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Abstract
CTNNB1 Syndrome is a neurodevelopmental disorder caused by de novo pathogenic variants characterized by global 
cognitive impairment, microcephaly, speech and motor delay, abnormal muscle tone, ophthalmologic impairments, behaviour 
problems and autistic spectrum disorder (ASD) symptoms. The aim of this study is to carry out a thorough clinical and 
psychological characterization of Spanish CTNNB1 syndrome patients. We used standard clinical assessment instruments and 
an ad hoc questionnaire to measure motor functioning, neurodevelopmental milestones, sleep problems, daily life activities, 
behavioural problems, communication and speech impairments, eating disorders and autistic features in 25 participants with 
CTNNB1 syndrome (15 females, 10 males; mean age 7.1 ± 4.1). Main clinical manifestations reported were microcephaly, 
motor impairment, sight problems, sleep disturbances and sensorial problems. Attainment of developmental milestones 
indicated motoric, language and daily living skills to be generally delayed. All participants had adaptative skills below 
their chronological age, even though verbal individuals had better functioning compared to nonverbal. Regarding behaviour 
impairments, CTNNB1 syndrome patients scored significantly high at internalizing and externalizing behavioural problems. 
Additionally, about 60% presented symptoms of ASD. Our findings have important implications for the psychotherapeutic 
and clinical approaches of CTNNB1 syndrome patients. We show the importance of early stimulation, given that an early 
attainment of developmental milestones is related to a current better function of many clinical variables. Moreover, previous 
underrated symptoms such as sleep problems, impaired adaptative skills and high rates of behavioural symptoms should be 
taken into consideration due to the harmful impact that have on every day life.

Keywords  CTNNB1 syndrome · Developmental delay · Motor impairments · Behavioural problems · Autism spectrum 
disorder · Rare disease

CTNNB1 syndrome is a neurodevelopment disorder 
caused by de novo heterozygous pathogenic variants in the 
CTNNB1 gene (Kuechler et al., 2015). It is a rare disease 
due to its low prevalence, described for the first time by de 
Ligt et al. (2012) who postulated CTNNB1 to be a novel 

intellectual-disability gene that caused a variety of clinical 
manifestations, including general developmental delay, intel-
lectual disability (ID), speech disorders, learning and mem-
ory disturbances, craniofacial anomalies and microcephaly, 
ophthalmic disorders, motor difficulties, behaviour problems 
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and autistic spectrum disorder (ASD) symptoms (de Ligt 
et al., 2012; Dubruc et al., 2014; Kuechler et al., 2015; Tucci 
et al., 2014). CTNNB1 encodes β-catenin, a protein essential 
in cell growth and development which regulates intercellular 
contacts and gene transcription (Shang et al., 2017; Xu & 
Kimelman, 2007). Germline CTNNB1 mutations distribute 
along the entire CTNNB1 gene, with a predominance of 
nonsense substitutions and small insertions and deletions 
that introduce premature termination codons in the CTNNB1 
coding sequence (Kayumi et al., 2022). This generates, in 
many cases, truncated β-catenin proteoforms expected to 
result into loss-of-function or altered functional properties.

Patients affected with CTNNB1 syndrome present 
a great phenotypic variety, whereby the main clinical 
manifestations are expressed with varying degrees of 
severity among individuals. The most common features 
are facial dysmorphism (98%), eye abnormalities (93%), 
muscle tone (92%), speech difficulties (89%), microcephaly 
(74%), walking inability (40%) and behavioural problems 
(Miroševič et al., 2022). Therefore, CTNNB1 syndrome 
affects essential developmental aspects such as global 
cognition, motor functioning, language acquisition 
and behavioural problems. However, only in few cases 
standardised methods have been used to assess these clinical 
phenotypes, which makes it difficult to compare results from 
different studies.

CTNNB1 syndrome is a recently described disease, 
diagnosed through genetic screening (Nagy et al., 2024), 
which shows resemblance with other pathologies such as 
autism (Dong et al., 2016) and cerebral palsy (Jin et al., 
2020). Due to the lack of specific assessment protocols 
for CTNNB1 syndrome, the present study has based the 
design of the methodology on analogous diseases such as 
autism (Caputo et al., 2018; Pry et al., 2011), fragile X 
syndrome (Caravella & Roberts, 2017; Grefer et al., 2016; 
Hogan et al., 2017), Williams syndrome (Braga et al., 2018), 
FOXP1 disorder (Braden et al., 2021; Trelles et al., 2021) 
and cerebral palsy (Ballester-Palné et al., 2016; Romeo et al., 
2014; Skjeldal et al., 2008; Weber et al., 2016).

Sudnawa and colleagues carried out a clinical 
characterization from caregiver-reports and in-person 
assessments from 32 individuals with CTNNB1 syndrome 
(Sudnawa et al., 2024). To our knowledge, this has been 
the only study up to date that has evaluated patients on 
the basis of an extensive protocol, using standardised 
and specific tests for the needs of CTNNB1 patients. 
Although this investigation provides advances in this field, 
deeper characterization of the clinical and psychological 
manifestations of these patients is a current necessity.

The aim of our study was to carry out an extensive 
and thorough assessment of clinical and psychological 
manifestations in Spanish patients with CTNNB1 syndrome. 
A specific assessment protocol has been designed to 

study essential aspects of the neurodevelopment of 
CTNNB1 syndrome patients, including motor functioning, 
neurodevelopmental milestones, sleep problems, daily life 
activities, behavioural problems, communication and speech 
impairments, eating disorders and autistic features.

Method

Patients

A total of 25 Spanish CTNNB1 patients (15 females, 10 
males; mean age 7.1 ± 4.1; age range 2.03–17.02; median: 
6.08) participated in the study, even though most tests were 
answered by the parents. Participants were recruited through 
the CTNNB1 Spanish Association (Asociación CTNNB1 
España) between November 2023 and April 2024. Clinical 
and genetic information was systematically collected after 
written informed consent.

The inclusion criteria were as follows: (a) to be the 
progenitor of a diagnosed child with CTNNB1 syndrome 
by a genetic test, (b) to have the informed consent prior to 
the participation, (c) to have Spanish as one of the primary 
languages and (d) to have the Spanish nationality. Study 
exclusion criteria were: (a) not to have a genetic diagnosis 
that indicates CTNNB1 syndrome and (b) to have other 
diagnosis not secondary to CTNNB1 syndrome.

All study procedures were in line with the Declaration 
of Helsinki, complying with all relevant ethical regulations 
and the protocol was approved by the Ethics Committee of 
the University of Deusto (ETK-24/23-24).

Instruments

Sociodemographic data and clinical information were 
collected through an ad hoc neurodevelopmental 
questionnaire. Tests adapted in Spanish were the following.

Sleep Problems

Sleep Disturbances Scale for Children (Pagerols et  al., 
2023). This scale provides an overall measure of sleep 
disturbances to be used in clinical screenings and research. 
Consists of 26 Likert-type items and is divided in 5 
subdomains: disorders of initiating and maintaining sleep, 
sleep breathing disorders, disorders of arousal, sleep–Wake 
transition disorders, disorders of excessive somnolence and 
sleep hyperthyroidism. A score of 39 or higher indicates 
global sleep disorder and the tests has a Cronbach’s alpha 
value of 0.71 (Pagerols et al., 2023).
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Ability to Eat

Eating and Drinking Ability Classification System (EDACS) 
(Sellers et al., 2013). The purpose of this scale is to classify 
how individuals, originally for cerebral palsy patients, eat 
and drink in everyday life into a five levels scale. The focus 
is on the functional activities related to eating, therefore the 
distinctions between the different levels are based upon the 
ability to eat; from eating and drinking safely to unable to do 
so. The original instrument showed almost perfect interrater 
reliability (Tschirren et al., 2018).

Communication

Viking Speech Scale (VSS) (Lindsay et al., 2013). The aim 
of this scale is to classify children’s speech production, 
specifically taking into consideration to what extent their 
speech is understandable. It has four level options; from not 
affected speech to not understandable speech. In this study, 
we have asked the parents to choose the most accurate level 
on the basis of their knowledge of the child. Test–retest 
reliability of the original version of the test was substantial 
to almost perfect for the health care professionals (k > 0.68) 
(Pennington et al., 2013).

Communication Function Classification System (CFCS) 
(Keith & Arellano, 2012). This test provides five levels 
to describe every day’s communication performance, 
originally to assess individuals with cerebral palsy although 
it is currently being used for any disability. In this case, 
classification on the CFCS has been made by the parents, 
who are familiar with the ability of their child to establish a 
conversation in which the role of the sender and the receiver 
of information is being exchanged. The test–retest reliability 
of the original version was 0.82 (Hidecker et al., 2011).

Motor Function

Manual Ability Classification System for Children with 
Cerebral Palsy (MACS and mini-MACS) (Barrón, 2010; 
Barrón & Palomino, 2013). These tests describe how 
children usually use their hands to handle objects in their 
day to day life. MACS is the original form of the test and 
evaluates children from 4 to 18 years old, whether mini-
MACS is an adaptation assessed to children from 1 to 
4 years of age. Caregivers/Parents have to determine which 
of the five possible levels describes best the overall ability 
of their child to handle objects. The original version of the 
instrument has good validity and reliability; the intraclass 
correlation coefficient between therapist was 0.97 and 
between parents and therapist was 0.96 (Eliasson et al., 
2006).

Gross Motor Function Measure 88 (GMFM88) (Ferre-
Fernández et  al., 2020). The GMFM88 is commonly 

used in the evaluation of gross motor function in children 
with cerebral palsy and it consists of 5 dimensions: lying 
and rolling, sitting, crawling and kneeling, standing and 
walking, running and jumping. Scores range from 0 to 
3 and a percentage of each subdomain is obtained, from 
which the final percentage is calculated. The instrument has 
a Cronbach’s alpha value of 0.90 (Ferre-Fernández et al., 
2020).

Neurodevelopment

Vineland Adaptive Behavior Scales-3 (Sparrow et  al., 
2016). The Vineland-3 is an individually administered 
measure of adaptive behaviour and everyday functioning 
of an individual with intellectual and developmental 
disabilities. The parent/caregiver form is a questionnaire-
type instrument that is completed by the parent, on the 
basis of their knowledge of the child. It has five main 
domains; communication (COM), daily living skills (DLS), 
socialization (SOC), motor skills and maladaptive behaviour, 
each composed by subdomains. A raw score is obtained from 
each subdomain, from which a V-scale score is calculated 
considering the age of the examinee. Scores less than 70 
are considered impaired (70–79 borderline; 80–89 below 
average; 90 + average). The test has a Cronbach’s alpha value 
of 0.98 (Sparrow et al., 2016).

Autism

Form B of the Social Communication Questionnaire (SCQ) 
(Pereña & Santamaría, 2005). This test is a parent-report 
questionnaire that evaluates three principal aspects of ASD: 
social relating, communication and range of interests. 
The purpose is to identify if the child has compatible 
symptomatology with ASD. Consists of 40 yes or no items 
and a score higher than 15 indicates possible compatibility 
with ASD symptoms. The instrument has high reliability, 
with a reported alpha of 0.90 (Pereña & Santamaría, 2005).

Childhood Autism Rating Scale (CARS) (García-
Villamisar, 1992). The aim of this behavioural rating test is 
to determine the presence and severity of ASD symptoms. 
There are 15 items, each with a possible score from 1 
to 5, therefore total scores can range from 15 to 60. The 
Cronbach’s Alpha coefficient of the instrument is 0.89 
(García-Villamisar, 1992).

Procedure

Recruitment began by contacting the CTNNB1 Spanish 
Association, who shared the research with the families. After 
acceptance, a brief online meeting was conducted to explain 
the three parts of the research. The first part consisted of 
an online questionnaire that included self-administered 
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tests through the software Qualtrics. The following section 
was an online interview with an examiner to address the 
neurodevelopmental information and the tests that required 
a in-person administration. Finally, parents were requested 
to ask their child’s physiotherapist to assess the GMFM88 
with prior consent of the professional.

Data Analyses

The statistical program SPSS (Statistical Package for Social 
Sciences) version 28.0 was used to perform the analyses. To 
study the normal distribution of the sample, a Shapiro–Wilk 
analysis was made, indicating a non-normal distribution for 
most of the variables. However, because of the small sample 
size, non-parametric analyses were exclusively carried out. 
Descriptive statistics were performed for all measures and, 
to compare different variables, raw scores were converted 
into Z scores. Further analysis consisted of Mann–Whitney 
U test for group comparison, Spearman Rho for correlations 
between variables and, lastly, Wilcoxon W for intrasubject 
analyses. The level of significance was established at a p 
value of 0.05.

Results

Gene Variants Found in the Sample

Our series is composed of 25 patients with genetic altera-
tions in the CTNNB1 gene. All CTNNB1 mutations were de 
novo mutations present in heterozygosis. Most of the altera-
tions were small insertions or deletions causing frameshift, 
single-nucleotide substitutions causing nonsense mutations, 
and splicing mutations, distributed along the entire CTNNB1 
nucleotide sequence. To the best of our knowledge, we have 
identified 13 novel CTNNB1 mutations: two nonsense muta-
tions, eight small insertions or deletions causing frameshift, 
two splicing mutations, and one in-frame small deletion. In 
addition, some mutations from our series are recurrent in 
CTNNB1 syndrome patients. No missense mutations were 
found (Table 1 and Fig. 1). 

Clinical Findings

Clinical characteristics and neurodevelopment features of 
patients are summarized in Fig. 2 and Supplementary infor-
mation 1.

Mean age of CTNNB1 syndrome diagnosis was 4.2 ± 3.4 
although it widely varied across participants; older cases 
were diagnosed later than younger ones. The most common 
medical finding was microcephaly (24/25; 96%), followed 
by motor impairments. Sight problems were also prevalent 
among cases (21/25; 84%), of which strabismus (16/25; 

64%) farsightedness (10/25; 40%) and stigmatism (5/25; 
20%) were present. Related to sensorial problems, loud 
noises sensitivity was commonly described (20/25; 80%), 
as also was scarce pain sensitivity (20/25; 80%). On the 
other hand, current or previous persistent sleep problems 
were also a noticeable issue (17/25; 68%), for which 11 took 
prescribed medication. Moreover, 16 participants scored 
above the cut-off point for sleep problems at the Sleep 
disturbances Scale for children (64%), with an overall mean 
score of 46.3 ± 14.9. More specifically, disorders of initiating 
and maintaining sleep and sleep–wake transition were the 
most affected aspects [see Supplementary Information 1]. 
On another note, 16 parents reported some type of facial 
dysmorphisms (64%) and 15 had lower than normal weight 
or height currently or in the past (60%). Lastly, eating 
problems were present in 10 out of 25 individuals (40%), 
such as difficulties when swallowing or poor appetite. 
In the same line, individuals scored a mean score on the 
EDACS scale of 1.4 ± 0.8 out of five, indicating a general 
ability to eat and drink safely, except for a few cases [see 
Supplementary Information].

Pregnancy and New‑Born Period

Information on pregnancy matters and new-born period was 
obtained from the ad hoc questionnaire, which was carried 
out by an interview with the caregivers and a revision 
of medical records (see Supplementary Information 1). 
Mothers’ mean age of pregnancy was 34.2 ± 3.1 years old, 
while parents’ mean age was 35.72 ± 4.44, and 10 out of 25 
experienced issues during their pregnancy (40%), being the 
most prevalent preeclamptic risk and fetal growth restriction. 
Both mean gestation period and mean new-born weight were 
within the average parameters and four participants required 
incubator. Regarding new-born activity, 13 out of 25 parents 
described their child to be less active (52%) and 10 out of 
25 as crankier (40%). Moreover, feeding problems were also 
present during the new-born period, begin the most prevalent 
stomach cramps (16/25; 64%), suction difficulties (14/25; 
56%) and difficulty in gaining weight (10/25; 40%). Other 
relevant findings were the significant correlations between 
activity problems during the new-born period and the age 
at which participants started using two-words sentences 
(Rho = 0.521; p = 0.047), indicating more difficulties in 
achieving this speaking ability if activity problems were 
present at the first period of life.

Attainment of Developmental Milestones

Age range in which participants reached milestones was 
notably wide, however, it was delayed in most cases. Fig-
ure 3 shows a comparison between the normative mean 
age of achievement of the most significant milestones 
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during the firsts years of life compared to the mean age of 
the CTNNB1 syndrome sample. Related to motor mile-
stones, only four participants took their firsts steps prior 
to 18 months (16%), an additional 10 individuals took 
their first steps before or during their 36 months of age 
(56%), seven started walking between 36 and 60 months 
of age (84%), while the remaining four still could not walk 
independently, but it should be taken into account that 
case 11 and 19 had not yet reached 60 months of age. 
Moreover, the vast majority of cases were able to walk 
independently after a few months of taking their first steps 
but for two cases (case 2 and 23) that were only able to 
walk less than 10 steps on their own. On the other hand, 
language milestones were also delayed; three individuals 

started babbling before or during their seven months of 
age (12%) and seven participants used their first word 
by 24 months of age (28%). At the time of evaluation, 
15 individuals were able to speak with two-words sen-
tences (60%), achieving this milestone at the mean age of 
49.6 ± 27.2 months of age and 13 started using three-words 
sentences at 57.5 ± 29 months of age (52%). However, case 
20 was still too young to have reached this last milestone. 
Furthermore, 10 out of 25 participants had bowel control 
(40%) achieved at the mean age of 6.3 ± 2.95 years old, 
even though two only during the day, whereas bladder 
control was already achieved by eight out of 25 partici-
pants (32%), at the mean age of 5.88 ± 3.23 years old. It is 
important to note that sphincter control ability indicated 

Table 1   CTNNB1 variants from our series

HGMD human gene mutation database
a Arm: armadillo repeat; N-term: N-terminal extension; C-term: C-terminal extension
b Relative frequency of the variants in CTNNB1 syndrome patients, according to the analysis of Kayumi et  al. (2022), from 384 CTNNB1 
syndrome cases
c HGMD, Human Gene Mutation Professional Database (Stenson et al., 2020); ClinVar, NCBI ClinVar database (Landrum et al., 2024). To the 
best of our knowledge, the variants of this report that are not indicated as annotated in the databases are novel variants, with the exception of P2 
(del 3p.22.1). None of the listed variants is annotated in gnomAD database

Case Genetic 
alteration

Nucleotide 
change

Exon (Intron) Amino acid change Domaina Relative 
frequencyb

Databasec

P1 Nonsense c.1981C > T 13 p.(Arg661*) Arm 12 2.34 HGMD,ClinVar
P2 del 3p22.1 – – – – – –
P3 Nonsense c.577C > T 5 p.(Gln193*) Arm 2 0.26 HGMD
P4 Frameshift c.1213delC 9 p.(Leu405Phefs*10) Arm 7 – –
P5 Frameshift c.1923dupA 12 p.(Glu642Argfs*6) Arm 12 0.78 HGMD,ClinVar
P6 Nonsense c.881 T > A 6 p.(Leu294*) Arm 4 – –
P7 Nonsense c.1420C > T 9 p.(Arg474*) Arm 8 5.2 HGMD,ClinVar
P8 Frameshift c.974_984del 7 p. (Val325Glufs*23) Arm 5 – –
P9 Frameshift c.1588insC 10 p.(Gln530Profs*42) Arm 9 – –
P10 Frameshift c.1563delC 10 p.(Ala522Glnfs*15) Arm 9 – –
P11 Nonsense c.999C > A 7 p.(Tyr333*) Arm 5 6.77 HGMD,ClinVar
P12 Frameshift c.964dupC 7 p.(Gln322Profs*31) Arm 5 – –
P13 Large deletion c.(936 + 1_937-1) _(*1106_?)

del
– – – – –

P14 Frameshift c.137dupT 3 p.(Ser47Glufs*3) N-term – –
P15 Frameshift c.1930delC 12 p.(Leu644Phefs*35) Arm 12 0.26 HGMD
P16 Splicing c.2137 + 2 T > C (14) – C-term – -
P17 Splicing c.1082-1G > C (7) – Arm 6 – HGMD,ClinVar
P18 In-frame 

deletion
c.1298_1306del 9 p.(Lys433_Lys435del) Arm 7 – –

P19 Nonsense c.1014G > A 7 p.(Trp338*) Arm 5 0.26 HGMD,ClinVar
P20 Frameshift c.661delC 5 p.(Leu221Phefs*21) Arm 2 – –
P21 Frameshift c.137dupT 3 p.(Ser47Glufs*3) N-term – –
P22 Frameshift c.1925_1926del 12 p.(Glu642Valfs*5) Arm 12 3.12 HGMD,ClinVar
P23 Nonsense c.268C > T 4 p.(Arg90*) N-term 2.6 HGMD,ClinVar
P24 Splicing c.2076 + 1G > A (13) – C-term – –
P25 Nonsense c.904C > T 6 p.(Gln302*) Arm 4 – –
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better performance on some clinical variables related to 
motor and language abilities, eating efficacy, daily living 
skills and gross motor functioning (Table 2). Age also 
significantly correlated with bladder and bowel control 
(Rho = 0.550; p = 0.004), therefore indicating an achieve-
ment of this milestone over time. 

Language Abilities

Individuals’ score on the VSS and the CFCS were used to 
assess expressive and communication performance [see 
Supplementary Information 1]. Mean score on the VSS was 
2.8 ± 1, indicating imprecise speech but understandable 

Fig. 1   Gene variants found in the CTNNB1 syndrome Spanish 
patients’ series. Schematic depiction of the identity and distribution 
of CTNNB1 mutations from the patients analysed in this study. The 
upper depiction shows the domain organization of β-catenin pro-
tein (Xing et  al., 2008) The grey boxes represent armadillo (ARM) 
repeats (amino acids 151–666), and the flexible N-terminal (amino 
acids 1–150) and C-terminal (amino acids 667–781) extensions are 
indicated. Mutations are indicated following the HGVS nucleotide 

nomenclature. Single nucleotide substitutions generating prema-
ture termination codons, and one 9-nucleotide in-frame deletion are 
indicated on the top. Small nucleotide insertions or deletions causing 
frameshifts followed by premature termination codons are indicated 
in the bottom. The lower depiction shows the exon organization of 
CTNNB1 gene, with indication of the splicing mutations identified. 
See Table 1 for further details

Fig. 2   Summary of sample 
distribution of clinical and 
non-clinical scores of the tests 
used. Clinical cut-off scores 
for each test were the follow-
ing: SDSC > 39; EDACS ≥ 3; 
VSS ≥ 3; CFCS ≥ 4; 
GMFM88 > 50%; MACS ≥ 3; 
Vineland-3 < 70; SCQ ≥ 15; 
CARS ≥ 30
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by strangers, while CFCS mean score was 2.6 ± 1.3 and 
suggested that individuals could act as the sender and the 
receiver in a conversation, with familiar and unfamiliar part-
ners but may need extra time. The main form of communi-
cation varied across participants; eight out of 25 expressed 
themselves verbally (32%), another eight participants with 
signs or pictograms (32%) and the remaining nine used both 
systems (36%). However, all but two cases reported articu-
lation problems. Moreover, significant correlations were 
found between age of the first word and VSS (Rho = 0.676; 
p = 0.001) and the CFCS (Rho = 0.457; p = 0.022), indi-
cating that the later they started talking there were more 
speech production and functional difficulties. Current age 
did not correlate with Receptive or Expressive Vineland-3 
scores, which highlights the variability among cases regard-
less of the age, although it did correlate with the Written 

Vineland-3 score (Rho = 0.408; p = 0.043). Another signifi-
cant finding was the correlation between taking the first steps 
without support and the VSS (Rho = 0.448; p = 0.041), indi-
cating a better language production if they started walking 
earlier in life.

Motor Impairments

The most prevalent motor symptoms were spasticity 
presented currently or in the past (22/25; 88%), mainly 
affecting the legs, and hypotonia at the current age or 
previously (23/25; 92%), specifically in the core. In this 
line of evidence, 17 out of 25 used Dynamic Ankle Foot 
Orthosis (DAFO) or support to walk (68%). Regarding 
fine motor skills, 22 out of 25 showed some difficulties 
performing tasks with the hands (88%), although mean score 
of the MACS and mini-MACS was 2.2 ± 0.6, indicating 
a general ability to manipulate most objects, but with 
reduced quality or speed, whereas mean GMFM88 total 
score was 71.13 ± 15.84 and could only be assessed to 22 
participants [see Supplementary Information 1]. Another 
relevant finding was the negative association between 
Gross Motor from the Vineland-3 with taking firsts steps 
with support (Rho = − 0.559; p = 0.005) and without support 
(Rho = − 0.438; p = 0.047), so that participants had current 
better performances at gross motor activities if they started 
walking early on. In the same lines, GMFM88 total score 
significantly correlated with taking first steps with support 
(Rho = − 0.462; p = 0.035). Moreover, walking more than 
10 steps independently significantly correlated with total 
score from the Sleep Disturbance Scale (Rho = − 0.498; 
p = 0.030), indicating more sleep problems if the person 
started walking at an early stage.

Fig. 3   Comparison of devel-
opmental milestones between 
normative data and CTNNB1 
syndrome individuals. 
Normative mean age is from 
the Haizea-Llevant growth 
chart (Gobierno, 2005). 

Table 2   Correlations sphincter control ability and clinical variables

GMFV-III gross motor functioning measure 88, V-III vineland-III

Bowel and bladder control

Rho p

Receptive (V-III) 0.459 0.021
Written (V-III) 0.548 0.005
Personal (V-III) 0.806 0.001
Domestic (V-III) 0.605 0.001
Community (V-III) 0.470 0.018
Gross motor (V-III) 0.473 0.017
Fine motor (V-III) 0.578 0.002
MACS and mini-MACS -0.447 0.025
EDACS -0.445 0.026
Total score GMFM88 0.558 0.007
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Adaptive Functioning

The Vineland-3 scores indicated that no participants 
had an Adaptive Behaviour Composite (ABC) in the 
average range, even though there was wide variety among 
results (minimum score of 40 and maximum 88) [see 
Supplementary Information 1]. Mean subscale scores were 
the lowest for DLS, followed by SOC and COM. Moreover, 
age significantly correlated with all subdomains from DLS, 
specifically Personal (Rho = 0.594; p = 0.002), Domestic 
(Rho = 0.450; p = 0.024) and Community (Rho = 0.428; 
p = 0.033), as well as Fine Motor skills (Rho = 0.479; 
p = 0.016) from the Vineland-3, therefore indicating an 
improvement over time. Another relevant finding was the 
negative association between total score of the Vineland-3 
and age of first word (Rho = − 0.631; p = 0.001), so that 
participants had more adaptive and functional skills if 
they started talking early on. Moreover, GMFM88 total 
score significantly correlated with Personal (Rho = 0.498; 
p = 0.018), Domestic (Rho = 0.529; p = 0.011), Gross 
Motor (Rho = 0.829; p < 0.001), Fine Motor (Rho = 0.437; 
p = 0.042) and Section B from the Vineland-3.

Related to behaviour, participants mean score for the 
Section A (19.16 ± 2.01) and Section B (19.2 ± 1.53) of the 
Vineland-3 were considered significantly above the average 
score, indicating presence of internalizing and externalizing 
problems respectively among the sample. Also, Section C 
allows for the detection of severe maladaptive behaviours, 
for which mean score was 9.3 ± 3.8. Sections A and C 
positively correlated with the CARS score (Rho = 0.548; 
p = 0.005; Rho = 0.398; p = 0.049), but only Section A 
with the SCQ (Rho = 0.500; p = 0.011). Additionally, 
Sleep Disturbance Scale positively correlated with Section 
A (Rho = 0.620; p < 0.001) and Section C (Rho = 0.431; 
p = 0.032). On the other hand, Section B was negatively 
associated with VSS (Rho = − 0.411; p = 0.041) and CFCS 
(Rho = − 0.451; p = 0.024).

ASD Symptoms Measurement

Scores on the SCQ exceeded the autism cut offs for 16 
participants (64%), whereas 14 (56%) scored above the autism 
cut-off point at the CARS [see Supplementary Information 
1]. Out of these, 10 individuals obtained scores that indicated 
mild to moderate autism and the remaining four scored within 
the most severe autism range. Regarding subscales from the 
SCQ, the most prevalent symptoms were related to social 
relating problems, followed by communication difficulties and 
restricted range of interest, whereas the highest item scored 
at the CARS indicated resistance to routine change. More 
specifically, 73.3% of the female patients scored above the 
cut-off point for the SCQ and 53.3% also exceeded the cut-off 
score for the CARS. Total scores from the SCQ and the CARS 

correlated moderately (Rho = 0.69; p < 0.001). There were 
significant differences between participants who scored above 
the cut-off point at SCQ in the Receptive Vineland-3 score 
(8.38 ± 4.22) and those without ASD symptoms (11.89 ± 1.69) 
(U = 37.5; p = 0.049), as well as in internalizing behaviours 
between participants with ASD symptoms (8.94 ± 3.55) 
and no ASD symptoms (6.0 ± 3.46) (U = 110; p = 0.32). 
In contrast, no differences were found in any of the motor 
functioning variables. Age at which participants achieved 
first word significantly correlated with the subdomain Social 
relating from the SCQ (Rho = 0.411; p = 0.041) and with 
Interpersonal relationship Vineland-3 score (Rho = − 0.491; 
p = 0.013) which meant that participants with later expressive 
language abilities acquisition had more problems related to 
social interaction and interpersonal relationships. In agreement 
to this, a higher score at SCQ significantly correlated with a 
delay in starting to babble (Rho = 0.502; p = 0.011).

Expressive Language Analyses

For descriptive purposes, the sample was divided into two 
groups depending on their expressive language abilities; 
“Verbal” individuals were able to at least speak with two-
words sentences, whereas “Minimally verbal” could only 
say single words or were non-verbal. To control possible age 
interferences, a Mann–Whitney U was carried out (U = 64.5; 
p = 0.567), which indicated no significant age differences 
among the two groups. To go into more depth on possible 
differences between expressive and receptive language abili-
ties, we explored possible intra-subject differences between 
both subdomains of the Vineland-3 (W = 115.5; p = 0.206). 
Expressive and Receptive V-scale score are presented in 
Fig. 4 for each individual. Even though no differences were 
found between the Expressive and the Receptive subdomains 
among individuals, when the same analysis was done exclu-
sively to the “Minimally verbal” cases, significant differ-
ences were found (W = 0; p = 0.008), showing better perfor-
mance at the comprehensive language ability (7.1 ± 3.69) 
compared to the expressive (2.6 ± 2.46). In the same line, 
“Minimally verbal” individuals scored significantly higher 
in subdomains from the SCQ, specifically suggesting more 
difficulties in social relating and Communication difficulties. 
These types of analyses are based on those previously car-
ried out by Burdeus-Olavarrieta et al. (2021).

Discussion

This study provides an in-depth characterization of the 
neurodevelopment, clinical and psychological profile of 
25 Spanish patients diagnosed with CTNNB1 syndrome. 
The analytic approaches implemented in this article 
provide new insights into the clinical features of this 



3663Journal of Autism and Developmental Disorders (2026) 56:3655–3669	

syndrome, whose symptoms can overlap with other 
neurodevelopmental diseases. Findings from this study are 
consistent with previous reports, even though frequencies 
varied when compared to the most recent published articles; 
microcephaly and sensorial problems were higher than in 
most articles; motor impairment or delay, weight or height 
measurements and sight problems, specifically strabismus, 
displayed similar frequencies; whereas facial dysmorphism 
frequency was lower (Kayumi et al., 2022; Onesimo et al., 
2023; Sinibaldi et al., 2023; Sudnawa et al., 2024; Yan et al., 
2022). However, sensorial problems had not been reported 
as frequent as in this study (Sudnawa et al., 2024; Yan et al., 
2022). Sleep problems were consistent with findings from 
Sudnawa and colleagues (2024), even though in our results 
the most prevalent sleep symptomatology was related to 
initiating and maintaining sleep. Eating and drinking 
ability was generally preserved, even though difficulties 
when swallowing or poor appetite were present. These 
results are in line with those from Onesimo et al. (2023), 
who concluded that CTNNB1 syndrome patients may have 
to deal with feeding challenges but, in most cases, would 
not compromise everyday life in a severe manner. Another 
significant finding from our study was sphincter control, 
which correlated with many clinical variables, indicating 
better performance if this milestone was achieved. While this 
finding was not previously described in CTNNB1 syndrome, 

in other development diseases sphincter control has been 
found to be the strongest predictor of motor, cognitive, 
language and adaptive skills (Locatelli et al., 2021). The 
remaining correlations of clinical manifestations were not 
significant.

The age of the parents at conception was within the 
normal age range, although it is known that frequency 
of de novo mutations increases steadily with age of the 
father at conception (Goldman et  al., 2019). The main 
pregnancy issues were related to fetal growth restriction 
and preeclamptic risk, whereas during the new-born 
period, activity and feeding problems were highlighted in 
accordance with previous studies (Kuechler et al., 2015; 
Onesimo et al., 2023; Verhoeven et al., 2020). The CTNNB1 
mutations identified in our group of patients incorporate 
13 novel CTNNB1 mutations, and include large and small 
deletions, small insertions, and nonsense and splicing 
mutations. As it has been reported for other CTNNB1 
syndrome patient cohorts, missense mutations were not 
present in our cohort, highlighting the predominance 
in CTNNB1 syndrome of CTNNB1 variants generating 
unstable CTNNB1 mRNAs or truncated β-catenin proteins.

Attainment of developmental milestones indicated 
motoric, language and daily living skills to be generally 
delayed. The age range in which milestones were reached 
widely varied across patients, although in most cases 
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milestones were reached at mid childhood. This delayed 
pattern, also common in other neurodevelopmental 
disorders, should be taken into consideration since children 
may spontaneously develop a new skill, even when it is 
no longer expected (Thurm et al., 2016). Related to this, 
a repeated finding throughout the study was the fact that 
age did not positively correlate with almost any clinical 
manifestation, but age at which that milestone was reached 
correlated with current performance on that subject. 
Therefore, this finding suggests that patients who reach 
milestones within a normal age range are more likely to 
have current better performances compared to those who 
start later in life, even though correlations confirming that 
were moderate.

Language and communication varied widely across 
participants; 32% could express themselves verbally, 32% 
were non-verbal and used signs or pictograms and 36% 
used both systems. Thus, unlike other diseases, CTNNB1 
syndrome individuals may not develop language abilities 
(Trelles et al., 2021) since, in addition, current age did not 
correlate with receptive or expressive abilities, although 
longitudinal studies would be needed to verify this 
hypothesis. Nevertheless, language delay and articulation 
problems were present in the vast majority of cases, a 
consistent finding according to the literature (Bulot et al., 
2022; Dashti et al., 2022; Kharbanda et al., 2017; Panagiotou 
et al., 2017; Paparella et al., 2022; Rossetti et al., 2020; 
Sinibaldi et al., 2023; Spagnoli et al., 2022; Tucci et al., 
2014; Yan et al., 2022). Contrary to previous studies, we 
did not find statistically significant differences between 
expressive and receptive language abilities (Miroševič 
et al., 2022). This consistent finding in the literature could 
be biased by the fact that many CTNNB1 syndrome patients 
are non-verbal, but still comprehend and follow instructions. 
In fact, there are significative differences between expressive 
and receptive language when intrasubject analysis was 
exclusively done for the non-verbal sample, but these 
differences are not significant when the verbal participants 
are considered. Therefore, it may be wrongly assumed that 
comprehension is more preserved than expression, although 
this assumption could be true for non-verbal CTNNB1 
syndrome individuals. However, due to the small sample 
size and lack of onsite assessment it is not possible to obtain 
a clear conclusion. Additionally, analyses were carried out 
on the basis of expressive language ability, showing that 
non-verbal participants had more problems related to 
interpersonal relationships and communication. On the 
other hand, results showed that a better level at language 
production was associated to reaching motor milestones 
earlier in life, which is consistent with the established 
idea that language and motor skills are closely interrelated 
developmental areas, even for children with language 
impairments (Iverson & Braddock, 2010; Wang et al., 2014).

Related to motor difficulties, most individuals presented 
spasticity in the legs and hypotonic core, so that 68% 
needed support to walk, as reflected in literature (Dashti 
et al., 2022; Ji et al., 2023; Jin et al., 2020; Lee et al., 
2022; Onesimo et al., 2023; Pipo-Deveza et al., 2018; 
Tucci et al., 2014; Verhoeven et al., 2020; Winczewska-
Wiktor et al., 2016). Both fine and gross motor skills were 
impaired, even though Fine Motor score mean was higher 
than Gross Motor score from the Vineland-3, which goes 
in line with other studies that have suggested gross motor 
skills to be more affected than fine motor (Dubruc et al., 
2014; Lee et al., 2023; Sudnawa et al., 2024). GMFM88 
scores were similar to Pipo-Deveza et al. (2018), but higher 
compared to Sudnawa et al. (2024). Moreover, GMFM88 
did not correlate with age, which is contradictory to 
previous findings (Sudnawa et al., 2024). In contrast, fine 
motor skills assessed with the MACS results indicated 
worst performance compared to Sudnawa et al. (2024), 
but better performance compared to a case study by 
Takezawa et al. (2018). Therefore, results reported so far 
are not consistent and require a more in-depth study of 
motor impairments with larger samples. Moreover, higher 
scores on the GMFM88 indicated better performances at 
many adaptive functions from the Vineland-3, and also 
with more externalising problems. This last finding was 
previously reported by Rodriguez et al. (2019) who stated 
that children with motor coordination difficulties showed 
more often emotional and behavioural problems.

The Vineland-3 indicated that no participants functioned 
according to their chronological age, as in previous studies 
(Sudnawa et al., 2024; Verhoeven et al., 2020). As observed 
as individuals with ID and other neurodevelopmental 
diseases, despite the generalised difficulties with 
communication, our participants obtained the highest mean 
score in such domain (Burdeus-Olavarrieta et al., 2021). 
Additionally, verbal individuals had better performances 
at most areas of the Vineland-3, in exception of those 
domains that did not demand expressive language. Age 
positively correlated with all subscales from the DLS, as 
well as Fine Motor skills from the Vineland-3, indicating an 
improvement over time. Regarding behavioural problems, 
maladaptive behaviours scale from the Vineland-3 indicated 
high presence of externalising and internalizing problems, 
scoring above normal range at both sections. Sudnawa 
et al. (2024) reported internalizing problems to be more 
frequent than externalizing, contrary to what descriptive 
studies have reported (Ho et al., 2022; Miroševič et al., 
2022). Additionally, there was also presence of more severe 
symptomatology, indicated by Section C of the Vineland-3. 
On the other hand, presence of maladaptive behaviours was 
also associated with sleep disturbances of the CTNNB1 
syndrome sample, supported by the evidence that sleep 
problems and behavioural problems are associated in school 
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aged children (Bayes & Bullock, 2019). Moreover, the 
association between externalizing problems and language 
impairment has been widely reported by the literature. One 
of the most accepted theories is The Social Adaptation 
Model (Redmon & Rice, 1998), which implies that 
behaviour problems of language-impaired children reflect 
social adaptation to their language limitation (Maggio et al., 
2014). Therefore, this finding brings into consideration the 
need to develop interventions not only for communicative 
purposes, but also to improve self-regulation.

Based on previous reports, ASD symptomatology 
was assessed. The majority of individuals scored above 
the cut-off point on both screening instruments of ASD. 
These results show higher frequencies of ASD symptoms 
compared to previous ones (Kayumi et al., 2022; Sudnawa 
et al., 2024; Yan et al., 2022). Most prevalent symptoms 
were related with reciprocal social interactions, followed 
by language and communication difficulties and restricted, 
repetitive and stereotyped behaviours and interests, as 
well as active resistance to changes in routine with anger 
or sadness response. Further comparative analyses were 
carried out on the basis of scoring above the cut-off point 
at the SCQ. Results showed that those patients with ASD 
symptoms had worst receptive skills and more internalizing 
behaviours, suggesting a more severe phenotype. However, 
even though autism-like behaviour has been reported as 
a common clinical manifestation and the CTNNB1 gene 
had been previously reported as an ASD-associated gene 
(Zhuang et al., 2023), there is the need for larger descriptive 
and longitudinal analysis to evaluate the impact of ASD on 
daily functioning. Another significant finding was the high 
prevalence of autistic features in female patients, in contrast 
with the higher proportion of diagnosed male patients with 
ASD (Werling & Geschwind, 2013). Therefore, future 
investigations should compare CTNNB1 syndrome patients 
with matched age, sex and IQ idiopathic ASD patients and 
establish clinical and cognitive differences.

Regarding the limitations of the study, the first to be 
highlighted is the small simple size, which affects the data’s 
statistical power and generalization of results. However, this 
study counts with one of the largest samples to date and 
it is the first to assess a wide cohort of Spanish CTNNB1 
syndrome patients. Similarly, the distribution of gender 
across the sample is not equal since the number of women 
is higher. Moreover, the severity of symptoms and age range 
widely vary across the sample, which makes it difficult to 
draw a clear phenotypic profile. Future investigations with 
larger samples should carry out cluster analysis taking into 
consideration the genotype of participants, which could lead 
to genotype–phenotype correlations. On the other hand, data 
collection was obtained exclusively by the parents, so future 
investigations should include in-person assessments to the 
CTNNB1 syndrome individuals and focus on cognitive 

functioning. In the same line, the instruments used are 
general for neurodevelopmental diseases and could leave 
aside relevant information specific to CTNNB1 syndrome, 
besides the fact that caregiver reports could be biased by 
the parent’s subjective judgment. Additionally, the impact 
of therapies on current symptomatology has not been 
considered as it is a cross- sectional study, therefore future 
investigations should follow a longitudinal design to see the 
progression of the syndrome and use a unified protocol to 
compare results.

Conclusion

The current study adds to previous literature by conducting 
an in-depth analysis of clinical manifestations related 
to CTNNB1 syndrome, which typically includes speech 
and motor milestones acquisition delay, microcephaly, 
abnormal muscle tone, sight problems, various degrees of 
intellectual disability and previously underrated behavioural 
symptoms. Specifically, sleep problems, impaired adaptive 
skills, maladaptive behaviours and ASD symptoms can be 
sometimes overlooked by more noticeable problems such as 
motor or visual symptomatology, but have a major impact on 
the quality of life of the child and the caregiver. Also, given 
the relationship between early onset of motor and language 
milestones and the current level of performance, it is crucial 
that the CTNNB1 syndrome affected child benefits from 
early care therapies to stimulate the development of motor 
and language variables, even when the child is far outside 
of the normative chronological window for that milestones. 
Additionally, although CTNNB1 syndrome is characterised 
by specific and consistent clinical manifestations, the 
severity of these varies widely among individuals. This is 
consistent with analogous neurodevelopmental disorders 
such as autism or cerebral palsy. Future directions for 
research should include longitudinal data and use of 
specific measurement tools for in-person assessments to 
draw a clear picture of the phenotypic profile of CTNNB1 
syndrome. Thus, these findings will help designing 
appropriate individualised psychotherapeutic approaches 
or pharmacological treatments.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10803-​025-​06829-5.

Acknowledgments  We would like to thank Asociación CTNNB1 
España for the willingness and generosity in organising the assessments 
around the country and encouraging families to participate in our study. 
Also, to each and every CTNNB1 syndrome Spanish family who at all 
time have shown their interest and predisposition in the investigation 
and who fight every day to give their children a better future.

Author Contributions  MPS drafted the manuscript, carried out the 
assessments, the data extraction and statistical analysis. IA participated 

https://doi.org/10.1007/s10803-025-06829-5


3666	 Journal of Autism and Developmental Disorders (2026) 56:3655–3669

in the conceptualization and design of the study and revised the final 
manuscript. RP and CENX carried out the interpretation of the 
genetic variants and revised the final manuscript. SB and FC revised 
the manuscript for critically important intellectual content. MG 
participated in drafting the manuscript, carried out assessments and 
statistical analysis.

Funding  This study was funded by a grant from the Ministry of Sci-
ences, Innovation and Universities of Spain “Formación Profesorado 
Universitario” (FPU22/00391 to Mercè Pallarès). Also, this study is 
supported by a grant from “Fundación Inocente Inocente” (FII2024-69) 
and another research grant from “Federación Española de Enferme-
dades Raras” (FEDER) at the VIII call for research grants of the 
FEDER Foundation.

Data Availability  Dataset is available from the corresponding author 
on reasonable request and subsequent ethics review.

Declarations 

Competing Interests  The authors declare that they have no competing 
interests.

Ethical Approval  Parents of all participants in this study provided 
informed consent prior to study participation. The protocol was 
approved by the Ethics Committee of the University of Deusto (ETK-
24/23-24).

Consent for Publication  Consent for publication was also obtained 
from all parents prior to the assessments.

Open Access  This article is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International 
License, which permits any non-commercial use, sharing, 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 you modified 
the licensed material. You do not have permission under this licence 
to share adapted material derived from this article or parts of it. 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-nc-nd/4.0/.

References

Ballester-Plané, J., Laporta-Hoyos, O., Macaya, A., Póo, P., Meléndez-
Plumed, M., Vázquez, É., Delgado, I., Zubiaurre-Elorza, L., Nar-
berhaus, A., Toro-Tamargo, E., Russi, M. E., Tenorio, V., Segarra, 
D., & Pueyo, R. (2016). Measuring intellectual ability in cerebral 
palsy: The comparison of three tests and their neuroimaging 
correlates. Research in Developmental Disabilities, 56, 83–98. 
https://​doi.​org/​10.​1016/j.​ridd.​2016.​04.​009

Barrón, F. (2010). Sistema de Clasificación de la Habilidad Manual 
para niños con Parálisis Cerebral (MACS). Manual Ability Clas-
sification System for children with cerebral palsy 1–18 years. 
https://​www.​macs.​nu/​index.​php

Barrón, F., & Palomino, R. (2013). Sistema de Clasificación de la 
Habilidad Manual para niños con Parálisis Cerebral de 1–4 años 

de edad (mini-MACS). Manual Ability Classification System for 
children with cerebral palsy 1–4 years. https://​www.​macs.​nu/​
index.​php

Bayes, D. M., & Bullock, B. (2019). Sleep problems in school aged 
children: A common process across internalasing and externalas-
ing behaviours? Clocks & Sleep, 2(1), 7–18. https://​doi.​org/​10.​
3390/​clock​sslee​p2010​002

Braden, R. O., Amor, D. J., Fisher, S. E., Mei, C., Myers, C. T., Mef-
ford, H., Gill, D., Srivastava, S., Swanson, L. C., Goel, H., Schef-
fer, I. E., & Morgan, A. T. (2021). Severe speech impairment is a 
distinguishing feature of FOXP1-related disorder. Developmental 
Medicine & Child Neurology, 63(12), 1417–1426. https://​doi.​org/​
10.​1111/​dmcn.​14955

Braga, A. C., Carreiro, L. R. R., Tafla, T. L., Ranalli, N. M. G., Silva, 
M. F. C. E., Honjo, R. S., Kim, C. A., & Teixeira, M. C. T. V. 
(2018). Cognitive and behavioural profile of Williams Syndrome 
toddlers. Codas, 30(4), e20170188. https://​doi.​org/​10.​1590/​2317-​
1782/​20182​017188

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

Burdeus-Olavarrieta, M., San José-Cáceres, A., García-Alcón, A., 
González-Peñas, J., Hernández-Jusdado, P., & Parellada-Redondo, 
M. (2021). Characterisation of the clinical phenotype in Phelan-
McDermid syndrome. Journal of Neurodevelopmental Disorders, 
13(1), 1–14. https://​doi.​org/​10.​1186/​s11689-​021-​09370-5

Caputo, G., Ippolito, G., Mazzotta, M., Sentenza, L., Muzio, M. R., 
Salzano, S., & Conson, M. (2018). Effectiveness of a multisystem 
aquatic therapy for children with autism spectrum disorders. Jour-
nal of Autism and Developmental Disorders, 48(6), 1945–1956. 
https://​doi.​org/​10.​1007/​s10803-​017-​3456-y

Caravella, K. E., & Roberts, J. E. (2017). Adaptive skill trajectories 
in infants with Fragile X syndrome contrasted to typical controls 
and infants at high risk for autism. Research in Autism Spectrum 
Disorder, 40, 1–12. https://​doi.​org/​10.​1016/j.​rasd.​2017.​05.​002

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

Dong, F., Jiang, J., McSweeney, C. M., Zou, D., Liu, L., & Mao, Y. 
(2016). Deletion of CTNNB1 in inhibitory circuitry contributes to 
autism-associated behavioural defects. Human Molecular Genet-
ics, 25(13), 2738–2751. https://​doi.​org/​10.​1093/​hmg/​ddw131

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

Eliasson, A. C., Krumlinde-Sundholm, L., Rösblad, B., Beckung, E., 
Arner, M., Öhrvall, A. M., & Rosenbaum, P. (2006). The manual 
ability classification system (MACS) for children with cerebral 
palsy: Scale development and evidence of validity are reliability. 
Developmental Medicine and Child Neurology, 48(7), 549–554. 
https://​doi.​org/​10.​1017/​S0012​16220​60011​62

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ridd.2016.04.009
https://www.macs.nu/index.php
https://www.macs.nu/index.php
https://www.macs.nu/index.php
https://doi.org/10.3390/clockssleep2010002
https://doi.org/10.3390/clockssleep2010002
https://doi.org/10.1111/dmcn.14955
https://doi.org/10.1111/dmcn.14955
https://doi.org/10.1590/2317-1782/20182017188
https://doi.org/10.1590/2317-1782/20182017188
https://doi.org/10.1212/NXG.0000000000200039
https://doi.org/10.1212/NXG.0000000000200039
https://doi.org/10.1186/s11689-021-09370-5
https://doi.org/10.1007/s10803-017-3456-y
https://doi.org/10.1016/j.rasd.2017.05.002
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/10.1093/hmg/ddw131
https://doi.org/10.1002/ajmg.a.36484
https://doi.org/10.1002/ajmg.a.36484
https://doi.org/10.1017/S0012162206001162


3667Journal of Autism and Developmental Disorders (2026) 56:3655–3669	

Ferre-Fernández, M., Murcia-González, M., & Ríos-Díaz, J. (2020). 
Traducción y adaptación transcultural del Gross Motor Function 
Measure a la población española de niños con parálisis cerebral. 
Revista De Neurología, 71(5), 177–185. https://​doi.​org/​10.​33588/​
rn.​7105.​20200​87

García-Villamisar, D. (1992). Escala de clasificación del autismo infan-
til. Acta Pediátrica Española, 50, 383–388.

Gobierno, V. (2005). Programa de SaludInfantil. https://​www.​euska​
di.​eus/​conte​nidos/​infor​macion/​vida_​salud​able_​publi​cacio​nes/​es_​
def/​adjun​tos/​prog_​salud_​infan​til_​es.​pdf

Goldmann, J. M., Veltman, J. A., & Gilissen, C. (2019). De novo 
mutations reflect development and aging of the human germline. 
Trends in Genetics, 35(11), 828–839. https://​doi.​org/​10.​1016/j.​
tig.​2019.​08.​005

Grefer, M., Flory, K., Cornish, K., Hatton, D., & Roberts, J. (2016). 
The emergence and stability of attention deficit hyperactivity dis-
order in boys with fragile X syndrome. Journal of Intellectual 
Disability Research, 60(2), 167–178. https://​doi.​org/​10.​1111/​jir.​
12226

Hidecker, M. J., Paneth, N., Rosenbaum, P. L., Kent, R. D., Lillie, 
J., Eulenberg, J. B., Chester, K., Jr., Johnson, B., Michalsen, L., 
Evatt, M., & Taylor, K. (2011). Developing and validating the 
communication function classification system for individuals 
with cerebral palsy. Developmental Medicine and Child Neurol-
ogy, 53(8), 704–710. https://​doi.​org/​10.​1111/j.​1469-​8749.​2011.​
03996.x

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. (2022). 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

Hogan, A. L., Caravella, K. E., Ezell, J., Rague, L., Hills, K., & Rob-
erts, J. E. (2017). Autism spectrum disorder symptoms in infants 
with fragile X syndrome: A prospective case series. Journal of 
Autism and Development Disorders, 47(6), 1628–1644. https://​
doi.​org/​10.​1007/​s10803-​017-​3081-9

Iverson, J. M., & Braddock, B. A. (2010). Gesture and motor skill 
in relation to language in children with language impairment. 
Journal of Speech, Language, and Hearing Research, 54, 72–86. 
https://​doi.​org/​10.​1044/​1092-​4388(2010/​08-​0197)

Ji, Y., Xia, Q., Zhang, H., Huo, H., Cao, X., Wang, W., & Gu, Q. 
(2023). Whole exome sequencing identified two novel trunca-
tion mutations in the CTNNB1 gene associated with neurode-
velopmental disorder, language dysfunction, and microcephaly 
in Chinese children. Child Neurology Open. 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., Sheppard, 
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

Keith, D., & Arellano, I.T. (2012). Sistema de Clasificación de Comu-
nicación Funcional (CFCS) para Personas con Parálisis Cerebral. 
Instituto Nacional de Rehabilitación.

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, D.D.D. 
(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

Kuechler, A., Willemsen, M. H., Albrecht, B., Bacino, C. A., Bartho-
lomew, D. W., van Bokhoven, H., van den Boogaard, M. J. H., 
Bramswig, N., Büttner, C., Cremer, K., Czeschik, J. C., Engels, 
H., van Gassen, K., Graf, E., van Haelst, M., He, W., Hogue, J. 
S., Kempers, M., Koolen, D., & Wieczorek, D. (2015). De novo 
mutations 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

Landrum, M. J., Chitipiralla, S., Kaur, K., Brown, G., Chen, C., Hart, 
J., Hoffman, D., Jang, W., Liu, C., Maddipatla, Z., Maiti, R., 
Mitchell, J., Rezaie, T., Riley, G., Song, G., Yang, J., Ziyabari, L., 
Russette, A., & Kattman, B. L. (2024). ClinVar: updates to sup-
port classifications of both germline and somatic variants. Nucleic 
Acids Research. https://​doi.​org/​10.​1093/​nar/​gkae1​090

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

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, 1–8. https://​doi.​org/​10.​3389/​fped.​2022.​960450

Lindsay, P., Virella, D., Mjøen, T., da Graça-Andrada, M., Murray, J., 
Colver, A., Himmelmann, K., Rackauskaite, G., Greitane, A., Pra-
sauskiene, A., Andersen, G., & de la Cruz, J. (2013). Development 
of the Viking speech scale to classify the speech of children with 
cerebral palsy. Research in Developmental Disabilities, 34(10), 
3202–3210. https://​doi.​org/​10.​1016/j.​ridd.​2013.​06.​035

Locatelli, C., Onnivello, S., Antonaros, F., Feliciello, A., Filoni, S., 
Rossi, S., Pulina, F., Marcolin, C., Vianello, R., Toffalini, E., 
Ramacieri, G., Martelli, A., Procaccini, G., Sperti, G., Caracusi, 
M., Pelleri, M. C., Vitale, L., Pirazzoli, G. L., Strippoli, P., & 
Lanfranchi, S. (2021). Is the age of developmental milestones a 
predictor for future development in down syndrome? Brain Sci-
ences, 11(5), 1–16.

Maggio, V., Grañana, N. E., Richaudeau, A., Torres, S., Giannotti, 
A., & Suburo, A. M. (2014). Behavior problems in children with 
specific language impairment. Journal of Child Neurology, 29(2), 
194–202. https://​doi.​org/​10.​1177/​08830​73813​509886

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 syn-
drome: A systematic review of literature. International Journal of 
Molecular Sciences, 23(20), 1–22. https://​doi.​org/​10.​3390/​ijms2​
32012​564

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., 
Bartuli, A., Sinibaldi, L., Tartaglia, M., & Zampino, G. (2023). 
From feeding challenges to oral-motor dyspraxia: a comprehen-
sive description of 10 new cases with CTNNB1 syndrome. Genes, 
14(10), 1–11. https://​doi.​org/​10.​3390/​genes​14101​843

https://doi.org/10.33588/rn.7105.2020087
https://doi.org/10.33588/rn.7105.2020087
https://www.euskadi.eus/contenidos/informacion/vida_saludable_publicaciones/es_def/adjuntos/prog_salud_infantil_es.pdf
https://www.euskadi.eus/contenidos/informacion/vida_saludable_publicaciones/es_def/adjuntos/prog_salud_infantil_es.pdf
https://www.euskadi.eus/contenidos/informacion/vida_saludable_publicaciones/es_def/adjuntos/prog_salud_infantil_es.pdf
https://doi.org/10.1016/j.tig.2019.08.005
https://doi.org/10.1016/j.tig.2019.08.005
https://doi.org/10.1111/jir.12226
https://doi.org/10.1111/jir.12226
https://doi.org/10.1111/j.1469-8749.2011.03996.x
https://doi.org/10.1111/j.1469-8749.2011.03996.x
https://doi.org/10.1002/ajmg.a.62504
https://doi.org/10.1007/s10803-017-3081-9
https://doi.org/10.1007/s10803-017-3081-9
https://doi.org/10.1044/1092-4388(2010/08-0197)
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/10.1016/j.ejmg.2016.11.008
https://doi.org/10.1016/j.ejmg.2016.11.008
https://doi.org/10.1007/s00439-014-1498-1
https://doi.org/10.1007/s00439-014-1498-1
https://doi.org/10.1093/nar/gkae1090
https://doi.org/10.3389/fped.2023.1201080
https://doi.org/10.3389/fped.2023.1201080
https://doi.org/10.3389/fped.2022.960450
https://doi.org/10.1016/j.ridd.2013.06.035
https://doi.org/10.1177/0883073813509886
https://doi.org/10.3390/ijms232012564
https://doi.org/10.3390/ijms232012564
https://doi.org/10.1186/s12887-023-04509-w
https://doi.org/10.3390/genes14101843


3668	 Journal of Autism and Developmental Disorders (2026) 56:3655–3669

Pagerols, M., Bosch, R., Prat, R., Pagespetit, È., Cilveti, R., Chap-
arro, N., Esteve, A., & Casas, M. (2023). The sleep disturbances 
for children: psychometric properties and prevalence of sleep 
disorders in Spanish children aged 6–16 years. Journal of Sleep 
Research, 32(4), e13871. https://​doi.​org/​10.​1111/​jsr.​13871

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

Pennington, L., Virella, D., Mjøen, T., da Graça Andrada, M., Murray, 
J., Colver, A., Himmelmann, K., Rackauskaite, G., Greitane, A., 
Prasauskiene, A., Andersen, G., & de la Cruz, J. (2013). Develop-
ment of The Viking Speech Scale to classify the speech of chil-
dren with cerebral palsy. Research in Developmental Disabilities, 
34(10), 3202–3210. https://​doi.​org/​10.​1016/j.​ridd.​2013.​06.​035

Pereña, J., & Santamaría, P. (2005). Cuestionario de comunicación 
social (SCQ). TEA Ediciones.

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

Pry, R., Petersen, A. F., & Baghdadli, A. M. (2011). On general and 
specific markers of lexical development in children with autism 
from 5 to 8 years of age. Research in Autism Spectrum Disorders, 
5, 1243–1252. https://​doi.​org/​10.​1016/j.​rasd.​2011.​01.​014

Redmond, S. M., & Rice, M. L. (1998). The socioemotional behavior 
of children with SLI: Social adaptation or social deviance? Jour-
nal of Speech, Language, and Hearing Research, 41(3), 688–700. 
https://​doi.​org/​10.​1044/​jslhr.​4103.​688

Rodriguez, M. C., Wade, T. J., Veldhuizen, S., Missiuna, C., Timmons, 
B., & Cairney, J. (2019). Emotional and behavioral problemas in 
4- and 5-year old children with and without motor delays. Fron-
tiers in Pediatrics, 7, 1–8. https://​doi.​org/​10.​3389/​fped.​2019.​
00474

Romeo, D. M., Brogna, C., Quintiliani, M., Baranello, G., Pagliano, E., 
Casalino, T., Sacco, A., Ricci, D., Mallardi, M., Musto, E., Sirvo, 
S., Cota, F., Battaglia, D., Bruni, O., & Mercuri, E. (2014). Sleep 
disorders in children with cerebral palsy: Neurodevelopmental and 
behavioural correlates. Sleep Medicine, 15(2), 213–218. https://​
doi.​org/​10.​1016/j.​sleep.​2013.​08.​793

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

Sellers, D., Mandy, A., Pennington, L., Hankins, M., & Morris, C. 
(2013). Development and reliability of a system to classify eating 
and drinking ability of people with cerebral palsy. Developmen-
tal Medicine Child Neurology, 15(3), 245–251. https://​doi.​org/​
10.​1111/​dmcn1​2352

Shang, S., Hua, F., & Hu, Z. W. (2017). The regulation of β-catenin 
activity and function in cancer: Therapeutic opportunities. Onco-
target, 8(20), 33972–33989. https://​doi.​org/​10.​18632/​oncot​arget.​
15687

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

Skjeldal, O. H., Capjon, H., Dahl, A., & Diseth, T. H. (2008). Therapy 
in a subtropical climate for children with cerebral palsy. Evidence 
of physical and psychosocial effect? Acta Paediatrica, 98(4), 670–
674. https://​doi.​org/​10.​1111/j.​1651-​2227.​2008.​01114.x

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

Sparrow, S. S., Cicchetti, D. V., & Balla, D. A. (2016). Vineland 3. 
Spanish parent/caregiver form comprehensive version. Pearson.

Stenson, P. D., Mort, M., Ball, E. V., Chapman, M., Evans, K., 
Azevedo, L., Hayden, M., Heywood, S., Millar, D. S., Phillips, A. 
D., & Cooper, D. N. (2020). The human gene mutation database 
(HGMD®): Optimizing its use in a clinical diagnostic or research 
setting. Human Genetics, 139(10), 1197–1207. https://​doi.​org/​10.​
1007/​s00439-​020-​02199-3

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

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 identi-
fies masqueraders of full-term cerebral palsy. Annals of Clinical 
Translational Nuerology, 5(5), 538–551. https://​doi.​org/​10.​1002/​
acn3.​551

Thurm, A., Tierney, E., Farmer, C., Albert, P., Jospeh, L., Swedo, S., 
Bianconi, S., Bukelis, I., Wheeler, C., Sarphare, G., Lanham, D., 
Wassif, C. A., & Porter, F. D. (2016). Development, behavior, and 
biomarker characterization of Smith-Lemli-Opitz syndrome: An 
update. Journal of Neurodevelopmental Disorders, 8(12), 1–10. 
https://​doi.​org/​10.​1186/​s11689-​016-​9145-x

Trelles, M. P., Levy, T., Lerman, B., Siper, P., Lozano, R., Halpern, D., 
Walker, H., Zweifach, J., Frank, Y., Foss-Feig, J., Kolevzon, A., & 
Buxbaum, J. (2021). Individuals with FOXP1 syndrome present 
with a complex neurobehavioral profile with high rates of ADHD, 
anxiety, repetitive behaviors, and sensory symptoms. Molecular 
Autism, 12(1), 1–15. https://​doi.​org/​10.​1186/​s13229-​021-​00469-z

Tschirren, L., Bauer, S., Hanser, C., Marsico, P., Sellers, D., & van 
Hedel, H. J. A. (2018). The eating and drinking ability classifica-
tion system: Concurrent validity and reliability in children with 
cerebral palsy. Developmental Medicine and Child Neurology, 
60(6), 611–617. https://​doi.​org/​10.​1111/​dmcn.​13751

Tucci, V., Kleefstra, T., Hardy, A., Heise, I., Maggi, S., Willemsen, M. 
H., Hilton, H., Esapa, C., Simon, M., Buenavista, M. T., McGuf-
fin, L. J., Vizor, L., Dodero, L., Tsaftaris, S., Romero, R., Nillesen, 
W. N., Vissers, L. E. L. M., Kempers, M. J., Silfhout, B.-V.A.T., & 
Nolan, P. M. (2014). Dominant β-catenin mutations cause intellec-
tual disability with recognizable syndromic features. The Journal 

https://doi.org/10.1111/jsr.13871
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/10.1016/j.ridd.2013.06.035
https://doi.org/10.1002/mds.27320
https://doi.org/10.1002/mds.27320
https://doi.org/10.1016/j.rasd.2011.01.014
https://doi.org/10.1044/jslhr.4103.688
https://doi.org/10.3389/fped.2019.00474
https://doi.org/10.3389/fped.2019.00474
https://doi.org/10.1016/j.sleep.2013.08.793
https://doi.org/10.1016/j.sleep.2013.08.793
https://doi.org/10.1002/mgg3.1542
https://doi.org/10.1002/mgg3.1542
https://doi.org/10.1111/dmcn12352
https://doi.org/10.1111/dmcn12352
https://doi.org/10.18632/oncotarget.15687
https://doi.org/10.18632/oncotarget.15687
https://doi.org/10.1111/cge.14404
https://doi.org/10.1111/j.1651-2227.2008.01114.x
https://doi.org/10.1002/ajmg.a.62902
https://doi.org/10.1002/ajmg.a.62902
https://doi.org/10.1007/s00439-020-02199-3
https://doi.org/10.1007/s00439-020-02199-3
https://doi.org/10.1111/cge.14487
https://doi.org/10.1002/acn3.551
https://doi.org/10.1002/acn3.551
https://doi.org/10.1186/s11689-016-9145-x
https://doi.org/10.1186/s13229-021-00469-z
https://doi.org/10.1111/dmcn.13751


3669Journal of Autism and Developmental Disorders (2026) 56:3655–3669	

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, M. V., Lekhal, R., Aaro, L. E., Holte, A., & Schjolberg, S. 
(2014). The developmental relationship between language and 
motor performance from 3 to 5 years of age: A prospective longi-
tudinal population study. BMC Psychology, 2(34), 1–10. https://​
doi.​org/​10.​1186/​s40359-​014-​0034-3

Weber, P., Bolli, P., Heimgartner, N., Merlo, P., Zehnder, T., & Kät-
terer, C. (2016). Behavioral and emotional problems in children 
and adults with cerebral palsy. European Journal of Paediatric 
Neurology, 20(2), 270–274. https://​doi.​org/​10.​1016/j.​ejpn.​2015.​
12.​003

Werling, D. M., & Geschwind, D. H. (2013). Sex differences in autism 
spectrum disorders. Current Opinion in Neurology, 26(2), 146–
153. https://​doi.​org/​10.​1097/​WCO.​0b013​e3283​5ee548

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. https://​doi.​org/​10.​1186/​
s12883-​016-​0554-y

Xing, Y., Takemaru, K., Liu, J., Berndt, J. D., Zheng, J. J., Moon, 
R. T., & Xu, W. (2008). Crystal structure of a full-length beta-
catenin. Structure, 16(3), 478–487. https://​doi.​org/​10.​1016/j.​str.​
2007.​12.​021

Xu, W., & Kimelman, D. (2007). Mechanistic insights from structural 
studies of beta-catenin and its binding partners. Journal of Cell 
Sciences, 120(19), 3337–3344. https://​doi.​org/​10.​1242/​jcs.​013771

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. https://​
doi.​org/​10.​3389/​fpsyt.​2023.​11433​28

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

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/10.1186/s40359-014-0034-3
https://doi.org/10.1186/s40359-014-0034-3
https://doi.org/10.1016/j.ejpn.2015.12.003
https://doi.org/10.1016/j.ejpn.2015.12.003
https://doi.org/10.1097/WCO.0b013e32835ee548
https://doi.org/10.1186/s12883-016-0554-y
https://doi.org/10.1186/s12883-016-0554-y
https://doi.org/10.1016/j.str.2007.12.021
https://doi.org/10.1016/j.str.2007.12.021
https://doi.org/10.1242/jcs.013771
https://doi.org/10.1002/mgg3.2067
https://doi.org/10.3389/fpsyt.2023.1143328
https://doi.org/10.3389/fpsyt.2023.1143328

	Novel CTNNB1 Gene Variants in Spanish CTNNB1 Syndrome Patients: Clinical and Psychological Manifestations
	Abstract
	Method
	Patients
	Instruments
	Sleep Problems
	Ability to Eat
	Communication
	Motor Function
	Neurodevelopment
	Autism

	Procedure
	Data Analyses

	Results
	Gene Variants Found in the Sample
	Clinical Findings
	Pregnancy and New-Born Period
	Attainment of Developmental Milestones
	Language Abilities
	Motor Impairments
	Adaptive Functioning
	ASD Symptoms Measurement
	Expressive Language Analyses

	Discussion
	Conclusion
	Acknowledgments 
	References




