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Thoughts on the behavioural phenotypes in
Prader-Willi syndrome and velo-cardio-facial
syndrome: a novel approach

Verhoeven W, Egger J, Tuinier S. Thoughts on the behavioural
phenotypes in Prader-Willi syndrome and velo-cardio-facial syndrome:
a novel approach.

Background: In both Prader-Willi syndrome (PWS) and 22q11 deletion
syndrome [velo-cardio-facial syndrome (VCFS)], an increased risk for
psychotic disorders is reported, which are as a rule not included in the
behavioural phenotype of these two syndromes. For the description
of a behavioural phenotype, the complete spectrum of physical,
developmental, neuropsychological and psychiatric aspects is generally
not taken into account. Moreover, psychiatric signs and symptoms often
do not meet the criteria for a categorical diagnosis.
Objective: In this study, a further specification of psychotic symptoms in
PWS and VCFS is shown as well as a proposal for a new model to
ascertain predictors, including behavioural, for a genetic syndrome.
Methods: Over the past years, 27 patients with PWS and 19 with VCFS
were referred for neuropsychiatric evaluation because of psychotic
symptoms. In all the patients, a standardised psychiatric examination
was performed; seven of the patients with VCFS were evaluated by
means of an extensive neuropsychological battery.
Results: In both patient groups, a rather specific psychopathological
profile seemed to be present, which in the case of patients with PWS
showed some resemblance with bipolar affective disorder. In patients
with VCFS, no formal psychiatric diagnosis could be established.
Because the psychopathological profiles were rather aspecific, they are
not sufficient to predict membership of a certain syndrome.
Conclusions: A quantitative probabilistic approach toward the
description of a (behavioural) phenotype is suggested. For such a
procedure, large data sets and international collaboration are required.
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Introduction

The explosion of knowledge in the field of mole-
cular and quantitative genetics over the past
decades has stimulated research into the so-called
behavioural phenotypes. At the same time, this has
led to a feeling of discomfort in psychiatry, espe-
cially with respect to the validity of the current
taxonomies and their relevance to genetic research.
In fact, there is an ongoing debate on the com-
position of symptoms to construct the ideal
phenotype (1).
The term behavioural phenotype in patients with

intellectual disabilities (IDs) was originally intro-
duced by Nyhan in 1972, who hypothesised a causal
relationship between a chemical abnormality in

an identified genetic disorder and an unusual
behavioural profile, especially with respect to
motor dysfunctions like self-injuries, stereotypies
and aggression (2). Later, this concept was further
elaborated by Flint and Yule who formulated two
essentials: first, it should include a distinctive
behaviour that occurs in almost every case of a
genetic or a chromosomal disorder and rarely if at
all in other conditions and second, the behaviour
has a direct relationship to the genetic or chromo-
somal anomaly (3). They recognised the disadvan-
tages of questionnaires and diagnostic criteria to
describe behavioural abnormalities and the ele-
ment of chance depending on the skills and
preferences of the investigator.
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This quite rigid definition was amended by
several authors who stressed the importance of
the inclusion of physical and motor aspects (4), the
probabilistic nature of behaviours, the within-
syndrome variability (5) and the longitudinal fluc-
tuations of behavioural patterns (6). Since then, the
definition of a behavioural phenotype includes a
characteristic pattern of motor, cognitive, linguistic
and social abnormalities and comprises develop-
mental aspects too (7).
There is some consensus about the existence of

behavioural phenotypes in certain genetic syn-
dromes such as fragile X syndrome, Williams
syndrome, Prader-Willi syndrome (PWS) and
velo-cardio-facial syndrome (VCFS). In general,
however, somatic anomalies, dysmorphias and de-
velopmental issues are not included in the descrip-
tion of the behavioural phenotype (8). This might
be an expression of the Carthesian mind-body
dualism that was recently criticised by Kendler,
who stressed that dualistic thinking and vocabu-
lary remain deeply anchored in clinical practice
and research programs and stated, ‘to reject
Carthesian dualism means to no longer consider
the mental (or functional) to be a fundamentally
different thing from the biological (or organic)’ (9).
This dualistic approach is reflected in the delinea-
tion of behavioural phenotypes, with its focus on
some nosological categories like bipolar disorder,
attention-deficit disorder and psychoses in VCFS
and obsessive-compulsive disorder and psychosis
in PWS (10). Such a procedure does not contribute
to the ultimate goal: linking behaviour to genes.
The shortcomings of the current endeavors are
shown by means of two series of patients suffering
from psychotic disorders, who were known with
a diagnosis of either PWS or VCFS. In addition,
a proposal for a more appropriate delineation of a
phenotype including behaviours is shown.

Prader-Willi syndrome

PWS is a multisystem disorder, accompanied by
a variable degree of ID and arising from the lack
of expression of genes on the paternally derived
chromosome q15.11–q13 as a result of a paternal
deletion or a uniparental maternal disomy (UPD).
With respect to the behavioural phenotype of

PWS, a broad array of psychopathology with a
prevalence of 5–25% is described, which, depend-
ing on the orientation of the investigator, ranges
from (atypical) psychotic and bipolar affective
disorders (11,12) to obsessive-compulsive disorder
(13) and attention-deficit/hyperactivity disorder (14).
Concerning psychotic disorders, an association has
been suggested with UPD (15–17).

Velo-cardio-facial syndrome

VCFS (also known as Shprintzen syndrome, 22q11
deletion syndrome) is associated with interstitial
deletions, with a variable size, on chromosome 22q11.
The behavioural phenotype in childhood and

adolescence comprises social withdrawal, a special
attachment to mother or other caregivers, poor
social skills, emotional instability, affective prob-
lems, anxieties and attention deficits (18,19). The
neuropsychological profile comprises mild ID and
impairments in problem solving and planning as
well as in abstract and social thinking (20).
Magnetic resonance imaging has shown wide-
spread deficits in white matter and reduced brain
volumes (21,22). After adolescence, a high preva-
lence of psychiatric illness is reported, including
psychotic disorders, especially schizophrenia and
bipolar spectrum disorders (23–30).

Materials and methods

Over the past years, 27 patients with PWS and
19 with VCFS were referred for neuropsychiatric
evaluation because of persisting or relapsing
psychotic symptoms. In all the patients, a standard
psychiatric examination including the behavioural
aspects of psychopathology was performed, and
additional data about history and course were
collected from all available sources. The diagnostic
procedure comprised the elements of the Compre-
hensive Psychiatric Rating Scale (31) and followed
the format of the diagnostic criteria for psychiatric
disorders for use with adults with learning disabil-
ities/mental retardation (DC-LD) (32). Individual
symptoms were rated on a symptom checklist
targeted at observable signs and symptoms accord-
ing to the policy as described elsewhere (33).
Tentative formal psychiatric diagnoses were estab-
lished according to the clinical descriptions and
diagnostic guidelines of the International Classifi-
cation of Diseases (ICD)-10. In seven of the
patients with VCFS, an extensive neuropsycholog-
ical examination was performed.

Results

Prader-Willi syndrome

Of the group of 27 patients with PWS, reports on
23 were published previously (11,17,27,28). The
age range of the patients (15 females and 12 males)
was 16–43 years (mean: 24 years), and the level of
ID was mild to moderate in 24 and severe in 3. All
but two patients (insufficient data in the medical
record) had a history of affective instability,
paralleled by fluctuating behavioural problems.

Behavioural phenotypes in Prader-Willi syndrome and 22q11 deletion syndrome

245



With respect to the actual psychopathology, six
patients met the criteria for a bipolar affective dis-
order in that they showed an episodic pattern of
euphoria, hyperactivity and sleep disturbances or
depressed mood and inactivity. In the other 21
patients, the psychiatric symptomatology included
emotional turmoil, anxieties, irritability, confusion,
(rapid) mood swings, hallucinatory experiences
and paranoid ideation, with a variable intensity
and a subacute onset. Therefore, a diagnosis of cy-
cloid psychosis was considered to be most appro-
priate in the acute phase (Table 1).
Concerning the genetic etiology, three patients

had a deletion, and in four, only a clinical diag-
nosis was made. Three patients were genetically
confirmed but not differentiated. In the remaining
17 patients, an UPD was shown.

Velo-cardio-facial syndrome

Of the group of 19 patients, reports on 8 were
published previously (29). All cases were confirmed
by fluorescence in situ hybridization. The main
characteristics including somatic anomalies and
family history are shown in Table 2. In the seven
patients who had a (neuro)psychological examina-
tion, a discrepancy between verbal and performal
IQ was shown as well as an impaired visuopercep-
tual ability and a diminished comprehension of
abstract and symbolic language. In terms of
personality constructs, it was observed that most
patients scored high on neuroticism and low on
agreeableness, a profile associated with adjectives
like shy, moody, irrational and unempathetic
(Table 3).
The behavioural profile of the patients included

oppositional behaviour, social withdrawal, clinging
to mother or caregiver, aggression and compulsive
behaviours. The psychopathological syndrome
comprised both affective and obsessive-compulsive
symptoms as well as psychotic symptoms (Table 4).
Eight patients reported preoccupation with death

without, however, suicidal ideas or attempts. In six
patients (patients 2, 3, 6, 7, 11 and 12), a functional
decline over time was observed. None of the
patients showed Schneider’s first-rank symptoms
or negative symptoms and disorganised speech, nor
did they meet the criteria for a manic episode.

Discussion

In this study, the psychiatric symptoms in a group
of patients with PWS and VCFS are shown. With
respect to PWS, the clinical picture of most of the
patients in the acute phase meets the criteria for
a cycloid psychosis (ICD-10: F23). The psychiatric
symptomatology in VSFC does not meet the
criteria for a distinct psychiatric disorder. With
respect to genetic analysis, all but four patients
with PWS were genetically confirmed. Genetic
analysis in the VCFS sample did not include the
estimation of the deletion size.

In the reported 21 of 27 patients with PWS in
this study, the psychosis was characterised by
symptoms like confusion, auditory hallucinations
and paranoid behaviour on the one hand and an
increase of obsessive rituals, anxieties and mood
swings on the other hand and was preceded by
affective instability for many years. Even though
the actual psychopathology justifies the diagnosis
of cycloid psychosis, longitudinal evaluation points
toward an atypical bipolar disorder (ICD-10:
F31.9). It can therefore be hypothesised that the
psychopathological phenotype of PWS patients
with an UPD etiology comprises an increased risk
for an atypical bipolar affective disorder (17).

In the group of 19 patients with VCFS,
psychotic symptoms emerge from adolescence,
mostly after separation from the major caregiver,
of which ‘auditory hallucinations’ and exaggera-
tion of the preexistent paranoid attitude are the
most prominent. As already mentioned by Shprint-
zen, there is a close relationship between the
psychological dysfunctions and the behavioural
and psychiatric symptoms (19). In fact, the
auditory hallucinations may be a description by
the patients of their own thoughts and paranoid
ideation may be the result of an impaired capacity
to estimate intentions, emotions and behaviours of
others. In older patients, a functional decline is
observed, which was also reported by Baker and
Skuse (30). Furthermore, the endocrine dysfunc-
tions, particularly hypoparathyroidism, may mimic
the psychotic features described above.

The results shown in this study typically suggest
a psychiatric syndrome in a subclass of two genetic
disorders; but the psychiatric symptoms as such

Table 1. Psychiatric symptoms in 21 PWS patients with cycloid psychoses

Symptoms and course Number %

Auditory hallucinations 10 48
Perceptual disturbances 4 19
Paranoid ideation 16 76
Confusion 19 90
Anxieties 20 95
Mood swings 20 95
Emotional turmoil 17 80
Increased obsessive rituals 18 85
Hyperactivity/agitation 13 62
Subacute onset 21 100

Verhoeven et al.
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have by no means a predictive diagnostic value
with regards to the genetic syndrome. In fact, this
‘forward’ approach ignores the diagnostic rele-
vance of the whole range of developmental and
behavioural characteristics for the identification of
a syndrome. The PWS comprises among others
a variable degree of ID, neonatal hypotonia,
obsessive-compulsive disorder (OCD)-like symp-
toms, overeating, skin picking, stubbornness and
hypothalamic dysfunctions, whereas in VCFS,
severe separation anxiety, phobias, OCD-like
symptoms, social withdrawal, language problems
and level of ID are excluded.
Because it is generally accepted that several indi-

cators that are either consistently or occasionally

associated with the syndrome, such as somatic
anomalies, level of ID, motor behaviour, develop-
mental characteristics, neuropsychological varia-
bles and psychiatric signs and symptoms, are to
a variable degree capable of predicting the presence
of a syndrome, the discussion on behavioural
phenotypes should be reoriented toward a quanti-
tative, probabilistic approach. This can be achieved
by a feature-based model, which assumes that
certain entities are best represented in terms of sets
of qualitative features (36). According to this
model, a behavioural phenotype should be con-
sidered as a set of hypothetical abstractions or
components (eg OCD-like symptoms, motor
abnormalities, social dysfunctions) that are cons-
tituted by various features (eg overeating, skin
picking, ruminating). The linkage between the
features and the hypothetical abstractions can be
quantified in terms of their cue validity. Cue
validity can be understood as the level to which
the features contribute to the different compo-
nents, that is the (conditional) probability that,
given a component, the feature is present (37).
Consequently, the likelihood of the presence of
a behavioural phenotype can be estimated and
a possible connection with genetic abnormalities or
a genetic subtype investigated. This approach is to
a certain extent comparable with that suggested
by McGuffin et al. in their search for the genetic
etiology of functional psychoses (1). In case of
PWS, for instance, the prevalence of a set of
features and symptoms can be enumerated and
subsequently analyzed for latent classes as
described by Maris (38). Such a method may
elucidate clusters of behaviours not easily visible,
which are more relevant for behavioural genetics
but can only be performed with very large data sets
that require international collaboration.

Several genetic subtypes have been described in
the two syndromes shown in this study. In PWS,
two types of paternal deletion have been shown, of
which type I results in the loss of more material
than type II. The behavioural and psychological
problems are most pronounced in patients with
a type I deletion or UPD (39). No information is
available so far about the behavioural profiles in
the UPD subtypes. In VCFS, two large community
studies have shown a prevalence of congenital
cardiac and great vessel malformations of 75 (40)
and 76% (19), respectively. In the patients with
psychoses, on whom reports are published so far
(n ¼ 73), the percentage of these conotruncal heart
defects is 33, a remarkably lower figure (Table 5).
Interestingly, in the patients shown in this article,
only three (patient 2,6 and 16) had cardiac or
vascular malformations. This low percentage was

Table 3. Neuropsychological characteristics of seven patients with VCFS

Measurement domain

Patient number

8 9 10 14 15 16 19

Intelligence*
Total IQ 2 2 2 2 2 1 2 2 2

Verbal IQ 2 2 2 2 2 1 2 2

Perfomal IQ 2 2 2 2 2 2 2 2 2 2 2

Cognitive functions†
Concept formation 2 2 2 2 2 2 2 2 2 2 2

Speed of information
processing

2 2 2 2 2 2 2 2 2 2

Verbal memory 2 2 1 1 2 2 2

Visual memory 2 2 1 2 2 2 2

Visuospatial/perceptual
functioning

2 2 2 1 2 2 2 2

Attention 2 2 2 2 2 2 1

Executive functioning 2 2 1 1 2 2 2

Social interpretation and
social adequacy

2 2 2 2 2 2 2 2 2

Personality dimensions‡
Neuroticism 4 4 4 4 5 1 4
Extraversion 3 1 2 2 2 3 4
Agreeableness 2 2 3 1 2 1 3
Conscientiousness 3 4 1 2 3 2 3

Because of variation in the test-taking abilities of the patients with VCFS,
neuropsychological examination of the cognitive domains was conducted using
different tests per patient. Apart from clinical observation, personality dimensions
were rated using the Five-factor Personality Inventory (FFPI) (34) or Ten Item
Personality Inventory (TIPI) (35).
*'1', IQ � 90; '2', 70 , IQ , 90; '2 2', IQ , 70.
†'1', normal; '2', mild/moderate disorders; '2 2', severe disorders.
‡1, very low; 2, low; 3, neutral; 4, high; 5, very high.

Table 4. Psychiatric symptoms in 19 patients with VCFS

Symptoms Number of patients Percentage

Anxieties 18 95
Affective instability 16 84
Depressed mood 13 68
Obsessive rituals/perseverations 17 89
Preoccupation with death 8 42
Paranoid ideation and delusions 18 95
'Hallucinations' 13 68
Aggressive behaviour 15 79
Confusion 14 74

Verhoeven et al.

248



also present in the series of VCFS patients with
psychosis as published by Murphy et al. (26). These
observations suggest that patients who develop
psychotic symptomatology may have a different
deletion, most likely a smaller one as was reported
in a group patients with an early-onset form of
schizophrenia (41). It cannot, however, be excluded
that these results are influenced by an ascertain-
ment bias.
In conclusion, the behavioural phenotypes of

PWS and VCFS can be ascertained almost defini-
tive if a cluster of physical, developmental and
behavioural characteristics is taken into account. It
should be stressed that behaviour and mental
processes are not domains separate from the
physique. The search for the genetic underpinnings
of behaviour should acknowledge this (9). Fur-
thermore, a psychiatric disorder is by no means an
ideal phenotype, despite the consensus about its
definition. Because the diagnostic vignettes are not
at all composed with the objective to find relevant
genes, a polydimensional approach is possibly
more fruitful (1,42).
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