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Abstract

Background Prader-Willi syndrome (PWS) is a rare and complex neurodevelopmental disorder resulting

from absent paternal expression of maternally imprinted genes at chromosomal locus 15g11-13. This absence

of expression occurs as a consequence of a deletion on the chromosome 15 of paternal origin (ca. 70%), a chromo-
some 15 maternal uniparental disomy (mUPD; ca. 25%), or an imprinting centre defect (IC; ca. 1-3%). At birth, indi-
viduals with PWS are severely hypotonic and fail to thrive. Hyperphagia and characteristic physical and neuropsychi-
atric phenotypes become apparent during childhood. The risk for the development of a co-morbid psychatic illness
increases during the teenage years, specifically in those with PWS due to the presence of an mUPD. The primary
aim of this literature review is to inform clinical practice. To achieve this, we have undertaken a systematic analysis
of the clinical research literature on prevalence, presentation, course, characteristics, diagnosis and treatment of psy-
chotic illness in people with PWS. The secondary aim is to identify clinical aspects of psychotic illness in PWS in need
of further investigation.

Methods and findings A systematic literature review on psychosis in PWS was conducted on the databases Web

of Knowledge, PubMed and Scopus, using the terms “((Prader-Willi syndrome) OR (Prader Willi Syndrome)) AND ((psy-
chosis) OR (psychotic illness))”. All articles written in English and reporting original human research were reviewed.

In all but three of the 16 cohort studies in which the genetic types were known, the authors reported higher rates

of psychosis in people with PWS resulting from an mUPD, compared to those with the deletion subtype of PWS.
When psychosis was present the presentation was psychosis similar regardless of genetic type and was usually char-
acterised by an acute onset of hallucinations and delusions accompanied by confusion, anxiety and motor symptoms.

Conclusions The onset of confusion, an affective cyclical pattern with the presence of abnormal mental beliefs
and experiences, usually of rapid onset is suggestive of the development of psychotic illness. Phenomenologically,
this psychosis in people with PWS is atypical in comparison to schizophrenia and bipolar disorder in the general
population. The relationship to psychosis in the general population and the optimum treatments remain uncertain.

Keywords Prader-Willi syndrome, Psychosis, Cycloid psychosis, Atypical psychosis, Hallucination, Delusion, Genetic
origin of psychosis, Early onset psychosis
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Prader-Willi syndrome and the association

with psychoticillness

Prader—Willi syndrome (PWS) is a rare genetically deter-
mined neurodevelopmental disorder with a birth inci-
dence of around 1:24,000 and a population prevalence of
1:45,000 to 1:52,000 [1]. As we describe below, high rates
of severe psychotic illness, particularly in those with the
rarer genetic form of PWS, have been reported and peo-
ple with PWS may present to Accident and Emergency or
mental health services serious ill and in crisis. The aim of
this systematic clinical review is to evaluate existing clini-
cal evidence so as to inform the identification, assess-
ment and treatment of psychotic illness when it presents
in people with this rare syndrome. This clinical review
complements an earlier review that focussed on underly-
ing mechanisms [2].

PWS results from the absence or failure of expression
of alleles of paternal origin of maternally imprinted genes
located at the chromosomal locus 15q11-13. This arises
as a consequence of one the following: 15q11-13 de novo
deletion on the chromosome 15 of paternal origin (del;
ca. 70%), chromosome 15 maternal uniparental disomy
(mUPD; ca. 25%), an imprinting centre defect (ICD; ca.
3-5%), or an unbalanced translocation of chromosome
15 (<5%) (see Fig. 1).

The main features of the syndrome at birth are extreme
hypotonia and failure to thrive, followed by the devel-
opment of hyperphagia in early childhood, which if not
managed through controlling access to food, results in
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severe obesity and high rate of morbidity and mortality
[3]. In addition, there is developmental delay associated
with intellectual and social impairments, and short stat-
ure and impaired sexual development as a result of rela-
tive growth and sex hormone deficiencies, respectively.
Specific neuropsychiatric symptomatology includes an
increased propensity to severe emotional outbursts, anxi-
ety, repetitive and ritualistic behavior, and severe skin
picking [4]. For more detailed information about the
manifestations of PWS, see [5, 6].

Whilst people with PWS, regardless of the genetic sub-
type, share a similar profile of non-psychotic psychopa-
thology and problem behaviors, in the case of psychotic
illness significantly higher rates are observedin those
those with PWS due to (mUPD) compared with those
with PWS due to paternal deletion. Given the rarity of the
syndrome, and particularly of the rarity of people with
the mUPD genetic type, few clinicians have experience
in the recognition, diagnosis, and treatment of psychotic
illness in this population. In the context of the broader
complex neuropsychiatric phenotype characteristic of
PWS, the challenge is to ensure that psychosis is diag-
nosed accurately and in a timely manner and that effec-
tive treatment and appropriate support is then provided.

Methods

This systematic clinical review focuses specifically on psy-
chotic illness in people with PWS and not on the broader
PWS neuropsychiatric phenotype. The search was
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Fig. 1 Genetic subtypes of Prader-Willi syndrome. Adapted from the foundation for Prader-Willi research (FPWR) website
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Fig. 2 PRISMA flow diagram reporting the article identification process for systematic literature review of psychosis in Prader-Willi syndrome (PWS)

conducted on the databases Web of Knowledge, Pubmed
and Scopus, using the terms “((Prader—Willi syndrome)
OR (Prader Willi Syndrome)) AND ((psychosis) OR (psy-
chotic illness))” Automatic tools were used to reject arti-
cles not written in English, non-human research, and all
reports that were not articles, case reports or reviews. All
those articles selected were reviewed. Using these cri-
teria, 169 original articles, published between 1987 and
February 2023 were identified. Two additional articles,
identified from article reference lists, were also included.
The selection process is described in Fig. 2 using a
PRISMA flow diagram [7]. A total of 73 articles were
included for detailed analysis. Eighteen articles described
cohort studies, and the overall number of individuals
with PWS reported by these cohorts studies was 1556.
Thirty-three articles were case reports, describing a total

of 89 cases. In 58 of the 89 case reports, the PWS genetic
subtype was reported (see Table 2), and in the other 31,
genetic information was not available (see Table 3).

Literature searches were carried out between May 2019
and October 2023 by the first author.

The findings reported in the tables below are pre-
dominantly summaries of descriptive information
about psychotic illness in this population, taken from
both case reports and cohort studies. Using the more
detailed and individual data from the 58 case studies
in which genetic information was available, we also
compared the presentation, course and phenomenol-
ogy of psychotic illness in those who had PWS due
to a mUPD and those who had a paternal chromo-
some 15 deletions and who also had had a psychotic
illness. Because of similar genetic expression patterns,
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we group the very rare patients with imprinting cen-
tre defects with those with mUPD, and those with
rare chromosomal translocations with patients with a
deletion.

Psychotic illness in PWS: an historical background

Prader et al. [8] first described what later became
known as Prader—Willi syndrome in 1956. The occur-
rence of psychosis in someone with PWS was first
reported 10 years later [9]. While several papers [10—
13] noted a range of symptoms suggesting that the
onset of psychotic illness was a specific feature of PWS,
there was little reported in the literature on psychotic
symptoms in people with PWS for two decades after
these earlier reports. The symptoms of psychotic illness
in PWS initially described in the above papers include
references to hallucinations [14, 15] and paranoid delu-
sion, agitation, and catatonia [10-13] (see Table 3).
These papers were predominantly in the form of case
studies and the findings could not be reliably gener-
alized to the PWS population. However, these early
cohort studies that focused particular attention on the
presence of psychotic illness in PWS [11], along with
two early cohort studies [16, 17] demonstrated clear
evidence that specific phenomenology characteristic of
psychotic illness was associated with PWS.

In the Beardsmore et al. [16] study, high rates of psy-
chotic symptoms were reported in people with PWS
compared to a control group of people with learning
disabilities. Unfortunately, as genetic testing was not
possible, the authors were unable to ascertain whether
psychosis was linked to a specific genetic type of PWS.
A later study by Clarke et al. [17] also confirmed the
elevated occurrence of psychotic symptoms in people
with PWS, with a prevalence rate of 6.3% in 93 people
with a genetic diagnosis of PWS [17]. Notably, in this
study, a high proportion of participants either had the
deletion type (n=34) or the genetic type was unknown
(n=55). Only four participants were confirmed as hav-
ing an mUPD. The work described above established
the link between PWS and psychosis, but the first
definitive observation of a differential prevalence rate
for psychosis according to genetic type of PWS did not
appear until the beginning of this century.

Differential rates of psychosis according to PWS genetic
type

The first population-based study to indicate a difference
in prevalence rates of psychosis in PWS according to
genetic subtype reported only one out of 13 adults with
deletion had had evidence of a psychotic illness, com-
pared with five out of eight with mUPD [18]. Vogels et al.
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[19] also investigated psychotic illness in 37 people with
PWS aged 13 years or older. Of the 37 individuals, 28 had
deletion, and nine had mUPD. Of those nine individu-
als, six were found to have or have had a psychotic illness
(none of the deletion participants were diagnosed with
psychotic illness) [19]. In another study it was reported
that of 16 people with PWS referred for neuropsychiat-
ric evaluation because of relapsing psychotic illness, only
one individual with PWS had the deletion subtype, while
ten of the PWS individuals had mUPD,the genetic sub-
type of the remaining five was unknown [20].

In more recent cohort studies, the reported prevalence
of psychotic illness between the genetic subtypes of PWS
varied. However, in most publications the prevalence of
psychosis is higher in the mUPD group compared to the
deletion group (see Table 1 and Fig. 3). In a cohort study,
Soni et al. [28] estimated the incidences of psychiatric ill-
ness of 2.3 per 100 person-years in those with deletions
and 6.7 per 100 person-years in those with PWS due to
mUPD (see Table 1) [28].

There are three cohort studies that did not find high
rates of psychosis in individuals with the mUPD type.
In a longitudinal study, 61 children with PWS between
seven and 17 years old were assessed for various psychi-
atric disorders. Thirty-eight out of 61 were re-assessed
two years later. During the first assessment, of the 34
individuals with mUPD, they found only two with psy-
chotic disorder [29]. This discrepancy, when compared to
other studies, may be due to the young age of the cohort.
Most studies whose findings suggest higher rates of psy-
chosis in mUPD, report an age of onset between 16 and
28 years [19]. A second study that did not find an asso-
ciation between psychosis and mUPD, was a national
informant-based survey conducted in Ireland [30]. How-
ever, this lack of association might have occurred because
80% of individuals with the mUPD subtype were on
antipsychotic medication. The third study to not find an
association between psychosis and the mUPD type exam-
ined the association between growth hormone therapy
(GHT) and psychiatric behaviours in PWS. One hundred
and seven people with deletion and 57 with mUPD, aged
between 8 and 62 years old, were studied to examine dif-
ferences between genetic types, and differences between
GHT and non-GHT participants. The study found no dif-
ferential rate in psychosis between genetic types. How-
ever, limitations to the study’s findings include the fact
that information on current and past psychiatric behav-
iors were collected using parent/guardian assessments,
rather than the participants being assessed and diag-
nosed by mental health professionals. In addition, the
participants’ mental health before enrolment in the study,
as well as changes during the study, were not reported.
No details were given of psychiatric medication use [31].
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Table 1 Cohort studies

Cohort studies Cohort genetics psychotic Mean age of onset Denomination Follow-up Initial aim of
size/Age illness (range) the study
range
Louveau et al. [22] 24 8 del 0 Psychosis Retrospective
analysis of PWS

21-36 year 16 mUPD 7 (43.75%) patients referred to

Id
° a specialised
psychiatric ward
Rice et al. [25] 30 15 del 2(13,3%) Relation between

oxytocin and

Meanage =~ 11 mUPD 3(27.3%) vasopressin levels

(year)
11CD 1(100%) and PWS
22.57
SD=6.17 behaviour
(8D=6.17) | 3 unknown 0 phenotype
Heseding et al. [21] 31 14 del 0 Psychosis Oxytocin receptor
methylation in
12-55year | 17 Nondel | 7 (41.2%) WS
old (mUPD+IC)
9% 65 del 6 (9%) Psychosis Monitoring health

Rosenberg et al. [26] bl PWS
problems in

21.5-38.5 28 mUPD 12 (44%) according to

year old X
31CD Not reported generic subtypes
Pemmasani and 480 Not Estimated Psychoses Reporting PWS
. specified between 28 comorbidities in
Yandrapalli [24] Between and 36 ndia
birth and
cases
above 40
Montes et al. [31] 164 107 del 2% Visual hallucinations Association
hallucination between growth
8-62 year- delusion
hormone treatment
old 5% delusion
and psychiatric
57 mUPD 6% behaviours in PWS
hallucination
7% delusion
Feighan et al. [30] 38 17 del 3(18%) Psychosis (reported by families and carers online) Online mental
health study
12yoand = 5mUPD 0 (0%)
adults
21C 2 (100%)
14 1(7%)
unknown
Thuilleaux et al. [53] 150 99 del 9 (9%) Psychotic profile Models to
characterize

18-53 year- = 44 non-del 19 (43%) psychopathological

Id
° 7 other Not reported features in adults
with PWS
Manzardo et al. [23] 70 36 del 7 (19%) Psychotic features Clinical
(51%) neuropsychiatric
18-61 year-
diagnoses in
old 29 mUPD 9 (31%) -
residential care
o
(42%) adults
51CD (7%) | Not reported
Krishnadas et al. [60] 17 8 del 3(33.3%) Past history of psychosis
adults 9 mUPD 5(62.5%)
Shriki-Tal et al. [27] 53 27 del 2 males 28.1 schizophrenia Psychiatric
(51%) (7.4%) disorders in PWS
Age 12 and
older 24 mUPD 4 males
(45.3%) (16.7%)
21cD 0
(3.8%)
Lo etal. [29] 61 25 del 2 boys with Boy 1: 9 38/61 retested, no new cases of psychosis. One of Psychiatric
(41%) UPD the boys had reappearing psychotic symptoms, and | disorders in
8.8-14.3- Boy 2:8 " . "
dose adjustment due to higher body weight was children with PWS
year-old 33 mUPD (6.1%)

necessary.
(mean11.8)  (54%)

11CD,

2 unknown
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Table 1 (continued)

Sinnema et al. [41] 97 53 Del
18-66
(36.2) 44 mUPD
Larson et al. [54], Soni et 19 85del
al. [28], Soni et al. [56]
34 mUPD*
Vogels et al. [19] 51 37 del
9 mUPD
31cD
1 unknown
1
triplication
Boer et al. [18] 25 13 del
18 or older 11 mUPD
11CD
Beardsmore et al. [16] 10 DEL
25
16 and
older
1 mUPD
9DNA
PWS
patterns
5no
genetic
testing

Whitman and Accardo [15] 35

(between
the age of
10 and 24)

(2024) 19:69

7 (13%) 21.3(11-34) | 219

diagnosis DelN | mUuPDN=
=7 24
Bipolar disorder with psychotic 1(2%) | 9(20%)
24 (55%) 22.1(13-38) symptoms
Depressive iliness with psychotic | 5 (9%) | 8 (18%)
symptoms
Psychotic llness 1%) | 7(16%)
9 -
14.(16.5%) 226(9.6-40) Recovery between episodes | Del mUPD
Abrupt 4(29%)
Diagnosis Dol UPD Good recovery or single ep. | 11 15
Moderate | 4 (29%) (78.6%) | (71.4%)
N=14 N=21
Gradual 6 (43%) Poor recovery or chronic 2 4
. - Bipolar illness with 0 (0%) 11 (52%) illness (14.3%) | (19.0%)
lean
duration weeks psychotic symptoms
21 (61.8%) 21.1(10-40) Depressive psychosis 9(64%) | 6(29%) Chronic illness with 1 2
orati (7.1%) | (9.5%)
1 9 9
Aot ] Psychotic illness 5(35%) | 4(19%)
(52%) Deteri from premorbid | 3 6
Vodora S0 level of functioning (21.4%) | (28.6%)
Gradual 6(29%) Larson et al., (2014) Follow-up 20/35 people that
had psychosis and 8/13 of the remaining mUPD at
M 78
fean risk. 2/20 had had a recurrence of psychosis
duration weeks
No one at risk had developed a psychotic illness
during this period.
0 15-19
5 (55.6%) 14
1((33.3%)
0
1(7.7%) 21 275
6 (54.5%) 22-36
[
2 (20%) Del
mUPD | Unknown
Diagnosis N
N=1 N=2
=2
Bipolar illness with
1(100%) P 0 1 0
psychotic symptoms
Depressive psychosis | 2 0 1
1PWS
pattern DNA schizophrenia 0 0 1
Psychotic
never sometimes | often
symptoms
Auditory 66% 34% 0%
hallucinations
80% 9% 1%
Verbal
hallucinations
Strange ideation 46% 43% 1%
Paranoidsuspicious 7% 34% 29%
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Psychiatric
disorders in PWS

Investigating the
clinical features
associated with
psychiatric illness
in PWS

Better
understanding of
the
psychopathology
and further refine
the diagnosis

relation between
PWS subtype and
psychiatric
morbidity

Gain a better
knowledge of
psychopathology
of psychosis in
PWS

*In this study, the author assimilated the individuals with an unbalanced translocation into the deletion group and those with ICD into the UPD group because of their

respective genetical similarity

Observations from the case reports support the asso-
ciation of psychotic illness with mUPD. As shown in
Fig. 4 of the 58 people with PWS and psychosis described

in the case reports who had their genetic type listed,, 37
(63.8%) had an mUPD, 19 (32.8%) had a deletion, one had
an imprinting centre defect, and one had a translocation.

This ratio of mUPD and deletion types is the opposite to
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mUPD and ICD subtypes in cohort

studies
number of mUPD+ICD
screened
m number of mUPD+ICD with
psychotic symptoms
75%
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Deletion subtype in cohort studies

<

m number of Del screened

m number of Del reported with
psychotic symptoms

Fig. 3 Proportion of reported psychotic symptoms in cohort studies according to PWS genetic subtypes

Distribution of PWS genetic subtypes in case
reports of psychosis

1
1,7%

Fig. 4 Rates of genetic subtypes in case reports of psychosis in PWS

what would be expected in relation with the known fre-
quency of each genetic type. However, while the great
majority of studies support the observation of an excess
of psychotic illness in those with mUPD, it is also clear
that people with PWS with a 15q11-13 deletions can
develop such an illness, with rates in this population as
high as 20%.

Psychopathology

Table 1 summarizes the different psychiatric diagnoses
made in the cohorts of people with PWS. In the early
clinical research when there was limited agreement as
to the main symptoms the classification of the psychotic
illness associated with PWS was disputed. In the case
studies listed in Tables 2 and 3 it is, however, possible to

m mUPD
m Deletion
mICD

Translocation

ascertain the phenomenology of the psychiatric illness in
greater detail. The common features include hallucina-
tions, persecutory delusions, heightened anxiety, motor
symptoms (catatonia or agitation), confusional states,
disturbed sleep (decreased or increased) and mood
swings. The clinical picture is usually not consistent with
accepted criteria for schizophrenia or specific psychotic
disorders, and consequently the diagnosis made has often
been atypical psychosis. Other diagnostic labels reported
in the literature have, however, including schizophrenia
and bipolar disorder with psychotic symptoms, and also
cycloid psychosis, florid psychotic states, paranoic-hal-
lucinatory psychosis, depressive psychosis and atypical
bipolar disorder (e.g. [17, 20, 32—34]). At present there is
no consensus as to the most appropriate diagnostic label
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for this atypical psychotic disorder. According to Verho-
even [35, 36], psychopathology, course, symptomatology
and response to pharmacological treatment match with
a diagnosis of cycloid psychosis, with the evidence from
the clinical evaluation being closer to that of an atypical
bipolar disorder [34—36].

Other authors have classified the psychotic symptoms
in PWS more generally. In 1994, Bartolucci and Younger
[52] reported nine cases of neuropsychiatric disorders in
people with PWS. They were slightly different in char-
acteristics from known psychotic disorders in the typi-
cally developing population with, in general, an earlier
onset, cycloid patterns and atypical presentation. They
classified these psychiatric symptoms as: (1) trait fluc-
tuation (changes in behavioral and vegetative traits such
as refusal of food and drink, food binges, escalation of
antisocial behaviour); (2) lethargic-refusal states (refus-
ing the approach of others, having no energy and being
in a state of self-neglect); and (3) psychotic states (agita-
tion, insomnia, decrease in hyperphagia, attentional defi-
cits) [52]. More recently, Thuilleaux et al. [53] proposed a
model to characterise psychopathological features com-
mon in adults with PWS. This model includes a profile
characterised by ‘a psychotic disorganization of ideas,
emotions, and behaviour that is persistently present as a
personality trait’ The profile they describe includes loss
of links with reality, with or without hallucinations; delu-
sional ideation; strange and disorganized behaviour; and
negative symptoms [53]. It is important to acknowledge
that both of these studies published some years apart
took a very broad view of psychosis, including in their
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overall descriptions non-specific symptoms, such as
sleep and eating behavior changes. It is difficult to inter-
pret their findings precisely or to relate them specifically
to the presence or not of psychosis.

Soni et al. [28] compared the phenomenology of psy-
chosis in people with PWS who had a mUPD with the
cases of psychosis in people with PWS due to a deletion.
The question they were seeking to answer was whether
a psychotic illness, if it was to develop, was the same in
people with PWS regardless of genetic type. She reported
more severe affective co-morbidity in those with a psy-
chotic illness and mUPD, but with broad similarities
in phenomenological findings and the diagnostic cat-
egory of affective disorder, except for the duration of the
first psychotic episode. Analysis of the 56 case reports
included in this review, also found similar levels of posi-
tive symptoms, such as delusions and hallucinations, but
in contrast to Soni et al. [28] there were higher levels of
anxiety in those with a paternal deletion, and more con-
fusion and mood swings in those with mUPD (see Fig. 5).

Age of onset

The age of onset of psychotic illness in people with PWS
is highly variable. In the reviewed articles, where it was
specified, we found an age of onset ranging between eight
years [29] and 40 years of age [28]. The age of high risk
is generally during the teenage years or early adulthood,
and tends, on average, to be earlier than the onset of psy-
chotic illnesses in the general population. (See Table 1
for mean age of onset in cohort studies.). The mean age
of onset differs between studies largely because of the

Percentage of reported symptoms of psychotic illness in PWS according to
genetic subtype (n=42)

Delusions

Hallucinations

anxiety

confusion

mood swings

o

10 20 30 40

50 60 70 80 90 100

mEmUPD m Deletion
Fig. 5 Percentage of psychiatric symptoms according to genetic subtype reported in case study reports
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relatively small size of most of the samples and differ-
ences in the way in which age of onset was established.

Type of onset

Most case studies report an acute onset [17, 20], whereas
longitudinal studies report various types of onsets.
Vogels et al. [19] in their study including 59 people with
PWS followed up for a minimum of 10 years, described
six people with psychotic symptoms, all with acute onset.
However, Soni et al. [28] found in their cohort study only
a slightly increased likelihood of acute rather than insidi-
ous onset.

Duration

The duration of first episodes of psychosis varied.
According to Soni et al. [28] those with mUPD expe-
rienced a shorter duration of a first major psychotic
episode compared to first episodes of psychosis in indi-
viduals with deletion genetic type, with a good recovery
between episodes and overall, a good response to treat-
ments. In a follow-up study, Larson et al. [54] identified
20 people with PWS due to mUPD who had had a psy-
chotic illness and had been seen as part of the Soni et al.
[28] study [28, 54]. Two or more years later, two of the
participants had a relapse of their psychotic illness. The
others remained mentally well but on psychiatric medi-
cations (see Table 1 for more details).

Risk and protective factors

Some case and cohort studies have reported details
of the circumstances in which the first episode, and
sometimes the subsequent episodes, occurred. When
reported, the first episodes often indicated the presence
of a potential stressor, such as a life event, a physical
illness or a change in routine and/or environment (e.g.
severe illness or death of a relative, change of school
or diet, holidays) [17, 38, 44]. It has been proposed
that developmental brain changes associated with ado-
lescence and an underlying genetic predisposition to
affective disorder and psychosis associated with PWS
results in an increasing vulnerability to psychosis with
age. The illness first becomes apparent in adolescence
or early adult life as a consequence of some additional
environmental stressor (see [55]). What is uncertain is
whether treatments, such as growth hormone and vari-
ous psychiatric medications, when administered from
childhood reduce the risk of the subsequent devel-
opment of psychotic symptoms. Interestingly, Back-
ground genetics may also be important particularly
in those with a deletion. Soni et al. [28] reported that
50% of the deletion group with a history of psychosis
in her cohort also had a history of an affective disorder
in a first-degree relative, and in all cases it was in the
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mother. In some cases the affective disorder had been
present before the child with PWS was born suggest-
ing that maternal depression could not in these cases
be explained by the emotional impact of having a child
with PWS. This led to the authors proposing a two hit
model for psychotic illness: the first is a predisposition
to affective instability common to PWS regardless of
the genetic type. The second hit is associated with the
specific psychopathological effects of having an mUPD
or, in the case of those with a deletion, a genetic loading
for affective disorder on the maternal side.

Soni et al. [56] noticed that life events preceding a first
episode of psychosis were often associated with physical
illness in addition to changes in routine. The hypothesis
that an immune response might trigger the onset of a
psychotic illness is supported by reports of some individ-
uals with PWS developing psychosis alongside physical
symptoms. Vogels et al. [19] reported that all six patients
with PWS and psychotic symptoms described gastro-
intestinal problems in addition to other physical symp-
toms, such as fever and sore throat. Similarly, Takhar
and Malla [50] described a person with PWS with mul-
tiple gastro-intestinal problems, urinary incontinence,
urinary infection and hepatitis. Some limited support
for an immunological component comes from a recent
study of 20 participants with PWS. The authors reported
that higher levels of IL-1f in participants with PWS were
associated with more severe symptoms of withdrawal/
depression and thought problems. These symptoms are
associated with higher risk of developing psychotic and
bipolar disorders [57].

Given the reported presence of confusion and the
possibility of a physical illness triggering an immune
response, the possibility of an auto-antibody response to
specific neural tissue as the cause of the symptoms needs
investigation. However, why this would cause the psycho-
sis to predominately affect those with PWS due to mUPD
is unclear. Alternatively, the urinary and gastro-intestinal
problems might be explained by an autonomic nerv-
ous system dysfunction. All of the six people with PWS
who developed psychosis in the Vogels et al. [44] study
showed gastro-intestinal symptoms, and two had enure-
sis. Bhate et al. [46] reported psychotic symptoms and
enuresis (with no obvious cause) in a 36-year-old women
with PWS. Autonomic system dysfunction is associated
with an increased risk of psychosis in the general popula-
tion; and heart rate variability is known to be reduced in
people with schizophrenia and individuals at high risk of
psychosis [58].

Modifications in the dosage of medications whose
actions are on the brain have also been reported to pre-
cede the onset of psychosis. One case of rapid-cycling
bipolar illness and one case of psychotic illness were
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thought to have been triggered by the sudden with-
drawing of the appetite suppressants, fenfluramine and
sibutramine. Fenfluramine is known to increase seroto-
nin availability in the brain and sibutramine inhibits re-
uptake of serotonin, noradrenaline and dopamine [56].
Similarly, Herguner et al. described a 13-year-old girl
with PWS whose psychosis had apparently been trig-
gered by the administration of the selective serotonin
reuptake inhibitor, fluoxetine [43]. Frances et al. [59] also
indicate that antidepressant drugs may have precipitated
mania or rapid-cycling bipolar disorder. A 2018 neu-
roimaging study found that participants in the mUPD
group had lower brain-stem serotonin receptor availabil-
ity compared with the deletion group. This might signify
that those with mUPD have a lower synaptic serotonin
concentration compared with those with deletion, and
might be an indicator as to why there is the greater prev-
alence of affective psychotic illness in this specific popu-
lation [60].

Whether changes in sex hormone levels with age or
the atypical sex hormone environment consequent upon
impaired hypothalamic function associated with PWS
is relevant to the onset of psychosis is unknown. How-
ever, Bhate et al. [46] described a 36-year-old woman
with PWS who developed psychosis a few months after
the onset of secondary amenorrhea and one patient,
described by Clarke et al. [17], developed psychotic
symptoms after a second injection of testosterone. Soni
et al. [28] observed that some features of psychosis in
PWS are similar to those that develop during post-par-
tum psychosis (bipolarity and confusional states), an ill-
ness that occurs at a time of hormonal change.

It has been reported that growth hormone could have a
protective action, limiting the risk of developing psycho-
sis by improving cell-to-cell communication in the brain
[61]. However, Singh et al. [37] reported that seven out of
11 cases of people with PWS who had been treated with
growth hormone also developed a co-morbid psychotic
illness. Given that a generation of children treated with
growth hormone during early childhood are now reach-
ing the age of risk of developing psychosis, further cohort
studies are required to investigate the effects of growth
hormone therapy on the risk of psychopathology in peo-
ple with PWS [37].

Treatment

There have been no controlled trials that have specifically
investigated the outcomes of treatments for psychotic ill-
ness when using established psychiatric medications in
people with PWS. The quality of the evidence on treat-
ment is therefore at the level of clinical opinion. The gen-
eral approach in clinical practice has been to use atypical
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neuroleptics, anti-depressants and mood stabilising med-
ications, as is standard in the general population. When
the names of medications were included in the paper,
they have been listed in Tables 2 and 3. However, it is
difficult to draw any conclusion regarding treatment
because information is rarely given in sufficient detail.
Moreover, very little data is available on long-term men-
tal state stability following specific treatments. We found
only three cohort follow-up studies in this literature
rsearch. Larson et al. [54] reported that of thel3 out of
22 people who had been psychotic, the majority had done
well but only two had been taken off their anti-psychotic
medication after two years. Soni et al. [56] followed up
the participants in their cohort 2.5 years after the original
study. Individuals with mUPD were more likely to experi-
ence recurrent episodes, and usually had been prescribed
a greater number of psychiatric medications before find-
ing one that elicited a satisfactory response. In this study,
the authors also state that once the right medication is
found, individuals with PWS and psychotic illness had a
sustained positive response to antipsychotic and antide-
pressant drugs in general, and that patients treated with
these medications are less likely to develop an episode of
illness in the future [56].

Psychopharmacology

Based on the case reports it seems that risperidone, an
atypical anti-psychotic, is often used with a satisfac-
tory outcome. This is confirmed by a study published by
Bonnot et al. [62]. However, a clinical trial on pharma-
cological treatment of psychosis in PWS is needed. The
risks and benefits of using antidepressant medication in
people with PWS experiencing or at risk of psychosis is
still uncertain. Soni et al. [56] reported that fluoxetine
and other SSRIs, were commonly prescribed. However,
Frances et al. [59] indicated that antidepressant drugs
may precipitate mania or rapid-cycling bipolar disor-
der. A case report published in 2007 also described a
13 year-old girl with PWS who had psychotic symptoms
triggered by the administration of fluoxetine [43]. Mood
stabilizing medications, such as lithium, have also been
used in combination with anti-psychotic drugs, there-
fore making it difficult to assess the effectiveness or each.
Many studies described patients taking mood stabilising
medications, but very few studies reported if the medi-
cation had been started before, with or after anti-psy-
chotic medication, and the outcomes are rarely reported.
Verhoeven et al. [35] described positive effects of mood
stabilizing medication on the course of illness and pre-
venting relapses, but this was not found by Bartolucci
and Younger [52] and Soni et al. [56].
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Conclusions

The rarity of PWS and particularly of those with the
mUPD genetic subtypes makes systematic studies of ade-
quate size problematic and the evidence limited. In addi-
tion, most psychiatrists are unlikely to see many affected
people, if any, and therefore their experience will be lim-
ited when it comes to assessment and treatment. The
aim of this review is to try to remedy this by bringing the
available evidence together to inform clinical practice.

Given the nature of the existing literature, we carried
out a primarily descriptive analysis based on information
gathered from case reports and cohort studies. While
some cohort studies allowed the differential risk for psy-
chotic illness, depending on the genetic type, to be ana-
lysed, in many instances they did not provide specific
descriptions of psychotic symptoms. Furthermore, in
some earlier studies, genetic information was either not
present or incomplete.

The evidence reviewed in this paper from several
sources indicates a high risk of psychotic illness among
those with the mUPD subtype. This risk is observed to
increase during the teenage years and early adulthood
and is seen to plateau in adult life. In cohort studies, the
rates of psychosis in those with mUPD are significantly
greater than for those with the deletion subtype, with
prevalence rates of psychosis in those with mUPD as high
as 60%. However, it is important to note that when case
and cohort studies are combined, the evidence suggests
that psychotic illness in people with PWS due to a mUPD
is not inevitable.

Nosology

The precise diagnostic status of the psychotic illnesses
remains unclear. The studies suggest a strong affec-
tive component with mood instability and hypomanic
and depressive phases and the presence of delusions
and/or hallucinations. Strikingly, confusion has been
described as a feature, although it is uncertain whether
that includes disorientation in time and place. What is
described as “confusion” may be similar to what might
be best described as perplexity. Motor abnormalities
have also been reported. This combination is similar
to the profile of symptoms for the diagnosis of cycloid
psychosis [63]. Their overview of cycloid psychosis pro-
vides a useful historical background summarizing the
original work of Leonhard, who argued against Kraepe-
lin’s schizophrenia and manic-depressive illness divide
and making the case that cycloid psychoses (in plural)
as a third group of psychotic illnesses. This third group
has beendescribed as a delusional affective psychosis or
‘anxiety-elation’ psychosis and conceptualised according
to Leonhard as a combination of symptomatology across
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bipolar axial syndromes: anxiety-happiness, excitation-
inhibition-confusion, and hypermobility-hypomobility.
Later work introduced operational criteria [64] with the
main defining features including acute onset, remitting
course, symptom polymorphism, and benign outcome in
the long term [63]. In the DSM and ICD systems, cycloid
psychosis has not been included. From a nosological per-
spective, the clinical picture of psychosis affecting people
with PWS is certainly close to that of cycloid psychosis
and appears to be closer to an affective disorder than to
schizophrenia.

The presence of psychosis should therefore be consid-
ered where there is a clear and sudden deterioration in
behavior and mental state, perhaps preceded by a physi-
cal illness or a stressful life event.

Importantly, the onset, mental state characteristics and
persistence over time distinguish it from other manifesta-
tions of the wider PWS neuropsychiatric phenotype, such
as severe behavoral/emotional outbursts. Such outbursts
are common among people with PWS and are often pre-
sent since childhood and triggered by change or frustra-
tion. These are not by themselves indicative of psychotic
illness (see [6] for a detailed description of the neuropsy-
chiatric phenotype).

Treatment

In the absence of any formal treatment trial for psy-
chotic illness in people with PWS, the assumption has
been in the literature that standard treatments for psy-
chosis and/or affective disorders are appropriate. One
outcome study suggests a good prognosis with such an
approach but with the probable need for continued psy-
chiatric medication [54]. As described in this review,
the use of multiple medications, given at different times
in the course of the illness and at different doses, lim-
its the conclusions that can be drawn from the papers
reviewed. The evidence summarized in this review
indicates that the onset is acute and can be severe, and
therefore initial treatment, once a diagnosis has been
established, will almost certainly be the use of antipsy-
chotic or sedative medication to reduce agitation and to
treat any mood disorder and abnormal mental beliefs or
experiences. Clinical practice, when treating mental ill-
ness in people with a neurodevelopmental disability, is
to start at a lower-than-normal dose and increase slowly,
depending on clinical response. For people with PWS,
an added problem is the effect of psychiatric medication
on appetite and weight and for this reason olanzapine
is best avoided. Additional co-morbidities that may be
weight-related, such as sleep apnea, are also of concern.
However, the problem remains that the level of evidence
is limited. Multi-centred longitudinal studies, which are
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able to recruit sufficient numbers of people with PWS of
both genetic types reaching the age at risk for psychotic
illness, are needed. Such a clinical study could focus on
the identification of early clinical and other risk markers
for developing psychosis and identifying life events and
antecedents that precede psychosis to inform our under-
standing of aetiology.

Future clinical research

A multi-site study might also identify sufficient num-
bers of people with mUPD who are mentally stable or
have passed the age most at risk of psychosis to provide
clues as to potentially individual or environmental pro-
tective factors, both at the level of the individual and the
environment. The question remains as to whether the
aetiology and underlying mechanisms that result in the
development of a psychotic illness are the same in those
with a deletion compared to those with mUPD. Clinically,
the psychotic illness seems similar but not identical, with
more affective symptoms in those who have a mUPD.
In addition, Soni et al. [28] suggests maternal history of
affective disorder as having a potential role in the devel-
opment of psychosis in those with a deletion who develop
psychotic symptoms, suggesting further investigation of
maternal affective disorder is warranted. Furthermore,
this observation of a differential risk for psychotic ill-
ness, dependent on genetic type, points to potential novel
genetic mechanisms that may inform our understanding
of psychotic illness in the general population. Our work
on these possible mechanisms has been published in [2].

Service implications

While not specifically covered in this review, what fol-
lows from the findings is the need for services that are
able to respond rapidly when the behavior of someone
with PWS deteriorates and when a psychotic illness
is suspected. A clear diagnostic and treatment path-
way should be available in all localities with the nec-
essary expertise to make the diagnosis, particularly
distinguishing psychotic illness from the wider PWS
neuropsychiatric phenotype, and thereby offering the
correct treatment. From the description in some case
reports and cohort studies it is also clear that either
highly staff-resourced community-based first episode
psychosis services or short term psychiatric in-patient
care may be needed, with the additional require-
ment that such environments must be able to manage
the food environment. Particularly with the potential
effects of psychiatric medications on the drive to eat
and subsequent increased weight, the absence of food
security would have a serious deleterious effect on
physical health.
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Key information about psychosis in Prader Willi Syndrome

4 Prevalence:

« High prevalence of psychosis in mUPD, but also present

in delPWS

4 Onset:

- More likely to be acute onset, at least in mUPD

+Has been reported as early as 8 years old

« Usually during late adolescence or early twenties

+ The onset can also occur in adult life

4 Psychopathology:

« Anxiety, hallucinations and delusions are the most commonly
reported symptoms

« Confusional state and motor symptoms often present (catatonia
or agitation)

+ Most common diagnosis is atypical psychosis, often with cycloid
or bipolar components

4 Treatments:

- Treatment with Risperidone seems promising

« Overall a good recovery between episodes

Future research

4 Investigate currently available treatment efficacy and outcome
in PWS, especially Risperidone

4 Determine the effect of growth hormone treatment on psycho-
pathology in PWS

4 Investigate potential mechanisms and precipitants

+ Microbiome

« Immune system

« Autonomic system

- Systematically note potential precipitant events
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