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Abstract

Objectives Angelman syndrome (AS) is a rare genetic disorder that affects the expression of the UBE3A gene within the
central nervous system that profoundly impacts neurodevelopment. Individuals with AS experience significant challenges
across multiple adaptive behaviour domains including communication, motor skills, and the ability to independently perform
daily functions such as feeding, and toileting. Furthermore, persons with AS can demonstrate specific behaviours that limit
their ability to participate within their social environment that vary with age. The aim of this paper is to explore the adaptive
behaviour profile through parent report from the Global Angelman Syndrome Registry.

Methods Specific parent report data from the Global Angelman Syndrome Registry were analysed to explore the adap-
tive profile of 204 young children, under the age of 6 years old, with formal diagnoses of AS. Analysis of data focused on
communication skills, gross and fine motor skills, daily self-care skills (feeding, toileting, and dressing), and behavioural
characteristics. Several relationships were explored: (a) the age at which certain skills were first performed based on geno-
type; (b) abilities in motor and adaptive behaviours, according to age and genotype, and (c) the frequency at which children
performed specific communication skills and the presence and frequency of challenging behaviours, across age and genotype.
Results We visually present the ages at which frequent speech, walking, and independent dressing and toileting were first
mastered by children. Additionally, we provide in-depth descriptives of expressive and receptive communication skills
(including the use of alternative communication forms), fine and gross motor skills, eating, dressing, toileting, anxiety,
aggression, and other behavioural characteristics.

Conclusions This cross-sectional profile of adaptive skills in 204 young children with AS showcases that although many com-
munication, motor and adaptive skills were determined by age, children with a non-deletion aetiology exhibited advantages
in communication skills, which may have impacted upon subsequent adaptive skills. The use of parent report in the present
study provides valuable insight into the adaptive behaviour profile of young children with AS.

Keywords Angelman syndrome - Behavioural phenotype - Independent functioning - Daily living - Maladaptive
behaviours - Patient registry

Angelman syndrome (AS) is considered a rare genetic syn-

04 Megan Tones drome with an estimated prevalence of 1 in 15,000 (Bailus
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) The resulting phenotype of AS is a result of the functional
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Between 5 and 20% of individuals with characteristic physi-
cal and behavioural features show no identifiable abnor-
malities in the 15q 11-13 region (Clayton-Smith & Laan,
2003; Lossie et al., 2001; Williams et al., 2001). The UBE3A
gene is specifically imprinted in neurons, and as such, the
behavioural phenotype of AS results in significant central
nervous system deficits such as severe to profound intel-
lectual disability, motor impairment with an unsteady gait,
significant impairment in expressive communication skills
(compared with receptive communication skills), frequently
reported epilepsy disorders, and gastrointestinal complica-
tions (Clayton-Smith & Laan, 2003; Horsler & Oliver, 2006;
Roche et al., 2021). Individuals with AS also demonstrate
an apparent general happy demeanour with frequent laugh-
ing and smiling (Horsler & Oliver, 2006b); however, they
can develop more challenging behaviours over time. Recent
research demonstrates that maladaptive or challenging behav-
iours can develop and increase in severity and/or frequency
in older individuals with AS (Sadhwani et al., 2019; Wheeler
et al., 2019). As such, individuals with AS tend to show
severe impairment across adaptive behaviours required for
independent functioning and active community participation.
Adaptive behaviour encompasses a wide range of skills
that are considered critical to meeting the developmental
and socio-cultural standards for independence in personal
and social functioning (Duvdevany, 2002). These behaviours
include expressive and receptive communication skills, fine
and gross motor skills, daily self-care and living skills, and
community or social engagement abilities (Sparrow et al.,
2016). Emerging research indicates that individuals with
AS show a specific adaptive behaviour profile, whereby
strengths lie in the domains of personal life and community,
in comparison to lower scores in the domains of social com-
munication and motor skills (Brun Gasca et al., 2010; Peters
et al., 2004). In these studies, individuals with AS did not
score over the 36-month age equivalent range, regardless
of their developmental age. Specifically, impairment across
adaptive behaviour domains were identified as significantly
affected, including sleep, expressive communication, gross
and fine motor skills including gait and balance, independ-
ence in performing daily living skills such as teeth brushing,
toileting and eating, and significant reliance upon others.
The differences in genetic aetiologies of AS have received
less attention in terms of adaptive behaviour profiles. The
AS phenotype is heterogeneous, where within-syndrome
variability exists due to the number of genes affected, hence
the level of UBE3A protein is strongly correlated with the
phenotype associated with each genetic mechanism (Keute
et al., 2021; Rotaru et al., 2020). Identification of unique
areas of strengths and weaknesses for children with AS
dependent upon their genetic aetiology may implicate treat-
ment decisions and assessments of communication, motor
skills, and areas of independence. In Keute et al (2021),

authors explored the impact of genetic aetiology on the
adaptive behaviour of 250 individuals with AS aged from
1 to 18 years old (M =82.4 +45.3 months). Overall, those
individuals with non-deletion aetiology demonstrated
greater adaptive behaviour skills, as measured by the Vine-
land Adaptative Behaviour Scales 2nd ed. (Sparrow et al.,
2005) and the Bayley’s scale of infant development 3rd edi-
tion (Bayley, 2005). Specifically, differences in all domain
scores from the two assessments showed significantly higher
scores of abilities for those with non-deletion aetiology com-
pared to those with deletion aetiology (Keute et al., 2021). In
Sadhwani et al. (2019), the maladaptive behaviours of 301
children were analysed with results showing that levels of
aggressive behaviour (including pinching and biting), anxi-
ety, water fascination, and temper tantrums differentiated the
genetic aetiologies. Irritability was associated with higher
functioning seen in UPD/ICD and mutation aetiologies,
with rates of stereotypy low across all aetiologies (Sadhwani
et al., 2019). Socially motivated behaviours also seem to dif-
ferentiate AS genetic mechanisms as demonstrated in Heald
et al. (2021). Target behaviours in 21 children with AS were
explored through the implementation of an operant behav-
ioural paradigm where specific social and sensory reinforc-
ers were utilised. Results indicated that genetic aetiology dif-
ferences differentiated the children where significantly more
children with non-deletion aetiology were reinforced by
social stimuli compared with those with deletion aetiology.

Reports of developmental milestones including communica-
tion and motor skills from parental reports may provide a reli-
able overview of an individual’s functioning and may improve
the accuracy of clinical judgements (Glascoe, 2000; Roche et al.,
2021). Parental accuracy has been demonstrated in identifying
specific behavioural characteristics of disorders in children.
For example, in Lee et al. (2010), 109 parents completed an
online questionnaire pertaining to specific characteristics of
autism. Children were first assessed via the autism diagnostic
interview—revised (ADI-R: Rutter, LeCouteur & Lord, 2003);
Vineland Adaptive Behaviour scales—2"¢ edition; and the
autism diagnostic observation scale (ADOS: Lord et al., 1989);
the ADI-R was then completed by parents online. Results from
this study demonstrated that parents accurately identified behav-
iours consistent with a diagnosis of autism in their children using
the ADI-R, indicating that parental reports can be reliable and
accurate. Furthermore, parental reports in Zhang et al. (2017)
indicate that the earlier the parental concern, the earlier the diag-
nosis for young children with fragile X syndrome, highlighting
the important role parent report can have on outcomes for chil-
dren with genetic syndromes (Zhang et al., 2017).

As the need for more patient-centred care progresses
within modern healthcare, patient, or parent-completed
registries become more useful. Patient-centred care, defined
as care that is “respectful of, and responsive to, individual
patient preferences, needs, and values, and ensuring that
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patient values guide all clinical decisions” (Institute of
Medicine, 2001). Registries are a great resource of patient-
centric information that can span national and international
borders allowing for expansive data to be collected, a critical
factor when collecting health data for those with rare genetic
syndromes. Thus, the collection of large data sets from inter-
national registries has the potential to positively influence
the sharing of useful information and impacting on clinical
decision making on a large scale (Bellgard et al., 2015, 2019;
Tones et al., 2019), which is particularly relevant for those
with rare or low incidence conditions.

The Global Angelman Syndrome Registry was launched
in 2016 as a primary resource to advance therapeutics for
AS via facilitating clinical research and improving under-
standing of the natural history of the disease (Tones et al.,
2019) and is based upon an existing open-source trial-ready
registry. The registry collects demographic, clinical, devel-
opmental, and behavioural data about individuals includ-
ing diagnostic information, medical conditions, speech and
communication, motor function, activities of daily living,
behavioural phenotypes, epilepsy, medications and inter-
ventions, sleep, and participation in clinical trials. To date,
approximately 1750 families have registered with over 500
respondents completing various sections of the registry. In
the present study, we analysed the adaptive behaviour profile
of 204 young children, under the age of 6 years, to explore
(a) the age at which certain adaptive skills were first per-
formed based on AS genotype; (b) abilities in motor skills,
toileting, feeding, and dressing according to age and geno-
type; and (c) the frequency of communication skill use and
challenging behaviours, across age, and genotype.

Method
Participants

The Global Angelman Syndrome Registry is advertised
through the Foundation for Angelman Syndrome Therapeu-
tics (FAST) community webpage, conferences, and social
media pages to reach families who have a child or care for an
individual who has AS. This registry is available globally and
has been translated into several different languages includ-
ing Italian, Spanish, and simplified Chinese. A total of 204
caregivers responded to the communication and behaviour
modules. The majority of individuals with AS were regis-
tered by their parents. Of the participants who indicated their
relationship to the individual, 90% were parents (which may
include adoptive or step-parents). The remaining 10% were
siblings or other extended family members (including uncles,
aunts, nieces, nephews, or grandparents). Demographic char-
acteristics of the individuals with AS are shown in Table 1.

@ Springer

Procedures

The Global Angelman Syndrome Registry is a web-based
registry which was constructed utilising the Rare Disease
Registry Framework, which enables registry developers to
create data elements (questions) organised into a series of
modules (Bellgard et al., 2019; Napier, 2017). The registry
has two modules dedicated to communication and behaviour
and development respectively. The communication module
includes information about expressive and receptive lan-
guage and use of augmentative and alternative communica-
tion (AAC) systems. The behaviour and development mod-
ule ask caregivers about their child’s ability in performing
(a) gross and fine motor activities and (b) adaptive behav-
iours related to dressing, eating, and toileting and if the child
is able to perform the activity, the age at which they first per-
formed the activity, and the frequency of performance. The
behaviour module also requires caregivers to report on the
frequency of their child’s behaviours in relation to anxiety,
repetitive behaviours, behaviour dysregulation, impulsivity
and hyperactivity, self-injurious behaviours, spontaneous
affect, and appropriate affect. The behavioural items were
previously described by the authors (Tones et al., 2019).

Measures

To capture all skills related to “adaptive behaviour”, we
analysed specific sections of the history of diagnosis, com-
munication, and behaviour and development modules of the
Global Angelman Syndrome Registry. The questions asked
within these modules included genotype and use of expres-
sive and receptive language and AAC. Behaviour and devel-
opment questions included developmental milestones such
as walking and sitting, behaviours associated with dressing,
toileting and eating, and questions asking about the behav-
ioural phenotype. Exact examples of the questions asked
within these modules is presented in Table 2 and can be
found within the supplementary information.

Table 1 Participant descriptives (total N=204)

Variable N (%) Variable N (%)

Sex Age

Male 97 (47.5%) <1 year 5(2.5%)

Female 107 (52.5%)  1-1.99 years 53 (26%)

Genotype 2-2.99 years 49 (24%)

Chromosome deletion 142 (69.1%)  3-3.99 years 28 (13.7%)

Other diagnosis 47 (23%) 4-4.99 years 34 (16.7%)

Unknown 15 (7.8%) 5-5.99 years 21 (10.3%)
6-6.99 years 14 (6.9%)
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Table 2 Questions extracted from the Global Angelman Syndrome Registry in the communication, dressing, toileting, feeding, behaviour, and
mental health modules

No Question Response
Mod2  What was the test result? 1 — chromosome deletion
0 — other (e.g. paternal uniparental disomy (UPD), imprinting
centre defect (ICD), UBE3A mutation)
Mod4.5 How often do they use words or word approximations? 1 — never—5 — all the time
Mod4.5 At what age did they say their first word? Age in years and months
Mod4.5 Please indicate their most effective verbal language communica- 1 — moans; 2 — babbles; 3 — uses an intentional sound to attract
tion attention; 4 — single words; 5 — 2-3 word phrases; 6 — longer
phrase speech
Mod4.5 Please indicate the best ability to respond to requests 1 — single word such as no; 2 — simple phrase command such as
“don’t touch”; 3 — commands — single step — longer sentence,
i.e. “go to your room now”; 4 — commands — 2 steps, e.g. “go
to your room and bring back your water bottle.”; 5 — commands
— 3 steps; 6 — none of the above
Mod4.5 Please rate your child/adult ability to use the following communi- 1 — does not use; 2 — rarely uses; 3 — uses for single requests
cation methods/systems: regularly; 4 — communicates effectively with known people; 5
o Spoken words — communicates effectively with known and unknown people
o Gestures
e Signing
e Visual pictures
e Eye tracking devices
e Low tech AAC (light tech or paper based)
e High tech AAC (e.g. iPad)
Mod5  —Motor function — please describe your child/adult's ability to do the following:
Mod5  Situp 1 — unable to perform activity to 5 — no difficulty
Mod5  Walk (unassisted) Age first performed activity (in years and months)
Mod5  Hold things, such as a stuffed toy
Mod5  Point to indicate things
Mod5  Transfer things between hands
Mod5  Adaptive skills — please describe your child/adult's ability to do the following:
Mod5  Put up their hands to help dress 1 — unable to perform activity to 5 — no difficulty
ModS5  Take off simple clothes such as socks Age first performed activity (in years and months)
Mod5  Take off complex clothes such as shirts
Mod5  Dress themselves, even if not always right (eg buttons not lined
up, clothes back to front)
Mod5  Is continent (toilet trained)
Mod5  Showed indications of toileting behaviours
Mod5  Indicates when they want to go to the toilet
Mod5  Continent of stools (bowel movements)
Mod5  Continent of urine (dry) during the day
Mod5  Hold a bottle
Mod5  Chew all textures
Mod5  Finger feed
Mod5  Feed self using fingers or utensils
Mod5  Hold a cup or tumbler and drink
Mod5  Indicates that they are full
Mod5  How problematic do you see your child/adult’s behaviour on a Scales 1-10 (1 — no problems to 10 — major problems)
scale of 1 to 10 in comparison to age matched typical peers?
Mod5 Do they exhibit any of the following behaviours?
Mod5  Repetitive behaviours (3 items, e.g. slapping the wall) 1 — Never—5 — all the time
Mod5  Anxiety (6 items, e.g. fear of strangers)
Mod5  Behavioural dysregulation (7 items, e.g. Hitting)
Mod5  Self-injury (3 items, e.g. skin picking)
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Table 2 (continued)

No Question

Response

Mod5
in particular)

Mod5  Appropriate affect (2 items, e.g. frequent appropriate smiling)

Spontaneous affect (3 items, e.g. spontaneous laughter at nothing

1 — never—5 — all the time

Data Analyses

Statistical analyses were performed via SPSS v27.0 to
compare communication, developmental, and behav-
ioural characteristics across deletion and non-deletion
aetiologies. The majority of data were normally dis-
tributed, with the exception of (a) use of spoken words
(Zowness = 2-249; Z,1i0sis =4.680); (b) use of eye tracking
devices (Zywness = -189; Zy riosis = 29.837); (¢) fine motor
— hold things (Zyewness =-2-3215 Zy rtosis = 0-535); d) dress
self with errors (Zgyeyness =4-4135 Zyyriosis = 21.146); and (e)
self-injury (Zgyewness = 2-982; Zyrosis = 11.190). Descriptive
statistics including measures of skewness and kurtosis are
shown in Sect. 1 of the online supplementary file, while
frequencies are included in Sect. 2 of the online supplemen-
tary file.

Two separate lines of analysis were undertaken. First, we
compared individuals with a deletion or other aetiology on
age they first performed gross and fine motor tasks, adap-
tive behaviours (including dressing, eating, and toileting),
and speech. A series of #-tests and Mann—Whitney U tests
was used for the comparisons due to small sample sizes and
non-normality. Second, we compared individuals with a
deletion or other aetiology on their ability to perform gross
and fine motor tasks, adaptive behaviours; frequency of
speech and behaviours; and best receptive and expressive
language and use of speech and AAC. A series of ANCO-
VAs were undertaken to determine the impact of genotype
on the above, controlling for current age. However, Levene’s
test for homogeneity of variance was significant for half of
the outcome variables, indicating that this assumption was
violated. Furthermore, interactions between genotype and
age were observed for the following outcomes, indicating
that the assumption for homogeneity of regression slopes
was violated: (a) sitting (F (1, 178=8.195, p=0.005), (b)
holding a cup (F (1, 145=4.673, p=0.032), (c) finger feed
(F (1, 146 =5.755, p=0.018), and (d) chewing all textures
(F (1, 178 =8.195, p=0.005). Due to violations of the
assumptions for homogeneity of variance in the majority
of outcome variables and homogeneity of regression slopes
in selected outcomes, an SPSS mixed model with diago-
nal covariances was used to accommodate heterogeneity of
variance (Weaver, 2017), and Quades ANCOVAs (Quade,
1967) were computed as a non-parametric alternative. Effect
sizes were calculated using Cohen’s d or eta squared (17°)
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as appropriate with d=0.20-0.49 or > <0.60 indicative of
a small effect, d=0.50-0.79 or 772:0.60—0.13 a medium
effect, and d>0.80 or ;72 > (.14 indicative of a large effect
(Cohen, 1988).

Results

Genotype and age were associated with communication,
behaviour and development variables, with more positive
outcomes for older patients and those with a non-deletion
aetiology. Specifically, a non-deletion aetiology was linked
to improved receptive language and AAC skills of commu-
nication variables and behaviours indicative of communica-
tion such as pointing or indicating when they need to go to
the toilet. Older age was associated with greater capacity
in speech, gestures, and low-tech AAC, as well as meeting
developmental milestones such as walking, and adaptive
behaviours associated with dressing and toileting, although
they also exhibited higher levels of behaviour dysregulation.

Age First Performed Activity

Findings from the 7-test comparing the age at which an
individual first performed and activity showed that indi-
viduals with non-deletion aetiology were able to sit up
(M =0.9 years) earlier than individuals with a deletion
(M =1.3 years). These were supported by the Mann—Whit-
ney U tests, which also indicated a significant difference
between non deletion (mean rank =45.77) and deletion posi-
tive (mean rank =30.79) individuals for indicating when full.
A complete list of the descriptives for the age at which indi-
viduals first performed the activity as reported by caregivers,
along with #-tests and Mann—Whitney U tests, is provided in
Sect. 3 of the online supplementary file.

Speech and Communication, Gross and Fine Motor
and Adaptive Behaviour Abilities, and Behaviour

Overall model effects for the ANCOVA and non-paramet-
ric Quade’s ANCOVA are shown in Table 3. The majority
of overall models were significant, with moderate to large
effects. This was most evident for speech and communica-
tion, gross and fine motor, and dressing and eating. There
were fewer and weaker effects for toileting and behaviour.
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Table3 ANCOVA and Quade’s ANCOVA, model effects

Outcome

Levene’s test

ANCOVA

Quade’s ANCOVA

Speaking frequency

Best expressive language

Best receptive language

Use of speech

Use of gestures

Use of signing

Use of visual pictures

Use of eye tracking devices

Low tech AAC

High tech AAC

Gross motor: sitting

Gross motor: walking

Fine motor: hold things

Fine motor: pointing

Fine motor: transfer

Dressing: put up hands

Dressing: take off simple clothes

Dressing: take off complex clothes

Dressing: dress self even if not always
right

Toileting: is continent

Toileting: shows toileting behaviours

Toileting: indicates when wants to go
to toilet

Toileting: continent of urine in day

Toileting: continent of stools

Eating: hold bottle

Eating: hold cup and drink

Eating: finger feed

F (2, 164)=19.840, p=0.000
F (2,132)=0.051, p=0.821
F (2,96)=3.653, p=0.059

F (2, 171)=19.992, p=0.000
F(2,171)=3.877, p=0.051
F (2, 166)=49.820, p=0.000
F (2, 162)=19.139, p=0.000
F (2,150)=9.741, p=0.002
F (2, 150)=11.788, p=0.001
F (2, 150)=14.726, p=0.000
F (2, 176)=2.900, p=0.090
F (2, 133)=14.544, p=0.000
F (2, 160)=0.016, p=0.900
F (2,128)=4.525, p=0.035
F (2, 150)=5.633, p=0.019
F (2, 134)=0.448, p=0.504
F (2, 131)=0.024, p=0.876
F (2, 112)=14.496, p=0.000
F (2, 108)=9.482, p=0.003
F (2, 120)=3.640, p=0.059
F(2,121)=6.972, p=0.009
F (2,116)=31.691, p=0.000
F(2,111)=6.458, p=0.012
F (2, 114)=22.327, p=0.000
F (2,163)=2.952, p=0.088
F (2, 143)=4.797, p=0.030

F(2,144)=0.818, p=0.367

F (2,165)=13.139, p=0.000,
7?=0.139

F (2,134)=1.354, p=0.262,
7#=0.020

F(2,97)=15.358, p=0.000,
0 =0.244%%%

F (2, 172)=12.588, p=0.000,
7#=0.129

F (2, 172)=28.001, p=0.000,
7 =0.248%%

F (2, 168)=28.000, p=0.000,
77=0.253

F (2, 164)=20.216, p=0.000,
7?=0.201

F (2,152)=2.041, p=0.133,
7=0.025

F (2,152)=11.014, p=0.000,
77=0.122

F (2, 152)=4.854, p=0.009,
7#=0.056

F (2,178)=11.542, p=0.000,
7 =0.117%*

F (2, 135)=27.810, p=0.000,
7?=0.296

F (2,162)=0.757, p=0.471,
7*=0.009

F (2, 130)=24.072, p=0.000,
7=0.275

F (2,152)=7.162, p=0.001,
7*=0.088

F (2, 136)=18.378, p=0.000,
P =0.217%%%

F (2, 133)=20.903, p=0.000,
P =0.243%%%

F (2, 114)=13.213, p=0.000,
7P =0.192%%%

F (2, 110)=8.486, p=0.000,
7=0.137

F (2, 122)=11.197, p=0.000,
7 =0.158#%%

F (2,123)=17.333, p=0.000,
7*=0.224

F (2, 118)=16.974, p=0.000,
7*=0.228

F (2, 113)=10.615, p=0.000,
7°=0.162

F (2, 116)=12.270, p=0.000,
7#=0.178

F (2,165)=2.792, p=0.064,
7#=0.033

F (2, 144)=6.073, p=0.003,
7#=0.079

F (2, 146)=13.868, p=0.000,
n*=0.162%%%

F (1, 134)=7.691, p=0.006,
7*=0.055%

F (1, 100)=7.247, p=0.008,
7*=0.068

F (1,76)=29.707, p=0.000,
7$=0.284

F (1, 136)=14.100, p =0.000,
7*=0.095%*

F (1, 133)=30.361, p=0.000,
7$=0.187

F (1, 130)=53.304, p=0.000,
7P =0.202%%%

F (1,127)=10.057, p=0.002,
n*=0.074%*

F (1, 125)=2.685, p=0.104,
n*=0.021

F(1,126)=12.413, p=0.001,
7> =0.090%*

F (1, 129)=10.263, p=0.002,
?=0.074%*

F (1, 139)=8.323, p=0.005,
77=0.057

F (1, 103)=18.043, p=0.000,
n*=0.150%%%

F (1, 127)=0.705, p=0.403,
7> =0.006

F (1,98)=40.173, p=0.000,
7> =0.293%%%

F(1,118)=2.416, p=0.123,
77=0.020

F (1, 105)=26.342, p=0.000,
7=0.202

F(1,102)=11.555, p=0.001,
7#=0.103

F (1, 86)=9.382, p=0.003,
7#=0.099

F (1, 86)=2.674, p=0.106,
7#=0.030

F(1,93)=0.315, p=0.576,
7#=0.003

F (1,93)=6.440, p=0.013,
7*=0.065%*

F (1, 88)=21.182, p=0.000,
7> =0.196%%*

F (1,85)=0.982, p=0.325,
77=0.012

F (1, 88)=4.428, p=0.038,
7> =0.048%

F(1,132)=1.830, p=0.178,
7”?=0.014

F(1,114)=7.081, p=0.009,
77 =0.059%

F(1,116)=14.517, p=0.000,
7#=0.112
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Table 3 (continued)

Outcome Levene’s test

Eating: feed self using fingers or
utensils

F (2, 143)=0.061, p=0.805
Eating: chew all textures F(2,135)=2.905, p=0.091
Eating: indicates when full F (2,133)=2.466, p=0.119
Behaviour: scales 1-10 F (2,150)=0.888, p=0.347
Behaviour: appropriate affect F (2,150)=0.005, p=0.941
Behaviour: self-injury F(2,147)=11.743, p=0.001
Behaviour: spontaneous affect F (2, 150)=0.006, p=0.939
Behaviour: anxiety F(2,147)=2.404, p=0.123
Behaviour: behaviour dysregulation F(2,147)=1.329, p=0.251

Behaviour: repetitive behaviours F (2,147)=0.182, p=0.670

ANCOVA Quade’s ANCOVA

F (2, 145)=7.953, p=0.001, F(1,113)=6.786, p=0.010,
7 =0.101%* 7#=0.057

F (2, 137)=14.178, p=0.000, F(1,107)=12.687, p=0.001,
P =0.175%%% 7=0.107

F (2,135)=0.777, p=0.462, F(1,103)=1.295, p=0.258,
77=0.012 7#=0.013

F (2,152)=2.649, p=0.074, F(1,117)=2.353, p=0.128,
7*=0.035 7>=0.020

F(2,152)=1.709, p=0.185, F(1,118)=2.536, p=0.114,
7*=0.022 7=0.021

F (2, 149)=2.485, p=0.087, F(1,116)=0.657, p=0.419,
7#=0.033 7*=0.006

F (2,152)=3.851, p=0.023, F (1, 118)=10.650, p=0.001,
7> =0.049% 7#=0.083

F(2,149)=1.432, p=0.242, F(1, 116)=0.042, p=0.838,
7#=0.019 7#=0.000

F (2, 149)=12.770, p=0.000, F(1,115)=4.023, p=0.047,
7?=0.149%%% 7#=0.034

F (2, 149)=3.091, p=0.048, F(1,117)=1.220, p=0.272,
7*=0.041% 7#=0.010

*Small effect, **medium effect, ***]arge effect

Main effects for individual’s age when the module was
completed, and genotype are shown in Table 4. For speech
and language, the frequency of speech was associated with
older age, while receptive language was related to genotype.
Frequency of speech and ability to walk by age for each geno-
type is shown in Figs. 1 and 2 and demonstrates an older age
for individuals who are able to speak and walk. Communica-
tion devices used were related to both age and genotype. Gross
and fine motor abilities and adaptive behaviours including
dressing, toileting, and eating were more strongly related to
age than genotype. Behaviour was not strongly related to age
or genotype, with the exception of behavioural dysregulation.

Estimated marginal means for non-deletion and deletion indi-
viduals are shown in Table 5 below. Where significant findings
for genotype were concerned, they illustrate a profile of better
understanding and communication by individuals with non-
deletion aetiologies, and greater ability in some dressing, eating
and toileting skills, and a higher level of repetitive behaviours and
spontaneous laughter and smiling in individuals with a deletion.
Dressing and continence abilities by age and genotype are shown
in Figs. 3 and 4, again demonstrating better ability in older ages.
Means and standard deviations for current age across frequencies
and ability levels are included in online supplementary Sect. 4.

Discussion
We explored the adaptive behaviour profile of 204 young

children with AS. The domains of communication, including
expressive and receptive language and the use of alternative
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and augmentative systems, gross and fine motor skills,
dressing, toileting, feeding, and behavioural indicators are
reported. Several relationships were explored: (a) the age of
which certain skills were first performed based on genotype;
(b) abilities in motor and adaptive behaviours, according to
age and genotype, and (c) frequency of communication skill
use and challenging behaviours, across age, and genotype.
Specifically, those with a non-deletion aetiology were
able to sit up earlier than those with a deletion aetiology,
with a strong effect. Those with a deletion aetiology were
able to indicate when they were full earlier than those with a
non-deletion aetiology, although this finding was supported
in the non-parametric tests only. Strong effects were found in
the communication domain regarding ability, whereby those
with a non-deletion had greater abilities in communication
skills, for example the use of speech, gestures, and AAC sys-
tems. Those with non-deletion aetiology also demonstrated
greater ability in dressing (putting up hands, taking off sim-
ple and complex clothing), fine motor skills (pointing), and
toileting (shows toileting behaviours and indicating the need
to go to the toilet). This suggests that greater abilities in
communication skills in young children with non-deletion
aetiology may translate to improved adaptive skills where
communication is advantageous in assisting with dressing,
indicating when full, or needing to go to the toilet. For those
young children with a deletion aetiology, higher levels of
repetitive behaviours and spontaneous laughter and smiling
were reported in addition to lower abilities across commu-
nication skills, gross and fine motor skills, dressing, eating,
and toileting behaviours, indicating more impairment in
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Table4 ANCOVA and mixed model, between subjects’ effects

Outcome

Factor

ANCOVA

Mixed

Speaking frequency

Best expressive language

Best receptive language

Use of speech

Use of gestures

Use of signing

Use of visual pictures

Use of eye tracking devices

Low tech AAC

High tech AAC

Gross motor: sitting

Gross motor: walking

Fine motor: hold things

Fine motor: pointing

Fine motor: transfer

Dressing: put up hands

Dressing: take off simple clothes

Dressing: take off complex clothes

Age when completed

Genotype
Age when completed
Genotype
Age when completed
Genotype

Age when completed
Genotype
Age when completed

Genotype

Age when completed
Genotype

Age when completed
Genotype

Age when completed
Genotype
Age when completed

Genotype
Age when completed
Genotype
Age when completed

Genotype
Age when completed

Genotype
Age when completed
Genotype
Age when completed

Genotype

Age when completed
Genotype
Age when completed

Genotype
Age when completed

Genotype
Age when completed

Genotype

F (1, 165)=19.065, p=0.000,
7 =0.105%*

F (1, 165)=3.698, p=0.056, n*=0.022
F (1, 134)=0.019, p=0.891, y2=0.000
F (1, 134)=2.478, p=0.118, 2=0.019
F(1,97)=2.409, p=0.124, n*=0.025

F (1,97)=24.745, p=0.000,
P =0.207%%*

F(1,172)=10.688, p=0.001, 7> =0.059*
F(1,172)=9.912, p=0.002, 7>=0.055*

F (1,172)=28.333, p=0.000,
N =0.143%%%

F(1,172)=16.824, p=0.000,
7*=0.090%*

F (1, 168)=7.915, p=0.005, *=0.046*

F (1, 168)=39.271, p=0.000,
P =0.192%%*

F (1, 164)=17.443, p=0.000,
7*=0.098%

F (1, 164)=14.962, p=0.000,
7> =0.085%

F(1,152)=1.177, p=0.280, 1>=0.007
F(1,152)=3.518, p=0.063, *=0.022

F (1, 152)=10.196, p=0.002,
7?=0.060%

F (1, 152)=7.520, p=0.007, * =0.045%
F (1, 152)=2.919, p=0.089, #=0.017
F (1, 152)=5.107, p=0.025, 5* =0.030%

F (1, 178)=16.907, p=0.000,
7*=0.088%*

F (1, 178)=2.803, p=0.096, 2=0.016

F (1, 135)=35.533, p=0.000,
P =0.212%%%

F(1,135)=12.527, p=0.001, *=0.087
F(1,162)=1.455, p=0.230, *=0.009
F (1, 162)=0.000, p=0.994, *=0.000

F (1, 130)=17.435, p=0.000,
P =0.121%x

F (1, 130)=23.633, p=0.000,
P =0.157%%%

F (1, 152)=8.899, p=0.003, #*=0.056*
F (1,152)=3.252, p=0.073, n?=0.021

F (1, 136)=23.739, p=0.000,
P =0.151%%%

F (1, 136)=7.697, p=0.006, 7*=0.055%

F (1, 133)=22.930, p=0.000,
7P =0.150%%*

F(1,133)=11.788, p=0.001,
> =0.083%

F (1, 114)=16.361, p=0.000,
7 =0.128%**

F(1,114)=6.621, p=0.011, 7 =0.056*

F (1, 145.07)=18.232, p=0.000

F (1, 55.89)=2.698, p=0.106
F (1, 129.53)=0.019, p=0.890
F (1, 85.04)=2.540, p=0.115
F (1, 88.19)=2.678, p=0.105
F (1, 60.99)=22.180, p=0.000

F (1, 152.02)=10.020, p=0.002
F(1,55.55)=6.873, p=0.011
F (1, 158.57)=29.872, p=0.000

F (1, 64.67)=13.425, p=0.001

F(1,139.99)="7.389, p=0.007
F (1, 54.13)=24.636, p=0.000

F(1,142.72)=17.412, p=0.000
F(1,57.12)=10.667, p=0.002

NP
NP
F(1,142.83)=11.526, p=0.001

F (1, 54.08)=5.157, p=0.027

F (1, 147.60)=3.294, p=0.072
F (1, 55.93)=3.568, p=0.064

F (1, 173.56)=12.766, p=0.000

F(1,91.03)=3.889, p=0.052
F (1, 120.69)=42.293, p=0.000

F (1, 55.44)=9.396, p=0.003

F (1,158.79)=1.443, p=0.231
F (1,72.54)=0.000, p=0.995

F (1, 118.84)=20.761, p=0.000

F(1,57.38)=19.121, p=0.000

F (1, 124.48)=9.134, p=0.003
F (1, 101.62) =5.400, p=0.022
F (1, 129.56)=24.599, p=0.000

F(1,66)=17.051, p=0.010
F (1, 129.95)=24.459, p=0.000

F(1,78.79)=12.613, p=0.001
F (1,95.46)=19.285, p=0.000

F(1,47.20)=4.817, p=0.033
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Table 4 (continued)

Outcome

Factor

ANCOVA

Mixed

Dressing: dress self even if not always
right

Toileting: is continent

Toileting: shows toileting behaviours

Toileting: indicates when wants to go to
toilet

Toileting: continent of urine in day

Toileting: continent of stools

Eating: hold bottle

Eating: hold cup and drink

Eating: finger feed

Eating: feed self using fingers or utensils

Eating: chew all textures

Eating: indicates when full

Behaviour: scales 1-10 (how problematic
do you see your child’s behaviour on a
1-10 scale)

Behaviour: appropriate affect
Behaviour: self-injury
Behaviour: spontaneous affect
Behaviour: anxiety

Behaviour: behaviour dysregulation

Behaviour: repetitive behaviours

Age when completed

Genotype
Age when completed

Genotype
Age when completed

Genotype
Age when completed

Genotype
Age when completed

Genotype
Age when completed

Genotype
Age when completed
Genotype
Age when completed
Genotype
Age when completed
Genotype
Age when completed

Genotype
Age when completed

Genotype
Age when completed
Genotype
Age when completed
Genotype

Age when completed
Genotype
Age when completed
Genotype
Age when completed
Genotype
Age when completed
Genotype
Age when completed

Genotype
Age when completed
Genotype

F (1,110)=12.989, p=0.000,
7> =0.108%*

F(1,110)=1.699, p=0.195, n2=0.016

F (1, 122)=21.654, p=0.000,
n*=0.154%%*

F (1, 122)=0.017, p=0.896, #>=0.000

F (1, 123)=26.357, p=0.000,
n*=0.180%%*

F (1, 123)=4.551, p=0.035, * =0.037*

F (1, 118)=15.115, p=0.000,
P=0.116%*

F (1, 118)=14.550, p=0.000,
P =0.112%%

F(1,113)=19.711, p=0.000,
n*=0.152%%%

F(1,113)=0.371, p=0.544, 1*=0.003

F (1, 116)=17.754, p=0.000,
7> =0.136%*

F (1, 116)=3.966, p=0.049, n*=0.034*
F(1,165)=2912, p=0.090, *=0.018
F(1,165)=1.639, p=0.202, 1*=0.010
F (1, 144)=6.805, p=0.010, 7> =0.046*
F (1, 144)=3.227, p=0.075, #=0.022

F (1, 146)=17.610, p=0.000, ,>=0.110*
F (1, 146)=4.737, p=0.031, 5 =0.032*

F (1, 145)=10.691, p=0.001,
7*=0.070%

F (1, 145)=2.648, p=0.106, 1*=0.018

F (1, 137)=15.722, p=0.000,
7> =0.105%

F(1,137)=8.154, p=0.005, 1> =0.057*
F (1,135)=0.967, p=0.327, 1*=0.007
F (1, 135)=0.890, p=0.347, 52 =0.007
F (1, 152)=3.945, p=0.049, > =0.026*
F(1,152)=0.570, p=0.451, 1*=0.004

F (1,152)=0.723, p=0.397, 1> =0.005
F(1,152)=3.167, p=0.077, *=0.021
F (1, 149)=0.468, p=0.495, 1> =0.003
F (1, 149)=3.799, p=0.053, 1> =0.025
F(1,152)=2.555, p=0.112, 1*=0.017
F(1,152)=6.472, p=0.012, > =0.042%
F (1,149)=0.112, p=0.738, 1> =0.001
F (1, 149)=2.864, p=0.093, *=0.019

F (1, 149)=21.126, p=0.000,
7 =0.126**

F (1, 149)=1.405, p=0.238, #*=0.010
F (1, 149)=2.306, p=0.131, #*=0.016
F (1, 149)=4.940, p=0.028, n>=0.033*

F(1,91.09)=13.920, p=0.000

F(1,47.71)=1.338, p=0.253
F(1,110.71)=22.242, p=0.000

F (1.58.04)=0.017, p=0.896
F (1, 107.74)=29.050, p=0.000

F (1, 56.27)=3.634, p=0.062
F(1.92.12)=23.809, p=0.000

F (1,47.58)=9.683, p=0.003
F (1, 98.81)=22.745, p=0.000

F (1, 54.34)=0.290, p=0.592
F(1,95.37)=27.091, p=0.000

F (1,49.62)=2.706, p=0.106

F (157.89)=1.990, p=0.160

F (1, 100.56)=2.361, p=0.128
F(1,141.86)=5.717, p=0.018
F (1,72.09)=3.752, p=0.057

F (1, 142.60)=16.180, p=0.000
F(1,70.19)=5.311, p=0.024

F (1, 141.48)=10.794, p=0.001

F(1,71.02)=2.615, p=0.110
F (1, 133.65)=13.569, p=0.000

F(1,78.48)=9.484, p=0.003
F (1,128.04)=0.944, p=0.333
F (1, 54.95)=0.767, p=0.385
F (1, 146.83)=3.956, p=0.049
F(1,77.20)=0.588, p=0.446

F (1, 146.92)=0.817, p=0.368
F (1,70.14)=3.018, p=0.087
F(1,124)=0.258, p=0.613
F(1,50.43)=2.451, p=0.124

F (1, 148.38)=2.554, p=0.112
F(1,74.47)=6.475, p=0.013

F (1, 146)=0.074, p=0.786

F (1,78.88)=2.994, p=0.087

F (1, 140.96)=22.034, p=0.000

F(1,6531)=1.204, p=0.277
F (1, 145.96)=2.370, p=0.126
F(1,71.88)=5.158, p=0.026

*Small effect, **medium effect, ***large effect

@ Springer



Advances in Neurodevelopmental Disorders (2022) 6:442-455

451

Fig. 1 The percentage of young
children who were able to
speak (rarely to all the time) by
age and genotype. Note: 72%
of deletion children and 63%
of non-deletion children were
reported as unable to speak

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

% able to speak

Age 0-2 years

Fig.2 The percentage of young
children who were able to walk
(major difficulty to no difficulty)
by age and genotype. Note: 52%
of deletion children and 28%

of non-deletion children were
reported to be unable to walk
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10%

0%

% able to walk

Age 0-2 years

adaptive behaviour skills in general compared to the non-
deletion group, aligning with relevant literature (Keute et al.,
2021).

When exploring the association between age and gen-
otype, the majority of expressive communication skills,
including speech and use of AAC, was associated with
older age, whereas receptive language and use of AAC
were related to genotype where those with a non-deletion
aetiology were more advanced. The use of alternative com-
munication systems was related to both age and genotype,
whereby gestures, use of visual pictures, and low-tech AAC
were moderately to strongly influenced by age, while ges-
tures, signing, and picture use were strongly related to geno-
type. Gross and fine motor abilities, dressing, feeding, and
toileting behaviours were more strongly related to age than
genotype, with better abilities reported for older children.
With respect to behaviour, we observed more challenging/
dysregulation behaviours (such as aggression, hyperactivity/
impulsivity) with older age, and more repetitive behaviours
and spontaneous affect in those with deletion aetiology,
which may be representative of higher seizure rates in this
population. It should be noted that a large percentage of

Age 2-3 years

Age 2-3 years

Age 3-4 years Age 4-5 years Age 5-6 years Age 6-7 years

Current age

Total ewm=Deletion e= e= Non deletion

Age 3-4 years

Age 4-5 years

Age 5-6 years Age 6-7 years

Current age

Total e Deletion e= e= Non deletion

children were reportedly unable to dress themselves (even
with some errors) or were considered continent by age 6,
showcasing significant delays in these basic adaptive behav-
iour areas across both deletion and non-deletion aetiology.
These findings highlight three important points: (a)
that adaptive skills differ depending upon the genetic
mechanism of AS (as identified in previous research,
Heald et al., 2021; Keute et al., 2021); (b) that young
children do develop further skills as they age, in contrast
to some research reporting that specific skills can plateau
(Willams et al., 2006); and (c) that older individuals tend
to exhibit more problematic behaviours. These points are
important for parents and clinicians as there is evidence
that individuals with AS can and do learn new skills when
provided with tailored systematic interventions that target
specific skills (see review of AAC interventions: Roche
et al., 2020) and that the application of specific behav-
ioural principles may play an important part in the learn-
ing process (Heald, et al., 2021). In order to ensure the
best outcomes for individuals with significant disabilities,
early intervention is regarded as the best option (Fuller &
Kaiser, 2020). By providing parents and clinicians with
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Table 5 Estimated Marginal

Outcome Non deletion Deletion
means
Mean Std Error Mean Std Error

Speaking frequency 1.936 0.176 1.543 0.103
Best expressive language 2.543 0.175 2.208 0.117
Best receptive language™ 3.049 0.170 1.989 0.126
Use of speech* 1.792 0.133 1.307 0.076
Use of gestures* 3.056 0.162 2.283 0.094
Use of signing* 2.193 0.122 1.302 0.072
Use of visual pictures* 2.027 0.125 1.462 0.074
Use of eye tracking devices .986 0.081 1.163 0.047
Low tech AAC* 1.767 0.115 1.401 0.066
High tech AAC* 1.798 0.135 1.444 0.078
Gross motor: sitting 4.182 0.194 3.803 0.112
Gross motor: walking 3.096 0.213 2.201 0.135
Fine motor: hold things 4.610 0.112 4.611 0.065
Fine motor: pointing* 3.439 0.218 2.177 0.139
Fine motor: transfer 4.499 0.158 4.170 0.089
Dressing: put up hands* 3.511 0.233 2.743 0.147
Dressing: take off simple clothes™ 3.177 0.219 2.278 0.140
Dressing: take off complex clothes* 1.735 0.138 1.307 0.091
Dressing: dress self even if not always right 1.192 0.068 1.084 0.046
Toileting: is continent 1.700 0.183 1.672 0.120
Toileting: shows toileting behaviours* 2.080 0.173 1.635 0.115
Toileting: indicates when wants to go to toilet* 2.220 0.172 1.421 0.118
Toileting: continent of urine in day 1.785 0.205 1.633 0.140
Toileting: continent of stools* 2.013 0.196 1.538 0.134
Eating: hold bottle 4.178 0.194 3.888 0.114
Eating: hold cup and drink 3.847 0.244 3.335 0.144
Eating: finger feed* 4.217 0.188 3.738 0.110
Eating: feed self using fingers or utensils 3.747 0.195 3.372 0.119
Eating: chew all textures® 3.971 0.193 3.318 0.121
Eating: indicates when full 3.675 0.234 3.934 0.137
Behaviour: scales 1-10 5.657 0.438 6.046 0.266
Behaviour: appropriate affect 4.203 0.137 3.916 0.083
Behaviour: self-injury 1.490 0.092 1.279 0.056
Behaviour: spontaneous affect™ 1.882 0.161 2.365 0.097
Behaviour: anxiety 2475 0.130 2.215 0.079
Behaviour: behaviour dysregulation 2.383 0.122 2.213 0.074
Behaviour: repetitive behaviours* 1.994 0.159 2.408 0.094

*A significant main effect was detected for genotype

a more in-depth understanding of the developmental pro-
gression of young children with AS and their specific
adaptive behaviour skills and weaknesses, appropriate
early interventions to target critical skills can be accessed,
and more positive developmental outcomes can be pos-
sible. For example, future research might explore early
intervention options that targets receptive language in
those with a non-deletion aetiology as our results show
receptive skills in these young children are a relative
strength and enhancing these skills early in development

@ Springer

may result in greater long-term communication and adap-
tive outcomes.

Furthermore, early communication intervention can posi-
tively impact upon the presence and frequency of maladap-
tive behaviours as well, another significant factor for parents
and clinicians to consider. Maladaptive behaviours, includ-
ing challenging behaviours, were identified in a previous
study as the single best predictor of family stress where par-
ents of children with AS were identified as significantly more
stressed in comparison to parents of children with Cornelia
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Fig.3 The percentage of young
children who were able to dress
themselves with errors (major
difficulty to no difficulty) by
age and genotype. Note: 96%
of deletion children and 83%
of non-deletion children were
reported to be unable to dress
themselves with errors
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Fig.4 The percentage of
children who were reported

as continent or toilet trained
(major difficulty to no difficulty)
by age and genotype. Note: 71%
of deletion children and 68%

of non-deletion children were
reportedly incontinent (not toilet
trained)
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de Lange and Cri du Chat syndromes (Griffith et al., 2011)
and felt more “loss of control” in comparison to parents of
children with Prader Willi Syndrome (Van den Bourne et al.,
1999). As reported in previous studies (Sadhwani et al.,
2019), challenging behaviours have been shown to increase
with age in those with AS, aligning with the literature show-
ing that a lack of functional or meaningful communication
skills can have adverse behavioural outcomes in the long
term for minimally verbal individuals (Durand & Carr, 1991;
Durand & Moskowitz, 2019). Therefore, when a child with
AS is first diagnosed, best practice should include a referral
or access to communication intervention that includes sup-
port to use AAC systems (Roche et al., 2020).

Limitations and Future Research

Data analysis was limited by the differing number of indi-
viduals who had completed the specific sections of the
included modules within the registry, resulting in low num-
bers of children included within some analyses. Despite this,
the current study adds to the emerging adaptive behaviour

Age 2-3 years
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Age 3-4 years Age 4-5 years Age 5-6 years Age 6-7 years

Current age

Total ewmmmmmDeletion e= = Non deletion

Age 5-6 years

Age 3-4 years Age 4-5 years Age 6-7 years

Current age

Total e Deletion e= e= Non deletion

profile of young children with AS and provides further evi-
dence of skills that can be enhanced and areas of weakness
that can be targeted in early intervention programs. These
data also further highlight the link between aetiology and
ability and frequency of skill use, which could help inform
specific programs of support for young children. Future
research could explore these findings further, for example
how does communication impact upon the development of
adaptive behaviours? How does the environment interact
with adaptive behaviour development? For example, those
with deletion aetiology tend to have lower overall skill abil-
ity in comparison to those with non-deletion aetiology, so
how does this impact upon the opportunities that children
are provided with?

Basic adaptive behaviours are indicative of the devel-
opment of independent skills and the ability to be a self-
determining individual in operating on a day-to-day basis
(Duvdevany, 2002). The adaptive skills profiled here dem-
onstrate early delays and weaknesses for young children with
AS, with variation in skill ability and frequency of skill use
identified based on aetiology. Aligning with recent findings
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(Heald et al., 20,201; Keute et al., 2021), the aetiology of
a child’s diagnosis should be considered in clinical care, as
we can see differing profiles of functioning dependent upon
aetiology. Therefore, the greater our understanding of the
varying profiles of children with AS, the more specific and
tailored our approach to early support can be.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s41252-022-00278-2.
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