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ABSTRACT

Although Beckwith-Wiedemann syndrome spectrum (BWSp) is not usually associated with intellectual disability, recent evi-
dences calls for further investigation of cognitive development and academic skills in children with BWSp. Moreover, research
has documented social difficulties and emotional-behavioral problems associated with BWSp. Nevertheless, a full characteriza-
tion of socio-emotional development in BWSp is still lacking. In the current study, cognitive and socio-emotional development
was assessed in 29 children with BWSp aged 5-18years, using a test of nonverbal intelligence, a neuropsychological battery cov-
ering multiple domains, academic skills tests, and questionnaires evaluating autistic traits and emotional-behavioral problems.
As expected, most participants showed adequate performance in cognitive tests. However, the findings also highlighted greater
difficulties in language than visuospatial processing, strengths in social perception, as well as slowness in reading and mental
calculation. The assessment of emotional-behavioral difficulties indicated a prevalent phenotype characterized by increased
anxiety, low self-esteem, social withdrawal and a tendency to control externalizing reactions, but no associations with autistic
traits, cognitive outcomes, and the clinical score proposed by the recent Consensus statement. Increased social perception and
internalization problems likely result from coping strategies with social and care-related stress. Overall, the findings of this study
inform clinical management and genetic counseling for children and adolescents with BWSp.

| Introduction Most affected individuals have an altered expression of the

Beckwith-Wiedemann syndrome (BWS) is an imprinting dis-
order that leads to overgrowth, with an estimated prevalence
of 1:10,500 newborns (Mussa et al. 2013). BWS is linked to ge-
netic and epigenetic changes on chromosome 11p15.5, germline
or somatic, respectively (Shuman, Kalish, and Weksberg 2023).

growth suppressor gene CDKNIC, mainly due to loss of meth-
ylation at the KCNQIOTI differentially methylated region
(DMR) (also known as IC2) in the maternal allele. Other ac-
knowledged causes are a gain of methylation in the HI19/IGF2
DMR (also known as IC1), associated with increased expres-
sion of the growth promoter gene IGF2 in the paternal allele,

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the

original work is properly cited and is not used for commercial purposes.

© 2024 The Author(s). American Journal of Medical Genetics Part B: Neuropsychiatric Genetics published by Wiley Periodicals LLC.

American Journal of Medical Genetics Part B: Neuropsychiatric Genetics, 2024; 0:e33006

https://doi.org/10.1002/ajmg.b.33006

lof11


https://doi.org/10.1002/ajmg.b.33006
https://doi.org/10.1002/ajmg.b.33006
mailto:
https://orcid.org/0000-0002-5511-4342
mailto:niccolo.butti@lanostrafamiglia.it
http://creativecommons.org/licenses/by-nc/4.0/

and Uniparental Paternal Disomy of the 11p15.5 chromosomal
region (UPD(11)pat). The heterogeneity in its molecular causes
and the mosaic distribution result in a multifaceted spectrum
of clinical manifestations (the so-called BWS spectrum, BWSp),
with cardinal and suggestive features including macroglossia,
abdominal wall defects, lateralized overgrowth, and a height-
ened risk of developing embryonal tumors in infancy. According
to the scoring system proposed by a recent Consensus statement
(Brioude et al. 2018), these features are summarized with a clin-
ical score to facilitate the diagnostic process. A score of >2 indi-
cates the need for genetic testing, while a score of >4 supports
a clinical diagnosis of BWS, even in the absence of positive mo-
lecular test results. Thus, the BWSp encompasses patients with
typical BWS features, regardless of whether molecular confir-
mation of an 11pl5.5 anomaly is present, those with atypical
BWS features but with epigenetic changes at the BWS locus, and
individuals with isolated lateralized overgrowth likely associ-
ated with an 11p15 abnormality.

BWSpis not usually associated with intellectual disability, unless
secondary to severe unrecognized hypoglycemia, prematurity,
unbalanced chromosome rearrangements, and genome-wide
paternal uniparental isodisomy (Brioude et al. 2018; Kalish
et al. 2013; McElroy et al. 2023). However, a recent study found
that developmental difficulties in language and motor skills
for preschool-age children with BWS may depend on typical
features of BWSp—macroglossia and lateralized overgrowth
(Butti, Castagna, and Montirosso 2022). A diagnosis of chronic
disease such as BWSp is considered a risk factor for educational
outcomes at primary school entry (Bell et al. 2016). A survey-
based study reported learning difficulties in nearly 20% of adult
patients with BWS (Drust et al. 2023). Other research has sug-
gested that epigenetic mechanisms associated with BWS may
play a role in the development of learning difficulties (Choufani
et al. 2021; Slavotinek, Gaunt, and Donnai 1997). These pieces
of evidence call for further characterization of cognitive devel-
opment and academic skills in children with BWSp.

Socio-emotional development has long been neglected in clinical
practice and research on BWSp. A study conducted in 2008 doc-
umented increased emotional problems and difficulties in peer
relations in children with BWS, suggesting a heightened risk
of Autism Spectrum Disorder (ASD) in this population (Kent
et al. 2008). Research examining specific features of BWSp,
such as macroglossia, abdominal wall defects, and increased
tumor risk, has also indirectly provided evidence of emotional-
behavioral problems and psychosocial risk (Burnett et al. 2018;
Duffy et al. 2018; Shipster, Morgan, and Dunaway 2012). More
recently, difficulties in social development and an increased in-
cidence of internalization problems have been documented in a
preschool-age sample of children with BWS, even after exclud-
ing those with secondary diagnoses of neurodevelopmental dis-
orders (Butti, Castagna, and Montirosso 2022). In the survey by
Drust et al. (2023), over a third of the adult participants reported
having faced psychiatric issues and negative social experiences
in their lives, such as bullying, teasing, and social isolation
(Drust et al. 2023). These results suggest that, similar to other
pediatric chronic physical illnesses (Pinquart and Teubert 2012),
social difficulties and emotional-behavioral problems may be
more closely related to the experience of having BWSp rather
than to genetic and epigenetic causes. Nevertheless, a full

characterization of the socio-emotional development of school-
age children with BWSp is still lacking.

The current study investigates cognitive and socio-emotional de-
velopment in 29 children with BWSp aged 5-18years. The cog-
nitive assessment encompassed a test of nonverbal intelligence,
a co-normed battery covering multiple neuropsychological do-
mains, and academic skills tests of reading, comprehension, and
mathematics. The neuropsychological testing included social
perception, namely, a set of cognitive abilities that enable un-
derstanding others’ emotions and mental states. This domain
has long been considered a weakness in individuals with an
ASD (Baribeau et al. 2015; Baron-Cohen, Leslie, and Frith 1985;
Happé and Frith 2014). Two parent-report and standardized
questionnaires were used to investigate the presence of autistic
traits and emotional-behavioral problems. Please note that, de-
spite evaluating social perception skills and autistic traits, a clini-
cal assessment of ASD was outside the scope of this study.

2 | Materials and Methods
2.1 | Participants

Twenty-nine children and adolescents were recruited in collab-
oration with the Italian Association of Beckwith-Wiedemann
Syndrome (AIBWS). Inclusion criteria were: (i) confirmed clin-
ical and/or genetic diagnosis of BWSp (Brioude et al. 2018); (ii)
age from 5 to 18years. All children had a clinical score >2, with
the exception of one participant whose diagnosis of BWSp was
confirmed by genetic testing. This child was tested because her
twin sister had BWSp (subjects #9 and #10 in Table S1). One
5-year-old child had lateralized overgrowth (clinical score=2)
and was waiting for the results of genetic testing, while two chil-
dren had a clinical diagnosis with negative molecular tests (clin-
ical score >4). Most of the sample presented with macroglossia.
Among them, seven children underwent tongue reduction sur-
gery, while the remaining children were routinely followed by
a multidisciplinary team including a surgeon, orthodontists,
and speech therapists, in accordance with the Consensus rec-
ommendations (Brioude et al. 2018). When present, neonatal
hypoglycemia was transient and did not require treatment be-
yond the first week of life. Although preterm birth was rela-
tively common in the sample, none of the children were born
very or extremely preterm (gestational age range: 32-36 weeks).
The sample included participants with comorbid diagnoses of
neurodevelopmental disabilities. In detail, one child had been
diagnosed with ASD, and five had a diagnosis of learning dif-
ficulties from a child psychiatry service. Among them, one was
also affected by epilepsy and one had an additional diagnosis
of attention deficit. These previous clinical diagnoses were col-
lected through chart review and were not independently verified
by our study. A resume of the demographic, genetic, and clinical
features of the sample is reported in Table 1 (please see Table S1
for individual features).

2.2 | General Procedure

Families affiliated with AIBWS were informed of the possibil-
ity of participating in the study. All interested families were
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TABLE 1 | Demographic and clinical features of the recruited
sample.

Mean
(SD)/N (%)
Sex (females) 18 (62%)
Age (years) 9.4(3.5)
Genetic diagnosis
Gain of methylation at the IC1 2 (7%)
Loss of methylation at the IC2 18 (62%)
UPD(11)pat 6 (21%)
Other/unknown 3 (10%)
Clinical features
Macroglossia 25 (86%)
Lateralized overgrowth 18 (62%)
Macrosomia at birth 9 (31%)
Omphalocele 4 (14%)
Neonatal hypoglycemia 12 (41%)
Tumor onset 3 (10%)
Clinical score as per consensus statement 5.7 (2.5)
(Brioude et al. 2018)
Preterm birth 10 (34%)
Neurodevelopmental disabilities 6 (21%)

contacted by a researcher to be further informed about aims and
methods of the study and to arrange their visit to the Scientific
Institute, IRCCS E. Medea, where all procedures were carried
out. The cognitive assessment was usually conducted over two
consecutive days, adjusting duration and number of sessions
to each child's characteristics (e.g., age, behavior). At the same
time, questionnaires were administered to evaluate autistic
traits and emotional-behavioral problems.

Parents were asked to sign an informed consent form before
starting any assessment. All procedures were in accordance
with the Declaration of Helsinki and its later amendments
and were approved by the Ethical Committee of the Scientific
Institute, IRCCS E. Medea (Prot. 18/21 CE).

2.3 | Cognitive Assessment
2.3.1 | Intelligence Quotient (IQ)

The standard or colored Raven progressive matrices were ad-
ministered according to the child's age (Raven 1982). Raven
matrices are considered a time-wise, nonverbal tool for assess-
ing 1IQ, providing classifications comparable to those of the
gold-standard Wechsler scales (Mungkhetklang et al. 2016).
On the basis of the raw score, the normative standardiza-
tion manuals were used to obtain an IQ score (mean =100,
SD=15). IQs below 1 SD (i.e., 70-84) denote borderline

intellectual functioning, and IQs below 2 SD (i.e., <70) indi-
cate intellectual disability.

2.3.2 | Neuropsychological Profile

Selected subtests of the Italian version of the NEPSY-II battery
were administered (Korkman, Kirk, and Kemp 2007; Urgesi,
Campanella, and Fabbro 2011). These subtests can be adminis-
tered to children of different ages and provide a detailed descrip-
tion of specific domains and abilities (Table 2).

Raw scores were converted into scaled scores (mean=10,
SD =3, range =1-19) according to the Italian normative tables
(Urgesi, Campanella, and Fabbro 2011). The use of scaled scores
allows comparisons of performances across different subtests
or domains with no need for control groups (Russell, Russell,
and Hill 2005). Scaled scores >13 indicate strengths, and scaled
scores <4 indicate weaknesses.

2.3.3 | Academic Skills

The Italian standardized tests MT-3 and AC-MT (Cornoldi,
Pra Baldi, and Giofré¢ 2017; Cornoldi, Mammarella, and
Caviola 2020; Cornoldi and Carretti 2016) were administered to
assess reading, comprehension, and mathematics according to
each participant's school grade. For reading, both speed and ac-
curacy were considered. Mathematics tests included arithmeti-
cal facts (i.e., calculation and knowledge of basic arithmetic
rules) and mental calculation. In this latter, accuracy and speed
were evaluated when the participant achieved correct results on
at least one-third of the items. Raw scores were used to derive
a four-level classification based on the percentile distributions
reported in the normative tables: Fully achieved criterion (per-
centile >75), sufficient performance (percentile 11-75), request
for attention (percentile 6-10), request for immediate interven-
tion (percentile <5). This classification is widely adopted for
screening children with learning difficulties in Italy (Barbiero
et al. 2019). These tests were administered to children already
enrolled in primary school (N =21, 14 females; mean age =10.8,
SD =3.2), of which five had a previous diagnosis of learning
difficulties (24%).

2.4 | Socio-Emotional Assessment
2.4.1 | Autistic Traits

The Italian version of the autism quotient (AQ) question-
naire was administered to assess traits associated with
ASD (Auyeung et al. 2008; Baron-Cohen et al. 2006; Ruta
et al. 2012). The AQ is a 50-item self- or parent-report (ac-
cording to the participant's age) questionnaire that evaluates
autism-like traits. Answers are provided on a Likert scale from
0="Strongly agree’ to 3= ‘Strongly disagree’, with some items
reversely scored. A total AQ score is calculated by summing all
item scores. The higher the score, the more the autistic traits.
A cut-off of 76 has demonstrated high sensitivity (95%) and
specificity (95%) in identifying children with ASD (Auyeung
et al. 2008). However, it is important to stress that the AQ was
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TABLE 2 | Domain and selected subtests of the NEPSY-II.

Domain Subtest Part Main assessed ability
Attention and executive functions Visual attention Visual and selective attention
Inhibition Naming Verbal response control
Inhibition Inhibitory control of
verbal response
Switching Flexibility in verbal
response control
Language Comprehension of instructions Receptive language
Speeded naming Rapid semantic access
and production
Memory and learning Memory for faces Encoding and immediate/
delayed retrieval of
facial stimuli
Memory for designs Immediate Immediate visual-
spatial memory
Delayed Delayed visual-spatial memory
Sensorimotor functions Imitating hand positions Imitation
Manual motor sequences Encoding and retrieval of
rhythmic motor programs
Social Perception Theory of Mind Verbal part Understanding mental
functions (e.g., beliefs,
motivations, etc.)
Contextual part Understanding the emotional
states of others in relation
to the social context
Affect recognition Facial affect recognition
Visuospatial processing Design copying Graphomotor control and
visual-perceptual analysis
Block construction Visuospatial construction skills
Geometric puzzles Mental rotation

designed for research purposes. Although it provides a quan-
titative measure of autistic traits, the AQ is not intended for
clinical diagnosis of ASD.

2.4.2 | Emotional-Behavioral Problems

According to the child's age, parents filled out the 1%2-5 or
6-18 Italian versions of the Child Behavior Checklist (CBCL)
(Frigerio et al. 2004, 2006), an internationally adopted, stan-
dardized questionnaire designed to assess emotional-behavioral
problems (Achenbach 2011). As the two versions provide slightly
different scales and most participants were administered with
the CBCL 6-18, specific emotional-behavioral problems were
investigated only in this subsample (N=24, 15 females; mean
age=10.2, SD=3.3). In detail, the following scales were ob-
tained from the CBCL 6-18: Anxiety/depression, social with-
drawal, somatic complaints, social problems, thought problems,
attention problems, rule-breaking behaviors, and aggressive

behaviors. However, both the 1/2-5 and 6-18 versions also pro-
vide two aggregated scales, internalization, and externalization,
which were calculated across the whole sample. These aggre-
gated scales indicate the tendency to problematize a situation
as an internal problem and focus on oneself, or to react exter-
nally (Achenbach et al. 2016). For each scale, raw scores were
converted into T-scores (mean=>50, SD=10) according to the
normative values, with higher T-scores indicating greater levels
of emotional-behavioral problems on that scale. Also, the CBCL
provides borderline and clinical cut-off scores to detect children
who exhibit persistent behavioral problems.

2.5 | Data Handling and Statistical Analysis

For the NEPSY-II, scaled scores obtained from different parts of
the same subtest (i.e., inhibition, memory for designs) were av-
eraged into a single scaled score. Similarly, a domain score was
computed as the average of the scaled scores from the subtests
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TABLE 3 | Performance at the NEPSY-II. Scaled scores are reported as mean (SD).

Participants Participants
Scaled with individual with individual

Domain Subtest score strengths (% >13) weaknesses (% <4)
Attention and executive 9.6 (2.4) 3 3
functions Visual attention 10.3 (3.6) 14 3
Inhibition 8.8 (2.4) 0 3
Language 8.7(2.7) 3 3
Comprehension 9.2(2.8) 7 3

of instructions

Speeded naming 8.1(3.1) 3 10
Memory and learning 9.8 (2.9) 14 0
Memory for faces 10.7 (2.7) 14 0
Memory for designs 8.9(4.1) 17 10
Sensorimotor functions 9.5(2.6) 7 0
Imitating hand positions 9.4(2.9) 3 7
Manual motor sequences 9.6 3) 10 0
Social Perception 11.2(2.7) 10 0
Theory of Mind 11.7 (2.4) 21 0
Affect recognition 10.8 (2.4) 10 0
Visuospatial processing 10.4 (3.2) 17 7
Design copying 9(3.9) 14 7
Block construction 10.4 (3.7) 17 7
Geometric puzzles 11.8 (3.5) 34 3

within each neuropsychological domain. Descriptive statistics
and the percentage of children with IQ above or below the mean,
and with strengths or weaknesses in subtests and domains of
the NEPSY-II, were calculated. A hierarchical analysis approach
was then used for describing the neuropsychological profile ob-
tained at the NEPSY-II. First, an RM-ANOVA was conducted
inserting the six domain scores as dependent variables. To ac-
count for potential differences related to biological sex and the
presence of secondary neurodevelopmental disabilities, these
variables were included as categorical factors in separate mixed-
model ANOVAs with domain as a within-subject variable. Then,
a series of paired-sample t-tests and an RM-ANOVA (for visu-
ospatial processing) were run to compare subtests of the same
domain. The percentage of participants at each of the four per-
formance levels was calculated for academic skills.

For the socio-emotional assessment, descriptive statistics were
calculated including the percentage of children exceeding the
cut-off for the total AQ and the borderline and clinical thresh-
olds for each CBCL scale. Next, the CBCL aggregated scales (i.e.,
internalization and externalization) were compared by means of
a paired-sample Student's ¢-test. Sex and comorbidity with neu-
rodevelopmental disabilities were inserted as categorical factors
in separate mixed-model ANOVAs with internalization and
externalization as within-subject variables. To further describe
the behavioral profile, the CBCL 6-18 scales were inserted as
within-subject variables into an RM-ANOVA.

To investigate whether internalization and externalization prob-
lems were associated with demographic and clinical features,
Spearman's r correlations were run with age, clinical score, 1Q,
social perception, and total AQ.

The analyses were performed by means of Statistica 8.0 (Statsoft,
Tulsa, OK), with alpha set at p <0.05. Bonferroni post hoc tests
were used to analyze the significant effects of the ANOVAs. For
the correlation analyses, the Bonferroni correction was adopted
to adjust the standard p according to the number of compari-
sons for each scale (corrected p=0.010). Effect sizes were es-
timated as partial eta squared (nzp) for ANOVA designs, and
as Cohen's d for pairwise comparisons, adopting conventional
cut-offs (Lakens 2013).

3 | Results
3.1 | Cognitive Assessment

The performance on the Raven matrices indicated a group IQ
aligned with the normative mean and distribution (mean =107,
SD =16, range 75-135). Three participants (10%) presented bor-
derline intellectual functioning; all of them had a previous diag-
nosis of neurodevelopmental disability (one with ASD, one with
learning difficulties and epilepsy, one with learning difficulties
and attention deficit). None of these children had hypoglycemia
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TABLE 4 | Percentage of participants for each performance level at academic skills tests.

Fully Achieved  Sufficient Request for Attention Immediate Intervention
Word reading

Accuracy 10% 62% 24% 4%

Speed 10% 43% 28% 19%
Reading comprehension 14% 57% 10% 19%
Mathematics
Arithmetic facts 4% 76% 10% 10%
Mental calculation

Accuracy 10% 76% 4% 10%

Speed 0 26% 32% 42%
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FIGURE1 | Boxplotof the scaled scores at the NEPSY-II domains. Gray dots represent individual observations and the dotted black line represents

the normative mean.

at birth, and only one was born preterm (late). Two of them pre-
sented with macroglossia, with one undergoing two surgical
interventions for tongue reduction. Eighteen participants (62%)
showed average intellectual functioning, and the remaining
eight children (28%) had above-average IQ (please see Table S2
for individual performance of each participant).

Table 3 reports the scaled scores and the percentage of partici-
pants showing individual strengths or weaknesses in each sub-
test and domain of the NEPSY-II.

The comparison between neuropsychological domains high-
lighted significant differences (F; ,,,=6.56, p<0.001,n%,=0.19).
Social perception obtained higher scores than all other domains
(all p<0.046), except for visuospatial processing (p>0.999). The
latter domain obtained higher scores than language (p=0.007)
(Figure 1).

Visuospatial processing showed the highest percentage of partici-
pants with strengths (17%). Across domains, the percentage of par-
ticipants with individual weaknesses was very low (range 0%-7%).
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The follow-up analyses with sex and comorbidity with neu-
rodevelopmental disabilities as categorical factors confirmed
the between-domain differences (all F>5.56, all p<0.001).
Although children with neurodevelopmental disabilities ob-
tained lower scores than participants with no secondary diag-
noses across domains (F1‘27=11.05, p=0.003, n2p=0.29), the
main effect of sex and the interactions with domain were non-
significant (all F<2.04, all p>0.076). These results indicated
that the differences between neuropsychological domains were
observed regardless of sex and secondary diagnosis of neurode-
velopmental disabilities.

The analysis within the attention and executive functions do-
main revealed a better performance in visual attention com-
pared to inhibition (t,;=2.27, p=0.031, Cohen's d=0.51).
Similarly, within the language domain, comprehensions of
instructions obtained higher scores than speeded naming
(t,4=2.46, p=0.020, Cohen’s d=0.39). Also, a better perfor-
mance was detected in memory for faces over memory for
designs (t,,=2.55, p=0.017, Cohen’s d =0.51). For sensorimo-
tor functions, similar scores were recorded in imitating hand
positions and manual motor sequences (f,,=0.27, p=0.786,
Cohen's d=0.05). No difference emerged between social per-
ception subtests (t,,=1.55, p=0.132, Cohen's d =0.40), indi-
cating comparable abilities to understand another's mental
states and emotions from verbal, contextual and facial cues.
Concerning visuospatial processing, a significant within-
subject effect (Fz,56 =13.49, p<0.001, nZP:0.33) showed a bet-
ter performance in geometric puzzles than all other subtests
(all p<0.040) and in block construction than design copying
(p=0.033). On an individual level, the highest percentage of
participants with strengths was estimated in geometric puzzles
(34%) and theory of mind (21%). The percentage of participants
with individual weaknesses was <10% across all subtests.

The percentage of participants for each classification at the aca-
demic skills tests is reported in Table 4.

Participants with previous diagnoses of neurodevelopmen-
tal disabilities showed consistent difficulties across tests (see

Supplementary table for individual performances). Beyond
those with a previous diagnosis, a high percentage of children
with difficulties was observed in reading speed (47%) and cal-
culating speed (74%). In accuracy measures and the other tests,
a large majority of the sample (>70%) showed sufficient-to-fully
achieved abilities.

3.2 | Socio-Emotional Assessment

Regarding the presence of autistic traits, the group's mean AQ
score was well below the cut-off (mean=55.6, SD=11.7). Only
two participants obtained a score above this cut-off, and one of
them had a previous diagnosis of ASD.

For the CBCL, the significant t-test (t,,=5.05, p<0.001,
Cohen's d=1.10) indicated greater problems for internaliza-
tion (mean=61.4, SD=9.6) than externalization (mean=51.2,
SD =8.9). Neither sex nor the presence of comorbid neurodevel-
opmental disabilities influenced this difference (all F<2.59, all
p>0.119), which was still observed (all F>10.67, all p<0.003).
Accordingly, 19 participants (66%) had internalization problems,
while only four (14%) obtained borderline or clinical scores in
externalization. Among these four children, three showed inter-
nalization problems as well. The T-scores obtained at the CBCL
6-18 scales are represented in Figure 2.

The RM-ANOVA indicated significant differences between
scales (F, ¢, =4.63, p<0.001, 112P:0.17). That is, higher scores
emerged in anxiety/depression and in social withdrawal than
in rule-breaking and aggressive behaviors (all p<0.008). Half
of the sample (50%) exhibited problems in the anxiety/depres-
sion scale, with seven and five children showing scores beyond
the borderline and clinical thresholds, respectively. In the social
withdrawal scale, 42% of participants were above the borderline
threshold. A relatively high percentage of participants showed
thought problems (29%). Conversely, only one child showed
problems above the clinical threshold in both rule-breaking and
aggressive behaviors, and another participant reached the bor-
derline threshold in aggressive behaviors.
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FIGURE 2 | Boxplot of T-scores at the CBCL 6-18. Gray circles represent individual scores, with higher scores reflecting more problematic

behavior; lines with wide and dense dots show, respectively, the borderline and clinical thresholds.
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TABLE 5 | Correlations between behavioral problems and
demographic and clinical features.

Internalization  Externalization

r P r P
Age 0.39 0.034 0.19 0.333
Clinical score 0.09 0.645 0.1 0.623
1Q 0.27 0.151 —0.18 0.359
Social perception 0.07 0.727 -0.2 0.305
Autism quotient 0.15 0.444 0.16 0.393

All correlations between either the aggregated CBCL scale and
the selected variables were nonsignificant after controlling for
multiple comparisons (all p>0.033), with only age showing a
medium but nonsignificant association with internalization
problems (Table 5).

4 | Discussion

In this study, a cognitive and socio-emotional assessment was
performed on 29 children and adolescents with BWSp. In terms
of general intellectual functioning and specific neuropsycholog-
ical abilities, few participants showed a performance lower than
the age-expected mean. The three participants with borderline
intellectual functioning, each with distinct BWSp clinical fea-
tures, had prior diagnoses of neurodevelopmental disabilities.
While confirming that BWSp is not usually associated with
cognitive impairments (Mussa et al. 2016; Wang et al. 2020), the
results also highlighted greater difficulties in language than visu-
ospatial processing, strengths in social perception, and slowness
in reading and mental calculation. The emotional-behavioral
assessment indicated a prevalent phenotype characterized by
greater internalization than externalization, with increased anx-
iety, low self-esteem, and social withdrawal behaviors. Overall,
the findings of this study call for a wider consideration of psy-
chological functioning, in terms of both cognitive and socio-
emotional outcomes, of children and adolescents with BWSp.

As regards the cognitive outcomes in BWSp, a weakness
emerged in language compared to visuospatial skills. The worst
performance was recorded at the speeded naming subtest, in
which rapidity in semantic access and verbal response strongly
contribute to performance. Speech difficulties due to macro-
glossia may partially explain the weak performance in this lan-
guage timed subtest as well as in reading speed at the academic
skills tests (Butti, Castagna, and Montirosso 2022; Shipster,
Morgan, and Dunaway 2012). Nevertheless, many partici-
pants of this study showed low performance also in calculation
speed. These results point to heightened learning difficulties
in BWSp, specifically when considering execution speed, even
in children with no previous diagnosis of learning difficulties.
However, as for other chronic illnesses, the findings of reduced
speed in word reading and mental calculation should be read
in the light of a complex relationship between genetic predis-
position, psychosocial factors and educational outcomes (Bell
et al. 2016; Pinquart and Teubert 2012). For instance, people

with cleft lip/palate often experience a negative bias in the ed-
ucational system due to speech difficulties and atypical facial
features (Dardani et al. 2020). This may trigger a vicious circle,
ultimately leading to lower educational attainments. In a recent
survey-based study (Drust et al. 2023), adult people with BWS
reported a lack of accommodation in the educational system for
people with speech difficulties. Future research using wider
samples should address the prevalence of learning difficulties
in BWSp and the underlying factors that can contribute to edu-
cational attainment.

Social perception skills emerged as a relative peak at the neu-
ropsychological profile, suggesting that children with BWSp
are particularly able to understand others’ emotions and men-
tal states. It is important to stress that higher social perception
skills do not imply fewer emotional-behavioral problems, as
also suggested by the nonsignificant associations between so-
cial perception and both internalization and externalization
scales. Rather, the findings reported here extend the results of
previous studies documenting internalization problems in in-
dividuals with BWSp (Butti, Castagna, and Montirosso 2022;
D'Onofrio et al. 2024; Kent et al. 2008), mainly represented by
anxiety symptoms, low self-esteem feelings, and social with-
drawal behaviors, like shyness and difficulty in adapting to
new contexts.

As for other chronic illnesses (Pinquart and Shen 2011; van de
Pavert et al. 2017), there are various potential pathways through
which children with BWSp may develop internalization prob-
lems. The frequent hospital admissions, medical tests, and vis-
its, as well as surgical interventions, are stressors for the patients
and their families (D'Onofrio et al. 2024; Wolock et al. 2020).
The tumor risk implies a relevant emotional burden for chil-
dren with BWS and their families (Duffy et al. 2018; Kalish and
Deardorff 2016). The macroglossia influences physical appear-
ance as well as feeding, speech, and drooling functions (Shipster,
Morgan, and Dunaway 2012). Hemihyperplasia may affect gross
motor skills and participation in recreational and sports activ-
ities (Butti, Castagna, and Montirosso 2022). Thus, all these
issues may lead these children to feel “different”, namely, to per-
ceive themselves as diverse from others, and prompt a constella-
tion of internalization problems.

Adult people with BWS have related this sense of “feeling differ-
ent” to their own perception of themselves in relation to others
and to negative social reactions towards their physical features
(Drust et al. 2023). In individuals with chronic illness, the per-
ception or anticipation of social stigma related to their physical
appearance and symptoms can become internalized, potentially
impacting their self-esteem (O'Donnell and Habenicht 2022;
Waugh, Byrne, and Nicholas 2014). The perception of ‘being dif-
ferent’ can also lead to increased shyness and social withdrawal
(Rubin, Coplan, and Bowker 2009). In this light, heightened
social perception in BWSp may be the result of coping strate-
gies with social stress (Compas et al. 2012). Enhanced social
perception may enable children with BWSp to anticipate others'
social and emotional reactions, helping them avoid negative in-
teractions. Similarly, controlling external reactions through less
aggressive and rule-breaking behaviors may be functional for
these children and their families to cope with social expecta-
tions and to facilitate continued access to medical care (Meijer
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et al. 2000; Pinquart and Teubert 2012). However, these coping
strategies may lead to increased internalization and to phobias
or obsessive-like thoughts, as suggested by the relatively high
incidence of thought problems in our cohort.

A previous study by Kent et al. (2008) reported a high prevalence
of emotional-behavioral problems in a sample of 87 children
with BWS. Among them, six children with low prosocial scores
had been diagnosed with ASD. Based on these findings, they
suggested that the diagnosis of ASD would not arise merely as a
consequence of being “different”. Instead, altered expression of
imprinted genes might increase susceptibility to developmental
disorders, resulting in the observed behavioral phenotype. In our
study, however, only two participants showed above-threshold
autistic traits and one of them had an existing diagnosis of ASD
from a child psychiatry service. Although the AQ questionnaire
is not a diagnostic tool (Auyeung et al. 2008), these findings,
along with the observed strengths in social perception skills,
suggest that autism-like behaviors were relatively infrequent
in our sample. Importantly, the nonsignificant correlation with
the total AQ indicated that internalization problems may be
present in children with BWSp regardless of their level of au-
tistic traits. Also, internalization did not correlate with Raven-
derived IQ or the clinical score, which served as a proxy for the
individual clinical burden. At the individual level, emotional-
behavioral problems were observed in children with various
genetic diagnoses and clinical features (see Tables S1 and S2).
Overall, our results suggest that the observed social-behavioral
phenotype may stem from coping strategies developed to face
care-related emotional burdens, a disturbed self-perception,
and the internalization of perceived social stigma. However, we
cannot exclude potential (epi)genotype-phenotype associations
for both cognitive and emotional-behavioral outcomes. This hy-
pothesis should be explored in larger samples, taking into ac-
count factors such as mosaicism and the presence of multilocus
imprinting disturbances in patients with IC2 loss of methylation
(Brioude et al. 2018).

Limitations should be acknowledged in interpreting the findings
of this study. The relatively small sample size and the wide age
range ask for caution in generalizing the results. Given the wide
age range within our sample, various factors could have poten-
tially influenced cognitive and emotional-behavioral outcomes,
including participation in previous rehabilitative or psychologi-
cal interventions. Selection bias cannot be ruled out, as parents
of children with more cognitive difficulties and emotional-
behavioral problems might have been more inclined to partic-
ipate in the study. Nonetheless, the results presented here align
with findings from previous studies involving different age
groups and nationalities (Butti, Castagna, and Montirosso 2022;
D'Onofrio et al. 2024; Drust et al. 2023; Kent et al. 2008). The
study adopted a cross-sectional design; longitudinal data would
be useful to define the developmental trajectories of cognitive
and emotional-behavioral outcomes in individuals with BWSp.
A longitudinal design could also provide insights into protec-
tive factors that promote social adjustment. Lastly, the adoption
of a research tool like the AQ prevented us from drawing firm
conclusions on the prevalence of ASD in our sample. It is recom-
mended that future research employs also other tools, such as
the Social Responsiveness Scale, for better profiling autism-like
behaviors in BWSp.

Limitations notwithstanding, these findings can drive com-
munications and modalities of clinical management as well as
genetic counseling for children and adolescents with BWSp.
While BWSp is not associated with intellectual disability, this
study provides the first evidence of reduced speed in reading
tasks and mental calculation. Screening academic skills in
school-age children with BWSp could be beneficial for early
intervention, helping to implement compensatory strategies
and mitigate potential prejudices or negative biases against
children with otherwise appropriate skills. This study extends
previous research by highlighting that BWSp is frequently
associated with emotional-behavioral problems such as anx-
iety symptoms, depressive feelings, and social withdrawal.
Administering parent-report questionnaires at various ages
could help screen for emotional and behavioral problems,
enabling the identification of cases that might benefit from
psychological support, without increasing the overall burden
of care.
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