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ABSTRACT

Background: The CTNNBI1 syndrome is a neurodevelopmental disorder considered an ultra-rare disease, first discovered in
2012. Given its comorbidity of symptoms with more prevalent diseases, such as ASD or CP, many CTNNBI syndrome patients
had previously received those diagnosis. Therefore, the aim of this study is to establish differences on the cognitive and adaptive
functioning of the CTNNBI1 syndrome compared with ASD and CP.

Methods: A total of 55 paediatric patients—25 CTNNB1 syndrome, 17 ASD and 13 PC—were assessed with an extensive proto-
col for neuropsychological domains through in-person assessments and online meetings for the parent-reported questionnaire.
Results: No cognitive differences were found among verbal tasks between groups, even though CTNNB1 syndrome patients
obtained significantly lower scores in visuospatial and logical tasks. Regarding adaptive functioning, ASD patients outperformed
the CTNNBI syndrome group in most domains, whereas CP patients did not differ as much, obtaining only lower scores in
gross motor ability. Externalizing problems were more prevalent in the CTNNB1 syndrome group compared with the control
groups. Also, correlations indicated improvement of cognitive and adaptive functioning over the years for the CTNNBI syn-
drome patients.

Conclusions: This is the first study to compare the cognitive and adaptive functioning of CTNNBI1 syndrome patients with con-
trol diseases and detect significant difference. Although intellectual disability is one of the main manifestations of the CTNNB1
syndrome, patients performed better on verbal cognitive tasks than in visuospatial and logical thinking exercises, while adaptive
functioning performances did not differ from control groups.
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1 | Introduction

The CTNNBI syndrome was first discovered in 2012 by de Ligt
et al. (2012) and later described to be a neurodevelopmental dis-
order caused by de novo heterozygous variants in the CTNNBI
gene (Kuechler et al. 2015). The most frequent clinical manifes-
tations are intellectual disability (ID), speech disorders, cranio-
facial anomalies and microcephaly, ophthalmic disorders, motor
difficulties, behaviour problems and autistic spectrum disorder
(ASD) symptoms (Dubruc et al. 2014; MiroSevi¢ et al. 2022;
Sudnawa et al. 2024; Tucci et al. 2014). However, the CTNNB1
syndrome phenotype is still not well defined as the main focus
on the scarce literature has typically been genetic matters and
description of symptoms, leaving behind the study of the cogni-
tive and psychological profile (Pallares-Sastre et al. 2025).

From a genetic perspective, the CTNNBI gene is responsible for
encoding the B-catenin protein, from exon two to 15. This protein
is a key factor for the development of the nervous system, mainly
for two reasons; it is central to the Wnt/B-catenin signalling path-
way and it is involved in the morphogenesis of epithelial and ner-
vous tissue, in particular as part of the adherens junctions between
cells (Valenta et al. 2012). Cell-cell junctions have a decisive influ-
ence on the mechanical properties of tissues and are also essential
for neuronal synapses and synaptic plasticity, the basis of memory
and learning. Therefore, §-catenin would be essential for memory
consolidation in the hippocampus (Fortress et al. 2013). Several
studies have demonstrated the role of this protein in the emotional
learning process and declarative memory (Maguschak and Ressler
2012). Additionally, it has been implicated in visuospatial mem-
ory, which is encoded but not consolidated or stored (Tabatadze
et al. 2012), indicating a possible deficit in the hippocampus due to
non-optimal levels of 3-catenin (Tucci et al. 2014). However, these
deficits have not yet been observed in CTNNB1 syndrome patients.

Some CTNNBI1 syndrome patients had initially received a diagno-
sis of cerebral palsy (CP) or ASD (Dixon et al. 2016; Ji et al. 2023;
Kayumi et al. 2022; Kharbanda et al. 2017; Kuechler et al. 2015;
Lee et al. 2023; Lesnyak et al. 2024; Onesimo et al. 2023; Rossetti
et al. 2020; Sudnawa et al. 2024; Yan et al. 2022; Zuluaga
et al. 2022), as they share many clinical manifestations with
CTNNBI1 syndrome. Whole-exome sequencing (WES) has been
used as a method of gene discovery in large series of patients with
ASD and CP, among others, and it has identified many novel and
ultra-rare diseases which are underrepresented in clinical genomic
research (Kayumi et al. 2022; Lee et al. 2023; Retterer et al. 2016).
Current studies indicate that one-quarter of CP is caused by a
genetic variant (Chopra et al. 2022), and clinical genomic inves-
tigations are still being overlooked by attributing symptoms to
prenatal o perinatal brain injury. More specifically, genetic testing
is particularly recommended in those CP patients that show ASD
symptoms and ID with no apparent causative factor related to CP
(Basu et al. 2024; Mirosevic et al. 2022). Moreover, these advanced
technologies have allowed the discovery of de novo mutations in
ASD cohorts (Krupp et al. 2017). More specifically, Dong et al.
(2016) showed that loss-of-function of CTNNBI gene in mice led
to behaviours similar to autism such as impaired object recogni-
tion, social interaction and repetitive behaviours. These findings
have led to the identification of the the CTNNBI gene as a risk
gene for autism (Zhuang et al. 2023). In fact, some CTNNBI syn-
drome patients obtain scores that indicate autistic-like behaviours

in screening scales for autism (Sudnawa et al. 2024; Verhoeven
et al. 2020).

To date, only Sudnawa et al. (2024) have conducted extensive
in-person neuropsychological assessments to study the cogni-
tive profile of CTNNBI syndrome patients. Other studies pro-
vide only overall total scores without detailing performance in
specific cognitive domains (Dashti et al. 2022; Lee et al. 2023;
Verhoeven et al. 2020; Wang et al. 2019), while some do not spec-
ify the instruments used for assessment (Bulot et al. 2022; Ho
et al. 2022; Lee et al. 2022; Paparella et al. 2022; Pipo-Deveza
et al. 2018; Tucci et al. 2014).

Considering the scarcity of literature in the research of the
CTNNBI syndrome, this article aims to compare the cognitive
and adaptive functioning of CTNNBI1 syndrome to similar dis-
eases, such as ASD and CP patients. Specifically, verbal, non-
verbal and visuospatial domains will be assessed, as well as
communication ability, daily living skills, socialization, motor
functioning and behavioural problems.

2 | Methods
2.1 | Participants and Procedure

The sample consisted of 55 paediatric patients divided into
three groups: a CTNNBI syndrome group (n=25; M,,,=10.59;
SD,,.=4.25; age range =2.04-17years), an ASD group (n=17,
M, =8.71; SDage:3.65; age range=4.05-17.01years) and a CP
group(n=13; M, 4 =7.26;SD,, =4.09;agerange=3.06-15.1 years).

The CTNNBI syndrome group was recruited from the CTNNB1
Spanish Association (Asociacion CTNNBI1 Espafia) between
November 2023 and June 2024. All patients had undergone
genetic testing that confirmed the diagnosis and were able to
participate in in-person assessments, which were carried out
by neuropsychologist who travelled across the country during
family meetings. Cognitive assessments were not available for
one participant. Genetic variants are included in Table 1. The
inclusion criteria were as follows: (a) to have a genetic diagnosis
of CTNNBI syndrome, (b) to have signed the informed consents
prior to participation and (c) to have Spanish as one of the pri-
mary languages.

Participants in the clinical control groups were recruited
through APNABI Autismo Bizkaia for the ASD group and
Aspace Bizkaia for the CP group. The study was presented to
the associations and, after they agreed to participate, they re-
cruited the sample matching the age and gender of the CTNNB1
syndrome participants. Before the recruitment, both associa-
tions were instructed to include only eligible participants with
a ruled-out genetic mutation in their diagnoses or, in case of CP
participants, those with a known cause of their clinical symp-
toms. Both groups were selected based on the inclusion crite-
ria mentioned earlier, except for point (a), being replaced by a
diagnosis of ASD or CP respectively. The specific causes of CP
included in the sample were the following: ischaemic hypoxia
(n=1), perinatal asphyxia (n=1), cytomegalovirus encepha-
lopathy (n=1), prematurity (n=2), intrapartum anoxia (n=1),
hypoxic-ischemic encephalopathy (n=35), spastic tetraparesis
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TABLE1 | Genetic variants from the CTNNB1 syndrome group.

Case Genetic alteration Nucleotide change Exon (Intron) Amino acid change Domain
P1 Nonsense c.1981C>T 13 p-(Arg661%) Arm 12
P2 del 3p22.1 — — — —
P3 Nonsense c.577C>T 5 p-(GIn193%) Arm 2
P4 Frameshift c.1213delC 9 p-(Leu405Phefs*10) Arm 7
P5 Frameshift c.1923dupA 12 p.(Glu642Argfs*6) Arm 12
P6 Nonsense c.881T>A 6 p.(Leu294*) Arm 4
P7 Nonsense c.1420C>T 9 p-(Argd74%) Arm 8
P8 Frameshift €.974_984del 7 p- (Val325Glufs*23) Arm 5
P9 Frameshift ¢.1588insC 10 p-(GIn530Profs*42) Arm 9
P10 Frameshift c.1563delC 10 p-(Ala522GInfs*15) Arm 9
P11 Nonsense c.999C>A 7 p.(Tyr333%) Arm 5
P12 Frameshift c.964dupC 7 p.(GIn322Profs*31) Arm 5
P13 Large deletion c.(936+1_937-1)_(*1106_?)del 7-15 — —
P14 Frameshift c.137dupT 3 p.(Ser47Glufs*3) N-term
P15 Frameshift ¢.1930delC 12 p-(Leu644Phefs*35) Arm 12
P16 Splicing €.2137+2T>C 14) — C-term
P17 Splicing ¢.1082-1G>C @) — Arm 6
P18 In-frame deletion .1298_1306del 9 p.(Lys433_Lys435del) Arm 7
P19 Nonsense c.1014G> A 7 p-(Trp338%) Arm 5
P20 Frameshift c.661delC 5 p-(Leu221Phefs*21) Arm 2
P21 Frameshift c.137dupT 3 p-(Ser47Glufs*3) N-term
P22 Frameshift €.1925_1926del 12 p-(Glu642Valfs*5) Arm 12
P23 Nonsense c.268C>T 4 p-(Arg90%*) N-term
P24 Splicing c.2076+1G>A 13) — C-term
P25 Nonsense c.904C>T 6 p-(GIn302%) Arm 4

(n=1) and cerebral infraction (n=1). There was no specific ge-
netic or developmental diagnosis associated with the clinical
profiles of participants in the ASD group.

All in-person cognitive assessments were divided in two parts
of half an hour each to guarantee the patient's attention during
their performance. The parent-reported questionnaire was ad-
ministered via an online meeting with the neuropsychologist.

2.2 | Instruments

2.2.1 | Peabody Picture Vocabulary Test, Third Edition
(PPVT-3) (Dunn et al. 2010)

This test assesses receptive language ability and is a screening
tool for verbal skills. Each item contains four simple black-and-
white illustrations, and the examinee must select the picture that
best matches the word said by the examiner. The test consists of

17 sets of 12 items arranged in order of increasing difficulty. Its
reliability ranges from 0.80 and 0.99.

2.2.2 | Wechsler Nonverbal Scale of Ability (WNV)
(Wechsler and Naglieri 2011)

This test is a non-verbal measure that assesses the cognitive
development of children with language impairment, autism
or hearing problems. Although it includes six subtests, only
the following were assessed in this study. First, the Matrices
subtest assesses perceptual reasoning through simultaneous
processes (a¢=0.85). Moreover, Object assembly subtest mea-
sures perceptual organization and reasoning (a=0.75). Finally,
the Recognition subtest assesses immediate memory without
the need of expressive language (a¢=0.73). Both Matrices and
Recognition tests conclude once the examinee scores four con-
secutive zeros, whereas the Recognition test ends after two con-
secutive zeros.
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2.2.3 | Comprehension of Instructions (CI) From
the NEPSY-II (Korkman et al. 2007)

This subtest assesses the ability to receive, process and execute
oral instructions of increasing syntactic complexity. After the
oral instruction, the examinee must point to the appropriate
stimulus. Even though the subtest is for children aged three to
16years and 11 months, it can also be administered to older kids
with neurodevelopmental disorders and intellectual disability.
The test consists of 33 items and it finishes once the examinee
scores seven consecutives zeros. The instrument has good reli-
ability, with a Cronbach's alpha value of 0.79.

2.2.4 | The Boston Naming Test (BNT) (Kaplan
et al. 2005)

This instrument assesses lexical ability using illustrations ar-
ranged in order of increasing difficulty. In case the examinee is
unable to name the image, the examiner provides phonemic or
phonetic clues and, as a last resort, multiple-choice options. The
test has a Cronbach's alpha value of 0.55.

2.2.5 | Spatio-Temporal Orientation and Sequencing
Paradigm (STOSP) (Based on Mastrogiuseppe
et al. (2019) Experiment)

This ad hoc paradigm assesses visuospatial episodic memory
by reproducing the location of objects, considering the place,
the order and the selection of the correct object. The materials
used include a large board with four small, randomly placed
boxes glued to it, six play dough figures, two Landmarks and
a smaller board with only two boxes for the practice. This par-
adigm consists of two parts, each divided into two sections.
In the first section of each part, after the examiner demon-
strates the sequence of events, the examinee must reproduce
the same sequence consecutively. After Smin of completing
another task, the examinee is asked to repeat the sequence
without seeing the examiner's example, thus completing the
second section. As mention before, this procedure has to be re-
peated approximately 10 min after the first part is completed.
However, this second part includes the use of Landmarks,
which will be placed on top of the boxes where objects will
be hidden. Before starting the second part, on another prac-
tice board, the two Landmarks will be associated with the ob-
ject that will later be placed in the box where the Landmark
is positioned. This paradigm is based on the theory of spa-
tial organization of the brain (Doeller et al. 2008; Lee and
Spelke 2010) and the role of §-catenin in the consolidation of
spatial memory according to animal research (Lee et al. 2017).
Specifically, the cognitive ability to learn and remember ob-
ject placement relative to environmental boundaries, based on
geometric shape, has been linked to hippocampal activation
and emerges during development, independent of experience.
In contrast, learning and remembering of Landmark-related
locations is linked to dorsal striatal activation and is sup-
ported by different learning mechanisms (Doeller et al. 2008;
Ferrara and Landau 2015). Further instructions for the test
assessment can be found at Data S1. This test was exclusively
assessed to the CTNNBI1 syndrome group.

2.2.6 | Vineland Adaptive Behaviour Scales, Third
Edition (Vineland-III) (Sparrow et al. 2016)

The parent/caregiver form is a questionnaire-based instrument
completed by the parent, assessing a child’s abilities across five
domains: communications (COM), daily living skills (DLS),
socialization (SOC), motor skills and maladaptive behaviour,
which includes internalizing and externalizing behaviours, as
well as Section C, also known as critical items. A raw score is ob-
tained from each subdomain, from which a V-scale score is cal-
culated based on the examinee's age. The test has a Cronbach's
alpha value of 0.98.

2.3 | Data Analysis

The statistical program used to carry out the analyses was SPSS
(Statistical Package for Social Sciences) version 28.0. Descriptive
statistics were performed for all measures, along with con-
version of raw score to Z scores in order to compare variables.
Differences in performance between groups were assessed
through a Kruskal-Wallis multivariate analysis of variance
(MANOVA), together with LDS test as a post hoc analysis. The
effect size was expressed based on the partial eta squared indi-
cator. For intra-subject differences a Wilcoxon signed-rank test
was performed. Correlations were conducted between age and
cognitive and adaptive functioning variables. The level of signif-
icance was established at a p value of 0.05.

3 | Results

No significant differences in age or gender were found among
the CTNNBI1 syndrome, CP and ASD groups, as indicated by the
Kruskal-Wallis and chi-squared tests, respectively (H=5.627,
p=0.06; x2=1.447, p=0.485).

Table 2 shows differences between the CTNNB1 syndrome, CP
and ASD groups in cognitive and adaptive functioning perfor-
mances. Regarding cognitive performance, the data revealed
statistically significant differences in all three subtests of the
WNV (Figure 1). However, as the BNT test was only adminis-
tered to participants with expressive language (CTNNBI1 syn-
drome=17; CP=5; ASD=17), a Kruskal-Wallis analysis found
no differences among groups (H=0.37; p=0.504). Adaptive
behaviour was assessed using the Vineland-III. No significant
differences were found among groups in the COM and SOC do-
mains, except for the DLS. Conversely, specific domains within
COM, SOC and DLS, showed statistical differences. Gross and
fine motor performance, as well as the three subdomains from
the maladaptive scales differed among groups.

In order to detect which groups exhibited differences, post hoc
analyses were carried out (Table 3). The LDS analysis indicated
significant differences primarily between the CTNNBI syn-
drome and ASD groups, with the CTNNB1 syndrome group
performing worse on all cognitive tests, except for the CI. In con-
trast, the CTNNBI syndrome and the CP groups only showed
differences in Matrices and Recognition subtests from the WNV.
Regarding adaptive functioning, significant differences were
mainly observed between the CTNNBI syndrome and the ASD
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TABLE2 | Differencesbetween CTNNBI syndrome patients and the CP and ASD group on their performance in neuropsychological and adaptive

functioning tests.

CTNNBI1 syndrome Ccp ASD MANOVA Effect size
M (SD) M (SD) M (SD) F p 7,
Cognition
PPVT-3 42.12 (28.31) 57.38 (25.88) 66 (36.48) 3.180 0.05 —
CI 11.21 (4.52) 13.38 (6.13) 14.82(7.72) 1.832 0.170 —
Matrices 5.46 (4.11) 11.54 (3.38) 16.06 (5.83) 27.365 <0.001** 0.518
Object assembly 4.58 (5.23) 4(6.12) 24.41(12.32) 33945  <0.001** 0.571
Recognition 7.79 (4.69) 12.23(3.94) 13.47 (4.76) 8798  <0.001** 0.257
Adaptive functioning
COM._Vineland-III 24.08 (10.85) 21.92 (10.32) 27.76 (8.14) 1.357 0.266 —
Receptive 56.32 (10.48) 64 (7.12) 56.35 (10.16) 3.102 0.053* 0.107
Expressive 50.08 (29.82) 49.08 (29.96)  64.24(23.06)  1.586 0.215 —
Written 12.88 (13.72) 17.31(10.95)  34.35(19.99)  10.198  <0.001** 0.282
DLS_Vineland-III 18.48 (6.94) 15.54 (9.94) 24.59 (3.66) 6.801 0.002* 0.207
Personal 38.40 (22.25) 33.62(20.79)  63.53(22.85)  8.807  <0.001** 0.253
Domestic 5.64 (10.52) 4.31 (3.88) 10 (9.66) 1.727 0.188 —
Community 10.84 (9.82) 22.23(8.75)  26.88(20.48) 7.434 0.001* 0.222
SOC_Vineland-III 23.88(9.1) 23.92 (11.79) 25.06 (8.5) 0.086 0.918 —
Interpersonal relationship 41.76 (9.59) 46.92 (13.37) 41.82 (16.04) 0.805 0.453 —
Play and leisure 20.04 (12.49) 32.62(18.41)  31.59 (20.29) 3.563 0.035* 0.121
Coping skills 17.48 (7.86) 24.38 (9.68) 23.24 (16.95) 1.959 0.151 —
Gross motor 41.72 (18.54) 23.62(23.62) 72.71 (14.16) 27.278 <0.001** 0.512
Fine motor 32.24 (10.02) 25.69 (14.04)  51.18(13.41)  19.143  <0.001** 0.424
Internalizing problems 7.88 (3.73) 6.23 (4.76) 10.53 (5.06) 3.695 0.032* 0.124
Externalizing problems 7.92 (3.81) 2.69 (2.29) 4.94 (2.04) 13.632 <0.001** 0.344
Section C 9.32(3.75) 4.46 (3.48) 10.29 (5.07) 8.243 <0.001** 0.241
Total vineland 62.16 (14.25) 56.77 (17.32) 65.76 (7.19) 1.670 0.198 —

Note: Section C is a sum of critical items covering more severe maladaptive behaviours.
Abbreviations: CI: Comprehension of Instructions; COM: communication v-scale; DLS: daily living skills v-scale; F: MANOVA; M: mean; PPVT-3: Peabody Picture

Vocabulary Test; SD: standard deviation; SOC: socialization v-scale; 772p1 partial eta squared.

*p<0.05.
P <0.001.

groups, with the ASD group obtaining higher scores. Differences
were found only in the DLS domain, in particular in the Personal
and Community subdomains. Although the other domains did
not differ among groups, subdomains such as Written, Play and
Leisure and Gross and Fine motor showed better performance for
the ASD group. The CTNNBI1 syndrome group exhibited higher
prevalence of externalizing problems compared with the ASD
group. In contrast, fewer differences were observed between the
CTNNBI syndrome and CP groups. However, the CP group ob-
tained lower scores in the Receptive, Community and Play and
Leisure subdomains from the Vineland-III. Additionally, the CP
group demonstrated worse Gross motor functioning compared
with the CTNNBI1 syndrome group. Significant differences

were also found in externalizing problems and Section C, with
the CTNNBI syndrome group exhibiting a higher prevalence of
critical maladaptive symptoms. Finally, no significant differ-
ences were found among groups in the total composite score of
the Vineland-III.

No significant differences were found in the spatio-temporal ori-
entation and sequencing paradigm when comparing the use of
Landmarks versus no Landmarks, both in short-term memory
(W=37.5; p=0.073) and long-term memory (W= 58; p=0.379).

Finally, age positively correlated with neuropsychological per-
formances within the CTNNB1 syndrome group, in exception
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FIGURE1 | Violin plots of neuropsychological performance among groups.

for the PPVT-3 test. Regarding adaptive functioning, subdo-
mains such as Written, Personal, Domestic, Community and
Fine motor from the Vineland-III positively correlated with age,
indicating improvement over time (Table 4).

4 | Discussion

To our knowledge, this is the first study to assess cognitive and
adaptive functioning in CTNNBI1 syndrome patients and com-
pare results with control groups (Pallares-Sastre et al. 2025). A
total of 25 CTNNBI1 syndrome, 13 CP and 17 ASD patients were
evaluated using a comprehensive battery of neuropsychological
tests, as well as a parent-reported questionnaire. The results
showed distinct cognitive and psychological profiles associated
with each disease, although some overlapping symptoms were
observed.

4.1 | Cognitive Functioning

Concerning the neuropsychological profile of CTNNBI1 syn-
drome patients compared with the control groups, no signif-
icant differences were found in verbal-related tests, such as
the receptive and expressive vocabulary knowledge or com-
prehension and execution of instructions. However, specific
analyses comparing the CTNNB1 syndrome and ASD groups
indicated that the CTNNBI1 syndrome group obtained worse
scores in receptive vocabulary. This finding suggests that chil-
dren with intellectual disabilities may have limited access to
various learning experiences, particularly communicative ex-
periences that promote vocabulary acquisition (Ballester-Plané
et al. 2016; Strauss et al. 2006). In contrast, CTNNB1 syndrome
patients scored significantly lower than both control groups

in the non-verbal tasks from the WNV, aligning with previous
research (Sudnawa et al. 2024). Specifically, 26.7% of the sam-
ple performed within the average range for the verbal domain,
while only 6.7% achieved normative scores in the non-verbal
reasoning domain, most spatial cluster scores were the lowest
(Sudnawa et al. 2024). These findings highlight the discrepancy
in CTNNBI syndrome patients' cognitive abilities, with stron-
ger verbal performance compared with non-verbal spatial tasks.
Such differences may relate to the two forms of intelligence first
introduced by Cattell in 1943. The better performance in verbal
tasks reflects knowledge integration, also known as crystallized
intelligence, in comparison to spatial or logic tasks which do not
depend on learning experience and concerns fluid intelligence.
Nevertheless, Sudnawa et al. (2024) noted that visual impair-
ments in CTNNB1 syndrome patients might have interfered
with test performance, potentially skewing cognitive assess-
ments. Fine motor impairment may have also biased the results,
which could explain the lack of differences in the assembly test
between the CTNNBI syndrome and CP groups, unlike other
non-verbal tasks where the CP group performed better. From a
developmental perspective, limitations in movement, explora-
tion and communication could have consequences for cognitive
functioning (Stadskleiv et al. 2017). In contrast, several studies
have corroborated the use of the PPVT-3 and some subscales
from the WNV for CP patients even with greater motor impair-
ment (Ballester-Plané et al. 2016).

Existing literature on CTNNB1 syndrome described general
ID among patients with varying degrees of impairment, estab-
lishing this feature as one of the main clinical manifestations
of the syndrome. Nonetheless, the vast majority did not use
standardized methods to assess the cognitive profiles and just
a few provided general scores without interpretation of results
(Pallarés-Sastre et al. 2025).
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TABLE 3 | Post hoc results of cognitive and adaptive functioning performance between groups.

CTNNBI1 syndrome vs. CP

CTNNBI1 syndrome vs. ASD

ASD vs. CP

Mean differences

Mean differences

Mean differences

(SD) p (SD) p (SD) p
Cognition
PPVT-3 —0.48 (0.33) 0.154 —0.75 (0.30) 0.017* 0.27 (0.35) 0.448
CI —0.35(0.34) 0.302 —0.59 (0.312) 0.66 0.23 (0.36) 0.522
Matrices —0.94(0.24) <0.001** ~1.64(0.22) <0.001** 0.69 (0.26) 0.010*
Object assembly 0.05 (0.23) 0.84 ~1.59 (0.21) <0.001** 1.64 (0.24) <0.001**
Recognition —0.86(0.3) 0.007* —1.09 (0.28) <0.001** 0.24 (0.32) 0.463
Adaptive functioning
COM_Vineland-III 0.22 (0.34) 0.530 -0.37(0.31) 0.245 0.58 (0.37) 0.118
Receptive —0.76 (0.31) 0.025* —0.003 (0.30) 0.991 —0.76 (0.35) 0.037*
Expressive 0.04 (0.34) 0.917 —0.50 (0.31) 0.11 0.54(0.36) 0.147
Written —0.25(0.29) 0.405 —-1.20(0.27) <0.001%* 0.955 (0.32) 0.004*
DLS_Vineland-III 0.38 (0.31) 0.225 —0.79 (0.29) 0.008* 1.17 (0.33) <0.001**
Personal 0.19 (0.30) 0.530 —1.00(0.28) <0.001** 1.19 (0.32) <0.001**
Domestic 0.14 (0.34) 0.671 —0.47 (0.31) 0.135 0.62 (0.36) 0.096
Community —0.74 (0.31) 0.020* —1.04(0.28) <0.001%* 0.30 (0.033) 0.365
SOC_Vineland-III —0.004 (0.35) 0.990 —-0.12(0.32) 0.698 0.12(0.37) 0.750
Interpersonal —0.41 (0.34) 0.242 —0.01(0.32) 0.987 —0.40(0.37) 0.283
relationship
Play and leisure —0.72(0.37) 0.031* —0.66 (0.30) 0.032* —0.06 (0.35) 0.867
Coping skills —0.58 (0.34) 0.092 —0.48 (0.31) 0.126 —0.09 (0.36) 0.792
Gross motor 0.69 (0.24) 0.007* -1.18 (0.22) <0.001%* 1.87 (0.26) <0.001%*
Fine motor 0.42 (0.26) 0.121 —1.21(0.24) <0.001** 1.62 (0.28) <0.001**
Internalizing 0.35(0.33) 0.281 —0.57(0.29) 0.062 0.93(0.35) 0.011*
problems
Externalizing 1.42(0.28) <0.001** 0.81 (0.26) 0.003* 0.61 (0.30) 0.049*
problems
Section C 1.04 (0.30) <0.001%* —0.21(0.28) 0.458 1.25(0.33) <0.001%*
Total vineland 0.39 (0.34) 0.244 -0.27 (0.31) 0.395 0.66 (0.36) 0.074

Note: Section C is a sum of critical items covering more severe maladaptive behaviours.
Abbreviations: CI: Comprehension of Instructions; COM: communication v-scale; DLS: daily living skills v-scale; PPVT-3: Peabody Picture Vocabulary Test; SOC:

socialization v-scale.
*p<0.05.
*p <0.001.

4.2 | Adaptive Functioning

Adaptive functioning reflects the ability to perform or respond
to daily activities. The current study used the parent/caregiver
form of the Vineland-III to assess such matter. Significant
differences among groups were only found in the DLS subdo-
main, even though specific analyses found differences mostly
when comparing the CTNNB1 syndrome to the ASD group,
with the latter group outperforming the former in some subdo-
mains. In particular, the Written subdomain was significantly

better, but neither the Receptive or the Expressive subdomains
differed among groups, which highlights the heterogeneity of
receptive and expressive language ability in both conditions.
The DLS domain, as well as the Personal and Community
subdomains, were significantly better, indicating greater au-
tonomy in personal care and appropriate behaviour in public
spaces. Within the SOC domain, only the Play and leisure sub-
domain showed better performance in the ASD group, sug-
gesting that both groups exhibit similar challenges in social
interactions (Skoufou 2019). In fact, such differences could
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TABLE 4 | Age correlations with neuropsychological and adaptive functioning tests.

CTNNBI1 syndrome CP ASD
Rho P Rho P Rho P
PPVT-3 0.268 0.206 —-0.033 0.915 0.628 0.007*
CI 0.434 0.034* -0.117 0.703 0.541 0.025*
Matrices 0.428 0.037* —0.011 0.971 0.588 0.013*
Object assembly 0.565 0.004* 0.138 0.653 0.646 0.005*
Recognition 0.547 0.006* —-0.011 0.971 0.599 0.011*
BNT 0.0552 0.022* 0.600 0.285 0.679 0.003*
Receptive 0.294 0.154 0.177 0.564 0.714 0.001*
Expressive 0.041 0.846 -0.775 0.002* 0.681 0.003*
Written 0.400 0.048* —-0.317 0.291 0.840 <0.001**
Personal 0.598 0.002* —0.369 0.214 0.901 <0.001**
Domestic 0.456 0.020* —0.153 0.135 0.445 0.073
Community 0.433 0.031* -0.218 0.475 0.746 <0.001%*
Interpersonal relationship 0.027 0.897 —0.645 0.017* 0.520 0.032*
Play and leisure —-0.196 0.347 —0.580 0.038* 0.436 0.081
Coping skills —0.042 0.843 —0.338 0.258 0.687 0.002*
Gross motor 0.285 0.167 —0.432 0.141 0.534 0.027*
Fine motor 0.487 0.014* —-0.259 0.393 0.709 0.001*
Internalizing problems 0.072 0.731 —0.061 0.843 0.197 0.449
Externalizing problems -0.177 0.397 0.053 0.863 —0.132 0.613
Section C 0.096 0.648 0.566 0.044* 0.185 0.476

Note: Section C is a sum of critical items covering more severe maladaptive behaviours.
Abbreviations: BNT: Boston Naming Test; CI: Comprehension of Instructions; PPVT-3: Peabody Picture Vocabulary Test.

*p<0.05.
%D <0.001.

be explained by the superior motor and cognitive abilities of
the ASD group. Lastly, Gross motor and Fine motor skills also
significantly differed, with the ASD group performing better,
potentially marking one of the most distinctive symptoms be-
tween groups. This suggests that CTNNB1 syndrome patients
require greater assistance or accommodations for daily tasks
compared with ASD patients.

When comparing CTNNB1 syndrome and CP patients, fewer
differences were observed in adaptive functioning. The only
subdomains that differed were Receptive, Community and Play
and leisure, where the CP group showed better performance.
In contrast, the CP group exhibited significantly poorer Gross
Motor functioning compared with CTNNBI1 syndrome patients.
In areas where motor functioning was crucial, such as writing,
some daily living skills or even establishing interpersonal rela-
tionships, no differences were found between groups, indicat-
ing limitations in both groups (van Gorp et al. 2019). However,
in subdomains relying more on cognitive abilities and appro-
priate behaviour, the CP group demonstrated better adaptive
functioning.

Despite these findings, no significant differences were found in
the Total Vineland-III score, suggesting that no substantial dif-
ferences in overall adaptive functioning exist between CTNNB1
syndrome, ASD and CP.

Maladaptive behaviour scales from the Vineland-IIT indi-
cated differences regarding externalizing problems, so that
the CTNNBI syndrome group exhibited higher prevalence of
symptoms compared with the control groups. Additionally,
CTNNBI syndrome patients displayed more severe maladaptive
behaviours (Section C) compared with the CP group.

Although the Vineland-III is widely used to assess adaptive
functioning (Schoenmakers et al. 2024), several factors can
bias results, including the presence of behavioural symp-
toms and availability of therapeutic interventions (Trelles
et al. 2021). As socialization skills are partly dependent on
language abilities, promoting communication interventions,
such as gestures, sign language or assisted communicative
devise, could improve social skills for non-verbal patients
(Gentile et al. 2010).
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4.3 | Symptomatology Course of CTNNB1
Syndrome

Age positively correlated with cognitive performance in
CTNNBI syndrome patients, in exception of the PPVT-3 test.
These results suggest that cognitive improvements occur over
time, even in tasks where CTNNBI1 syndrome patients ini-
tially performed significantly lower than control groups, such
as spatial and logical reasoning. In contrast, age did not cor-
relate with Receptive or Expressive subdomains, nor with the
PPVT-3, highlighting the heterogeneity of the language profile
in CTNNBI1 syndrome patients. Similarly, SOC's subdomains
did not correlate with age, possibly because adolescent social
behaviours require greater independence and autonomy, un-
like early childhood socialization practices, which may be more
aligned with CTNNBI syndrome characteristics. On the con-
trary, all three subdomains from the DLS, as well as Fine motor,
improved over time, emphasizing the importance of occupa-
tional therapy (Pallarés-Sastre et al. Unpublished manuscript).
Currently, no published data track the developmental trajectory
of CTNNBI syndrome, making it unclear whether the develop-
mental progression of the symptoms continue throughout life
or if it inevitably stagnates at a pre-determined chronological
or developmental age. Due to the syndrome's wide phenotypic
variability, establishing a definitive stagnation age is unlikely.
Providing useful and important baseline data is crucial for the
development of future therapeutic trials that aim to reverse or
minimize symptoms (Gentile et al. 2010).

4.4 | Visuospatial Impairments in CTNNB1
Syndrome

Although the spatio-temporal orientation and sequencing par-
adigm did not show differences between Landmark-based and
non-Landrmak based navigation, evidence from the current
study and Sudnawa et al. (2024) article suggest that CTNNB1
syndrome patients may have deficits in visuospatial tasks. This
finding has already been proven in animal investigation; mouse
models with §-catenin gene modification were able to learn to
navigate using featural Landmarks, but did not improve their
navigation by boundary geometry (Lee et al. 2017). The au-
thors suggest that this visuospatial navigation deficit could be
attributed to hippocampal dysfunction (Lee et al. 2017; Tucci
et al. 2014). However, given that Landmark-learning is due to re-
inforcement learning (Doeller et al. 2008) and its neural activity
is located at corpus striatum, the mice were able to learn the fea-
tural cues and navigate correctly. In the current study, perhaps
the association between the Landmark and the location was not
well established and needed more reinforcement. To date, no
neuroimaging studies have yet examined hippocampal function
in CTNNBI syndrome patients.

4.5 | Limitations

Despite these novel findings, this study has several limitations
to be considered in future research. The small sample size, as
well as the wide age range of participants, may limit the gen-
eralization of results and the statistical power of the findings.
However, this study includes the largest sample to date for

in-person assessments of neuropsychological and psychological
protocols and for comparing results with clinically comparable
diseases. Regarding the instruments used, some neuropsycho-
logical tests are not entirely appropriate for the chronological age
of the participants, however this study selected developmentally
appropriate measures and used raw data for statistical analyses
(Edgar et al. 2024). In addition, the effect of therapies on current
cognitive and adaptive functioning scores was not considered,
so future research should conduct longitudinal assessment to
study the progression of the syndrome.

5 | Conclusions

In conclusion, this is the first study to compare the neuropsycho-
logical and adaptive functioning profile of CTNNBI1 syndrome
patients with control groups. Although CTNNBI1 syndrome
shares many symptoms and signs with ASD and CP, distinct
differences were identified. Specifically, ASD patient may have
generally better cognitive and adaptive functioning and no pres-
ence of motor symptoms. In contrast, CTNNB1 syndrome pa-
tients may present deficits in visuospatial and logical reasoning
but better functioning in aspects of adaptive functioning as they
may not have as much gross motor impairments as CP patients.
Nonetheless, the severity of symptoms of all three diseases vary
widely across patients, so individual characteristics should be
considered. Also, a notable finding is the better level of perfor-
mance in verbal cognitive tasks of the CTNNBI syndrome group
compared with non-verbal test related to logical and visuospa-
tial performance, suggesting a deficit in the consolidation of in-
formation in the hippocampus. Thus, these findings should be
considered when designing appropriate individualized psycho-
therapeutic approaches.
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