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Introduction

The deletion or mutation of one copy of the TCF4 gene, located 
on the long arm of the 18th chromosome, causes Pitt Hopkins syn-
drome (PTHS) - a rare genetic condition thought to affect approxi-
mately one in 35,000 births [1]. The syndrome is characterised by 
significant developmental delay, breathing difficulties, seizures, 
gastrointestinal issues, a lack of speech and distinctive facial fea-
tures [1-3]. Ataxia and hypotonia are common, and most develop-
mental milestones are significantly delayed, with the average age 
of walking four to six years of age [1]. Those with PTHS have been  

 
reported to display many of the symptoms commonly associated 
with Autism Spectrum Disorder (ASD) such as sensory issues, ste-
reotypic movements, anxiety and difficulty adapting to changes 
in daily routine. Communication profiles vary widely, with some 
parents and caregivers reporting mainly non-verbal communica-
tion through gesturing, eye contact, noises and facial expressions.

Cohort studies have shown that common PTHS traits, such as 
poor communication skills, severe intellectual disability and ASD 
traits, increase the risk of challenging behaviour [4,5]. However, 
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whereas hypotheses regarding the biological aetiology of chal-
lenging behaviour in people with chromosome 18 disorders have 
been tentatively explored in the literature, the communicative 
function served by the observed behaviours have not previously 
been investigated [2], and as a result, the relationship between 
PTHS and the function of challenging behaviours remains unclear. 
Understanding function is an important step in ensuring the ef-
ficacy of subsequent interventions designed to reduce challeng-
ing behaviour [6], and whilst this is usually individually assessed 
using techniques such as applied behaviour analysis, developing 
a preliminary understanding of whether there is a behavioural 
phenotype associated with PTHS that includes a common or more 
prominent function of behaviour is a useful step towards the pos-
sibility of interventions more specifically tailored to this subset of 
chromosomal disorders.

The relationship between chromosome 18 disorders and their 
impact on family functioning has also been neglected in the litera-
ture, although the relationship between some of the common fea-
tures of chromosomal disorders in general (e.g., physical, motor, 
psychiatric and developmental impairments) have been shown to 
significantly contribute to family strain [7,8], impacting domains 
as diverse as finances, relationships and individual wellbeing. For 
example, the parents of children with pervasive developmental 
disorders are more likely to develop symptoms commonly associ-
ated with depression, lowering their confidence in their parenting 
role [8,9]. Parents’ personal strain is also influenced by their level 
of worry about the future [10,11]; parents have reported being 
worried about being able to care for their child when they became 
an adult, and the quality of life they would have, but also about 
their child’s development, their employment opportunities and 
their ability to adapt to adulthood [10,11]. The financial strain 
associated with managing the physical and mental health conse-
quences of chromosomal disorders can also be significant, as can 
the impact on the ability of parents to balance the care require-
ments of their child with employment [11,12].

The aim of this study was to explore whether the deletion of 
the TCF4 gene significantly impacted challenging behaviour and 
family functioning over and above the levels experienced by a ref-
erence group of people with similar damage to the long arm of 
the 18th chromosome but where the TCF4 gene remains intact. It 
was hypothesised that TCF4 gene deletion (PTHS) would lead to 
greater levels of challenging behaviour and have a greater impact 
on family functioning than those in the reference group. Specific 
hypotheses about the function of behaviour were not made, with 
this aspect of the research considered exploratory.

Method

Design 

Participants were recruited from the Chromosome 18 Clinical 
Research Centre’s ongoing longitudinal study of individuals with 

chromosome 18 abnormalities. Participants enter the main study 
by providing diagnostic information relating to their chromosome 
18 abnormality and by undergoing detailed genetic testing [9]. 
They are also offered an opportunity to participate in ongoing re-
search projects, of which the current study is one example.

Materials

Type and severity of challenging behaviour was assessed us-
ing the Aberrant Behaviour Checklist (ABC; [13] - a 58-item ques-
tionnaire with 5 sub-scales: Hyperactivity, Inappropriate Speech, 
Social Withdrawal, Irritability and Stereotypy. An extra subscale 
assessing Self-injury was created by totalling items 2, 50, 52, fol-
lowing Ji, Capone, & Kaufmann [14]. Items are scored on a 4-point 
Likert scale, with higher scores indicative of higher levels of chal-
lenging behaviours. 

The hypothesised function of each participant’s challenging 
behaviour was assessed using the Questions about Behavioural 
Function (QABF; [15]) - a 25-item questionnaire that consists of 
5 sub-scales: Attention, Escape, Non-social, Physical and Tangi-
ble. Items are scored on a 4-point Likert scale, with higher scores 
indicating which function is considered most probable for each 
participant. 

The family impact of caring for someone with chromosome 18 
abnormalities was assessed using the Impact on Family Scale [16] 
- a 24-item questionnaire with 4 subscales measuring various 
components of family life (Finances, Social Relationships, Person-
al Strain and Mastery). Items are scored on a 4-point Likert scale, 
with higher scores indicating greater levels of (negative) impact.

Participants 

Ten participants with PTHS (Mage=14.9, SD=10) were identi-
fied and compared to 10 TCF4-intact reference group individuals 
(Mage=18, SD=7.7) with breakpoint deletions as close distally to 
the TCF4 gene as possible (location C18 21.2, following Hasi et 
al, [2]; see Figure 1). Individuals with both interstitial and termi-
nal breakpoint deletions were included in the study due to recent 
findings that suggest no significant difference in behavioural func-
tioning between these two groups [2]. Individuals with multiple 
chromosomal abnormalities were excluded.

Procedure

The research was approved by the research ethics committees 
of the two universities involved in the study. Families of young 
people with chromosome 18 abnormalities who had consented 
to be part of the Chromosome 18 Clinical Research Center’s lon-
gitudinal study were contacted via email. Informed consent was 
re-obtained prior to their participation.

Scoring and analysis 

All participants included in the analysis provided complete 
data. ABC scores were reduced to 100 to facilitate comparisons. 
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Kolmogorov-Smirnov and Shapiro Wilks statistics indicated that 
the data did not follow a normal distribution and a Mann-Whitney 
U test was used to assess between-group differences. The differ-
ence between mean ranks was interpreted due to the unequal dis-
tribution of score values between the two groups and asymptotic 
p values were analysed to allow correction for ties [17]. Effect 

sizes were calculated using partial eta squared [18]. Reliability 
analysis showed the ABC, QABF and IOFS had sound internal con-
sistency, with Cronbach alphas ranging from 0.75 to 0.92. All anal-
yses were completed using the IBM Statistical Package for Social 
Science (SPSS) Version 26.0.

Figure 1: Chromosomal ideogram of PTHS and refence group participants.

Results

The demographic characteristics of the sample are sum-
marised in table 1. Contrary to expectations, few significant dif-
ferences in the type and severity of challenging behaviour be-
tween those with PTHS and the reference group were observed, 
and those that were noted did not occur in the predicted direction. 
The reference group were reported to have greater levels of inap-
propriate speech (Mdn=12.5) than the PTHS group (Mdn = 0; U = 
21.5, z = -2.364, p = .018, ŋ2

p -.5) and irritability (reference group 

Mdn =14.4, PTHS Group Mdn = 3.3; U = 21, z = -2.209, p = .027, ŋ2
p 

-.5). Social attention was observed to be a more likely function for 
challenging behaviour in the reference group (Mdn = 2.5) than the 
PTHS group (Mdn = 0; U =25.5, z = -2.029, p = 0.042, ŋ2

p -.5), as 
were escape (Reference group Mdn = 9.0, PTHS Mdn = 0 ; U =9.50, 
z = -3.212, p = 0.001, ŋ2

p -.7), and physical discomfort (Reference 
Mdn =3.0 , PTHS Mdn =0; U =22.5, z = -2.278, p = 0.023, ŋ2

p -.5). No 
significant differences were observed between the two groups on 
any of the Impact on Families subscales. 

Table 1: Demographic characteristics of the PTHS and reference group.

Participant PTHS Group (n=10) Reference Group (n=10)

 Age Gender Living arrangements Age Gender Living arrangements

1 21 Male With parents / carers 15 Male With parents / carers

2 14 Female With parents / carers 19 Female With parents / carers

3 19 Female With parents / carers 5 Female With parents / carers

4 14 Female With parents / carers 7 Male With parents / carers

5 9 Male With parents / carers 13 Male With parents / carers

6 13 Female With parents / carers 9 Male With parents / carers

7 12 Female With parents / carers 12 Male With parents / carers

8 17 Male With parents / carers 5 Female With parents / carers

9 35 Female In accommodation service 31 Female In accommodation service

10 26 Male Semi-independent, with parents 33 Female With parents / carers
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As eight of the 10 PTHS participants were noted to be young 
people aged 21yrs and under, a separate analysis was undertaken 
comparing these participants (Mage=10.6, SD=5.0) to eight par-
ticipants aged 21yrs and under from the refence group (Mage = 
14.9, SD=3.9) most closely matched for chromosomal breakpoint. 
Contrary to expectations, inappropriate speech was significantly 
higher in the reference group (Mdn=12.5) than the PTHS group 
(Mdn=0; U = 10.0, z = -2.555, p = 0.011, ŋ2

p -.6); all other differenc-
es on the ABC were non-significant. Furthermore, the presence 
(reference group) or absence (PTHS group) of the TCF4 gene only 
appeared to influence one aspect of the function of challenging 
behaviour; Escape was observed to be more likely in participants 
in the reference group (Mdn = 7.0; U = 6.00, z = -2.919, p = 0.004, 
ŋ2

p -.7) than the PTHS group (Mdn = 0). All other differences were 
non-significant. Finally, no significant differences were observed 
between the two groups on any of the Impact on Families sub-
scales.

Discussion

Contrary to expectations, those with PTHS were found to have 
lower levels of challenging behaviour than a TCF4-intact reference 
group matched for the proximity of chromosomal breakpoint. The 
hypothesised function of behaviour varied between the groups, 
but no differences in the impact on family functioning were ob-
served. 

Whilst further research is needed to explore and validate 
these findings, they may reflect one of the general conceptions of 
people with PTHS as being friendly and non-aggressive [19,20], 
despite the syndrome’s close association with factors that typi-
cally correlate with higher levels of challenging behaviour (such 
as lower intellectual functioning and poor communication skills). 
In addition, young people with PTHS are generally thought to be 
non-verbal [2]; many of the items on the ABC that relate to the 
Inappropriate Speech subscale refer to speaking and the use of 
inappropriate words rather than more general vocalisations, po-
tentially artificially deflating the score. 

The differences observed in the attributed function of chal-
lenging behaviours between the two groups suggests that, at least 
on the face of it, there is some influence of the TCF4 gene on the 
underlying reasons for challenging behaviour. Whilst the higher 
scores in the reference group may simply reflect the generally 
higher levels of challenging behaviour also found in the that group, 
it remains possible that the lower scores found in the PTHS group 
across the assessed functions of behaviour reflect the existence of 
a set of very different behavioural functions that are not typically 
measured by standardised instruments such as the QABF. Other 
examples of rare genetic conditions with specific behavioural phe-
notypes exist, such as the severe lip, tongue and finger biting ob-
served in Lesch-Nyhan syndrome [21]. Overall, however, a more 
plausible conclusion is that people living with PTHS are less prone 
to challenging behaviour than might be predicted from other fea-

tures of the phenotype, and thus are less likely to have marked 
episodes of behaviour that can be attributed to clear behavioural 
functions. The finding from the secondary analysis that escape 
was a more common function of behaviour in young people in the 
reference group may at least in part reflect the less independent 
and more constricted lifestyle associated with being a young per-
son living with PTHS, such that the reduction in opportunities for 
a normal life that are commonly associated with more severe lev-
els of disability has the paradoxical effect of removing the need to 
use behaviour to reduce exposure to unwanted stimuli.

Deletion of the TCF4 gene did not appear to have a significant 
impact on family functioning, as those in the reference group with 
a child who had similar chromosomal damage but with the TCF4 
gene intact reported similar levels of family functioning. Aside 
from the behavioural aspects of Pitt Hopkins syndrome, the phys-
ical complications associated with the phenotype can require sig-
nificant family and medical support over the life of the affected 
person. Conversely, case studies of those with damage to the long 
arm of the 18th chromosome but who have the TCF4 gene intact 
have shown that some are able to complete high school and go on 
to gain employment [22]. It is perhaps surprising, therefore, that 
the carers of people with PTHS reported similar levels of family 
strain to those in the reference group. As in the case of challenging 
behaviour, concern over the physical wellbeing of a child, as well 
as the time and skill required to manage the various health com-
plications and their consequences, may be significantly affected 
by the individual characteristics of the carers, resulting in a more 
complex interaction between client need and carer skill than was 
able to be measured in this study. There is also evidence to suggest 
that having a child with a chromosomal abnormality can have pos-
itive effects on the family [23-26] as can having a child with chal-
lenging behavior [27]. Parents report a sense of personal growth 
as they become more understanding, compassionate and less 
judgmental, as well as having a better sense of purpose and prior-
ity in their lives [23,25,26]. This sense of growth and development 
may also perceive inside the family unit, as they pool resources to 
work together, and they find themselves becoming stronger and 
closer, with better communication between every member of the.

Conclusion

Whilst the size and location of chromosomal breakpoint is an 
important factor in determining social, cognitive and function-
al outcomes, non-genetic mediating factors such as carer skill, 
personal and carer resilience and family and social support may 
be equally important when considering the development of be-
havioural problems and the impact of chronic disease on family 
functioning.

Limitations

Whilst the inclusion of 20 people with a rare chromosomal 
condition is positive, the cross-sectional design may have failed to 
obtain a representative sample, and whilst previous studies have 
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not found phenotypic differences between PTHS resulting from 
TCF4 deletion versus TCF4 mutation, the rare nature of the syn-
drome makes firm conclusions in this regard difficult. The study 
did not take into consideration the variably of cognitive func-
tioning between participants, which is a known correlate of both 
challenging behaviour [5,6] and aspects of family stress [7]. More 
detailed demographic information (e.g., family social economic 
status, engagement in previous behavioural or family interven-
tions) may have strengthened the findings [28,29]. 
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