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Abstract: Genetically determined neurodevelopmental syndromes are frequently associated with a
particular developmental trajectory, and with a cognitive profile and increased propensity to specific
mental and behavioural disorders that are particular to, but not necessarily unique to the syndrome.
How should these mental and behavioural disorders best be conceptualised given that similar
symptoms are included in the definition of different mental disorders as listed in DSM-5 and ICD-10?
In addition, a different conceptual framework, that of applied behavioural analysis, has been used to
inform interventions for what are termed ‘challenging behaviours’ in contrast to types of interventions
for those conditions meeting diagnostic criteria for a ‘mental disorder’. These syndrome-specific
developmental profiles and associated co-morbidities must be a direct or indirect consequence of the
genetic abnormality associated with that syndrome, but the genetic loci associated with the syndrome
may not be involved in the aetiology of similar symptoms in the general population. This being so,
should we expect underlying brain mechanisms and treatments for specific psychopathology in one
group to be effective in the other? Using Prader-Willi syndrome as an example, we propose that the
conceptual thinking that informed the development of the Research Domain Criteria provides a model
for taxonomy of psychiatric and behavioural disorders in genetically determined neurodevelopmental
syndromes. This model brings together diagnostic, psychological and developmental approaches
with the aim of matching specific behaviours to identifiable neural mechanisms.

Keywords: genetic syndrome; Prader-Willi syndrome; mental illness; psychosis; major depressive
illness; obsessive-compulsive disorder; autism; eating disorder; skin picking

1. Introduction

Whilst abnormalities at a specific genetic locus can readily be linked to the presence of a specific
physical illness (e.g., sickle cell anaemia and Huntington disease) establishing such similarly close
relationships between single genes and particular behaviours and/or mental disorders has been much
more elusive. The study of neurodevelopmental syndromes in which their genetics is known and
the risk of specific behaviours and/or mental disorders are increased has the potential for providing
new insights into the genetic influences on the aetiology of such problems. However, in order to
investigate the mechanisms that underpin the rates of syndrome specific behavioural and psychiatric
disorders it is important to be clear as to how these are best defined in a manner that more directly
links them to known neural systems. Similarities in behaviour occur across neurodevelopmental
syndromes: for example, intermittent aggressive or self-injurious behaviour. Just as there are likely to
be different reasons for why a person has high blood sugar, so there are likely to be different reasons
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for why people engage in aggressive or self-injurious behaviour. However, there may be a common
mechanism for similar behaviours within a specific syndrome. In each case the behaviours may have
their own identifiable characteristics in terms of the age of onset, course, and the exact form of the
behaviour. In clinical practice it is the diagnostic process and the specificity of the clinical history,
physical examination, and investigations that enable the link to be made between reported symptoms
or observed signs with the putative underlying pathology, and to treatment. Once the behavioural
and psychiatric phenomenology are clearly defined, the question can be asked as to whether such
phenomena are a consequence of abnormalities in the brain structure and function or whether the
behaviour that is observed is better conceptualized as being primarily shaped by environmental
contingencies. New treatments for such behaviours are unlikely to emerge from an understanding
of the syndrome genetics alone but instead through an understanding of the unique impact of the
syndrome genotype on brain development and neural function and the extent and nature of any
interplay between the organic and the psychological.

We consider three conceptual frameworks for the description and/or classification of mental and
behavioural disorders. These are: the diagnostic approach, applied behavioural analysis, and Research
Domain Criteria. We consider how each approach can add to our understanding of such disorders, and
why different approaches evolved. Firstly, dissatisfaction with the traditional DSM-5 [1] and ICD-10 [2]
approach to classification and diagnosis (diagnostic approach) in respect of behavioural disorders,
often termed ‘challenging behaviours’, has led to the application of applied behavioural analysis (ABA)
to the understanding of such behaviours. However, this, in turn, fails to fully explain those behaviours
that are prevalent in, and specific to, a given genetic syndrome. Now a new framework (Research
Domain Criteria) has been proposed that we argue provides a better framework for understanding
‘challenging behaviour’ in the context of neurodevelopmental syndromes by seeking to match such
behaviours to underlying neural mechanisms.

The aims of this paper are to explore these issues using Prader-Willi syndrome (PWS) as an
example. We begin with a description of PWS, followed by a section on genetically determined
neurodevelopmental syndromes, from which we have chosen PWS as a representative to illustrate our
arguments. We then describe the three different models for the classification of mental and behavioural
disorders, before showing that each can contribute to understanding and/or treating such disorders
in PWS.

2. Prader-Willi Syndrome (PWS)

Prader-Willi Syndrome is a rare disorder with a birth incidence rate estimated at 1:25,000 [3–6]
and UK prevalence around 1:50,000 [3]. The underlying cause of PWS is the loss of expression of
maternally imprinted (paternally expressed) genes from the q11–q13 region of the paternally inherited
chromosome 15. This can occur in one of two ways: part, or whole, of the region is deleted (deletion
subtype); or two maternally marked chromosome 15 s, but no paternally marked chromosome,
are inherited (maternal disomy subtype). There are two common deleted regions: Type 1 between
breakpoints 1 and 3 and Type 2 between breakpoints 2 and 3. Maternally marked chromosomes in
disomy subclasses are both inherited from the mother (mUPD) or one from the mother and one from
the paternal grandmother (imprinting centre defect (IC defect)). The 15q11-q13 region contains both
imprinted and non-imprinted genes (Figure 1), the imprinted genes SNORD116 (human studies) and
MAGEL2 (mouse studies) being considered central to PWS.
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Figure 1. The genetics of Prader-Willi syndrome (PWS).

Although the underlying genetic abnormalities give a ‘core’ genotype, there are genetic differences
between the subtypes, which give rise to observed phenotypic differences (see [7], Chapter 2 for more
details of the genetics of PWS). As well as two copies of all non-imprinted genes, people with the
maternal disomy subclasses will have two copies of paternally imprinted (maternally expressed) genes,
while those with the deletion subtype and the general population have a single copy that is expressed.
It has been argued that this may have implications for our understanding of the high risk for psychosis
in those with PWS due to maternal disomy [8]. Non-imprinted genes have two intact copies in general
but if one copy is deleted, as in deletion subtypes, a recessive gene is more likely to be expressed.
Longer deletions (Type 1 vs. Type 2) also result in greater impairment [9].

3. The Behavioural Phenotype of PWS

The PWS genotype gives rise to a ‘behavioural phenotype’ with particular cognitive, social and
behavioural characteristics and a risk for behavioural disorders and psychiatric problems [7] (Chapters
6 and 7). Initially there is pronounced hypotonia and failure to thrive, followed by developmental
and cognitive delay, preoccupation with food and hyperphagia, and relative growth and sex hormone
deficiency (short stature and impaired sexual development). Emerging behavioural problems include
temper outbursts, repetitive and ritualistic behaviours, mood swings, and skin picking [10]. We note
that the distributions of these behaviours in PWS are similar in shape to those in the general population
but the distributions in PWS are shifted towards the more severe end of the general population
distributions. Inactivity is characteristic and leisure time is typically spent in solitary pursuits such as
jigsaw puzzles, word search puzzles, television viewing, and computer games [11]. In the teenage



Genes 2019, 10, 1025 4 of 14

years and early twenties, or later, depression and/or psychosis develop in some people. Rates of
depression in deletion subtypes tend to be similar to those in other forms of intellectual disability but
less in maternal disomy subtypes. However, in people with PWS due to maternal disomy, rates of
psychosis are much higher (60%–100% lifetime prevalence) but not in those with a 15q11-q13 deletion.
This is considered further later in the paper.

The most prevalent disorder in PWS is the preoccupation with food and propensity to overeat,
which in one form or another affects everyone with the syndrome. Hyperphagia develops in early
childhood following a period of failure to thrive. It has features in common with anorexia (high
ghrelin, low growth hormone, and absent menses), with bulimia (binge eating), with addiction (food
seeking and stealing) and with obsessive-compulsive disorder (OCD; constantly thinking about it).
However, it is present from infancy and on the basis of behavioural and neuroimaging studies it is
generally acknowledged to be a defect of satiety [12–14]. It might be predicted that a reasonably direct
path between genotype and phenotype will eventually be established. As of yet, however, no loss of
function of genes known to be involved in feeding pathways has been observed and the link between
genotype and this particular phenotype has not been explained.

Repetitive and ritualistic behaviours in PWS have been interpreted as OCD by some authors and
as part of the syndrome of autism by others [15,16]. However, most people with PWS do not have
OCD (there is an absence of distress or resistance to the behaviours as would be expected with true
OCD). Although they may also have social impairments, the majority of people with PWS do not meet
the full criteria for autism [17–21] but they do exhibit behaviours (hoarding, the need to ask or tell and
insistence on routine) similar to those of typically developing young children [22]. One paper suggests
that these behaviours in PWS are best conceptualised as a consequence of arrested development [23]
given their similarities with what is observed as part of normal childhood development. It is unlikely
therefore that there is a direct link between genes and this specific behavioural profile, rather it is the
impact of the genotype on brain development more generally that leads to the increased prevalence of
such behaviours.

Temper outbursts have been conceptualised similarly and have also been linked to insistence
on routine as well as deficits in executive functioning and task-switching. These outbursts are
characteristically triggered by change or a refusal of some specific request and follow a course that is
likely to include the rapid onset of verbal outbursts and sometimes physical aggression, eventually
resolving with expressions of regret and distress [24–26]. This pattern is similar to what is observed in
young children. Observations of marked reductions in the frequency and severity of such behaviours by
the use of vagus nerve stimulation might indicate that the mechanism resulting in the high risk for such
behaviours is the presence of a low threshold of the autonomic nervous system to respond in a rapid
flight/fight mode when faced with an actual or perceived threat [27,28]. Thus, the mechanism is one of
impaired emotional regulation, potentially for developmental reasons. Observational studies indicate
that external contingencies clearly have an important role to play but fundamentally, the underlying
mechanism that increases the risk for such behaviours is a shift downwards in the threshold for
responding in this ‘fight’ manner, as opposed to seeking to engage and de-escalate the situation through
social engagement.

Skin picking has been variously interpreted as self-harm, obsessive compulsive behaviour, or as
a direct consequence of the loss of the Necdin gene since, in the case of the last of these, abnormal
grooming behaviour has been observed in Necdin knockout mice. The observation that such behaviours
usually occur where there has been an insect bite or some irritation suggests that local factors may
initiate the behaviour, which may lead to a local inflammatory response and further irritation. A high
pain threshold also means that there is a reduced negative consequence to skin picking. Factor analysis
studies show that skin picking is not found on the same factor as repetitive and ritualistic behaviours
suggesting that such behaviour is not primarily driven by obsessionality [23,29]. Hall et al. [30]
undertook a functional analysis and reported that skin picking occurred more commonly under
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conditions of low attention, suggesting an interactive model between a biological vulnerability and
environmental contingencies and setting conditions.

The most striking finding on psychiatric illness in PWS is the rate of psychotic illness in the
maternal disomy genetic subclasses (including both mUPD and imprinting centre defects). This has
been estimated at 60%–100% lifetime prevalence [31–35]. This suggests a strong genetic component in
the cause of psychotic symptoms in PWS. Moreover, since the rate of psychosis in the deletion subtypes
is no more than that in people with intellectual disabilities, psychosis is not due to having the core
PWS genotype and the causal gene or genes would have to be either more strongly expressed from the
maternal chromosome 15 or imprinted. The search for such a gene has been unsuccessful to date [36].

Soni et al. [31] suggested a two-hit model to account for the differential rates of psychosis in
PWS. They hypothesized that the genetics of PWS results, regardless of genetic type, in an increased
propensity to affective disturbance with the ‘second-hit’, having a chromosome 15 mUPD, resulting in
the markedly increased risk for psychosis. This would suggest that the increased propensity of those
with mUPD to develop psychosis must be a combination of both the effects of the PWS genotype on
neural development and circuits in the brain that serve mood regulation, as well as gene dosage effects
from maternally expressed genes on chromosome 15, which result in aberrant functioning of neural
circuits and in the emergence of abnormal mental experiences [8,27].

Deletion and mUPD Differences

Whilst this differential risk of psychotic illness must have a genetic basis this effect is likely to be
mediated through differences in brain structure and function in those with the deletion compared with
the maternal disomy form of PWS.

Cognitive function and brain structure have been shown to differ between PWS genetic subtypes,
indicating potential differences in developmental pathways. The question remains as to whether such
differences might in turn explain the differential risk for psychotic illness. PWS, irrespective of genetic
type, is associated with mild to moderate intellectual disability, but differences in cognitive profiles
between the subtypes have been identified. The studies typically report a full-scale IQ (FSIQ) relatively
similar between genetic subtypes, but a slightly higher performance IQ (PIQ) in those with PWS due to
a deletion, and a higher verbal IQ (VIQ) score but a greater impairment in processing speed in those
with mUPD [37]. FSIQ seems more homogenous in those with deletion PWS with similar VIQ and
PIQ, whereas those with mUPD have a higher average VIQ than PIQ [37–39]. Whittington et al. (2004)
compared subtests scores across PWS genetic subtypes and a comparison mixed aetiology intellectual
disability group [37]. The cognitive profile of the mUPD group differs from the deletion PWS and LD
group, who have very similar profiles (Figure 2).

Figure 2. Weschler subtest profiles of mUPD, deletion PWS (delPWS), and learning disability groups
from Whittington et al. 2004 [37].
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From a neurophysiological angle, an encephalogram (EEG) study using a Go/No-Go task [40],
found a reduced sensory processing speed in people with mUPD compared to those with deletion
PWS. People with mUPD were reported to have significantly increased reaction times compared to
those with deletion PWS and healthy controls, with deficits in both the N200 and P300 peaks related
to early modality-specific inhibition and late general inhibition, respectively. Those with deletion
PWS showed impairment only for N200 modulation. Another PWS study found a specific deficit in
segregating human voices from a noisy background, and a failure to fully process sensory information
before initiation of a behavioural response in PWS, again the deficit being greater in those with mUPD
compared to those with deletion PWS [41]. A recent study in children with PWS has found significantly
reduced white matter microstructure in most of the major white matter tracts in people with PWS
due to mUPD compared to deletion PWS, similar to those reported in people with schizophrenia or
those at ultra-high risk for psychosis [42,43]. The latter two populations have also been found to have
an impaired processing speed [37,40,44]. Freedman et al. [45] observed compromised P50 sensory
gating in patients with schizophrenia as well as some of their unaffected relatives, suggesting a role for
such impairments in the aetiology of psychosis. Thus, impairments in both auditory processing and
processing speed have been found in people with schizophrenia, those at risk for psychosis, and in
people with PWS due to mUPD, suggesting at least partially common brain mechanisms and potential
targets for treatment development.

4. Genetically Determined Neurodevelopmental Syndromes

Among the population of people with ID are groups with various genetically determined
neurodevelopmental syndromes (Angelman, Cornelia de Lange, Cri-du-chat, Down, Fragile-X, Lesch
Nyhan, Prader-Willi, Rett, Smith-Magenis, Tuberous sclerosis complex, Velocardiofacial, Williams, etc.).
Individuals with these genetic syndromes have distinct phenotypes, including distinctive patterns
of adaptive and maladaptive behaviours that distinguish one syndrome from others—referred to as
the ‘behavioural phenotype’ of the syndrome [46]. In these cases the phenotypic behaviours and the
characteristic phenomenology of the underlying mental state of the person may make up symptom
clusters that then meet diagnostic criteria for a specific mental disorder, leading to a diagnosis, for
example, of an anxiety disorder in an individual with Fragile-X or Williams syndrome [47]. In both of
these syndromes ‘anxiety’ in different ways is common and the propensity to anxiety is considered to
be characteristic of people with these syndromes. However, what is meant by saying that someone
with one or other of these syndromes is ‘anxious’ and whether the underlying brain mechanisms
between syndromes are similar or not (and therefore treatments may be similar) is far from clear
but phenomenologically they appear to be different. Observed behaviours, such as self-injurious
behaviour, may also be helpful diagnostically. For example, in the case of people with Lesch Nyhan
syndrome (LNS) such behaviour is a key part of the phenotype of that syndrome. Its presence during
childhood in males might well alert one to the diagnosis of this syndrome. In addition, the early
onset, severity, and extent of this behaviour indicate that there is a direct link between the syndrome
genotype and that aspect of the phenotype. In LNS the behaviour is universal, of early onset in
life, and does not fit the criteria for other established mental disorders. This example highlights the
importance to our understanding of the behavioural and mental health aspects of children and adults
with neurodevelopmental syndromes to distinguish between: (1) whether a particular symptom
(e.g., self-injurious behaviour) is a diagnostic feature of the syndrome itself; or (2) whether it is best
understood as either a symptom of some additional co-morbid mental disorder; or (3) it is best
understood through a different conceptual framework, such as that of the operant model of applied
behavioural analysis. In this latter case the focus is on identifying external factors that predispose to,
precipitate or are maintaining specific behaviours, or are internal or external setting conditions for
such behaviours. As is considered in the case of PWS this is an important step in seeking to explore the
relations between the syndrome genotype and its phenotype.
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4.1. Diagnostic Criteria

Biomedical systems of classification, such as the DSM-5 and ICD-10, have done much to bring
rigor into our definitions and understanding of mental disorder, a very necessary process if specific
treatments are to be developed and tested. DSM-5 proposes that each of the mental disorders is defined
by an agreed of symptoms or behaviours, not all of which are necessary and none of which is sufficient
for a definite diagnosis (because they can appear in more than one such list). Characterised as a
clinically significant behavioural or psychological syndrome or pattern that occurs in an individual
that is associated with present distress or disability or with a significantly increased risk of death, pain,
disability, or an important loss of freedom. This syndrome or pattern must not be merely an expectable
and culturally sanctioned response to a particular event, such as a bereavement.

Mental disorder and mental illness may be difficult to define and diagnose and judgements have
to be made as to what is clinically significant or an expectable culturally sanctioned event. There is
no single definitive test for anxiety, depression, psychosis, bipolar disorder, or obsessive-compulsive
disorder and there is an overlap of symptoms between diagnostic categories in the standard instruments
DSM-5 and ICD 10. There is also a debate as to whether particular forms of mental disorder, such
as autism spectrum conditions, are best considered as discrete (yes/no) or a continuum where a
line divides those considered to have a positive diagnosis and are therefore ‘atypical’ from those
considered to be ‘typical’. This is similar to specific physical disorders, such as type 2 diabetes and
hypertension—the recommendations as to where the cut off lies, above which some (kind of) treatment
is recommended, changes over time. These difficulties are further compounded, in the case of people
with intellectual disabilities; firstly because of the complexity associated with an atypical pattern of
development; secondly, because the individuals concerned may have difficulty in communicating
feelings and symptoms; and thirdly their level of functioning and behaviour may not conform to
general expectations for their age. However, despite the limitations of this approach, the diagnosis of
certain mental disorders, such as the major mental illnesses of bipolar disorder and schizophrenia,
have, through the presence of a recognised grouping of specific characteristics come to imply some
understanding as to likely causation, and this informs treatment and prognosis.

Prader-Willi syndrome, like other genetically determined neurodevelopmental syndromes, is
considered to fall under the broad umbrella term of ‘mental disorder’. PWS may be additionally
classified as ‘intellectual developmental disorder’ if the necessary criteria are met. As we summarized
above, PWS has an early clinical profile and developmental history that indicates involvement of
different organ systems. These include the central nervous system, resulting in the presence of
functional impairments and disabilities. In addition, for a significant proportion of children and adults
with PWS, patterns of behaviour and particular mental states (the ‘behavioural phenotype’ of PWS)
can be observed during their lifetime that also have a major impact on functioning. Some of these meet
established diagnostic criteria for a co-morbid mental disorder and others do not. Psychosis (mainly in
the disomy subtype) and depressive illness (mainly in the deletion subtype) do meet criteria, and this
informs treatment by guiding as to the medications that might be tried. The question then arises as to
how the additional behavioural phenomena are best conceptualised, characterised, and understood so
that ultimately effective interventions are developed.

4.2. Applied Behavior Analysis

In contrast, another term, which is common in the intellectual disabilities literature, is that of
‘challenging behaviour’, attributed to Emerson [48] and defined as follows:

“Culturally abnormal behaviour(s) of such an intensity, frequency or duration that the
physical safety of the person or others is likely to be placed in serious jeopardy, or behaviour
which is likely to seriously limit use of, or result in the person being denied access to, ordinary
community facilities.”
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Individual descriptions of challenging behaviour do not mimic the diagnostic process by attempting
to group together specific signs or symptoms that characterises the behaviour in a manner that informs
an understanding of causation or treatment. Whilst the presence of such behaviours may be an
indication of some underlying and as yet undiagnosed mental disorder, the use of the term ‘challenging
behaviour’ does not imply that the criteria for a specific mental disorder are met. The term is descriptive
and is a marker for the level of impact of the behaviour and an indication that those providing
support should seek to accommodate to the behaviours. In contrast to mental disorder, our more recent
understanding of challenging behaviour, certainly as applied to people with intellectual disabilities,
has been primarily led by the theoretical constructs of ABA. In this view, it is argued that such
behaviours are under operant control and have come to have specific functions, such as avoiding
demands or maintaining attention. In this context there has been a clear resistance to defining such
behaviour as ‘a mental disorder’. There remains an on-going tension between the biological and the
psychological: what might be innate, what might be a disorder of cerebral function, what is learnt,
and/or what is a consequence of factors in the physical and emotional environments that have shaped
and reinforced these behaviours [49]. These and other conceptual issues are complex enough when
applied to the typically developing population but can be even more problematic when it comes to
children and adults with neurodevelopmental disorders. However, a failure to address some of these
issues, as they apply to our understanding of mental health and behaviour disorders in children and
adults with neurodevelopmental disorders, such as PWS, hinders research, impairs the development
and trials of new and innovative treatments, and limits our ability to track a course from genotype to
behavioural phenotype.

4.3. Research Domain Criteria (RDC)

More recently a different perspective and conceptual framework, that of Research Domain
Criteria (RDC), has shifted the emphasis away from diagnoses using the DSM-5 system to linking
psychopathology to discoveries in genetics and neuroscience. In this conceptual framework behavioural
and psychiatric disorders are consider to arise as a consequence of disturbances in brain networks [50].
The system proposes five ‘domains’ to classify behaviour: negative valence, positive valence, cognitive
processes, social processes, and arousal/regulatory systems. Using non-suicidal self-injurious behaviour
as an example, it has been argued that diagnostic approaches fail as clinical characterisation does not
map directly onto brain mechanisms whereas Research Domain Criteria seek to do that—whether they
do is a matter for empirical study [51,52]. These different approaches, illustrated in Figure 3, each have
their strength and utility.

The main strength of the RDC is that it seeks to classify by underlying brain mechanisms, rather
than by lists of symptoms. In doing so it brings together psychological constructs, some of which
are familiar to the ABA approach (reinforcement, reward, etc.); what is known about the neural basis
of specific behaviours relevant to our understanding of PWS, such as hyperphagia (e.g., feeding
pathways projecting from the hypothalamus to frontal areas of the brain); and specific neural circuits
that underpin particular cognitions, such as executive functioning, the disruption of which may result
in impairments in such tasks as attention shifting, planning, etc. This is particularly relevant to genetic
syndromes, since a behaviour that is prevalent in and peculiar to a given syndrome must be directly or
indirectly (for example, by its effect on regional brain development) connected to the genetics of that
syndrome. Relevant to this approach, we note that in PWS functional proton emission tomography
(fPET) and functional magnetic resonance imaging (fMRI) have been used to study the hyperphagia [14],
attention switching as a trigger for temper outbursts [25], and skin picking behaviour [30].
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Figure 3. The genotype of the syndrome, as well as the background genetic and environmental effects,
cause abnormalities in brain development, leading to abnormalities in brain structure and/or function.
The top two boxes correspond to the diagnostic and applied behavioural analysis (ABA) approaches
and the pale blue box to the Research Domain Criteria (RDC) approach.

5. Conclusions

The purpose behind establishing a diagnosis and of the diagnostic process, in general, is to arrive
at an understanding of a particular syndrome, abnormal mental state, or behaviour. By accurately
defining these different conditions through history taking, observation, and investigation, it is possible
to compare with others who may have apparently similar conditions and to investigate causative
mechanisms and, ultimately, to develop and test treatments. We propose that this fundamental
proposition is still an appropriate clinical approach when it comes to neurodevelopmental syndromes,
such as PWS, but that it must be more nuanced and involve different layers and models of understanding.
The Research Domain Criteria takes this further and offers a different perspective seeking to link
genes, brain, and behaviour [52]. This approach, in attempting to map behaviour to brain function,
proposes using various neuroscience techniques to investigate the negative and positive valence of
specific behaviours, the involvement of reward and other brain circuits, the role of social and sensory
processing and underlying brain networks, and of the arousal systems of the brain. In order to develop
our understanding of challenging behaviour, the need is to investigate whether, within and between
groups of children and adults with different neurodevelopmental syndromes, specific aspects of the
behaviour can be seen to cluster together and whether such behaviour can be mapped to dysfunction
in particular neural systems, such as the reward circuits. What then are the key characteristics in the
history, when observing challenging behaviour, that are important and which might then guide our
understanding of mechanisms and ultimately of treatment?

We propose that:
Firstly, research needs to focus on the phenomenology of behaviours and mental states that

are observed in those with neurodevelopmental syndromes. In the case of PWS this includes the
hyperphagia, repetitive and ritualistic behaviours, temper outbursts, skin picking, and abnormal
mental states. In order to move closer to understanding the causative mechanism and to establishing
whether superficially similar behaviours across neurodevelopmental syndromes are likely to be similar
or different, these behaviours and abnormal mental states need to be described in two major domains.
One is the age of onset and course during development and over the lifetime. The other is an accurate
description of the phenomenology. In the case of hyperphagia in PWS, for example, it includes the
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observations that the onset is in early childhood and persists probably throughout life, the severity of
the behaviour and its consequences, the presence of food pre-occupations, food stealing, hoarding, etc.
Similarly, with skin picking it would include age of onset, topography, course and phenomenology,
and whether self-restraint is a feature. Detailed description would allow accurate comparisons of
apparently similar phenomena within and across neurodevelopmental syndromes and in the typically
developing population.

Secondly, the nature and clustering of the phenomenology and the observed behaviours and
their course through time should be examined and the question asked as to whether or not they meet,
or approximate to, established criteria for a known mental disorder. In the case of the repetitive
and ritualistic behaviours in PWS this would clearly indicate that they are different from those
observed in OCD, however, they are similar, but not identical, to those observed in people with autism
spectrum disorders [19]. Thus, as a working hypothesis such behaviours may be best considered as of
developmental origin rather than acquired during life. In contrast, the abnormal mental states that may
appear in the teenage years or early adult life, particularly, in those with the mUPD form of PWS, may
reasonably be called a psychotic illness even if it cannot be more narrowly defined as schizophrenia or
bipolar disorder [53].

Thirdly, these behaviours or observed abnormalities of mental state should be considered from
the perspective of causation. The question to be addressed is in essence which conceptual model of
understanding best accounts for what is observed (phenomenology) and for the age of onset and the
course over the lifespan. The models proposed are not mutually exclusive but we suggest that it is this
process that is critical to understanding and which leads to informed intervention. Syndrome specific
solutions may be required.

However, the approach put forward in the Research Domain Criteria is to ask the question:
can particular behaviours, such as hyperphagia, be mapped against known neural networks and
connections? By doing so, specific additional features in the history or on observation might be found
to clump together and might be considered to have a common underlying mechanism and respond to a
specific treatment. Such an approach will be informed by more detailed study using techniques such as
neuroimaging. In PWS fPET and fMRI have been used to study the hyperphagia [14], attention switching
as a trigger for temper outbursts [25], and skin picking behaviour [30]. This approach investigates
the cerebral signature (endophenotype) that specifically underpins the behaviour in question and
may well be able to determine whether similar behaviours across people with different syndromes
have similar mechanisms. Whether similar behaviours but clustering together with different clinical
features (e.g., self injurious behaviours with different topographies or with or without self restraint)
have different mechanisms. In PWS, the hyperphagia may be best considered as a developmental
abnormality characteristic of PWS that maps onto the functioning of the nuclei in the hypothalamus,
and the connections and projections between the hypothalamus and the cortex that map onto areas of
the brain that represent the conscious experiences of hunger and fullness. The repetitive and ritualistic
behaviours and temper outbursts may be seen as a consequence of a more general abnormality of
development resulting in poor emotional control and a low threshold for outbursts at minor real or
perceived challenges that map onto the central connections of the autonomic nervous system and the
limbic system. The abnormalities of the mental state, particularly observed in people with mUPD,
which are a consequence of the development of a co-morbid mental illness might map to particular
neural transmitter networks in the brain. For example, sensory processing is slower in those with
mUPD, as it is in people at high risk for schizophrenia [8] and levels of cerebral GABA have been found,
using magnetic resonance imaging (MRI), to be reduced in people with PWS [54]. One neuroimaging
study has mapped skin picking to those areas of the brain (R insula and L precentral gyrus) mediating
introceptive behaviours (itch and pain) [30].

In summary, we proposed that the diagnostic approach still has value in the identification of
specific co-morbidities that may present with behavioural changes. In addition, we suggest that the
Research Domain Criteria approach lends itself to the study of those behaviours, which severely impact



Genes 2019, 10, 1025 11 of 14

on a person’s life, where these behaviours are at present not easily categorised. Through an approach
similar to that of the diagnostic process, these behaviours should be classified on the basis of their
characteristics. This in turn may result in the identification of aetiologically distinct sub-groups of
superficially similar behaviours. These may map to different neural networks and by implication
will require different treatment approaches. The long-term aim is to be able to identify where specific
abnormalities of gene expression impact on brain development and functioning in a manner that
results in a recognisable and characteristic pattern—the behavioural phenotype of that syndrome.

Author Contributions: Main Argument, A.J.H.; PWS section, J.E.W.; Psychosis Section, L.C.S.A.

Funding: This research received no external funding.

Acknowledgments: We are grateful to Sam’s Foundation and to the Foundation for Prader-Willi Research for
funding our present research projects in PWS. We would also like to thank people with PWS who have helped
with this research and their families and others who have given so generously of their time.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. American Psychiatric Association. Task Force on DSM-V. In Diagnostic and Statistical Manual of Mental
Disorders: DSM-5; American Psychiatric Association: New York, NY, USA, 2013.

2. WHO. ICD10. In International Statistical Classification of Diseases and Related Health Problems; WHO: Geneva,
Switzerland, 2010.

3. Whittington, J.E.; Holland, A.J.; Webb, T.; Butler, J.; Clarke, D.; Boer, H. Population Prevalence and Estimated
Birth Incidence and Mortality Rate for People with Prader-Willi Syndrome in One UK Health Region. J. Med.
Genet. 2001, 38, 792–798. [CrossRef] [PubMed]

4. Vogels, A.; Van Den Ende, J.; Keymolen, K.; Mortier, G.; Devriendt, K.; Legius, E. Minimum prevalence, birth
incidence and cause of death for Prader–Willi syndrome in Flanders. Eur. J. Hum. Genet. 2003, 12, 238–240.
[CrossRef] [PubMed]

5. Smith, A.; Egan, J.; Ridley, G.; Haan, E.; Montgomery, P.; Williams, K.; Elliott, E. Birth Prevalence of
Prader-Willi Syndrome in Australia. Arch. Dis. Child. 2003, 88, 263–264. [CrossRef] [PubMed]

6. Diene, G.; Mimoun, E.; Feigerlova, E.; Caula, S.; Molinas, C.; Grandjean, H.; Tauber, M. Endocrine Disorders
in Children with Prader-Willi Syndrome—Data from 142 Children of the French Database. Horm. Res.
Paediatr. 2010, 74, 121–128. [CrossRef]

7. Höybye, C. Prader-Willi Syndrome; Nova Science: New York, NY, USA, 2013.
8. Aman, L.C.S.; Manning, K.E.; Whittington, J.E.; Holland, A.J. Mechanistic Insights into the Genetics of

Affective Psychosis from Prader-Willi Syndrome. Lancet Psychiatry 2018, 5, 370–378. [CrossRef]
9. Bittel, D.C.; Kibiryeva, N.; Butler, M.G. Expression of 4 Genes Between Chromosome 15 Breakpoints 1 and 2

and Behavioral Outcomes in Prader-Willi Syndrome. Pediatrics 2006, 118, e1276–e1283. [CrossRef]
10. Cassidy, S.B.; Schwartz, S.; Miller, J.L.; Driscoll, D.J. Prader-Willi syndrome. Genet. Med. 2012, 14, 10–26.

[CrossRef]
11. Dykens, E.M. Leisure Activities in Prader-Wlli Syndrome: Implications for Health, Cognition and Adaptive

Functioning. J. Autism Dev. Disord. 2014, 44, 294–302. [CrossRef]
12. Holland, A.J.; Treasure, J.; Coskeran, P.; Dallow, J.; Milton, N.; Hillhouse, E. Measurement of Excessive

Appetite and Metabolic Changes in Prader-Willi Syndrome. Int. J. Obes. Relat. Metab. Disord. 1993, 17,
527–532.

13. Shapira, N.A.; Lessig, M.C.; He, A.G.; James, G.A.; Driscoll, D.J.; Liu, Y. Satiety Dysfunction in Prader-Willi
Syndrome Demonstrated by FMRI. J. Neurol. Neurosurg. Psychiatry 2005, 76, 260–262. [CrossRef]

14. Hinton, E.C.; Holland, A.J.; Gellatly, M.S.N.; Soni, S.; Owen, A.M. An Investigation into Food Preferences
and the Neural Basis of Food-Related Incentive Motivation in Prader-Willi Syndrome. J. Intellect. Disabil. Res.
2006, 50, 633–642. [CrossRef] [PubMed]

15. Dykens, E.M.; Leckman, J.F.; Cassidy, S.B. Obsessions and compulsions in Prader-Willi syndrome. J. Child
Psychol. Psychiatry 1996, 37, 995–1002. [CrossRef] [PubMed]

http://dx.doi.org/10.1136/jmg.38.11.792
http://www.ncbi.nlm.nih.gov/pubmed/11732491
http://dx.doi.org/10.1038/sj.ejhg.5201135
http://www.ncbi.nlm.nih.gov/pubmed/14679397
http://dx.doi.org/10.1136/adc.88.3.263
http://www.ncbi.nlm.nih.gov/pubmed/12598399
http://dx.doi.org/10.1159/000313377
http://dx.doi.org/10.1016/S2215-0366(18)30009-9
http://dx.doi.org/10.1542/peds.2006-0424
http://dx.doi.org/10.1038/gim.0b013e31822bead0
http://dx.doi.org/10.1007/s10803-012-1462-7
http://dx.doi.org/10.1136/jnnp.2004.039024
http://dx.doi.org/10.1111/j.1365-2788.2006.00812.x
http://www.ncbi.nlm.nih.gov/pubmed/16901290
http://dx.doi.org/10.1111/j.1469-7610.1996.tb01496.x
http://www.ncbi.nlm.nih.gov/pubmed/9119946


Genes 2019, 10, 1025 12 of 14

16. Descheemaeker, M.J.; Govers, V.; Vermeulen, P.; Fryns, J.P. Pervasive developmental disorders in Prader-Willi
syndrome: The Leuven experience in 59 subjects and controls. Am. J. Med. Genet. A 2006, 140, 1136–1142.
[CrossRef] [PubMed]

17. Clarke, D.J.; Boer, H.; Whittington, J.; Holland, A.; Butler, J.; Webb, T. Prader-Willi Syndrome, Compulsive
and Ritualistic Behaviours: The First Population-Based Survey. Br. J. Psychiatry 2002, 180, 358–362. [CrossRef]
[PubMed]

18. Delorme, R.; Moreno-De-Luca, D.; Gennetier, A.; Maier, W.; Chaste, P.; Mössner, R.; Grabe, H.J.; Ruhrmann, S.;
Falkai, P.; Mouren, M.C.; et al. Search for Copy Number Variants in Chromosomes 15q11-Q13 and 22q11.2 in
Obsessive Compulsive Disorder. BMC Med. Genet. 2010, 11, 100. [CrossRef] [PubMed]

19. Greaves, N.; Prince, E.; Evans, D.W.; Charman, T. Repetitive and Ritualistic Behaviour in Children with
Prader-Willi Syndrome and Children with Autism. J. Intellect. Disabil. Res. 2006, 50, 92–100. [CrossRef]
[PubMed]

20. Flores, C.G.; Valcante, G.; Guter, S.; Zaytoun, A.; Wray, E.; Bell, L.; Jacob, S.; Lewis, M.H.; Driscoll, D.J.;
Cook, E.H.; et al. Repetitive Behavior Profiles: Consistency across Autism Spectrum Disorder Cohorts and
Divergence from Prader-Willi Syndrome. J. Neurodev. Disord. 2011, 3, 316. [CrossRef] [PubMed]

21. Dykens, E.M.; Roof, E.; Hunt-Hawkins, H.; Dankner, N.; Lee, E.B.; Shivers, C.M.; Daniell, C.; Kim, S.J.
Diagnoses and Characteristics of Autism Spectrum Disorders in Children with Prader-Willi Syndrome.
J. Neurodev. Disord. 2017, 9, 18. [CrossRef] [PubMed]

22. Evans, D.W.; Leckman, J.F.; Carter, A.; Reznick, J.S.; Henshaw, D.; King, R.A.; Pauls, D. Ritual, Habit, and
Perfectionism: The Prevalence and Development of Compulsive-like Behavior in Normal Young Children.
Child Dev. 1997, 68, 58–68. [CrossRef] [PubMed]

23. Holland, A.J.; Whittington, J.E.; Butler, J.; Webb, T.; Boer, H.; Clarke, D. Behavioral Phenotypes Associated
with Specific Genetic Disorders: Evidence from a Population-Based Study of People with Prader-Willi
Syndrome. Psychol. Med. 2003, 33, 141–153. [CrossRef]

24. Woodcock, K.; Oliver, C.; Humphreys, G. Associations between Repetitive Questioning, Resistance to Change,
Temper Outbursts and Anxiety in Prader-Willi and Fragile-X Syndromes. J. Intellect. Disabil. Res. 2009, 53,
265–278. [CrossRef] [PubMed]

25. Woodcock, K.A.; Humphreys, G.W.; Oliver, C.; Hansen, P.C. Neural Correlates of Task Switching in Paternal
15q11-Q13 Deletion Prader-Willi Syndrome. Brain Res. 2010, 1363, 128–142. [CrossRef] [PubMed]

26. Woodcock, K.A.; Oliver, C.; Humphreys, G.W. The Relationship between Specific Cognitive Impairment and
Behaviour in Prader-Willi Syndrome. J. Intellect. Disabil. Res. 2011, 55, 152–171. [CrossRef] [PubMed]

27. Manning, K.E.; McAllister, C.J.; Ring, H.A.; Finer, N.; Kelly, C.L.; Sylvester, K.P.; Fletcher, P.C.; Morrell, N.W.;
Garnett, M.R.; Manford, M.R.; et al. Novel Insights into Maladaptive Behaviours in Prader-Willi Syndrome:
Serendipitous Findings from an Open Trial of Vagus Nerve Stimulation. J. Intellect. Disabil. Res. 2015, 60,
149–155. [CrossRef]

28. Manning, K.E.; Beresford-Webb, J.A.; Aman, L.C.S.; Ring, H.A.; Watson, P.C.; Porges, S.W.; Oliver, C.;
Jennings, S.R.; Holland, A.J. Transcutaneous Vagus Nerve Stimulation (t-VNS): A Novel Effective Treatment
for Temper Outbursts in Adults with Prader-Willi Syndrome. PLoS ONE 2019, 14, e0223750. [CrossRef]

29. Feurer, D.; Dimitropoulos, A.; Stone, W.L.; Roof, E.; Butler, M.G.; Thompson, T. The Latent Variable Structure
of the Compulsive Behaviour Checklist in People with Prader-Willi Syndrome. J. Intellect. Disabil. Res. 1998,
42, 472–480. [CrossRef]

30. Hall, S.S.; Hustyi, K.M.; Chui, C.; Hammond, J.L. Experimental Functional Analysis of Severe Skin-Picking
Behavior in Prader-Willi Syndrome. Res. Dev. Disabil. 2014, 35, 2284–2292. [CrossRef]

31. Soni, S.; Whittington, J.; Holland, A.J.; Webb, T.; Maina, E.N.; Boer, H.; Clarke, D. The Phenomenology and
Diagnosis of Psychiatric Illness in People with Prader–Willi Syndrome. Psychol. Med. 2008, 38, 1505–1514.
[CrossRef]

32. Boer, H.; Holland, A.; Whittington, J.; Butler, J.; Webb, T.; Clarke, D. Psychotic Illness in People with Prader
Willi Syndrome Due to Chromosome 15 Maternal Uniparental Disomy. Lancet 2002, 359, 135–136. [CrossRef]

33. Soni, S.; Whittington, J.; Holland, A.J.; Webb, T.; Maina, E.; Boer, H.; Clarke, D. The Course and Outcome
of Psychiatric Illness in People with Prader-Willi Syndrome: Implications for Management and Treatment.
J. Intellect. Disabil. Res. 2007, 51, 32–42. [CrossRef]

34. Vogels, A.; Matthijs, G.; Legius, E.; Devriendt, K.; Fryns, J.-P. Chromosome 15 Maternal Uniparental Disomy
and Psychosis in Prader-Willi Syndrome. J. Med. Genet. 2003, 40, 72–73. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/ajmg.a.31235
http://www.ncbi.nlm.nih.gov/pubmed/16646032
http://dx.doi.org/10.1192/bjp.180.4.358
http://www.ncbi.nlm.nih.gov/pubmed/11925360
http://dx.doi.org/10.1186/1471-2350-11-100
http://www.ncbi.nlm.nih.gov/pubmed/20565924
http://dx.doi.org/10.1111/j.1365-2788.2005.00726.x
http://www.ncbi.nlm.nih.gov/pubmed/16403198
http://dx.doi.org/10.1007/s11689-011-9094-3
http://www.ncbi.nlm.nih.gov/pubmed/21881965
http://dx.doi.org/10.1186/s11689-017-9200-2
http://www.ncbi.nlm.nih.gov/pubmed/28592997
http://dx.doi.org/10.2307/1131925
http://www.ncbi.nlm.nih.gov/pubmed/9084125
http://dx.doi.org/10.1017/S0033291702006736
http://dx.doi.org/10.1111/j.1365-2788.2008.01122.x
http://www.ncbi.nlm.nih.gov/pubmed/18771510
http://dx.doi.org/10.1016/j.brainres.2010.09.093
http://www.ncbi.nlm.nih.gov/pubmed/20920489
http://dx.doi.org/10.1111/j.1365-2788.2010.01368.x
http://www.ncbi.nlm.nih.gov/pubmed/21199046
http://dx.doi.org/10.1111/jir.12203
http://dx.doi.org/10.1371/journal.pone.0223750
http://dx.doi.org/10.1046/j.1365-2788.1998.4260472.x
http://dx.doi.org/10.1016/j.ridd.2014.05.025
http://dx.doi.org/10.1017/S0033291707002504
http://dx.doi.org/10.1016/S0140-6736(02)07340-3
http://dx.doi.org/10.1111/j.1365-2788.2006.00895.x
http://dx.doi.org/10.1136/jmg.40.1.72
http://www.ncbi.nlm.nih.gov/pubmed/12525547


Genes 2019, 10, 1025 13 of 14

35. Vogels, A.; De Hert, M.; Descheemaeker, M.J.; Govers, V.; Devriendt, K.; Legius, E.; Prinzie, P.; Fryns, J.P.
Psychotic Disorders in Prader-Willi Syndrome. Am. J. Med. Genet. A 2004, 127, 238–243. [CrossRef] [PubMed]

36. Webb, T.; Maina, E.N.; Soni, S.; Whittington, J.; Boer, H.; Clarke, D.; Holland, A. In Search of the Psychosis
Gene in People with Prader-Willi Syndrome. Am. J. Med. Genet. Part A 2008, 146, 843–853. [CrossRef]
[PubMed]

37. Whittington, J.; Holland, A.; Webb, T.; Butler, J.; Clarke, D.; Boer, H. Cognitive Abilities and Genotype in a
Population-Based Sample of People with Prader-Willi Syndrome. J. Intellect. Disabil. Res. 2004, 48, 172–187.
[CrossRef] [PubMed]

38. Butler, M.G.; Bittel, D.C.; Kibiryeva, N.; Talebizadeh, Z.; Thompson, T. Behavioral Differences Among
Subjects With Prader-Willi Syndrome and Type I or Type II Deletion and Maternal Disomy. Pediatrics 2004,
113, 565–573. [CrossRef] [PubMed]

39. Curfs, L.M.G.; Wiegers, A.M.; Sommers, J.R.M.; Borghgraef, M.; Fryns, J.P. Strengths and Weaknesses in
the Cognitive Profile of Youngsters with Prader-Willi Syndrome. Clin. Genet. 1991, 40, 430–434. [CrossRef]
[PubMed]

40. Stauder, J.E.A.; Boer, H.; Gerits, R.H.A.; Tummers, A.; Whittington, J.; Curfs, L.M.G. Differences in Behavioural
Phenotype between Parental Deletion and Maternal Uniparental Disomy in Prader-Willi Syndrome: An ERP
Study. Clin. Neurophysiol. 2005, 116, 1464–1470. [CrossRef]

41. Salles, J.; Strelnikov, K.; Carine, M.; Denise, T.; Laurier, V.; Molinas, C.; Tauber, M.; Barone, P. Deficits in Voice
and Multisensory Processing in Patients with Prader-Willi Syndrome. Neuropsychologia 2016, 85, 137–147.
[CrossRef] [PubMed]

42. Lukoshe, A.; van den Bosch, G.E.; van der Lugt, A.; Kushner, S.A.; Hokken-Koelega, A.C.; White, T. Aberrant
White Matter Microstructure in Children and Adolescents With the Subtype of Prader–Willi Syndrome at
High Risk for Psychosis. Schizophr. Bull. 2017, 43, 1090–1099. [CrossRef] [PubMed]

43. Roalf, D.R.; de la Garza, A.G.; Rosen, A.; Calkins, M.E.; Moore, T.M.; Quarmley, M.; Ruparel, K.; Xia, C.H.;
Rupert, P.E.; Satterthwaite, T.D.; et al. Alterations in White Matter Microstructure in Individuals at Persistent
Risk for Psychosis. Mol. Psychiatry 2019, 24. [CrossRef] [PubMed]

44. Karbasforoushan, H.; Duffy, B.; Blackford, J.U.; Woodward, N.D. Processing Speed Impairment in
Schizophrenia Is Mediated by White Matter Integrity. Psychol. Med. 2015, 45, 109–120. [CrossRef]
[PubMed]

45. Freedman, R.; Coon, H.; Myles-Worsley, M.; Orr-Urtreger, A.; Olincy, A.; Davis, A.; Polymeropoulos, M.;
Holik, J.; Hopkins, J.; Hoff, M.; et al. Linkage of a Neurophysiological Deficit in Schizophrenia to a
Chromosome 15 Locus. Proc. Natl. Acad. Sci. USA 1997, 94, 587–592. [CrossRef] [PubMed]

46. Flint, J. Implications of Genomic Imprinting for Psychiatric Genetics. Psychol. Med. 1992, 22, 5–10. [CrossRef]
[PubMed]

47. Dykens, E.M. Anxiety, fears, and phobias in persons with Williams syndrome. Dev. Neuropsychol. 2003, 23,
291–316. [CrossRef]

48. Emerson, E. Challenging Behaviour: Analysis and Intervention in People with Learning Disabilities; Cambridge
University Press: New York, NY, USA, 2001; ISBN 0-521-40485-1.

49. Stein, D.J.; Phillips, K.A.; Bolton, D.; Fulford, K.W.M.; Sadler, J.Z.; Kendler, K.S. What Is a Mental/Psychiatric
Disorder? From DSM-IV to DSM-V. Psychol. Med. 2010, 40, 1759–1765. [CrossRef]

50. Sanislow, C.A.; Pine, D.S.; Quinn, K.J.; Kozak, M.J.; Garvey, M.A.; Heinssen, R.K.; Wang, P.S.E.; Cuthbert, B.N.
Developing Constructs for Psychopathology Research: Research Domain Criteria. J. Abnorm. Psychol. 2010.
[CrossRef]

51. Westlund Schreiner, M.; Klimes-Dougan, B.; Begnel, E.D.; Cullen, K.R. Conceptualizing the Neurobiology of
Non-Suicidal Self-Injury from the Perspective of the Research Domain Criteria Project. Neurosci. Biobehav.
Rev. 2015, 57, 381–391. [CrossRef]

52. Cuthbert, B.N.; Insel, T.R. Toward the Future of Psychiatric Diagnosis: The Seven Pillars of RDoC. BMC Med.
2013, 11, 126. [CrossRef]

http://dx.doi.org/10.1002/ajmg.a.30004
http://www.ncbi.nlm.nih.gov/pubmed/15150773
http://dx.doi.org/10.1002/ajmg.a.32212
http://www.ncbi.nlm.nih.gov/pubmed/18324689
http://dx.doi.org/10.1111/j.1365-2788.2004.00556.x
http://www.ncbi.nlm.nih.gov/pubmed/14723659
http://dx.doi.org/10.1542/peds.113.3.565
http://www.ncbi.nlm.nih.gov/pubmed/14993551
http://dx.doi.org/10.1111/j.1399-0004.1991.tb03114.x
http://www.ncbi.nlm.nih.gov/pubmed/1778005
http://dx.doi.org/10.1016/j.clinph.2005.02.019
http://dx.doi.org/10.1016/j.neuropsychologia.2016.03.015
http://www.ncbi.nlm.nih.gov/pubmed/26994593
http://dx.doi.org/10.1093/schbul/sbx052
http://www.ncbi.nlm.nih.gov/pubmed/28510708
http://dx.doi.org/10.1038/s41380-019-0360-1
http://www.ncbi.nlm.nih.gov/pubmed/30723287
http://dx.doi.org/10.1017/S0033291714001111
http://www.ncbi.nlm.nih.gov/pubmed/25066842
http://dx.doi.org/10.1073/pnas.94.2.587
http://www.ncbi.nlm.nih.gov/pubmed/9012828
http://dx.doi.org/10.1017/S0033291700032669
http://www.ncbi.nlm.nih.gov/pubmed/1533465
http://dx.doi.org/10.1080/87565641.2003.9651896
http://dx.doi.org/10.1017/S0033291709992261
http://dx.doi.org/10.1037/a0020909
http://dx.doi.org/10.1016/j.neubiorev.2015.09.011
http://dx.doi.org/10.1186/1741-7015-11-126


Genes 2019, 10, 1025 14 of 14

53. Bartolucci, G.; Younger, J. Tentative Classification of Neuropsychiatric Disturbances in Parader-Willi
Syndrome. J. Intellect. Disabil. Res. 1994, 38, 621–629. [CrossRef]

54. Rice, L.J.; Lagopoulos, J.; Brammer, M.; Einfeld, S.L. Reduced gamma-aminobutyric acid is associated with
emotional and behaviour problems in Prader-Willi syndrome. Am. J. Med Genet Part B Neuropsychiatr. Genet.
2016, 171, 1041–1048. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/j.1365-2788.1994.tb00463.x
http://dx.doi.org/10.1002/ajmg.b.32472
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Prader-Willi Syndrome (PWS) 
	The Behavioural Phenotype of PWS 
	Genetically Determined Neurodevelopmental Syndromes 
	Diagnostic Criteria 
	Applied Behavior Analysis 
	Research Domain Criteria (RDC) 

	Conclusions 
	References

