior, compulsive behavior, hyper-
phagia, and adaptive behavior were statistically similar be-
tween the groups [21].

Regarding the relationship between PWS and schizophre-
nia spectrum disorders (SSDs), five studies have utilized stan-
dardized psychometric tools to assess psychiatric diagnoses
[6, 11, 49, 50, 57]. Vogels and colleagues reported that psy-
chotic episodes, which occur in 16 % of individuals with
PWS, had an onset in adolescence, never occurred in individ-
uals with deletion, and were exclusively associated with UPD
or imprinting abnormalities [57]. A recent study showed that
in the case of UPD, approximately all individuals with histo-
ries of psychopathology suffered from psychotic symptoms
(85 %) with or without an affective component [49]. Boer
and colleagues reported that 7 of 25 patients with UPD aged
18 years or older had a severe affective disorder with psychot-
ic features, with a mean age of onset of 26 years (SD 5.9) [11].
SSDs are primarily, but not exclusively, associated with UPD,
and the clinical diagnosis may be complicated. Indeed, audi-
tory hallucinations have been reported on questionnaires pro-
vided to parents or caregivers and have been identified in 12 of
35 young adults with PWS [58] and in 14 of 95 patients of
various ages [14].

Patients with deletion (DEL) present more psychiatric fea-
tures (17 % of them) than those with UPD {Beardsmore, 1998
#12; Sinnema, 2011 #15}. A majority (56 % of all patients
with psychiatric symptoms) exhibits psychotic features. De-
pressive mood is the most common psychiatric symptom. It is
therefore important to search for psychotic feature in depres-
sive PWS patients. The total of PWS patients with DEL hav-
ing psychotic symptoms might be estimated around 9 %
{Sinnema, 2011 #15}.

Review scope

Psychotropic medications are often administered to patients to
control the behavioral disturbances associated with PWS or to
treat comorbid SSDs and/or depression. Despite a large net-
work of reference center for rare disease, it is well known that
patients with intellectual disabilities and mental disorders have
a lower access to specialists than other patients. Patients with
PWS may possibly be examined by practitioners with general
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practice practitioners, psychiatrists, or endocrinologist for ex-
ample. When it comes to behavioral disturbances, medication
is often an option and information regarding efficiency of
different treatments is difficult to obtain. We aimed to conduct
a systematic review of published literature to examine the
psychotropic medications used in PWS. We choose to limit
to published literature in medical database on purpose as our
point was also to point out the necessity of gold standard
psychopharmacological studies in this field.

Experimental procedure

The rare disease program in France was initiated in 2007 and
led to the creation of more than 200 National Reference Cen-
ters. One center in Toulouse is dedicated to PWS (from 2004),
and one center in Paris (from 2007) is dedicated to psychiatric
symptoms of rare diseases, including PWS. Clinicians and
researchers of these two national reference centers collaborat-
ed for this review.

Literature search methodology and data sources

The public MEDLINE database was searched according to a
standard four-step protocol, which is described in the follow-
ing sections and summarized in Fig. 1.

Identification The search used EndNote X7 software (Thom-
son Reuters), which enabled the identification and deletion of
duplicate records. Relevant publications from January 1968 to
January 2014 (which is PubMed NLM database date range)
were identified. The key words included psychotropic, anti-
psychotic, neuroleptic, stimulant, methylphenidate, mood sta-
bilizer, antiepileptic, antihistaminic, antidepressant, behavior-
al treatment, associated with Prader-Willi syndrome (and all
truncated versions). A total of 275 potentially relevant articles
were identified within ten separate EndNote databases, one of
which was created for each class of treatment/compounds as
follows (n indicates the numbers of articles found using each
key word): psychotropics (n=10), antipsychotics (n=11), neu-
roleptics (n=5), stimulants (n=8), methylphenidate (n=3),
mood stabilizers (n=0), anticonvulsants (n=16), antihista-
minics (n=0), antidepressants (n=17), and behavioral treat-
ments (n=205). After the records were searched for dupli-
cates, 241 publications were collated for screening.

Screening Two groups worked separately to screen the ab-
stracts of relevant articles (group 1: S. Cabal, A. Consoli, and
D. Cohen; group 2: O. Bonnot, M. Tauber, and D.
Thuilleaux). All articles that contained relevant data regarding
treatment efficacy in patients with PWS and behavioral issues
or psychiatric symptoms were selected. Articles were exclud-
ed from the full-text analysis (see “Eligibility” stage) accord-
ing to the following exclusion criteria: (1) articles in which no

Records identified through database
searching all medication names and

Identification PWS
(n= 241)

A 4

Abstract screening by two separate
group exclude 199 records
(n=42)

Screening

A4

Full-text articles assessed during
eligibility process by two separate

group
(n=16)

Eligibility

A4

Studies included in qualitive
synthesis (systematic review)
Risperidone (n = 3); Fluoxetine

(n=6), Naltrexone (n=2),
Fluvoxamine (n = 1); Mazindole (n =
1); N-Acetyl-Cysteine (n = 1),
Rimonabant(n=1)*

Inclusion

Fig. 1 Diagram flow of identification, screening, eligibility, and
inclusion for our systematic review of treatment for behavioral
disorders in Prader-Willi syndrome. The asterisk indicates that total is
over 16 due to multiple cases in some publications

data were available regarding efficacy or articles with insuffi-
cient information regarding the case; (2) unrelated articles,
despite the inclusion of a key word; (3) literature reviews that
did not contain original data; and (4) articles that included data
previously reported elsewhere. The screening excluded 199 of
the initial publications. We kept all non-excluded article. In
cases where the two analysis groups did not agree, records
were maintained and included in the next step.

Eligibility The same two analysis groups accessed the full
texts of all remaining articles (#=42) and determined their
further eligibility according to the same exclusion criteria used
in the abstract screening stage. Numerous articles (n=15) pro-
vided information regarding treatment in large case series but
did not include details regarding efficacy or tolerance. Three
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articles reported the results of a short-term (few hours) trial of
naltrexone [32], benzodiazepines [22], or medications for
sleep disturbances [33] and were not included. We also did
not include articles related to the effects of growth hormone
(for a review, see [13]). Sixteen articles remained after eligi-
bility screening.

Results

The main results (study design, demographics, clinical data,
efficacy, and side effects) are summarized in Table 1. Most
studies are regarding adolescents and young adults. We iden-
tified studies that reported the effects of risperidone (n=3),
fluoxetine (n=6), naltrexone (n=2), fuvoxamine (n=1),
mazindole (n=1), N-acetyl cysteine (n=1), rimonabant (n=
1), and topiramate (n=2). The total number of studies here
exceeds 16 because multiple cases were reported in some
publications. The studies were very heterogeneous with re-
spect to the treatment used and the symptom targets. Overall,
the analysis included 103 patients and two randomized con-
trolled trials (RCTs). One study used an original design with
discontinuation treatment to demonstrate the efficacy of treat-
ment and a worsening of symptoms during the discontinuation
period [27]. Statistical analysis results were not available for
the majority of articles mainly because of the small sample
size. As all the co-authors are professional in the field of PWS,
we had a consensus appreciation of the results and data given
by the article.

In all but six articles [3, 26, 36, 47, 48, 51], there was no
information regarding the genetic mechanism of the chromo-
somal abnormality carried by the patients. Additionally, we
identified an IQ evaluation in only three articles [5, 31, 44].
The durations of the trials were longer than average for short-
term studies because all but three articles had a follow-up period
greater than 3 months. Most studies that utilized common SPW
programs were still running during the trial. These programs are
poorly described but mostly based on behavioral food control.

Reports regarding the efficacies of treatments were hetero-
geneous, ranging, for example, from a very precise description
of size and number of skin pickings with pictures to subjective
affirmation.

The assessment of behavior was also widely heteroge-
neous. The use of a psychometric scale or questionnaire was
scarce. Regarding the assessment of aggressive behavior,
three studies used the retrospective overt aggressive score [3,
19, 20], two studies used the clinical global impression (CGI),
and two studies used the aberrant behavior checklist [47, 48].
No study used scales for eating behavior. Most of the studies
that focused on food intake, eating behavior, or hyperphagia
employed absolute weight measurement.

Few studies assessed all the main aspects of behavioral
efficiency of patients.
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Two studies assessed all aspects of behavior (eating, obses-
sive compulsive behavior (OCD), aggression, and self-injury)
[47, 51], and the other studies focused on one to three
components.

Discussion

The literature on psychotropic treatments in individuals with
PWS is scarce, and the strength of the studies is questionable.
With the exception of case reports, we identified eight studies
[19, 20, 27, 36, 38, 45, 47, 51], including two RCTs [38, 45].
One RCT compared the study drug with placebo [38]. Our
review raises more questions than answers. Antipsychotics
and selective serotonin reuptake inhibitors (SSRIs) are the
most studied treatments, while promising therapeutic options
must be further explored. Our choice was to limit our review
to medical database published literature. This is a clear limi-
tation, but “gray literature,” which is useful in this case, must
be examined by consensus representative group work to avoid
bias and was not possible.

Antipsychotics

Antipsychotics are a frequent pharmacological option in pa-
tients with intellectual disability [15] and those with PWS. We
identified reports of improvement in four cases [3, 20] and in
an open-label trial [20]. However, these data were not suffi-
ciently strong (sample size and experimental design mainly) to
challenge the numerous data regarding antipsychotics in
adults [18] and children/adolescents [15] with intellectual dis-
abilities or genetic diseases with psychiatric symptoms. These
general data repeatedly showed that weight gain with antipsy-
chotics (APs), especially risperidone (main AP used in PWS
patients), was important; furthermore, the mechanism associ-
ated with weight gain, which is partly unknown, is linked to an
augmentation of appetite. Moreover, the literature indicates
that the efficacy of APs with respect to behavioral issues is
weak in patients with an intellectual disability, and data on this
topic are scarce [25, 55]. It is remarkable and surprising that in
the three articles we found regarding risperidone and PWS,
results suggest a positive effect on weight and appetite {Araki,
2010 #28; Durst, 2000 #33; Durst, 2000 #34}. These results, if
confirmed in larger sample, could suggest that mechanisms
involved in increase of appetite in PWS are different than
those of AP and/or are not affected by AP drugs. Physiological
and clinical studies are necessary that may lead to a better
understanding of both mechanisms.

In addition to behavioral issues, APs may be useful for
psychotic symptoms. Patients with PWS, especially UPD sub-
jects, are at risk for SSDs and mood disorders [6, 11, 49, 50,
57]. Antipsychotics are the gold standard in the treatment of
SSDs, and some authors have suggested that APs protect
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improvement in eating behavior and aggressive behavior [8].
This result may be compared to a recent review regarding self-
injury behavior in patients with ID failed to demonstrate an
efficacy of pharmacological treatment, especially clomipra-
mine and naltrexone [41].

Topiramate

Topiramate is an antiepileptic mood stabilizer used for
antiimpulsivity [17, 43]. The major side effect is loss of appe-
tite, and it has also been indicated for morbid obesity.
Topiramate has been prescribed for the treatment of eating
disorders [29, 42]. In a recent meta-analysis that pooled five
randomized controlled trials of bulimia nervosa (n=128) and
binge eating disorder (n=528), topiramate was more efficient
in reducing the quantity of binges, the frequency of “loss of
control” (binge), and weight compared with placebo [4].

Treatment with topiramate appears to be promising in PWS
patients. The two studies conducted were prospective, and the
assessments were psychometric and rated; the studies assessed
all behavioral symptoms of PWS patients. The follow-up in
one study was 1 year [51], while that in the other study was
8 weeks [47]. Interestingly, while only one study report im-
provement in eating behavior, both studies provide support for
the efficacy of topiramate in improving eating behavior [51],
impulsivity, aggressive behavior, and skin picking. The results
for OCD were weak because only one study used a specific
scale to assess OCD, and it showed no improvement.
Topiramate is also often used in specialized centers for PWS.

Data regarding the side effects are poor in PWS, but
topiramate has been shown to induce hallucination in 2-5 %
of treated patients [30, 34, 35, 39, 54]; this side effect may be of
particular importance in PWS, especially for patients with UPD.

Because of the theoretical and known clinical efficacy, it is
of particular importance to conduct RCTs of topiramate in
PWS patients, with cautious recording of the side effects in
this population. To date, topiramate appears to be one of the
most promising treatments.

Fenfluramine and rimonabant

Fenfluramine, a central anorexigen drug, has shown efficacy
in a double-blind controlled placebo trial (n=15) for eating
behavior, weight, and aggressive behavior [45]. The sample
was small, and the side effects were not reported. However,
the Food and Drug Administration and the European Medi-
cines Agency announced the withdrawal of fenfluramine in
the late 1990s because of the risk of cardiac valvular disease.
In 2008, the endocannabinoid CB1 receptor antagonist
rimonabant was withdrawn from the European market. The
drug reduced appetite and produced significant weight loss,
but it increased the risk of anxiety and depressive disorders,
including suicidality. We identified one RCT with rimonabant

that showed improvement in weight loss, as well as anxiety
disorders, mood disorders, and delusions [38].

Stimulants and NV-acetyl cysteine

Surprisingly, we only identified one trial with a small sample
(n=2) and no psychometric assessment regarding treatment
with stimulants. Two prospective cases with mazindol dem-
onstrated improvements in eating behavior and weight. These
cases were poorly described and may not be considered trials;
however, a stimulant of the central nervous system, such as
methylphenidate, may potentially be efficient in the treatment
of core psychiatric symptoms of PWS because of the drug’s
effects on aggressive behavior and impulsivity and the known
side effect on decreasing appetite [10]. However, side effects
of stimulant, especially slowing growth and anxiety, should be
carefully monitored if RCTs of stimulants are conducted in
younger patients with PWS.

One recent study examined the use of N-acetyl cysteine for
self-injury behavior, especially skin picking, in 35 patients
with PWS [36]. The results were evaluated based on the num-
ber and size of the lesions (with pictures) and suggest a remark-
able efficacy after 12 weeks of treatment. This is the first and
only study to use this medication in PWS. The main aim was to
compare skin pricking with OCD behavior in patients with
PWS. Glutamate is involved in OCD [60], and recent research
suggests that N-acetyl cysteine supports the body’s antioxidant
and nitric oxide systems during stress, infections, toxic assault,
and inflammatory conditions, most likely via modulation of
NMDA glutamate receptors or by increasing glutathione [2].
Further controlled studies with a placebo group and larger
sample are needed to verify these promising results.

Finally, we know that the course and severity of PWS in
patients with DEL or UPD is different, especially with respect
to psychiatric aspects and cognitive functioning. UPD patients
exhibit a more severe disease course [24, 52]. It is particularly
unfortunate that most articles did not provide precise descriptions
regarding this point and that, when it was documented, no details
were provided regarding the treatment response in patients.

Further studies in this field are necessary and should be
based on solid baseline and endpoint evaluation using general
assessment scale, such as CGI (used in many RCT) and be-
havioral scales such as aberrant behavior checklist. It is also
necessary to use specific PWS scales such as the Dykens
questionnaire, especially oriented for PWS patients and eating
behaviors {Dykens, 2007 #5}.

Conclusion
PWS represents a good example of a genetic disease with

behavioral and psychiatric symptoms that may be challenging
to treat with psychotropic medications. Hyperphagia and
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obesity are the primary symptoms of this disease. Unfortu-
nately, antipsychotics, which are widely prescribed for intel-
lectually deficient patients with aggressive behavior and im-
pulsivity, induce a widely documented increase in appetite
with subsequent weight gain. Our systematic review of psy-
chotropic mediation in PWS patients with behavioral and psy-
chiatric symptoms indicates a poor literature base with few
controlled trials and many case reports. However, the review
identified some promising treatments, such as topiramate and
N-acetyl cysteine, which require large-sample RCTs to assess
the efficacy and precisely evaluate the side effects of these
medications. Future RCT in this field are therefore needed.
Antidepressants may also be useful in the case of comorbid
OCD, and this should be assessed in clinical trials also (for
OCD and depression). The organization of large registers of
patients, which has been initiated, and the well-organized as-
sociation of patients with this disease could facilitate recruit-
ment in future studies [24].
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