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Abstract
CTNNB1 syndrome is a rare neurodevelopmental disorder caused by a likely pathogenic or pathogenic variant in the CTNNB1 
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  CTNNB1 syndrome · Features of autism · Intellectual disability · Language impairments · Neurodevelopmental 
disorder

CTNNB1 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, 

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 CTNNB1 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 CTNNB1 gene is located 
on chromosome 3 and is composed of 16 exons. Exons 2 
to 15 are responsible for encoding the β-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/β-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 β-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 (Miroševič 
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, Miroševič 
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 (Miroševič 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 

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) CTNNB1, (2) CTNNB1 syndrome, 
(3) CTNNB1 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 CTNNB1 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

1 CTNNB1 AND Cognitive
2 CTNNB1 AND “Neurodevelopmental disorder”
3 CTNNB1 AND “Intellectual disability”
4 “CTNNB1 syndrome” AND Cognitive
5 “CTNNB1 gene” AND “Intellectual disability”
6 “CTNNB1 mutation” AND “Intellectual disability”
7 “CTNNB1 mutation” AND “Neurodevelopmental disorder”
8 Beta-catenin AND “Intellectual disability”
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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.

Fig. 1   Flow diagram of the literature search
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Table 3   Risk of bias assessment for reviewed studies

Quality indicators have been selected following the adapted version of modified Newcastle–Ottawa Scale (Bawor et al., 2014)
↑, high risk of bias; ↔ , moderate risk of bias; ↓, low risk of bias
* Studies with standardised methodology

Method for 
selecting 
sample

Methods to control confounding Statistical methods Methods for measuring 
outcomes

Sample size Identification of 
confounders

Appropriate 
analyses

Missing data Outcomes 
measure

Objective 
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) ↑ ↑ ↑ ↑ ↓ ↑ ↑
Li et al. (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-Gómez et al. (2022) ↑ ↑ ↑ ↑ ↓ ↑ ↑
Chaves et al. (2023) ↑ ↑ ↑ ↑ ↓ ↑ ↑
Ji et al. (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)* ↑  ↔  ↑  ↔  ↓ ↓ ↓
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Intellectual Quotient

IQ 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 

and colleagues (2019) reported severe ID with IQ 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 IQ 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 (GMFM88), 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 

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; 
Miroševič 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; Miroševič 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; Miroševič 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 
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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; Miroševič 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; Miroševič 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 CTNNB1 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; Miroševič 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 CTNNB1 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 

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 CTNNB1 
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 CTNNB1 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; Miroševič et al., 2022; Zhuang et al., 2023). 
In fact, CTNNB1 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

CTNNB1 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 
CTNNB1 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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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.

Author Contribution  MPS and MG wrote the article with contributions 
from IA, EVV, MS and ALA. Specifically, IA and MS contributed to 
the methodological part, while EVV and ALA supervised the study 
and helped shape the research. All authors read and approved the final 
manuscript.

Funding  Open Access funding provided thanks to the CRUE-CSIC 
agreement with Springer Nature. This study was funded by a grant from 
the Ministry of Sciences, Innovation and Universities of Spain “For-
mación Profesorado Universitario” (FPU22/00391 to Mercè Pallarès).

Data Availability  This review is registered at PROSPERO under the 
following identification number: CRD42024508864.

Declarations 

Competing Interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Basu, A.P., Low, K., Ratnaike, T., & Rowitch, D. (2024). Genetic 
investigations in cerebral palsy. Developmental Medicine & 
Child Neurology, 1–9. https://​doi.​org/​10.​1111/​dmcn.​16080

Bawor, M., Dennis, B. B., Anglin, R., Steiner, M., Thabane, L., 
& Samaan, Z. (2014). Sex differences in outcomes of metha-
done maintenance treatment for opioid addiction: A systematic 
review protocol. Systematic Reviews, 3, 45. https://​doi.​org/​10.​
1186/​2046-​4053-3-​45

Bulot, V., Ramond, F., Mauguière, F., & Mazzola, L. (2022). Startle 
disease: An overlooked symptom of CTNNB1-related neurode-
velopmental disorder with spastic diplegia and visual defects. 
Neurology Genetics, 8(6), e200039. https://​doi.​org/​10.​1212/​
NXG.​00000​00000​200039

Table 4   Recommendations for assessing CTNNB1 syndrome patients for clinical and research purposes

General • The assessment should be divided into short parts in an attempt to maximise attention
• Longitudinal assessments would provide valuable information on the progressions of the disease
• If possible, the examinee should be familiarised with the examiner and the context of the assessment so that they feel com-

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

Cognition • Parent-reported questionnaires should be an addition to in-person neuropsychological assessments
• Neuropsychological assessments should include nonverbal tasks
• Instruments should not imply a high motor performance
• Parent-reported questionnaires should focus on evaluating daily live functioning
• The tests protocols should be adapted to the developmental age of the patient

Language • Separately assess expressive language ability, as some patients may be able to communicate
• 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
• Vocabulary screening tests would be an easy and effective option to assess expressive language ability
• Parent-reported questionnaires should focus on assessing overall communication ability
• Achievement of expressive language milestone would be relevant information

Motor • Assessments of gross and fine motor skills should be carried out by qualified physiotherapist
• Gross motor should focus on assessing the level of gross motor skills achieved, upper limb function and ambulatory function
• 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
• Parent-reported questionnaires should focus on assessing manual skills on day-to-day activities
• Achievement of gross and fine motor milestones would be relevant

Behaviour • Parent-reported questionnaires should assess both internalising and externalising problems
• Sleep problems should also be assessed using screening questionnaires

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

81

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/dmcn.16080
https://doi.org/10.1186/2046-4053-3-45
https://doi.org/10.1186/2046-4053-3-45
https://doi.org/10.1212/NXG.0000000000200039
https://doi.org/10.1212/NXG.0000000000200039


Neuropsychology Review (2026) 36:61–84

Caracci, M.O., Avila, M.E., Espinoza-Cavieres, F.A., López, H.R., 
Ugarte, G.D., & De Ferrari, G.V. (2021). Wnt/β-catenin-dependent 
transcription in autism spectrum disorders. Frontiers in Molecular 
Neurosciences, 14. https://​doi.​org/​10.​3389/​fnmol.​2021.​764756

Chaves, L. D., Caravalho, L. M. L., Tolezano, G. C., Pires, S. F., 
Costa, S. S., de Scliar, M. O., Giuliani, L. R., Bertola, D. R., 
Santos-Rebouças, C. B., Seo, G. H., Otto, P. A., Rosenberg, C., 
Vianna-Morgante, A. M., & Krepischi, A. C. V. (2023). Skewed 
X-chromosome inactivation in women with idiopathic intellec-
tual disability is indicative of pathogenic variants. Molecular 
Neurobiology, 60(7), 3758–3769. https://​doi.​org/​10.​1007/​
s12035-​023-​03311-0

Cordeiro, D., Bullivant, G., Siriwardena, K., Evans, A., Kobayashi, 
J., Cohn, R. D., & Mercimek-Andrews, S. (2018). Genetic 
landscape of pediatric movement disorders and management 
implications. Neurology Genetics, 4(5), e265. https://​doi.​org/​
10.​1212/​NXG.​00000​00000​000265

Coussa, R. G., Zhao, Y., DeBenedictis, M. J., Babiuch, A., Sears, J., 
& Traboulsi, E. I. (2020). Novel mutation in CTNNB1 causes 
familial exudative vitreoretinopathy (FEVR) and microcephaly: 
Case report and review of the literature. Ophthalmic Genetics, 
41(1), 63–68. https://​doi.​org/​10.​1080/​13816​810.​2020.​17231​18

Dashti, S., Salehpour, S., Ghasemi, M. R., Sadeghi, H., Rostami, M., 
Hashemi-Gorji, F., Mirfakhraie, R., Yassaee, V. R., & Miry-
ounesi, M. (2022). Identification of a novel de novo mutation in 
the CTNNB1 gene in an Iranian patient with intellectual disability. 
Neurological Sciences, 43(4), 2859–2863. https://​doi.​org/​10.​1007/​
s10072-​022-​05904-4

de Ligt, J., Willemsen, M. H., van Bon, B. W. M., Kleefstra, T., 
Yntema, H. G., Kroes, T., Vulto-van Silfhout, A. T., Koolen, 
D. A., de Vries, P., Gilissen, C., del Rosario, M., Hoischen, A., 
Scheffer, H., de Vries, B. B. A., Brunner, H. G., Veltman, J. A., 
& Vissers, L. E. L. M. (2012). Diagnostic exome sequencing in 
persons with severe intellectual disability. New England Journal 
of Medicine, 367(20), 1921–1929. https://​doi.​org/​10.​1056/​NEJMo​
a1206​524

Dixon, M. W., Stem, M. S., Schuette, J. L., Keegan, C. E., & Besirli, 
C. G. (2016). CTNNB1 mutation associated with familial exuda-
tive vitreoretinopathy (FEVR) phenotype. Ophthalmic Genetics, 
37(4), 468–470. https://​doi.​org/​10.​3109/​13816​810.​2015.​11203​18

Dubruc, E., Putoux, A., Labalme, A., Rougeot, C., Sanlaville, D., & 
Edery, P. (2014). A new intellectual disability syndrome caused 
by CTNNB1 haploinsufficiency. American Journal of Medical 
Genetics Part A, 146A(6), 1571–1575. https://​doi.​org/​10.​1002/​
ajmg.a.​36484

Gonzalez-Mantilla, P. J., Hu, Y., Myers, S. M., Finucane, B. M., 
Ledbetter, D. H., Martin, C. L., & Moreno-De-Luca, A. (2023). 
Diagnostic yield of exome sequencing in cerebral palsy and impli-
cations for genetic testing guidelines: A systematic review and 
meta-analysis. JAMA Pediatrics, 177(5), 472–478. https://​doi.​org/​
10.​1001/​jamap​ediat​rics.​2023.​0008

Ho, S.K.L., Tsang, M.H.Y., Lee, M., Cheng, S.S.W., Luk, H.L., Lo, 
I.F.M., & Chung, B.H.Y. (2022). CTNNB1 neurodevelopmental 
disorder. Gene Reviews [Internet]. University of Washington.

Ho, S., Tsang, M. H., Fung, J. L., Huang, H., Chow, C. B., Cheng, S. 
S., Luk, H. M., Chung, B. H. Y., & Lo, I. F. (2022b). CTNNB1-
related neurodevelopmental disorder in a Chinese population: 
A case series. American Journal of Medical Genetics. Part A, 
188(1), 130–137. https://​doi.​org/​10.​1002/​ajmg.a.​62504

Ji, Y., Xia, Q., Zhang, H., Huo, H., Cao, X., Wang, W., & Gu, Q. 
(2023). Whole exome sequencing identified two novel truncation 
mutations in the CTNNB1 gene associated with neurodevelop-
mental disorder, language dysfunction, and microcephaly in Chi-
nese children. Child Neurology Open, 10. https://​doi.​org/​10.​1177/​
23290​48X23​11841​84

Jin, S.C., Lewis, S.A., Bakhtiari, S., Zeng, X., Sierant, M.C., Shetty, 
S., Nordile, S.M., Elie, A., Corbett, M.A., Norton, B.Y., van 
Eyk, C.L., Haider, S., Guida, B.S., Magee, H., Liu, J., Pastore, 
S. Vincent, J.B., Brunstrom-Hernandez, J., Papavasileiou, A., … 
Kruer, M.C. (2020). Mutations disrupting neuritogenesis genes 
confer risk for cerebral palsy. Nature Genetics, 52(10), 1046-1056. 
https://​doi.​org/​10.​1038/​s41588-​020-​0695-1

Kayumi, S., Pérez-Jurado, L.A., Palomares, M., Rangu, S., Shep-
pard, S.E., Chung, W.K., Kruer, M.C., Kharbanda, M., Amor, 
D.J., McGillivray, G., Cohen, J.S., García-Miñaúr, S., van Eyk, 
C.L., Harper, K., Jolly, L.A., Webber, D.L., Barnett, C.P., Santos-
Simarro, F., Pacio-Míguez, M., … Corbett, M.A. (2022). Genomic 
and phenotypic characterization of 404 individuals with neurode-
velopmental disorders caused by CTNNB1 variants. Genetics in 
Medicine, 24 (11), 2351–2366. https://​doi.​org/​10.​1016/j.​gim.​
2022.​08.​006

Ke, Z., & Chen, Y. (2020). Case report: A de novo CTNNB1 nonsense 
mutation associated with neurodevelopmental disorder, retinal 
detachment, polydactyly. Frontiers in Pediatrics, 8. https://​doi.​
org/​10.​3389/​fped.​2020.​575673

Keeratisitoj, O., Thawinchai, N., Siritaratiwat, W., Buntragulpoon-
tawee, M., & Pratoomsoot, C. (2018). Prognostic predictors for 
ambulation in children with cerebral palsy: A systematic review 
and meta-analysis of observational studies. Disability and Reha-
bilitation, 40(2), 135–143. https://​doi.​org/​10.​1080/​09638​288.​
2016.​12501​19

Kharbanda, M., Pliz, D. T., Tomkins, S., Chandler, K., Saggar, A., 
Fryer, A., McKay, V., Louro, P., Smith, J. C., Burn, J., Kini, U., 
De Bruca, A., FitzPatrick, D. R., Kinning, E., Study DDD. (2017). 
Clinical features associated with CTNNB1 de novo loss of function 
mutations in ten individuals. European Journal Medical Genetics, 
60(2), 130–135. https://​doi.​org/​10.​1016/j.​ejmg.​2016.​11.​008

Krupp, D. R., Barnard, R. A., Duffourd, Y., Evans, S. A., Mulqueen, 
R. M., Bernier, R., Rivière, J. B., Fombonne, E., & O’Roak, B. 
J. (2017). Exonic mosaic mutations contribute risk for autism 
spectrum disorder. The American Journal of Genetics, 101(3), 
369–390. https://​doi.​org/​10.​1016/j.​ajhg.​2017.​07.​016

Kuechler, A., Willemsen, M.H., Albrecht, B., Bacino, C.A., Bartho-
lomew, D.W, van Bokhoven, H., van den Boogaard, M.J.H., Bram-
swig, N., Büttner, C., Cremer, K., Czeschik, J.C., Engels, H., van 
Gassen, K., Graf, E., van Haelst, M., He, W., Hogue, J.S., Kem-
pers, M., Koolen, D., ... Wieczorek, D. (2015). De novo muta-
tions in beta-catenin (CTNNB1) appear to be a frequent cause 
of intellectual disability: Expanding the mutational and clinical 
spectrum. Human Genetics, 134 (1), 97–109. https://​doi.​org/​10.​
1007/​s00439-​014-​1498-1

Lee, S., Jang, S.S., Park, S., Yoon, J.G., Kim, S.Y., Lim, B.C., & 
Chae, J.H. (2022). The extended clinical and genetic spectrum 
of CTNNB1-related neurodevelopmental disorder. Frontiers in 
Pediatrics, 10. https://​doi.​org/​10.​3389/​fped.​2022.​960450

Lee, J., Yoo, J., Lee, S., & Jang, D.H. (2023). CTNNB1-related neu-
rodevelopmental disorder mimics cerebral palsy: Case report. 
Frontiers in Pediatrics, 11. https://​doi.​org/​10.​3389/​fped.​2023.​
12010​80

Li, N., Xu, Y., Li, G., Yu, T., Yao, R., Wang, X., & Wang, J. (2017). 
Exome sequencing identifies a de novo mutation of CTNNB1 gene 
in a patient mainly presented with retinal detachment, lens and 
vitreous opacities, microcephaly, and developmental delay: Case 
report and literature review. Medicine, 96(20), e6914. https://​doi.​
org/​10.​1097/​MD.​00000​00000​006914

Maguschak, K. A., & Ressler, K. J. (2012). The dynamic role of beta-
catenin in synaptic plasticity. Neuropharmacology, 62(1), 78–88. 
https://​doi.​org/​10.​1016/j.​neuro​pharm.​2011.​08.​032

Miroševič, S., Khandelwal, S., Sušjan, P., Žakelj, N., Gosar, D., 
Forstnerič, V., Lainšček, D., Jerala, R., & Osredkar, D. (2022). 
Correlation between phenotype and genotype in CTNNB1 

82

https://doi.org/10.3389/fnmol.2021.764756
https://doi.org/10.1007/s12035-023-03311-0
https://doi.org/10.1007/s12035-023-03311-0
https://doi.org/10.1212/NXG.0000000000000265
https://doi.org/10.1212/NXG.0000000000000265
https://doi.org/10.1080/13816810.2020.1723118
https://doi.org/10.1007/s10072-022-05904-4
https://doi.org/10.1007/s10072-022-05904-4
https://doi.org/10.1056/NEJMoa1206524
https://doi.org/10.1056/NEJMoa1206524
https://doi.org/10.3109/13816810.2015.1120318
https://doi.org/10.1002/ajmg.a.36484
https://doi.org/10.1002/ajmg.a.36484
https://doi.org/10.1001/jamapediatrics.2023.0008
https://doi.org/10.1001/jamapediatrics.2023.0008
https://doi.org/10.1002/ajmg.a.62504
https://doi.org/10.1177/2329048X231184184
https://doi.org/10.1177/2329048X231184184
https://doi.org/10.1038/s41588-020-0695-1
https://doi.org/10.1016/j.gim.2022.08.006
https://doi.org/10.1016/j.gim.2022.08.006
https://doi.org/10.3389/fped.2020.575673
https://doi.org/10.3389/fped.2020.575673
https://doi.org/10.1080/09638288.2016.1250119
https://doi.org/10.1080/09638288.2016.1250119
https://doi.org/10.1016/j.ejmg.2016.11.008
https://doi.org/10.1016/j.ajhg.2017.07.016
https://doi.org/10.1007/s00439-014-1498-1
https://doi.org/10.1007/s00439-014-1498-1
https://doi.org/10.3389/fped.2022.960450
https://doi.org/10.3389/fped.2023.1201080
https://doi.org/10.3389/fped.2023.1201080
https://doi.org/10.1097/MD.0000000000006914
https://doi.org/10.1097/MD.0000000000006914
https://doi.org/10.1016/j.neuropharm.2011.08.032


Neuropsychology Review (2026) 36:61–84

syndrome: A systematic review of literature. Molecular Sciences, 
23(20). https://​doi.​org/​10.​3390/​ijms2​32012​564

Moeinafshar, A., Tehrani-Fateh, S., Sadeghi, H., Karimzadeh, P., 
Mirfakhraie, R., Hashemi-Gorji, F., Larki, P., Miryounesi, M., & 
Ghasemi, M. R. (2023). Alopecia areata-like pattern of baldness: 
The most recent update and the expansion of novel phenotype 
and genotype in CTNNB1 gene. Neurological Sciences, 44(11), 
4041–4048. https://​doi.​org/​10.​1007/​s10072-​023-​06922-6

Nagy, N., Pál, M., Nagy, D., Bokor, B. A., Zimmermann, A., Gellén, 
B., Salamon, A., Sztriha, L., Klivényi, P., & Széll, M. (2024). 
A novel de novo truncating variant in a Hungarian patient with 
CTNNB1 neurodevelopmental disorder. BMC Pediatrics, 24(47), 
1–6. https://​doi.​org/​10.​1186/​s12887-​023-​04509-w

Onesimo, R., Sforza, E., Trevisan, V., Leoni, C., Giorgio, V., Rigante, 
D., Kuczynska, E.M., Proli, F., Agazzi, C., Limongelli, D., 
Digilio, M.C., Dentici, M.L., Macchiaiolo, M., Novelli, A., Bar-
tuli, A., Sinibaldi, L., Tartaglia, M., & Zampino, G. (2023). From 
feeding challenges to oral-motor dyspraxia: A comprehensive 
description of 10 new cases with CTNNB1 syndrome. Genes, 
14(10). https://​doi.​org/​10.​3390/​genes​14101​843

Panagiotou, E. S., Sanjuro-Soriano, C., Poulter, J. A., Lord, E. C., 
Dzulova, D., Kondo, H., Hiyoshi, A., Chung, B. H., Chu, Y. W., 
Lai, C. H. Y., Tafoya, M. E., Karjosukarso, D., Collin, R. W. J., 
Topping, J., Downey, L. M., Ali, M., Inglehearn, C. F., & Toomes, 
C. (2017). Defects in the cell signaling mediator β-catenin cause 
the retinal vascular condition FEVR. The American Journal of 
Human Genetics, 100(6), 960–968. https://​doi.​org/​10.​1016/j.​ajhg.​
2017.​05.​001

Paparella, A., Squeo, G. M., Di Venere, E., Cardea, E., Mazza, T., 
Castellana, S., Kerkhof, J., McConkey, H., Sadikovic, B., Sini-
baldi, L., Digilio, M. C., & Merla, G. (2022). Genome-wide DNA 
methylation profiling and exome sequencing resolved a long-time 
misdiagnosed case. Journal of Human Genetics, 67(9), 547–551. 
https://​doi.​org/​10.​1038/​s10038-​022-​01043-y

Percy, A. K., Lane, J., Annese, F., Warren, H., Skinner, S. A., & Neul, 
J. L. (2018). When Rett syndrome is due to genes other than 
MECP2. Translational Science of Rare Disease, 3(1), 49–53. 
https://​doi.​org/​10.​3233/​TRD-​180021

Pipo-Deveza, J., Fehlings, D., Chitayat, D., Yoon, G., Sroka, H., & 
Tein, I. (2018). Rationale for dopa-responsive CTNNB1/ β 
-catenin deficient dystonia. Movement Disorders, 33(4), 656–657. 
https://​doi.​org/​10.​1002/​mds.​27320

Prasad, M.K., Geoffroy, V., Vicaire, S., Jost, B., Dumas, M., Le Gras, 
S., Switala, M., Gasse, B., Laugel-Haushalter, V., Paschaki, M., 
Leheup, B., Droz, D., Dalstein, A., Loing, A. Grollemund, B., 
Muller-Bolla, M., Lopez-Cazaux, S., Minoux, M., Jung, S., … 
Bloch-Zupan, A. (2016). A targeted next-generation sequencing 
assay for the molecular diagnosis of genetic disorders with oro-
dental involvement. Journal of Medical Genetics, 53(2), 98–110. 
https://​doi.​org/​10.​1136/​jmedg​enet-​2015-​103302

Retterer, K., Juusola, J., Cho, M.T., Vitazka, P., Millan, F., Gibellini, 
F., Vertino-Bell, A., Smaoui, N., Neidich, J., Monaghan, K.G., 
McKnight, D., Bai, R., Suchy, S., Friedman, B., Tahiliani, J., 
Pineda-Alvarez, D., Richard, G., Brandt, T., Haverfield, E., … 
Bale, S. (2016). Clinical application of whole-exome sequencing 
across clinical indications. Genetics in Medicine, 18(7), 696–704. 
https://​doi.​org/​10.​1136/​jmedg​enet-​2015-​103302

Rossetti, L. Z., Bekheirnia, M. R., Lewis, A. M., Mefford, H. C., 
Golden-Grant, K., Tarczy-Hornoch, K., Briere, L. C., Sweetser, 
D. A., Walker, M. A., Kravets, E., Stevenson, D. A., Bruenner, 
G., Sebastian, J., Knapo, J., Rosenfeld, J. A., Marcogliese, P. C., 
& Wrangler, M. F. (2020). Missense variants in CTNNB1 can be 
associated with vitreoretinopathy - Seven new cases of CTNNB1-
associated neurodevelopmental disorder including a previously 
unreported retinal phenotype. Molecular Genetics & Genomic 
Medicine, 9(1), e1542. https://​doi.​org/​10.​1002/​mgg3.​1542

Rossetti, L. Z., Bekheirnia, M. R., Lewis, A. M., Mefford, H. C., 
Golden-Grant, K., Tarczy-Hornoch, K., Briere, L. C., Sweetser, 
D. A., Walker, M. A., Kravets, E., Stevenson, D. A., Bruenner, G., 
Sebastian, J., Knapo, J., Rosenfeld, J. A., Marcogliese, P. C., Net-
work, Undiagnosed Diseases, & Wangler, M. F. (2021). Missense 
variants in CTNNB1 can be associated with vitreoretinopathy-
Seven new cases of CTNNB1-associated neurodevelopmental 
disorder including a previously unreported retinal phenotype. 
Molecular genetics & genomic medicine, 9(1), e1542. https://​doi.​
org/​10.​1002/​mgg3.​1542

Sinibaldi, L., Garone, G., Mandarino, A., Iarossi, G., Chioma, L., 
Dentici, M., Merla, G., Agolini, E., Micalizzi, A., Mancini, C., 
Niceta, M., Macchiaiolo, M., Diodato, D., Onesimo, R., Blan-
dino, R., Delogu, A.B., De Rosa, G., Trevisan, V., Iademarco, 
M., … Calcagni, G. (2023). Congenital heart defects in CTNNB1 
syndrome: Raising clinical awareness. Clinical Genetics, 104(5), 
528–541. https://​doi.​org/​10.​1111/​cge.​14404

Spagnoli, C., Salerno, G. G., Rizzi, S., Frattini, D., Koskenvuo, J., & 
Fusco, C. (2022). Novel CTNNB1 variant leading to neurode-
velopmental disorder with spastic diplegia and visual defects 
plus peripheral neuropathy: A case report. American Journal 
of Medical Genetics, 188(10), 3118–3120. https://​doi.​org/​10.​
1002/​ajmg.a.​62902

Srivastava, S., Love-Nichols, J. A., Dies, K. A., Ledbetter, D. H., Mar-
tin, C. L., Chung, W. K., Firth, H. V., Frazier, T., Hansen, R. L., 
Prock, L., Brunner, H., Hoang, N., Scherer, S. W., Sahin, M., 
Miller, D. T., NDD Exome Scoping Review Work Group. (2019). 
Meta-analysis and multidisciplinary consensus statement: Exome 
sequencing is a first-tier clinical diagnostic test for individuals 
with neurodevelopmental disorders. Genetics in Medicine, 21(11), 
2413–2421. https://​doi.​org/​10.​1038/​s41436-​019-​0554-6

Sudnawa, K. K., Garber, A., Cohen, R., Calamia, S., Kanner, C. H., 
Montes, J., Bain, J. M., Fee, J. F., & Chung, W. K. (2024). Clinical 
phenotypic spectrum of CTNNB1 neurodevelopmental disorder. 
Clinical Genetics. https://​doi.​org/​10.​1111/​cge.​14487

Sun, W., Xiao, X., Li, S., Jia, X., Wang, P., & Zhang, Q. (2019). Ger-
mline mutations in CTNNB1 associated with syndromic FEVR 
or Norrie disease. Investigative Ophthalmology & Visual Science, 
60(1), 93–97. https://​doi.​org/​10.​1167/​iovs.​18-​25142

Takezawa, Y., Kikuchi, A., Haginoya, K., Niihori, T., Numata-
Uematsu, Y., Inui, T., Yamamura-Suzuki, S., Miyabayashi, T., 
Anzai, M., Suzuki-Muromoto, S., Okubo, Y., Endo, W., Togashi, 
N., Kobayashi, Y., Onuma, A., Funayama, R., Shirota, M., Nakay-
ama, K., Aoki, Y., & Kure, S. (2018). Genomic analysis identifies 
masqueraders of full-term cerebral palsy. Annals of clinical and 
translational neurology, 5(5), 538–551. https://​doi.​org/​10.​1002/​
acn3.​551

Taylor, R.L., Soriano, C.S., Williams, S., Dzulova, D., Ashworth, 
J., Hall, G., Gale, T., Lloyd, I.C., Inglehearn, C.F., Toomes, 
C., Douzgou, S., & Black, G.C. (2022). Bi-allelic mutation of 
CTNNB1 causes a severe form of syndromic microphthalmia, 
persistent foetal vasculature and vitreoretinal dysplasia. Orphanet 
Journal of Rare Diseases, 17(1). https://​doi.​org/​10.​1186/​
s13023-​022-​02239-3

Thevenon, J., Duffourd, Y., Masurel-Paulet, A., Lefebvre, M., Feillet, 
F., El Chehadeh-Djebbar, S., St-Onge, J., Steinmetz, A., Huet, 
F., Chouchane, M., Darmency-Stamboul, V., Callier, P., Thau-
vin-Robinet, C., Faivre, L., & Rivière, J. B. (2016). Diagnostic 
odyssey in severe neurodevelopmental disorders: Toward clinical 
whole-exome sequencing as a first-line diagnostic test. Clinical 
Genetics, 89(6), 700–707. https://​doi.​org/​10.​1111/​cge.​12732

Tucci, V., Kleefstra, T., Hardy, A., Heise, I., Maggi, S., Willemsen, 
M.H., Hilton, H., Esapa, C., Simon, M., Buenavista, M.T., 
McGuffin, L.J., Vizor, L., Dodero, L., Tsaftaris, S., Romero, R., 
Nillesen, W.N., Vissers, L.E.L.M, Kempers, M.J., Bulto-van Silf-
hout, A.T., … Nolan, P.M. (2014). Dominant β-catenin mutations 

83

https://doi.org/10.3390/ijms232012564
https://doi.org/10.1007/s10072-023-06922-6
https://doi.org/10.1186/s12887-023-04509-w
https://doi.org/10.3390/genes14101843
https://doi.org/10.1016/j.ajhg.2017.05.001
https://doi.org/10.1016/j.ajhg.2017.05.001
https://doi.org/10.1038/s10038-022-01043-y
https://doi.org/10.3233/TRD-180021
https://doi.org/10.1002/mds.27320
https://doi.org/10.1136/jmedgenet-2015-103302
https://doi.org/10.1136/jmedgenet-2015-103302
https://doi.org/10.1002/mgg3.1542
https://doi.org/10.1002/mgg3.1542
https://doi.org/10.1002/mgg3.1542
https://doi.org/10.1111/cge.14404
https://doi.org/10.1002/ajmg.a.62902
https://doi.org/10.1002/ajmg.a.62902
https://doi.org/10.1038/s41436-019-0554-6
https://doi.org/10.1111/cge.14487
https://doi.org/10.1167/iovs.18-25142
https://doi.org/10.1002/acn3.551
https://doi.org/10.1002/acn3.551
https://doi.org/10.1186/s13023-022-02239-3
https://doi.org/10.1186/s13023-022-02239-3
https://doi.org/10.1111/cge.12732


Neuropsychology Review (2026) 36:61–84

cause intellectual disability with recognizable syndromic features. 
The Journal of Clinical Investigation, 124(4), 1468–1482. https://​
doi.​org/​10.​1172/​JCI70​372

Verhoeven, W. M. A., Egger, J. I. M., Jongbloed, R. E., van Putten, 
M. M., de Bruin-van Zandwijk, M., Zwemer, A. S., Pfundt, R., 
& Willemsen, M. H. (2020). A de novo CTNNB1 novel splice 
variant in an adult female with severe intellectual disability. Inter-
national Medical Case Reports Journals, 13, 487–492. https://​doi.​
org/​10.​2147/​IMCRJ.​S2704​87

Wang, H., Zhao, Y., Yang, L., Han, S., & Qi, M. (2019). Identification 
of a novel splice mutation in CTNNB1 gene in a Chinese family 
with both severe intellectual disability and serious visual defects. 
Neurological Sciences, 40(8), 1701–1704. https://​doi.​org/​10.​1007/​
s10072-​019-​03823-5

Wilfert, A.B., Sulovari, A., Turner, T.N., Coe, B.P., & Eichler, E.E. 
(2017). Recurrent de novo mutations in neurodevelopmental dis-
orders: Properties and clinical implications. Genome Medicine, 
9(1). https://​doi.​org/​10.​1186/​s13073-​017-​0498-x

Winczewska-Wiktor, A., Badura-Stronka, M., Monies-Nowicka, A., 
Nowicki, M.M., Steinborn, B., Latos-Bieleńska, A., & Monies, D. 
(2016). A de novo CTNNB1 nonsense mutation associated with 
syndromic atypical hyperekplexia, microcephaly and intellectual 
disability: A case report. BMC Neurology, 16(35). https://​doi.​org/​
10.​1186/​s12883-​016-​0554-y

Yan, R., Liu, P., Li, F., Chu, M., Lei, J., Wang, F., Luo, L., & Xu, X. 
(2020). Generation of a human induced pluripotent stem cell line 

(SBWCHi001-A) from a patient with NEDSDV carrying a patho-
genic mutation in CTNNB1 gene. Stem Cell Research, 49. https://​
doi.​org/​10.​1016/j.​scr.​2020.​102091

Yan, D., Sun, Y., Xu, N., Yu, Y., & Zhan, Y. (2022). Genetic and clini-
cal characteristics of 24 mainland Chinese patients with CTNNB1 
loss-of-function variants. Molecular Genetics & Genomic Medi-
cine, 10(11), e2067. https://​doi.​org/​10.​1002/​mgg3.​2067

Zhuang, W., Ye, T., Wang, W., Song, W., & Tan, T. (2023). CTNNB1 
in neurodevelopmental disorders. Frontiers in Psychiatry, 
14(1143328). https://​doi.​org/​10.​3389/​fpsyt.​2023.​11433​28

Zuluaga-Gómez, L. M., Caballero-Mojica, S. C., Vélez-Rengifo, G. J., 
Bravo-Acosta, J. D., & Montoya-Villada, J. H. (2022). CTNNB1 
gene mutation associated with neurodevelopmental disorder, 
microcephaly, and persistence of bilateral hyperplastic primary 
vitreous: A case report and literature review. Archivos De La 
Sociedad Española De Oftalmología, 97(1), 44–47. https://​doi.​
org/​10.​1016/j.​oftal.​2020.​11.​028

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

84

https://doi.org/10.1172/JCI70372
https://doi.org/10.1172/JCI70372
https://doi.org/10.2147/IMCRJ.S270487
https://doi.org/10.2147/IMCRJ.S270487
https://doi.org/10.1007/s10072-019-03823-5
https://doi.org/10.1007/s10072-019-03823-5
https://doi.org/10.1186/s13073-017-0498-x
https://doi.org/10.1186/s12883-016-0554-y
https://doi.org/10.1186/s12883-016-0554-y
https://doi.org/10.1016/j.scr.2020.102091
https://doi.org/10.1016/j.scr.2020.102091
https://doi.org/10.1002/mgg3.2067
https://doi.org/10.3389/fpsyt.2023.1143328
https://doi.org/10.1016/j.oftal.2020.11.028
https://doi.org/10.1016/j.oftal.2020.11.028

	A Systematic Review of Cognitive and Behavioural Symptoms in CTNNB1 Syndrome
	Abstract
	Methods
	Data Sources and Search Strategy
	Inclusion and Exclusion Criteria
	Identification of Relevant Studies and Data Extraction
	Risk of Bias

	Results
	General Overview
	Intellectual Quotient
	Motor
	Language
	Behavioural Traits
	Features of Autism

	Discussion
	Conclusions
	References




