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Abstract

CTNNBI1 syndrome is a rare neurodevelopmental disorder caused by a likely pathogenic or pathogenic variant in the CTNNBI
gene. A systematic review was conducted to examine previous research that provided CTNNB1 syndrome patients, specifi-
cally those that described intellectual quotient, motor development, language impairments, behavioural problems and features
of autism. Databases examined were PubMed and Scopus. The inclusion criteria were (a) reported human patients diagnosed
with CTNNB1 syndrome by a genetic test; (b) were related to cognition, intelligence quotient, motor development, language
impairment, behavioural problems or features of autism; (c) did not have another genetic diagnosis and (d) were written in
Spanish or English. A total of 42 studies were included. Overall, the symptomatology described was very heterogeneous with
varying degrees of impairment among patients. However, individuals reached most significant developmental milestones
later than expected and with different degrees of impairment. The use of standardised methodology to assess cognitive and
behavioural domains was scarce in most studies, and the vast majority did not include a specific assessment protocol based
on the symptomatology of CTNNB1 syndrome individuals. In addition, only two adult patients were described in depth,
which implies that there are many unknowns about the progression of the syndrome later in life. Therefore, future research
should focus on increasing the sample assessed and count with a standardised protocol in order to characterise the cognitive
and behavioural phenotype of CTNNB1 syndrome.

Keywords CTNNBI1 syndrome - Features of autism - Intellectual disability - Language impairments - Neurodevelopmental
disorder

CTNNBI1 syndrome is a severe neurodevelopmental disorder
caused by a de novo genetic variant (Tucci et al., 2014). A
great phenotypic variety has been detected in the patients
reported so far, yet the main features described by research-
ers are global cognitive impairment, abnormal muscle tone,
delayed acquisition of language and motor skills, behaviour
problems and autistic spectrum disorder (ASD) symptoms,
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morphological alteration of the eye, microcephaly and mild
dysmorphic features (Dubruc et al., 2014; Kharbanda et al.,
2017; Kuechler et al., 2015). De Ligt et al. (2012) were the
first to implicate the CTNNBI gene in autosomal dominant
intellectual disability (ID) using exome sequencing. Subse-
quently, several studies have been published in the literature
that have provided more knowledge about the syndrome,
leading to a preliminary first phenotypic characterisation of
the disease (Kuechler et al., 2015).

From a genetic perspective, the CTNNBI gene is located
on chromosome 3 and is composed of 16 exons. Exons 2
to 15 are responsible for encoding the pB-catenin protein.
This protein consists of 781 amino acids and is part of the
armadillo protein family, which has a structural role in
embryonic development (Li et al., 2017). It belongs to the
cadherin complex, which is involved in cell-cell adhesion,
and is also part of the Wnt signalling pathway. In particular,
the Wnt/f-catenin signalling is known to be essential for
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the development and functional of the mammalian central
nervous system (Caracci et al., 2021). Both overexpres-
sion and decrease of -catenin affect the neuronal synapse
regulation and remodelling of the nervous system, having
a direct impact on learning and explicit memory processes
(Maguschak and Ressler 2012). Given its relatively recent
discovery and the low prevalence of CTNNB1 syndrome,
little is known about the effect of the variant and the rela-
tionship between gene expression and disease severity. The
strongest hypothesis is that the variant results in partial loss
of protein function, although another possible hypothesis
points to a complete loss of function, either through non-
coding or translation of non-functional proteins (Miro$evi¢
et al., 2022).

Current treatments available for neurodevelopmental dis-
orders, and specifically for CTNNB1 syndrome, are mainly
palliative and focus on cognitive stimulation and improve-
ment of behavioural symptoms and motor impairments.
However, the lack of research prevents the detection of spe-
cific needs of this disease, and consequently, there are no
intervention programmes designed to enhance the preserved
cognitive domains and stimulate the impaired ones.

This syndrome presents heterogeneous phenotypes,
usually diagnosed during the early years and persisting
throughout life (Wilfert et al., 2017). As mentioned before,
individuals affected by the disease present a wide variety
of symptomatology, which makes it difficult to establish
common features among patients. Nevertheless, MiroSevic¢
et al. (2022) carried out a first attempt to correlate genotype
and phenotype including the case series published in the
literature, making a classification according to four domains:
eye contact, language, cognition and motor development.
They proposed six degrees of severity, from normal to severe
symptomatology. Although it is a preliminary study, the
sample was too small to obtain significant correlations and
the evaluation criteria were not consistent between studies.
It is considered the first study to describe the genotype—phe-
notype relationship of CTNNB1 syndrome and the starting
point for future research (MiroSevic et al., 2022).

Another of the most relevant studies in the current litera-
ture was carried out by Kayumi et al. (2022), who studied
a cohort of 120 individuals diagnosed with CTNNB1 syn-
drome and established that some of the most common neuro-
logical traits were ID (94.1%), motor delay (93.7%), delayed
speech and language development (90.4%) and behavioural
abnormalities (74.2%). However, the authors did not report
the use of standardised methods to obtain such conclusions
in the majority of variables. Nevertheless, these results show
the high prevalence of these symptoms and, consequently,
claim the need to study them in depth. Therefore, the pur-
pose of this study was to perform a comprehensive literature
review to examine the cumulative evidence of cognitive and
behavioural impairments in CTNNB1 syndrome, specifically
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of those studies that have used standardised or systematic
methods to do so, and draw a cognitive and behavioural pro-
file of the disease from the data reported so far.

Methods

This systematic review was conducted according to the
guidelines of “Preferred Information Elements for System-
atic Reviews and Meta-Analysis” (PRISMA).

Data Sources and Search Strategy

Databases included were PubMed and Scopus, whereas the
searching terms were (1) CTNNBI1, (2) CTNNB1 syndrome,
(3) CTNNBI gene, (4) CTNNB1 mutation, (5) Cognitive,
(6) Intellectual disability, (7) neurodevelopmental disorder
and (8) beta-catenin. The combinations made for the search
strategy are reflected in Table 1 and were exclusive within
the article title, the abstract and the keywords.

Inclusion and Exclusion Criteria

Studies were included from inception to the 6th of March
2024. We included articles that (a) reported human patients
diagnosed with CTNNBI pathogenic or likely pathogenic
variance only according to the American College of Medical
Genetics guideline and excluded variant of uncertain signifi-
cance; (b) were related to cognition, intelligence quotient
(IQ), language impairment, motor development, features of
autism or behavioural problems and (c) did not have another
genetic disorder causing neurodevelopmental symptoms.
Literature reviews, meta-analysis, conference papers and
studies on cell and animal models were excluded.

Identification of Relevant Studies and Data
Extraction

The search strategy identified 470 articles, and four studies
were included by hand-search (Coussa et al., 2020; Dixon

Table 1 Search strategy for the databases

Set Search string

CTNNB1 AND Cognitive

CTNNB1 AND “Neurodevelopmental disorder”

CTNNB1 AND “Intellectual disability”

“CTNNB1 syndrome” AND Cognitive

“CTNNBI1 gene” AND “Intellectual disability”

“CTNNB1 mutation” AND “Intellectual disability”
“CTNNB1 mutation” AND “Neurodevelopmental disorder”
Beta-catenin AND “Intellectual disability”

[e BN BN Y I N S




Neuropsychology Review (2026) 36:61-84

63

et al., 2016; Sun et al., 2019; Taylor et al., 2022). After
removing duplicates and those that did not meet inclusion
criteria, there were 42 eligible articles left (see Fig. 1 for
flow diagram). Studies that met inclusion criteria were sum-
marised according to (i) the authors, (ii) sample used, (iii)
chosen clinical features, (iv) instruments used for evaluation
and (v) a summary of the results obtained (Table 2).

Risk of Bias

Risk of bias was evaluated for each eligible article using the
adapted version of the modified Newcastle-Ottawa Scale
(Bawor et al., 2014). No studies were excluded on the basis
of risk of bias.

Results
General Overview
Out of the 42 articles chosen, 17 were case reports, 19 case

series studies and 6 included in their research CTNNB1
syndrome patients along with others. Paediatric patients

included from newborns to 17 years old, which tended to
be sourced by the paediatric neurology department, and
adults ranged from 18 to 51 years old and were drawn
by the neurology department. A total of 15 articles pro-
vided longitudinal information on the evolution of the
patients, although not always in the total recruited sam-
ple. The vast majority of studies included a sample below
20 participants, except for three articles (Kayumi et al.,
2022; Sudnawa et al., 2024; Yan et al., 2022). The main
limitation was the lack of instruments used to assess the
variables considered, only nine referred the methodology
used (Dashti et al., 2022; Jin et al., 2020; Lee et al., 2023;
Lee et al., 2022; Pipo-Deveza et al., 2018; Sudnawa et al.,
2024; Takezawa et al., 2018; Verhoeven et al., 2020; Wang
et al., 2019). No article had a control group to compare
results, and only Sudnawa et al. (2024) carried out a sta-
tistical analysis to compare mean differences of cognitive
and adaptative functioning domains. Overall, even having
found 42 articles in the literature, risk of bias was high
in most studies calling into question the veracity of the
results found (Table 3). The following results are specifi-
cally based on those articles that have assessed the chosen
variables with a standardised methodology, which have
been marked in Table 3.

Previous studies

\ J \

Identification of new studies via databases and registers

J

Studies retrieved from
reference of previous studies
(n=9) )

Records identified from:
- PubMed: 141 >
Scopus: 329 -

Records removed before
screening:

Duplicate records
removed (n =312)

A

Records excluded for the
following reasons: (n = 125)
- Review or meta-analysis
y (n=10)

Records screened (7 = 158)

- Study on cell or animal

v

model (n =15)
- Do not talk about the
specific topics (n = 108)

] [ Eligibility ] [ Screening ] [ Identification ]

Included

v - Language (n =2)

Reports assessed for
eligibility (n =33)

Fig. 1 Flow diagram of the literature search

A 4

A

Reports included in the
review
(n=42)
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Table 3 Risk of bias assessment for reviewed studies

Method for Methods to control confounding  Statistical methods Methods for measuring
selecting outcomes
sample B - : N . —
Sample size  Identification of Appropriate Missing data ~ Outcomes  Objective
confounders analyses measure assess-
ment

Dubruc et al. (2014)
Tucci et al. (2014)
Kuechler et al. (2015)
Dixon et al. (2016)
Prasad et al. (2016)
Retterer et al. (2016)
Thevenon et al. (2016)
Winczewska-Wiktor et al. (2016)
Kharbanda et al. (2017)
Krupp et al. (2017)
Lietal. (2017)
Panagiotou et al. (2017)
Cordeiro et al. (2018)
Percy et al. (2018)
Pipo-Deveza et al. (2018)*
Takezawa et al. (2018)*
Sun et al. (2019)

Wang et al. (2019)*
Coussa et al. (2020)

Jin et al. (2020)*

Ke and Chen (2020)
Rossetti et al. (2020)
Verhoeven et al. (2020)*
Yan et al. (2020)

Bulot et al. (2022)*
Dashti et al. (2022)*

Ho et al., (2022a, 2022b)
Kayumi et al. (2022)
Lee et al. (2022)
Paparella et al. (2022)
Spagnoli et al. (2022)
Taylor et al. (2022)

Yan et al. (2022)*
Zuluaga-Gomez et al. (2022)
Chaves et al. (2023)
Jietal. (2023)

Lee et al. (2023)*
Moeinafshar et al. (2023)
Onesimo et al. (2023)
Sinibaldi et al. (2023)
Nagy et al. (2024)
Sudnawa et al. (2024)*

- o D D D D 5 5 5 > > > > > > > > > > > 5 5 > > > > > > > > > > — — — — — — — — —>
! ! J

— o D D D 5 5 5 5 5 > > > > > > > > > > > > > > > > > > —> — — — > > > > — — —>

- o D D D D 5 5 > > > > > > > > > 5 5 5 > > > > > > > = —> > — — — — — — — — —>

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

!

—

Quality indicators have been selected following the adapted version of modified Newcastle—Ottawa Scale (Bawor et al., 2014)
1, high risk of bias; <>, moderate risk of bias; |, low risk of bias
“Studies with standardised methodology
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Intellectual Quotient

1Q refers to measures that estimate global cognition. Six
articles administered general cognition batteries in patients
diagnosed with CTNNB1 syndrome.

Tests selected for paediatric use were the Wechsler Intel-
ligence Scale for Children—Fifth Edition (WISC-V) (Dashti
et al., 2022), the Bayley Scales of Infant and Toddler Devel-
opment (BSITD) (Lee et al., 2023), the Differential Ability
Scales Second Edition (DAS-II), the Vineland Adaptative
Scale (VABS) (Sudnawa et al., 2024) and an ad hoc online
questionnaire (Bulot et al., 2022). Although the VABS is
a measure of adaptive functioning, it is included in the IQ
section as it provides valuable information about the perfor-
mance in many aspects of everyday life.

Based on the four articles that have been mentioned,
Dashti et al. (2022) demonstrated a non-progressive low
average score in the WISC-V, with a total score of 80—89.
Lee et al. (2023) described longitudinal information about
cognition, assessing one case at 17 and 41 months of age,
who had an age equivalent cognition of a 4 and 8 months
old, respectively. Moreover, the authors described another
case assessed at 12 months of age scored and age equiva-
lent cognition to a 4 months old. Additionally, Bulot et al.
(2022) determined varying degrees of intellectual impair-
ment through an online questionnaire; 8 out of 12 had ID, 4
out of 8 had severe learning difficulties and the remaining
4 had some learning difficulties but most could read and do
some simple maths. Only Sudnawa et al. (2024) provided
domain-specific information of the DAS-II. 73.3% of the
sample obtained very low scores on the general concept
ability, whereas the remaining 26.7% were classified as
low. Regarding the verbal domain, 33.3% indicated very
low functioning and 20% low abilities, although 20% of the
sample scored below average and 26.7% obtained average
scores. The following domain was the nonverbal reasoning,
in which 46.6% obtained very low scores and the 40% scores
were classified as low. However, 6.7% indicated below aver-
age functioning and the remaining 6.7% had scores on the
average range. Spatial domain was the most affected domain,
where 93.3% of the sample obtained very low punctuations
and the remaining 6.7% were classified as low scores. In
fact, this domain was significantly lower compared to the
verbal and nonverbal domains. Moreover, Sudnawa and col-
leagues (2024) described a mean score of 64 on the daily
living skills of the VABS, indicating significant skill deficit
when compared with similarly aged peers. All VABS subdo-
mains were equally affected, with no significant differences
across subdomains.

On the other hand, tests selected for adult participants
were the VABS (Verhoeven et al., 2020) and the Wechsler
Adult Intelligence Scale (WAIS) (Wang et al., 2019). Both
studies reported either ID or developmental delay; Wang

@ Springer

and colleagues (2019) reported severe ID with 1Q scores
of 28 and 40, whereas Verhoeven et al. (2020) described a
37-year-old who scored in the daily activities’ domain of the
VABS a 44 months developmental age score.

The remaining 36 studies did not refer what instrument
was used to assess 1Q but provided information related to
this variable. Nonetheless, all the articles reported ID or
developmental delay with different severity degrees.

Motor

Motor assessment refers to measures that study gross and
fine motor development. Eight articles include the instru-
ments used to assess motor development.

Specifically, three articles included longitudinal infor-
mation about the progression of motor development. Pipo-
Deveza et al. (2018) described a 4-year-old with delayed
gross motor skills who was administered a treatment of
L-dopa during 18 months. Overall, the participant had a
significant reduction of hypertonia on the Tardieu scale and
improved the scores obtained at the Gross Motor Function
Measure (GMFMS88), standing (51 to 69%) and walking/
running (17 to 44%). Scores on the 6-min walk test (6MWT)
also increased from 4.5 to 286 m. The treatment also acceler-
ated the acquisition of fine motor skills. On the other hand,
Verhoeven et al. (2020) reported the case of a 32-year-old
who experienced a regression at a motor level, being wheel-
chair dependant at the current age. The participant obtained
a punctuation in accordance with 34 months old on the
motor skills domain of the VABS. Another study used the
BSITD to assess two CTNNB1 syndrome patients. The first
patient was assessed at 17 and 41 months and obtained and
age equivalent of 3 and 8 months in fine motor skills and 2
and 7 months in gross motor skills, respectively. The follow-
ing patient had spasticity in the lower limbs and was rated as
Grade I+ in the Modified Ashworth Scale. On the BSITD,
her gross motor skills corresponded to an equivalent of a
4-month-old (Lee et al., 2023).

The other five articles used a cross-sectional design to
assess motor development. Jin et al. (2020) used the Gross
Motor Function Classification System (GMFCS) to assess
two patients, who scored a level 2 and 3. Both participants
presented spasticity, although the first one also had dystonia,
gait abnormality and used an ankle—foot orthosis (AFO).
The case report assessed by Takezawa et al. (2018) also used
the GMFCS and obtained a score of 4, indicating limited
self-mobility, together with the Manual Ability Classifi-
cation System (MACS), whose punctuation was 3, conse-
quently having difficulties in handling objects.

Another study used an ad hoc parents’ questionnaire
to study the motor milestones. Overall, the whole sample
presented gross motor delay, and almost everyone had fine
motor delay. Moreover, the age of achievement of the most
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significant motor milestones was delayed in most patients
(Yan et al., 2022). Bulot et al. (2022) described the whole
sample with motor delay and gait disorders. However, almost
all the patients were able to sit freely at the mean age of
17 months old and started walking at an age range from
24 months to 14 years old. Sudnawa et al. (2024) used an
extensive assessment protocol for motor development; how-
ever, not all of their cohort was assessed due to difficulties
the participants experienced with following instructions. The
mean score of the GMFM66 was 56.6%, and the motor skills
subdomain of the VABS scored a mean of 66.1, so both
tests indicated general motor impairment. Ability to walk
was assessed by the GMFCS, 6MWT, the 10-m walk run
(10MWR) and the timed up and go (TUG). In this case, 56%
of the sample walked without an assistive device, whereas
the distance walked on the 6MWT was 321.1 m and scores
on the remaining instruments indicated a walking pattern
slower than normal. Upper limb function was assessed
with the Revised Upper Limb Module (RULM), the Box
and Blocks Test (BBT), the 9 Hole Peg Test (9HPT) and
the MACS. The average score on the RULM was 27.6/37,
and the BBT scores using the dominant hand were similar
to published norms, although the 9HPT performance was
slower than average. The MACS showed that most individu-
als could handle objects without assistance.

The remaining 35 articles did not mention the instru-
ment used to assess motor development; the vast majority
described the symptomatology based on clinical manifesta-
tions. All articles described motor delay or impairment with
significant variety levels of affection, from patients unable
to walk, some in need of an aid and the remaining could
walk but showed cerebellar signs. The most common signs
reported on the literature were hypotonia and spasticity,
mainly affecting the lower extremities bilaterally, and ataxic
gait. Nevertheless, the vast majority of patients achieved
the most significant motor milestones later than expected
and with several difficulties; hence, a slow but progressive
improvement was seen over time. This was not the case for
the two adult patients with longitudinal information on the
motor domain, as they reported motor regression (Tucci
et al., 2014; Verhoeven et al., 2020).

Language

Language refers to the ability to understand (receptive
language) and the ability to speak (expressive language).
Only six articles mentioned the method used to assess this
domain.

The communication domain of the VABS, which includes
expressive, receptive and written communication, was used
by Verhoeven et al. (2020) on a 32-year-old case report and
Sudnawa et al. (2024) on a cohort of 32 participants. The
first authors described a communication level in accordance

with a 34-month-old, whereas the second researchers
obtained a raw mean score of 68.2, indicating a general skill
deficit. The BSITD was used by Lee et al. (2023) to assess
two patients. The first one had an equivalent of 9 months in
receptive and expressive language at the age of 12 months,
although results worsened at the age of 41 months, scor-
ing an age equivalent of 5 months in receptive language
and 6 months in expressive language. The second case was
assessed at 12 months old and scored an age equivalent of
4 months in receptive language and 9 months in expressive
language. Sudnawa and colleagues (2024) also determined
that 55% of the sample could communicate independently
in most environments by assessing the Communication
Function Classification System (CFCS). In the same line,
Takezawa et al. (2018) described a 7-year-old with level 3
on the CFCS, so that he/she could be and effective sender
and receiver with known interlocutors during a conversa-
tion. On the other hand, Yan and colleagues (2022) used an
ad hoc questionnaire to assess the language domain. The
severity of the impairment varied among the sample; 4 out
of 24 had no words, 15 out of 24 could say single words
or phrases and only 1 individual could speak in short sen-
tences. Bulot et al. (2022) also used the same methodology
and mentioned that, although all patients had speech delay,
most of them acquired progressively expressive language
milestones. In any case, articulation difficulties were present
in most patients. Regarding receptive language, most of the
sample reported a good level, even some patients understood
complex orders.

The vast majority of the articles reviewed did not men-
tion what instrument was used to assess language matters,
although 36 of them provided information related to this
topic. All studies described that language development
was generally delayed, even though there were different
degrees of impairment, from nonverbal to normal speech
development with some articulation impairments such as
dyspraxia. Therefore, individuals acquired language mile-
stones, specifically expressive abilities, later than expected.
Some of those individuals who had minimal expressive lan-
guage communicated with signs or pictograms (Panagio-
tou et al., 2017; Tucci et al., 2014). Other studies reported
improvements over time thanks to speech therapy (Dashti
et al., 2022; Spagnoli et al., 2022; Verhoeven et al., 2020),
although worsening of expressive and receptive abilities was
noted in other studies (Percy et al., 2018; Pipo-Deveza et al.,
2018). Some research pointed out that individuals had better
comprehension than expressive skills (Dubruc et al., 2014;
Verhoeven et al., 2020; Winczewska-Wiktor et al., 2016).

Behavioural Traits

Behavioural problems refer to those behaviours and
emotional disturbances considered characteristics of a
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behavioural disorder. Only three articles referred to the
methodology used to assess behavioural traits.

Sudnawa et al. (2024) used the Child Behaviour Checklist
(CBCL), the Children Sleep Habits Questionnaire (CSHQ)
and the Quality of Life Inventory-Disability (QI-disability).
The first instrument indicated that 65% of the sample had
behavioural problems and, more specifically, internalising
problems were more prevalent than externalising problems,
47.1% and 35.3%, respectively. Furthermore, 12 individu-
als had sleep problems based on the CSHQ, the most com-
mon problem being short sleep duration and parasomnia.
In third place, the mean overall score of quality of life was
81.7 on the QI-disability, and the negative emotions subdo-
main (mean of 74.5) was significantly lower than the posi-
tive emotions subdomain (mean of 90.3). Both Bulot et al.
(2022) and Yan et al. (2022) used an ad hoc online question-
naire to assess this matter. The first authors described temper
tantrum as the most prevalent symptomatology (9 out of 12),
followed by aggressions or auto-aggressions (6 out of 12),
good social interactions and being a quiet child (4 out of 12)
and, at the last place, attention-deficit/hyperactivity disorder
(ADHD) in two patients. In contrast, Yan et al. (2022) found
sleep disturbances were the most prevalent symptom (17 out
of 24), specifically difficulties to fall asleep and night terrors,
in second place anxiety (8 out of 24), impulsivity/irritability
(7 out of 24), followed by hyperactivity (5 out of 24) and,
finally, self-injury (2 out of 24).

The remaining 39 articles did not refer what instrument or
methodology was used to assess behaviour traits. No further
details other than the already reported were given, although
Verhoeven et al. (2020) stressed that disruptive behaviours
worsened when the usual routine changed. In addition, daily
guidance resulted in significant reduction of challenging
behaviours.

Features of Autism

Features of autism refer to those behaviours and symptoma-
tology that are associated with ASD. Four articles described
the methodology used to assess this matter, although only
two used a standardised test.

On the one hand, Verhoeven et al. (2020) included a psy-
chological protocol based on the following instruments: the
VABS, Dutch Scale for Emotional Development in People
with Intellectual Disability (SED-R), the Revised Scale for
Autism and Related Disorders (AVZ-R) and the Autism
Diagnostic Observation Scale (ADOS-2). The case report
was assessed at 32 years of age and scored a developmen-
tal age equivalent of 18 months (SED-R) and also at the
socialisation domain of the VABS. Both instruments, the
AVZ-R and the ADOS-2, corroborated the presence of
symptomatology compatible with an ASD diagnosis. On the
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other hand, Sudnawa et al. (2024) administered the socialisa-
tion subdomain of the VABS and the Social Communica-
tion Scale (SCQ). The VABS socialisation mean score was
66.9, indicating impairment in interpersonal relationships,
play and leisure activities and coping skills in social situa-
tions, whereas the SCQ showed that 33% of the sample had
risk of social communication impairment. The other studies
designed an ad hoc protocol to ask for this matter. Bulot
and colleagues (2022) determined that the most prevalent
symptoms were repetitive behaviours (8 out of 12), interests
in specific things (6 out of 12), little eye contact (4 out of 12)
and two had an ASD diagnosis. Similarly, Yan et al. (2022)
described repetitive behaviours (8 out of 24), overly sensi-
tive to touch or voice (2 out of 24) and three were previously
diagnosed with ASD.

The other 38 articles did not specify the instrument used
to assess features of autism. However, some of them pro-
vided information related to this topic. In fact, some of the
patients reported had been previously diagnosed with ASD
(Onesimo et al., 2023; Rossetti et al., 2021; Sinibaldi et al.,
2023; Sun et al., 2019). The manifestations reported were
on the same page as the ones previously described, such
as avoidance of eye contact (Kuechler et al., 2015; Percy
et al., 2018; Winczewska-Wiktor et al., 2016), stereotypic
movements (Ji et al., 2023; Kharbanda et al., 2017; Kue-
chler et al., 2015; Lee et al., 2022; Rossetti et al., 2021;
Winczewska-Wiktor et al., 2016) and signs of frustration
(Winczewska-Wiktor et al., 2016). In contrast, two studies
specifically reported no signs of features of autism (Moein-
afshar et al., 2023; Takezawa et al., 2018).

Discussion

Although CTNNB1 syndrome has always been described
as a neurodevelopmental disorder which consists of cog-
nitive and behavioural impairments, the focus on previous
literature has typically been genetic matters and description
of symptoms. Only a few articles have used standardised
methods to evaluate some of the main clinical manifestations
of CTNNB1 syndrome, which include ID, motor impair-
ments, language delay, behavioural problems and features
of autism. The instruments used for assessment can be clas-
sified according to whether they were applied to the par-
ents or directly to the individuals with CTNNB1 syndrome.
Some authors state the inability to assess neuropsychologi-
cal instruments or motor test that require the participation
of the individual due to a very low cognitive functioning
(Sudnawa et al., 2024). Moreover, the eligible studies have
numerous limitations. Firstly, sample size was small in the
vast majority of studies and most patients were paediatric
individuals; hence, information related to adults is scarce,
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which has also been described in other reviews (Ho et al.,
2022a, 2022b). This fact could be explained due to the recent
discovery of the syndrome, just over 10 years ago by de
Ligt et al. (2012), and that the only reliable way to establish
a diagnosis is from a whole-exome or genome sequencing
analysis (Dashti et al., 2022), which is increasingly being
utilised in the investigation of genes implicated in ID, speech
and language disorders, ASD and cerebral palsy (Basu et al.,
2024; Gonzalez-Mantilla et al., 2023; Kharbanda et al.,
2017; Srivastava et al., 2019). Kayumi and colleagues (2022)
determined that an early application of exome sequencing
could have prevented unnecessary testing and provided a
quicker diagnosis. Several patients reported on the literature
had been previously diagnosed with cerebral palsy or autism,
due to the analogies in symptomatology and lack of genetic
testing (Jin et al., 2020; Lee et al., 2023; Sun et al., 2019;
Verhoeven et al., 2020). It is therefore logical to assume that
there are potentially adults with CTNNB1 syndrome who
have not had access to genetic testing. Alongside with the
methodological heterogeneity, there is also diversity regard-
ing the clinical picture of the CTNNB1 syndrome patients
reported so far. Only Sudnawa et al. (2024) designed an
extensive neuropsychological and clinical protocol tailored
to the needs of CTNNB1 syndrome individuals and carried
out statistical analysis. However, no study included a control
group. To our knowledge, no critical analysis about these
specific matters has previously been performed, even though
other reviews have focused on addressing the general aspects
surrounding CTNNB1 syndrome (Ho et al., 2022a, 2022b;
MiroSevic et al., 2022; Zhuang et al., 2023).

Considering each specific domain, all articles described
general ID among participants with varying degrees of
impairment, both paediatric and adult patients. This find-
ing goes in line with other investigations, establishing ID as
one of the main clinical manifestations of the syndrome (Ho
et al., 2022a, 2022b; MiroSevic et al., 2022; Zhuang et al.,
2023). Specifically, those that used standardised instru-
ments also corroborated this fact. Some longitudinal stud-
ies showed progressive but low improvements, specifically
with paediatric participants (Lee et al., 2023). One of the
main limitations regarding this domain is that studies only
provided general or mean raw scores of the test assessed,
making it difficult to interpret the results (Dashti et al., 2022;
Sudnawa et al., 2024; Wang et al., 2019). Moreover, certain
standardised batteries, such as the WISC-V or the WAIS, do
not take into consideration some of the clinical specificities
of the CTNNB1 syndrome individuals, making them unsuit-
able for assessment (Dashti et al., 2022; Wang et al., 2019).
Sudnawa et al. (2024) reported scores for specific domains
and concluded that the spatial variable was the most affected
domain. In fact, scores were significantly lower compared to
nonverbal and verbal domain, in which some obtained aver-
age scores. Nevertheless, CTNNB1 syndrome individuals

have significant visual impairments which could interfere
when performing visual tasks, so that verbal and nonver-
bal domains are more likely to give accurate information.
To date, this is the only study that has traced in a prelimi-
nary way the cognitive profile associated to the CTNNB1
syndrome.

Secondly, motor development was the variable studied
for which the most information has been obtained, mostly
based on clinical descriptions. First of all, age achievement
of the most significant milestones was delayed in most
patients (Bulot et al., 2022; Yan et al., 2022). In particular,
Ho et al., (2022a, 2022b) described truncal hypotonia as
the first sign of motor impairment, which goes in line with
the fact that CTNNB1 syndrome newborns take more time
to hold their heads or sit with support due to the decreased
muscle tone. The same authors also suggest that this symp-
tom could be the first alert sign to prompt for medical atten-
tion. In the second place, different degrees of impairment
regarding motor functioning were found among patients (Jin
et al., 2020; Takezawa et al., 2018). This goes in line with
the presence of muscle tone abnormalities such as dystonia,
extremities hypertonia, muscle weakness or gait abnormali-
ties (Ho et al., 2022a, 2022b; Mirosevic et al., 2022). To
our knowledge, no studies have analysed how early acquisi-
tion of motor milestones can predict the severity of motor
symptomatology, although in analogous diseases, such as
cerebral palsy, it is well known that an early acquisition of
the gross motor milestones sitting predicts walking ability
since antigravity muscles for the trunk or postural control
are fundamental for the upright position development (Kee-
ratisitoj et al., 2018). Another relevant finding was that gross
motor impairments were more significant than fine motor
skills (Sudnawa et al., 2024; Takezawa et al., 2018). Contra-
dictory results have been found among longitudinal studies,
while patients described improvement (Lee et al., 2023) and
gross motor scales positively correlated with age, suggesting
continued gain of motor skills (Sudnawa et al., 2024); the
only two adult patients reported presented motor regression
(Tucci et al., 2014; Verhoeven et al., 2020). Future research
should focus on studying the progression of motor symp-
tomatology, especially in adult patients, bearing in mind
that preliminary studies may indicate a worsening over time.
Finally, Pipo-Deveza et al. (2018) described a possible thera-
peutic application with encouraging results not only on the
motor side but also in cognition and behaviour.

The language variable has been one of the least reported
domains. In fact, only Sudnawa et al. (2024) have directly
assessed the CTNNB1 syndrome patients, while the other
studies have used standardised instruments to assess par-
ents, so the information is not as precise and specific. The
vast majority had speech delay with impairments related
to articulation problems such as dyspraxia. Acquired lan-
guage milestones were later than expected, specifically for

@ Springer



80

Neuropsychology Review (2026) 36:61-84

expressive abilities, as it was corroborated by the communi-
cation domain of the VABS and the BSTID (Lee et al., 2023;
Sudnawa et al., 2024; Verhoeven et al., 2020). CTNNB1
syndrome individuals exhibit varying degrees of expressive
language, from nonverbal to verbal with articulation impair-
ments (Ho et al., 2022a, 2022b; MiroSevic et al., 2022), in
line with the other manifestations of the syndrome. Instru-
ments showed that individuals could communicate indepen-
dently in most environments, even though communication
was more effective and fluent with close people (Sudnawa
et al., 2024; Takezawa et al., 2018). In fact, Sudnawa et al.
(2024) found the verbal domain of the DAS-II to be the
most preserved domain compared to nonverbal and spa-
tial functioning. Moreover, some nonverbal patients used
sign language or pictograms to communicate (Panagiotou
et al. 2017; Tucci et al., 2014). On the other hand, receptive
language was, in most patients, preserved and even some
patients understood complex orders. Other studies pointed
out that receptive language was significantly better than
expressive (Ho et al., 2022a, 2022b; Mirosevic et al., 2022).

Behavioural domain is also one of the least studied vari-
ables, with only three articles referring to the methodology
used. Therefore, vague information was obtained, making it
difficult to describe the behavioural profile associated with
the CTNNBI1 syndrome. Still, Sudnawa and colleagues
(2024) were the only ones to assess behavioural problems
on the basis of an assessment protocol. The main findings
were that internalising problems were more frequent than
externalising problems, contrary to what descriptive studies
reported (Ho et al., 2022a, 2022b; Mirosevic et al., 2022). As
the authors point out, diagnosis of mood disorders in individ-
uals with ID can usually be misdiagnosed as they have less
ability to communicate and express feelings. Also, caregiver
questionnaires can sometimes be influenced by the parents’
perception. Another relevant behavioural symptom reported
was sleep problems (Sudnawa et al., 2024; Yan et al., 2022),
which correlated significantly with total score problems,
indicating more overall behavioural problems when hav-
ing sleep difficulties. This is a very significant finding that
considers the importance of dealing with sleep problems,
which had previously been considered a secondary symp-
tom. Future research should also focus on the impact of sleep
problems, not only on behaviour but on general development
aspects as well. Separately, quality of life was assessed to
a sample of CTNNBI1 syndrome individuals and indicated
that overall score was higher compared to other neurode-
velopmental disorders (Sudnawa et al., 2024), stressing the
importance of daily guidance and building good emotional
support to reduce challenging behaviours and improve day-
to-day life independence (Sudnawa et al., 2024).

Features of autism have also been reported. Only Verho-
even et al. (2020) and Sudnawa et al. (2024) used a specific
protocol to assess this matter. Contradictory results were
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found among screening tools for autistic signs, which high-
lights the heterogeneity of the patients assessed. Studies that
used age equivalent test all suggest a significant delayed age
equivalent for the socialisation domain (Verhoeven et al.,
2020). Future research should use instruments that allow
for a description of the features of autism of CTNNBI1
syndrome. Nevertheless, other studies determined that
some of the most prevalent symptoms included repetitive
behaviours, interest in specific things, little eye contact and
overly sensitive to touch or voice (Bulot et al., 2022; Yan
et al., 2022). Some patients had an ASD diagnosis which
highlights the analogy of ASD with CTNNBI1 syndrome
and the importance of genetic testing in neurodevelopmen-
tal disorders (Srivastava et al., 2019). Due to insufficient
information reported, it is very difficult to obtain conclusive
results. However, it is assumed that the presence of ASD
symptomatology would vary from case to case, although it
is reported as a common clinical manifestation (Ho et al.,
2022a, 2022b; Mirosevic et al., 2022; Zhuang et al., 2023).
In fact, CTNNBI has been identified as an ASD-associated
gene (Zhuang et al., 2023).

Having reviewed the eligible studies, many limitations
need to be mentioned. First of all, sample size was small in
the vast majority of articles or presented single-case reports.
Likewise, only one article included statistical analysis and
no research included a comparative control group. In addi-
tion, adult patients were very few, which implies that there
are many unknowns about the progression of the syndrome
later in life probably due to misdiagnosis. The main limi-
tation found was the lack of a standardised methodology
to assess cognitive and behavioural domains, which calls
into question the veracity of the results and the replicability
of the studies. In addition to this, some of the studies that
described the methodology used had selected instruments
that are not suitable for CTNNB1 syndrome individuals.
Specifically, they did not consider the possible motor, vis-
ual or verbal difficulties associated to the syndrome. Most
studies did not provide specific information, especially on
cognitive aspects, which would be the most relevant data to
characterise the cognitive profile. A list of recommended
elements and methods for the assessment of CTNNB1 syn-
drome patients that could be applied to future studies and
clinical practice is summarised in Table 4.

Conclusions

CTNNBI syndrome is characterised by a pervasive neu-
rodevelopmental delay that affects many aspects of a
person’s life. Currently, the vast majority of studies with
CTNNBI syndrome patients have a medical vision, leav-
ing behind aspects such as cognition or behaviours, which
are only mentioned as additional symptoms of the clinical
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Table 4 Recommendations for assessing CTNNB1 syndrome patients for clinical and research purposes

General

o The assessment should be divided into short parts in an attempt to maximise attention

o Longitudinal assessments would provide valuable information on the progressions of the disease
o If possible, the examinee should be familiarised with the examiner and the context of the assessment so that they feel com-

fortable

e Results could be bias due to visual defects associated to the CTNNB1 syndrome

Cognition

o Parent-reported questionnaires should be an addition to in-person neuropsychological assessments

e Neuropsychological assessments should include nonverbal tasks

o Instruments should not imply a high motor performance

o Parent-reported questionnaires should focus on evaluating daily live functioning
e The tests protocols should be adapted to the developmental age of the patient

Language

e Separately assess expressive language ability, as some patients may be able to communicate

o Assessment of intelligibility, articulation, oral motor structure functioning and phonology would provide overall speech
accuracy. The assessment should be carried out by a qualified speech therapist

e Vocabulary screening tests would be an easy and effective option to assess expressive language ability

e Parent-reported questionnaires should focus on assessing overall communication ability

o Achievement of expressive language milestone would be relevant information

Motor

o Assessments of gross and fine motor skills should be carried out by qualified physiotherapist

o Gross motor should focus on assessing the level of gross motor skills achieved, upper limb function and ambulatory function
o Related to fine motor skills, it would be important to assess grip strength and quality, eye-hand coordination, use of pincer

grasp and quality in object handling

e Parent-reported questionnaires should focus on assessing manual skills on day-to-day activities
e Achievement of gross and fine motor milestones would be relevant

Behaviour

o Parent-reported questionnaires should assess both internalising and externalising problems

e Sleep problems should also be assessed using screening questionnaires

Autism features e Instruments that focus on detection symptomatology compatible with ASD would be useful, instead of screening tests

examination. For this reason, the information available on
the topic is imprecise, which limits an extensive descrip-
tion of the syndrome and generalizable to all patients. In
recent years, the literature related to CTNNB1 syndrome
has increased, along with the improvements on the meth-
odology followed. In fact, the first study to count with a
specific assessment protocol has been recently published by
Sudnawa et al. (2024). Future research should consider this
research for the design of an assessment protocol. In turn,
it is also essential that forthcoming investigations analyse
the interaction of neurodevelopmental variables to target
therapeutic approaches and include analogous comparative
control groups to establish differences between disorders.
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