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Development, cognition, and behaviour in Pitt—Hopkins syndrome
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AIM The aim of the study was to collect detailed data on behavioural, adaptive, and psychological
functioning in 10 individuals with Pitt—-Hopkins syndrome (PTHS), with specific attention to mani-
festations of autism spectrum disorder (ASD).

METHOD The participants (four females, six males), residing in the Netherlands and Belgium,

ABBREVIATIONS
ASD  Autism spectrum disorder
PTHS  Pitt—Hopkins syndrome

were ascertained through the Dutch national PTHS support group. Median age of participants was
10 years, the age range was between 32 and 289 months. They underwent psychiatric examina-
tions and neuropsychological measurements using a comprehensive assessment battery. Addi-

tionally, parental information was gathered through standardized interviews and questionnaires.

Findings were compared with those from the literature.

RESULTS All participants showed profound intellectual disability, amiable demeanour with mini-
mal maladaptive behaviours, severe impairments of communication and language, and intense,
frequent motor stereotypies. Impairments in all participants were beyond what would be expected
for cognitive abilities, fitting a classification of ASD.

INTERPRETATION Patients with PTHS are characterized not only by specific physical and genetic
manifestations but also by specific behavioural and cognitive characteristics. Studying behaviour
and cognition may improve diagnosis and prognosis, allows recognition of comorbidities, and
contributes to adequate counselling of families.

Pitt—Hopkins syndrome (PTHS) is characterized by intellec-
tual disability, distinctive facial characteristics, breathing
abnormalities, and repetitive behaviours. It is caused by
genetic deletions/mutations resulting in 7CF4 haploinsuffi-
ciency. To date, some 66 patients with confirmed 7CF4
changes have been studied worldwide, mainly investigating
somatic and genetic aspects.

Early descriptions of PTHS in individuals with intellectual
disability emphasized an abnormal breathing pattern, distinc-
tive facial features, and postnatal microcephaly. Further defini-
tion of the PTHS phenotype in later publications included
severe developmental delays in motor and speech/language
development, episodic diurnal hyperventilation with apnoea,
and frequent epilepsy.'” Three causes of PTHS have been
identified. The dominant form of PTHS is caused by dele-
tions/mutations in Transcription Factor 4 (ICF4) on chromo-
some 18 at 18q21.5'* Recessive forms of a PTHS-like
disorder are caused by mutations in NeuReXiN1 (NRXNI) on
chromosome 2 and CoNTuctiN Associated Protein-like 2 (CNT-
NAP2) on chromosome 7.1

As studies of the syndrome have accumulated, it has
become clear that not all individuals with molecularly con-
firmed alterations show intermittent overbreathing. Most
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studies of individuals with PTHS have reported severe devel-
opmental delay and intellectual disability, motor abnormali-
des (late or absent walking, repetitive movements of hands
and head), and behavioural traits such as autistic symptoms; a
quiet, friendly disposition in most cases, and in other cases
sudden aggression towards others in association with sudden
changes in daily routine. Some of these behaviours may be
consistent with the definition of an autism spectrum disorder
(ASD).''"1315 To our knowledge there have been no investi-
gations of cognition, behaviour, and autism in PTHS to date.
Here we report an exploratory investigation of behaviour,
adaptive, and cognitive functioning in 10 individuals with
molecularly confirmed classic PTHS, with the specific aim of
exploring the hypothesis that PTHS may be characterized by
differing degrees of severity of ASD.

METHOD

Participants

The parents of 10 individuals with PTHS were recruited
through the Dutch PTHS Family Association. The associa-
tion knows of 21 individuals with PTHS; participation in the
study was determined on the basis of the distance between the
family residence and the research centre, and the availability of
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the family within the time-frame of the study. The study
group consisted of four females and six males residing in the
Netherlands and Belgium; seven were born between 1998 and
2008, and three between 1987 and 1991. All had a molecularly
confirmed 7CF4 mutation. All parents gave written informed
consent, and the central Medical Ethical Review Committee
(Mental Health) gave permission to perform the study.

Test Instruments

All participants were examined by the same child psychiatrist
(IvB) and neuropsychologists (PJV, MF). The child psychia-
trist is experienced in assessing individuals with autism and
other developmental disabilities.*”!” In-person interviews with
parents were used to assess past and current development, and
functioning for the domains communication, (adaptive) behav-
iour, and social-emotional development. Parents were invited
to provide further information through a standardized ques-
tionnaire assessing emotional and behavioural problems.

Bayley Scales of Infant Development (BSID-I)

Mental and motor functioning was assessed using the Dutch
version of the Bayley Scales of Infant Development, 2nd
edition (BSID-II),'® with Dutch norms, for developmental
ages between 0 and 48 months. The BSID-II is considered a
reliable and valid instrument.'” The raw scores on the motor
and mental scales were converted into age-equivalents to
determine level of motor and mental functioning.

Autism Diagnostic Interview — Revised

In addition to an in-person psychiatric examination of all par-
ticipants by an experienced child psychiatrist, one or both par-
ents of eight children were interviewed using the Autism
Diagnostic Interview-Revised (ADI-R);*! the parents of two
participants could not be interviewed for practical reasons.
The ADI-R is considered a reliable and valid instrument.””**
The ADI-R is a semi-structured diagnostic interview designed
to elicit developmental information, a history focused on
autism-specific criteria, and information on actual behaviour as
manifested in the child’s daily life. The instrument carries
the risk of overclassification of autism when used in the
assessment of individuals whose mental age-equivalent is less
than 24 months. The severity of intellectual disability associ-
ated with PTHS demands that ADI-R results should be inter-
preted with great caution, but we considered the ADI-R a
useful tool to establish a developmental history, collect data
on current behaviours, and supplement the in-person psychiat-
ric and psychological assessments of the participants. Indeed
the ADI-R has previously been used with individuals function-
ing below a mental age of 24 months, as there is a dearth of
adequate instruments available for individuals with intellectual
disability and possible comorbid ASD.'”-**

Vineland Adaptive Behaviour Scales

The Vineland Adaptive Behaviour Scales — Survey Form
(VABS) was used to assess personal and social self-suffi-
ciency.”’ The VABS measures the level of adaptive function-
ing with regard to communication, daily living skills, and
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What this study adds

e The first investigation of cognition, behaviour, and autism in individuals with
Pitt—Hopkins syndrome (PTHS).

o Assessments showed that individuals with PTHS have very low cognitive abili-
ties, and social, communication, and behavioural impairments, beyond those
expected for their cognitive abilities.

o The PTHS phenotype may include autism spectrum disorder, of varying degrees
of severity.

socialization. These measures provide an overall adaptive
composite score, allowing for a classification in adaptive levels.
The VABS has good psychometric properties.”®

Decile scores were also determined. These scores are likeli-
hood assertions concerning the level of cognitive functioning
based on a Dutch sample (2=826) of children between the ages
S years and 18 years with an 1Q <70.2¢

Developmental Behaviour Checklist

The Developmental Behaviour Checklist-Primary Carer
(DBC-P) for the children and the Developmental Behaviour
Checklist for Adults (DBC-A) for those above 18 years were
used to assess behavioural and emotional problems. The
DBC-P is a 96-item checklist specifically developed to assess a
broad range of behavioural and emotional problems in indi-
viduals with intellectual disability.”’” Parents rate items on a
three-point scale. The DBC-P is considered reliable and has
been validated in a large sample of Dutch children with intel-
lectual disability.””*® The DBC-A is a 107-item instrument
with similar properties but suited for adults. The question-
naire is completed by someone who knows the person well.
The DBC-A has acceptable reliability, good validity, and satis-
factory psychometric properties.

RESULTS

The results of the present clinical study include narrative
descriptions of individual child psychiatric assessments and
clinical observations of interaction, communication and
behaviour. These are presented in the Appendix SI (support-
ing information published online), while summarized findings
from clinical assessments, measurements of cognitive and
adaptive functioning, assessments of past and current develop-
ment, and assessments of behavioural and emotional problems
are described here.

Clinical Assessments

These showed that without exception, all participants made
repetitive hand and/or finger movements (e.g. flapping, twist-
ing, waving or flicking hands and/or fingers repetitively). Nine
participants repetitively fiddled with toys or other items by
spinning, twiddling, banging, tapping, twisting, or flicking
them repeatedly and showed a fascination with a specific
object or part of the object. Six participants enjoyed playing
repetitively with the same toy, listening to the same music,
or watching the same video/DVD repeatedly. Examinations
further showed that nine of the participants were non-verbal
or produced very few words, while breathing abnormalities
were present in six and ranged from overbreathing and
breath-holding spells to gasping or sighing. Aggression



towards self is present in five participants and towards others
in four. Most participants exhibited an amiable demeanour,
but also showed high levels of self-absorption and difficultes
in engaging socially. The parents of five participants noted dif-
ficultdes when changes in the routine occurred. None of the
participants would become upset at minor changes in the
home or to objects, none insisted on wearing the same clothes
or arranged toys in rows or patterns. These behaviours have
not been reported in previous publications.

Bayley Scales of Infant Development (BSID-1)

The scores for mental age and motor development as mea-
sured using the BSID-II are shown in Figure 1. As partici-
pants had severe intellectual disability and a chronological
age above the norms of the BSID-II, only age-equivalent
scores are shown and no standard scores. The chronological
age of the participants lies between 32 and 289 months and
the developmental age between 3.5 months and 15 months
for the mental scale and between 4 months and 19 months
for the motor scale. With the exception of one young child,
all participants performed better on the motor scale than on
the mental scale.

Autism Diagnostic Interview — Revised (ADI-R)

Participants 2 and 5 were not measured. The ADI-R items
scores on the three domains, social skills and play, communi-
cation (verbal and non-verbal), and behavioural abnormalities,
showed the following results.

Participants exhibited the highest scores, well above the
cut-off level, on the domain of social interactions and play.
Eight participants scored at or above the cut-off level on
both the social and communication domains. Participants 6
and 10 did not score above the cut-off on the behavioural
domain. These ADI-R scores in themselves should not be
interpreted as conclusive of autism or indicative of symptom
severity, especially as mental age-equivalents in this group

were lower than the minimum developmental level described
in the ADI-R manual. However, they add to and corrobo-
rate other findings.

Vineland Adaptive Behaviour Scales (VABS)

VABS results (Fig. 2) were determined with age-equivalent
scores. Only the eldest participants performed beyond a devel-
opmental age of 20 months. The domains of daily living skills
and communication appear to be relative strengths, with
weaker functoning in the domain of socialization. It also
seems that with increasing age very little progress in adaptive
functioning is accomplished.

The decile scores in the present study showed a very pro-
found intellectual disability in seven of eight participants and
profound disability in one participant (participant 3). In the
case of participants 1 and 2, their young age prevented calcula-
tion of a decile score. The three participants older than
18 years (participants 8, 9, and 10) were categorized as cate-
gory 1 (lowest category), although they fell outside the last age
range of 14 to 18 years. However, because they are older and
fall within category 1, it is unlikely that we are underestimat-
ing their cognitive functioning.

Developmental Behaviour Checklist (DBC)
The DBC assessment revealed two participants (participants 6
and 10) with scores above the clinical cut-off level for problem
behaviours for age group (Fig. 3). Clinical cut-off scores for
the age group below 18 years (46) and for the age group above
18 years (51) are shown in Figure 3 as separate dotted lines.
Total problem behaviour in participant 6 was caused by a high
score on the Self-Absorbed scale, whereas participant 10
scored highly on the Communication Disturbance and
Disruptive Behaviour scales.

All participants had high scores for self-absorption. Five of
the seven participants below 18 years scored just above thresh-
old on the DBC Autism Screening Algorithm. This algorithm
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Figure 1: Developmental level of mental and motor functioning, measured by the Bayley Scales of Infant Development (BSID), compared with chrono-

logical age.
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Figure 2: Developmental level on the three domains and total adaptive behaviour score of the Vineland Adaptive Behaviour Scales compared with chrono-

logical age.
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Figure 3: Total problem behaviour scores and autism algorithm scores with their cut-off lines measured with the Developmental Behaviour Checklist (DBC).

is not available for adults using the Developmental Behaviour

Checklist for Adults.

DISCUSSION
This is the first study of development, cognition, and behav-
iour in classic PTHS. The results of this exploratory study
show that all participants share (very) profound intellectual
disability, severe impairments in social interactions, severe
impairments in communication and language, and highly fre-
quent, intense stereotyped behaviour consisting primarily of
repetitive hand and finger flapping/twisting and/or rocking.
Table I compares frequently reported features of 7CF4 dele-
tions and mutations with our findings in the present study.
We have previously assessed cognition, behavioural pheno-
type, and autism in Marshall-Smith syndrome (MSS), a very
rare entity characterized by failure to thrive, developmental
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delay, abnormal bone maturation, and a characteristic face. In
comparison with the MSS study with a similar methodology,'”
the findings in the present study indicate that in classic PTHS
the behavioural phenotype is clearly similar to behaviours seen
in ASD. This can be noted not only in the difficulties in
engaging and communicating with others, but also in the
much higher occurrence and level of severity of repetitive
motor stereotypies, repetitive play and fascination with specific
objects, and difficulties with changes in daily activities or rou-
tines. The motor stereotypies in our study are also more pre-
valent than reported in several genetic studies of PTHS (see
Table I), suggesting that these behaviours may be less recog-
nized as a distinct characteristic of PTHS.

Higher levels of repetitive motor behaviours may be
explained by the lower levels of adaptive and cognitive skills
found in our participants, or may be part of a phenotype of



Table I: Summary of published features compared with our study

Published cases

with proven TCF4
6-11,13,14,30-35

Published cases
with proven

TCF4 mutations® 1713143035 Present study

deletions
Total number of cases 17
Sex male/female, n 8/9
Severe intellectual disability, % 82
Language development, %

Non-verbal 77

Babbles/single words 12
Motor development, %

Unassisted walking 24
Happy temperament, % 59
Behaviour, %

Self-injury 12

Agitation/anxiety 6

Aggression towards others 6

Stereotypies of hands or fingers 59

Stereotypies rocking trunk/body 29

Stereotypies unspecified

Insistence on sameness

Repetitive play and/or fiddling with objects/toys

Fascination with specific objects/parts of objects
Breathing abnormalities, % 35
Epilepsy, % 29
Hearing abnormalities, %
Eyes/vision, %

Nystagmus/astigmatism 29
Strabismus 59
Myopia 59

49 10
24/25 6/4
100 100
92 80
8 10
29 40
88 90
8 50
6
4 40
39 100
20 60
16
50
90
90
71 60
39 10
10
10
49
41 20

ASD, especially when occurring together with other behaviours
such as impairments in social interaction and communication,
repetitive play, fascination with specific objects, and insistence
on daily routines, such as was the case in our sample. Severity of
intellectual disability is considered a risk factor for difficultes
in communication and social interactions, sometimes resulting
in behavioural problems.*®*” Previous publications have
emphasized the increased vulnerability to comorbid psychopa-
thology to which individuals with developmental disability are
prone.*® Comorbidities associated with intellectual disability
include a high prevalence of epilepsy and behavioural, psychiat-
ric, and sensory disorders. Higher prevalence and severity of
comorbid disorders is closely related to lower levels of intellec-
tual functioning. In addition, when intellectual disability is
highly prevalent in one specific diagnostic group, clinician
expectation of an individual’s developmental potential may be
biased. This fact, combined with the lack of suitable instru-
ments for measuring severe intellectual disability and associated
behavioural problems, may prevent more thorough evaluations
of cognitive and adaptive functioning in both clinical and
research settings.’” In the study of genetic syndromes, differen-
tating between deficits related to intellectual disability with
severe developmental delay and deficits related to autism
remains difficult.”®*

Phenotypic overlap with comparable impairments in social
communication in autism, and in intellectual disability and
schizophrenia may be caused by impaired filtering and infor-
mation processing at brain level, and by atypical responsive-
ness to social and learning environments at behavioural level.
Communication, social interaction, and learning in humans is

determined by speech and language abilities, by the capacity
to imitate and to understand the intent of the another person,
and by non-verbal expressions such as eye gaze, joint atten-
tion, facial expressions, gestures, and postures.*"* Language
plays an important role in understanding social interactions,
which is part of social cognition. Social cognition, in turn, is
necessary to acquire language, and it includes the capacity to
follow the another person’s gaze to objects of interest, imi-
tate, and understand the meaning of another person.*' In our
sample of individuals we found very low levels of cognitive
ability and many behaviours similar to autism, such as severe
impairments in communication and language, difficulties in
social engagement, fascinations with specific objects, and very
frequent and intense motor stereotypies. In contrast with this
is the fact that we also found that nine out of 10 of the par-
ticipants had a happy temperament, as was previously
reported in studies of classic PTHS. However, we found that
this seemed to be more indicative of a mostly contented state
and did not necessarily indicate intent to interact socially.
We found that the quality and intensity of social, communi-
cation, and behavioural difficulties in our sample were
beyond what would be expected for these individuals’ very
low cognitive level and therefore cannot be readily explained
by it. We conclude that ASD, of varying severity, may be part
of the phenotype of classic PTHS.

Many studies have shown that although a particular genetic
variation may be the same, the behavioural outcome is not neces-
sarily completely predictable. Behaviour will also be influenced
by interactions within social and learning environments and by
reactions from that environment to the individual’s tempera-
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ment, external features, and neuropsychological deficits. Study-
ing phenotypes of rare and ultra-rare genetic syndromes associ-
ated with severe intellectual disability has made it clear that,
although individual outcomes may arise from genetic differ-
ences, the expression of genes affecting structure, development
and function of the brain is also influenced by the interplay
between genes, learning, and social context, and too much
emphasis on biological determinants should be avoided.™**

Strengths and limitations of the present clinical study

The major strengths of our study are that participants consti-
tuted a diagnostically homogeneous group with a diagnosis of
PTHS caused by TCF4 alterations, that all participants were
directly assessed through individual psychiatric examinations
and a robust, comprehensive battery of tests, and that they had
a wide (chronological) age distribution, which allowed assess-
ments from toddlerhood to young adulthood. Nonetheless,
the following limitations of the study also need to be consid-
ered. First, our sample of 10 participants is relatively small,
although it could be considered substantial in light of the rar-
ity of the syndrome. Second, the lack of suitable instruments
to measure cognitive functioning directly in individuals with
severe intellectual disability required an a priori judgement of
approximate cognitive level through clinical psychiatric assess-
ment. In our study, all participants scored within developmen-
tal levels that could be measured by our instrument of first
choice (Bayley Scales), and the use of another instrument was
not necessary. Similarly, it should be noted that use of the
ADI-R to assess individuals whose mental age-equivalent is
below a developmental level of 24 months carries the risk of
over-classification of autism. However, in this study the results
of the ADI-R were used to add to other data collected through
individual psychiatric assessments, informant reports, and
individualized standardized testing. Third, potental con-
founders include the facts that recruitment of potential partici-
pants was constrained by geography (distance between family
residence and research centre) and by availability of families
within the time-frame of the study.

Conclusion
This first exploratory study of cognition and behaviour in
classic PTHS shows (very) profound intellectual disability,
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