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Abstract

We describe the development of 236 children with Angelman syndrome (AS) using the Bayley 

Scales of Infant and Toddler Development, Third Edition. Multilevel linear mixed modeling 

approaches were used to explore differences between molecular subtypes and over time. 

Individuals with AS continue to make slow gains in development through at least age 12 

years of age at about 1–2 months/year based on age equivalent score and 1–16 growth score 

points/year depending on molecular subtype and domain. Children with a deletion have lower 

scores at baseline and slower rate of gaining skills while children with UBE3A variant subtype 
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demonstrated higher scores as well as greater rates of skill attainment in all domains. The 

developmental profiles of UPD and ImpD were similar.
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Angelman syndrome (AS) is a rare neurogenetic syndrome with an estimated prevalence 

of 1 in 22,000 to 1 in 52,000 (Luk and Lo 2016; Mertz et al. 2013; Oiglane-Shlik et 

al. 2006; Yakoreva et al. 2019). The characteristics of AS include seizures, ataxia, fine 

motor challenges, and a happy demeanor (Guerrini et al. 2003; Williams et al. 2006). The 

developmental profile of AS is characterized by severe to profound intellectual disability 

with absent or minimal verbal speech. As such, these individuals have no capacity for 

independent living and require lifelong care (Bird 2014; Dagli et al. 2012).

The underlying etiology of AS is the lack of expression of the maternally inherited 

UBE3A gene on chromosome 15q11q13 (Bird 2014; Lalande and Calciano 2007), which 

may be caused by one of four mechanisms, viz. a deletion encompassing this locus on 

the maternally-inherited copy of chromosome 15, paternal uniparental disomy (UPD), 

imprinting defects on the maternal chromosome 15 that results in silencing of UBE3A 
on that chromosome, and a pathogenic variant in the maternally-inherited copy of UBE3A. 

Each of these mechanisms is considered a distinct “molecular subtype” of AS. The most 

common subtype, occurring in approximately 70% of affected individuals, is the “deletion 

subtype” (Lalande and Calciano 2007). Among individuals with a deletion, 40% have a 

class I deletion that is ~5.8 Mb in size, and 50–55% have a class II deletion that is ~5.0 

Mb in size (Varela et al. 2004); the remainder have a deletion that is either larger than a 

class I or smaller than a class II deletion (Bird 2014). Approximately 8–9% of individuals 

with AS have paternal UPD of chromosome 15, 7–8% have an imprinting defect (ImpD), 

and 11% have a pathogenic variant in the maternally-inherited UBE3A (Clayton-Smith and 

Laan 2003); these latter individuals who do not harbor a deletion on chromosome 15 are 

often classified as having “non-deletion” AS, in contrast to those who have AS due to 

a chromosome 15 deletion. The severity of the phenotype is dependent on the molecular 

etiology; individuals with a deletion tend to present with a more severe phenotype, while 

those with non-deletion have slightly milder and more variable presentations (Bird 2014; 

Lossie et al. 2001; Peters et al. 2012; Tan et al. 2011; Varela et al. 2004).

Although AS was described over 50 years ago, characterization of the developmental 

profiles and trajectory has been limited. Most estimates of developmental functioning 

suggest that, even in adulthood, the cognitive skills of individuals with AS are limited 

and more similar to those of children under the age of 2 years (Bindels-de Heus et al. 

2020; Gentile et al. 2010; Mertz et al. 2014; Peters et al. 2004, 2012; Sahoo et al. 2006). 

Cross-sectional developmental studies have found that children with AS due to a deletion 

are developmentally more delayed across all domains compared to those with a UBE3A 
pathogenic variant and UPD (Gentile et al. 2010; Bindels-de Heus et al. 2020).
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Individuals with AS are predominantly non-verbal with a minority (almost always non-

deletion AS) having a vocabulary of a few word approximation or recognizable words 

(Andersen et al. 2001; Pearson et al. 2019; Quinn and Rowland 2017), and even fewer 

develop the use of phrase speech (Sadhwani et al. 2018). Receptive language, although 

still significantly delayed, is often better developed than expressive language (Gentile et al. 

2010; Mertz et al. 2014). Individuals with AS also have abnormal muscle tone, balance, and 

coordination (Buntinx et al. 1995; Clayton-Smith and Laan 2003), all of which contribute 

to signficant motor impairment. Individuals with non-deletion AS are more likely to sit and 

walk independently at a younger age than those with deletion AS (Lossie et al. 2001).

A limited number of longitudinal studies with small sample sizes have contributed to our 

current understanding of the developmental progression of AS. While regression of skills 

is rare, two non-interventional observational studies of children with an AS deletion have 

suggested that there are no significant changes in age equivalent scores in the cognitive 

domains (Peters et al. 2012; Mertz et al. 2014) and only modest improvement in receptive 

and expressive communication age equivalent scores over time (Mertz et al. 2014). The 

average age of the participants in these two studies ranged from 4 to 7 years. While 

participants in the Peters et al. (2012) study were re-evaluated one year after the baseline 

visit, participants in the Mertz et al. (2014) study had their subsequent follow-up visit 

12 years later. To our knowledge, no studies have explicitly examined developmental 

trajectories in individuals across all molecular subtypes.

The current study used data from a multisite natural history study to characterize the 

developmental profiles and trajectories of individuals with AS over time and examined how 

these profiles and trajectories differ depending on molecular subtypes. The primary goals 

of this study were to: (1) describe trajectories of skills attained by children with AS in the 

cognitive, receptive communication, expressive communication, fine motor, and gross motor 

domains; (2) describe differences among molecular subtypes across developmental domains; 

and (3) describe patterns of developmental strengths and weaknesses for children with AS 

based on molecular subtypes.

Methods

Participants

Participants were drawn from the AS Natural History study (ClinicalTrials.gov identifier: 

NCT00296764), which was conducted from January 2006 to August 2014. They were 

recruited through parent support groups (e.g. Angelman Syndrome Foundation, AS listserv), 

and referrals from professional colleagues. Participants were evaluated approximately once 

a year at one of six study sites: Rady Children’s Hospital San Diego, Texas Children’s 

Hospital, Greenwood Genetic Center, Boston Children’s Hospital, Vanderbilt University 

Medical Center, and Cincinnati Children’s Hospital Medical Center. This study was 

approved by the Institutional Review Boards at each study site. Written consent was 

obtained from the legal guardian of each participant.

Only participants with a confirmed molecular diagnosis of AS and without other co-

morbidities that might obscure the AS phenotype (e.g., an additional genetic diagnosis 
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associated with developmental delay or extreme prematurity) (n = 302) were included, and 

for the majority, the specific molecular subtype was known. We restricted our analyses to 

data collected on individuals who were at least 12 months of age and less than 13 years of 

age. In addition, participants were excluded for the following reasons: deletions that were 

not or could not be classified into either class I or class II; insufficient molecular testing 

to allow for classification into one of the four molecular subtypes; mosaic genotype; or 

developmental functioning exceeding the performance thresholds on the Bayley Scales of 

Infant and Toddler Development, Third Edition (Bayley-III) (Bayley 2006), resulting in a 

final sample of 236 participants.

Measures

Developmental Functioning—Developmental functioning was assessed by the site 

psychologists using the Bayley-III. The Bayley-III is designed to assess skills in the 

cognitive, receptive communication, expressive communication, fine motor, and gross motor 

domains in children from birth to 42½ months old. Although normed for a younger age 

group, it is widely used to assess developmental skills in older children with severe cognitive 

impairments primarily because individuals with severe disability are better assessed by 

standardized measures appropriate for their developmental level rather than chronological 

age (Lichtenberger 2005). The Bayley-III is a well-validated measure of developmental 

progression and is sensitive to change (Bode et al. 2014; Rubio-Codina and Grantham-

McGregor 2020; Weiss et al. 2010). Additionally, it does not rely heavily on verbal skills or 

motor planning, which allows all individuals with AS to complete most of the tasks despite 

their lack of verbal communication. The Bayley-III has been used in multiple studies of 

AS, including almost all previous and current clinical trials (Grieco et al. 2014; Peters et 

al. 2004; Tan et al. 2018; Wink et al. 2015). Because the majority of individuals in our 

sample were above the upper age limit for the norm-referenced standard scores, growth 

score equivalents and age-equivalent scores were used in the analyses for this study. Growth 

score equivalents are used to determine relative individual changes in each domain over 

time. These growth score equivalents are based on item response theory and are on an 

interval scale. They are directly derived from the raw scores using a conversion table listed 

in the Bayley manual (Table B6, pp. 219, Bayley 2006. Growth scores are age-corrected 

with a range of 200–800 (mean = 500, SD = 100). All site psychologists had extensive 

experience working with individuals with AS and administering the Bayley-III.

Statistical Analyses

Descriptive statistics, including mean age and frequencies, were computed using SAS 

software (version 9.4, SAS Institute, Cary, NC), and missing data points were not imputed. 

Comparisons were made using Chi-square for categorical variables and one-way analysis of 

variance for continuous variables.

For all molecular subtypes, the age-equivalents and growth score equivalents of each 

Bayley-III domain (Figs. 1 and 2) demonstrated a change in score over time with variation 

between the domains to support the use of a linear mixed model (LMM) also known as 

“multilevel model”). LMM is commonly used to examine changes in human development 

over time because it accounts for correlations in higher-level clustering unit (i.e., time). It 
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also does not have the more restrictive requirement of balanced repeated measures design 

(e.g., unequal spacing of time intervals), is robust against missing data, and does not require 

the assumption of equal error variance, thereby providing robust standard errors of estimates 

(Singer and Willett 2003).

Although a quadratic term for time was tested in the model-building process, the likelihood 

ratio test revealed that the improvement in the model was not statistically significant. The 

simpler form of time is also preferred because it facilitates interpretation of the model and 

allows for testing of slope differences. Estimates of the final models were used to test 

differences in mean and slope parameters within molecular subtype.

The LMM was conducted in two separate but similar analyses: the first was to describe the 

molecular subtype differences within each developmental domain using the age-equivalents 

and growth score equivalents from the Bayley-III, and the second was to describe the 

differences in functioning across the different developmental domains within each molecular 

subtype using age-equivalent scores from the Bayley-III. In this analysis, level-1 accurately 

estimated the initial score and change rate of the developmental score (i.e., time level). 

Level-2 was designed to show the change rate by domain (using Bayley-III scores: both 

age equivalents and growth score equivalents) across subtypes (i.e., subtype level) for the 

first analysis and in developmental domains by molecular subtype using age-equivalent 

Bayley-III scores (i.e., domain level) for the second analysis. Random effects of intercept 

and slope were included in the model as well to account for individual differences in 

baseline scores and individual differences in rates of skill development. Change in scores 

over time are displayed using a variety of formats.

For both analyses, a scatterplot (i.e., QQ plots) of the residuals was used to assess normality. 

Individual trajectories were plotted with linear trends fitted by ordinary least squares. In 

building the linear models, the maximum likelihood (ML) function was used to estimate the 

parameters and, after a series of models were tested, the final model was selected using the 

fit statistics Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) 

as well testing nested models using the likelihood ratio test using the changes in −2 Log 

Likelihood estimated from a Laplace estimation (Singer and Willett 2003). SAS procedure 

PROC GLIMMIX was used for the estimation and statistical inference for the linear mixed 

model (SAS 2017). For ease of interpretation, age was centered around 6 years, which 

was the mean age of the sample population. Class II deletion was chosen as the reference 

group because it was the largest subtype. Effect plots using PROC PLM were created for 

each scale estimation and to display the differences in estimated linear slopes. Additional 

pairwise differences in mean scores and slopes were tested using least-squares means with 

Bonferroni adjustments for multiple comparison tests for differences between molecular 

subtypes for each developmental domain and between domains within each molecular 

subtype. Significance of random effects were tested using Wald Z tests. Additional residual 

diagnostics and sensitivity analyses were conducted to determine the possible effects of site 

of evaluation.
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Results

Sample Characteristics

The final sample was evenly split between males and females (n = 118 each). Approximately 

72% of the participants had a chromosome 15q11q13 deletion, 10% had UPD, 8% had an 

ImpD, and 10% had a UBE3A variant (Table 1). A history of clinical seizures was reported 

in approximately 60% of the cohort with a mean age of first clinical seizure at 1.7 years (SD 

= 1.5). A total of 737 observations were included, with the mean number of visits for the 

cohort being 3.1 (SD = 2.0). A detailed breakdown of the number of visits across different 

molecular subtype and ages is provided in Table 2. Site of evaluation was not a significant 

covariate and therefore not added to the model.

Developmental Trajectories Across Different Molecular Subtypes by Domain

Table 3 shows the model estimates for age-equivalent scores by domain. The intercept is the 

model-predicted age-equivalent score for class II deletion at the age of 6. The fixed-effect 

estimates indicate how much the model-predicted age-equivalent score differs from the 

reference group (i.e., class II deletion) for each subtype at the age of 6 and whether the 

difference is statistically significant. Table 4 presents means (x) and slopes (b) of the 

different subtypes and the results of pairwise tests of subtypes against each other (not just 

the reference group as seen in Table 3). Preliminary evaluation of the data set indicated 

considerable variation between participants by molecular subtype in age equivalents and 

growth score equivalents at baseline and over time. These differences are described by 

domain below.

Cognitive—At age 6 years, all non-deletion subtypes had a statistically significant higher 

age-equivalent score than class II deletion (x = 15.1 months, SE = 3.17) with the UBE3A 
variant subtype demonstrating the highest overall age equivalent scores (x = 27.1 months, SE 

= 1.68) (Tables 3 and 4). The fixed effect of age at 6 (years) is the slope of the reference 

group (i.e. class II deletion) which as indicated in Table 3 increases at a statistically 

significant rate of 0.91 months/year (p < .001). Slopes of other subtypes are calculated 

by adding the model-estimated interaction term to the fixed effect of age. For example, for 

the UBE3A pathogenic variant subtype, the rate of change is 1.32 months higher than class 

II deletion (b = 0.91 [SE = 0.11], p < .001) resulting in a slope of 2.2 months/year (Table 4) 

for the cognitive age-equivalent score, which is nearly twice that of the other subtypes.

Analyses of the growth score equivalents also showed that the UBE3A pathogenic variant 

(x = 597.9 points, SE = 6.62), and the ImpD (x = 588.7 points, SE = 7.98) molecular subtypes 

had higher overall cognitive growth scores at age 6 compared to the UPD (x = 574.7 points, 
SE = 6.57), class I deletion (x = 527.2 points, SE = 5.09) and class II deletion (x = 530.2, SE 

= 3.17) subtypes (Tables 5 and 6). Those with the UBE3A variant subtype had the fastest 

rate of increase in growth scores (b = 11.3 points/year, SE = 1.68), which was significantly 

higher compared to the class I deletion (b = 7.5 points/year, SE = 0.18) and class II deletion 

subtypes (b = 6.0 points/year, SE = 0.74) (Table 6).
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Receptive Communication—At age 6, the mean age equivalents for the receptive 

communication domain for the two deletion subtypes were 11.4 months (SD = 0.98) for 

class I and 12.3 months (SD = 0.61) for class II, while for the non-deletion subtypes, the 

mean age equivalents were between 21.4 and 24.6 months, which were significantly higher 

than those for each of the two deletion subtypes (Tables 3 and 4).

The non-deletion AS participants also had significantly higher receptive communication age 

and growth score equivalents compared to those with a deletion (Tables 4 and 6; Figs. 3b and 

4b). Although the UBE3A variant subtype had the highest rate of increase in age and growth 

score equivalents, those with ImpD also had a significantly higher rate of increase compared 

to the deletion subtypes in both age-equivalents and growth score equivalents (Tables 4 and 

6; Figs. 3b and 4b).

Expressive Communication—Participants with non-deletion AS had significantly 

stronger expressive communication skills based on age-equivalents and growth score 

equivalents at age 6 than those with deletion (Tables 4 and 6, and Figs. 3c and 4c); however, 

only those with a UBE3A pathogenic variant showed a significantly steeper rate of growth 

for both age-equivalents (b = 1.1 month/year, SE = 0.21) and growth score equivalents (b = 

9.3 points/year, SE = 1.84) compared to all other molecular subtypes (Tables 4 and 6).

Fine Motor—Like the other domains, the deletion subtypes had the lowest mean age-

equivalent and growth score equivalents at age 6 years in the fine motor domain (Tables 4 

and 6). Class I and class II deletion subtypes also had the lowest rates of growth in both age 

equivalent and growth score equivalent; these results were not statistically different among 

the different non-deletion subtypes (Tables 4 and 6).

Gross Motor—In the gross motor domain, class I and class II deletion subtypes had 

significantly lower scores than the other molecular subtypes in both the age-equivalent and 

growth score equivalents. Only those with a UBE3A pathogenic variant had a statistically 

significantly higher rate of growth (b = 1.8 months/year, SE = 0.24) compared to all other 

molecular types for age-equivalent scores (Tables 3 and 4). However, for growth score 

equivalents, the deletion groups bClass I = 10.5 points/year, bClass II = 9.6 points/year) and 

UBE3A subtypes (b = 9.7 points/year, SE = 0.24) had a higher rate of growth compared 

to those with UPD (b = 4.9 points/year, SE = 2.16) and ImpD (3.1 points/year, SE = 2.44) 

subtypes (Tables 5 and 6).

Developmental Trajectories of Different Domains Within Each Molecular Subtype

Having examined the developmental trajectories across the different molecular subtypes 

for each domain, we then sought to identify strengths and weaknesses in development 

within each molecular subtype. For this, we used the LMM estimates based on age-

equivalents (Table 7 and Fig. 5a–e). Least squares means was also calculated to identify 

relative strengths and weaknesses among the different developmental domains (Table 8). 

These analyses showed that in all participants regardless of molecular etiology, expressive 

communication was a significant weakness relative to all other developmental domains 

(Table 8 and Fig. 5). This was the only finding that was consistent across molecular 
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subtypes; profiles of the strengths and weaknesses of each molecular subtype are described 

below.

Class I Deletions—In the class I deletion subtype, cognitive (x = 15.1 months, SE = 0.26) 

and gross motor skills (x = 14.4 months, SE = 0.26) were the strongest skills while expressive 

language skills (x = 8.8 months, SE = 0.26) was the weakest (see Table 8). Rates of gain 

in developmental skills were similar for cognitive (b = 1.1 months/year, SE = 0.08), fine 

motor (b = 1.0 months/year, SE = 0.08) and gross motor (b = 1.2 months/year, SE = 0.08) 

domains, all of which were higher than those of receptive (b = 0.7 months/year, SE = 0.08) 

and expressive communication (b = 0.5 months/year, SE = 0.08) (Table 8).

Class II Deletions—Similar to the class I deletion subtype, at age 6, class II deletion 

subtype had the highest mean age-equivalent score in the cognitive domain (x = 15.7 months, 
SE = 0.20) and the lowest mean age equivalent score in the expressive language domain 

(x = 9.2 months, SE = 0.20). Rates of growth over time were highest for the cognitive 

and gross motor domains, while the lowest rate of growth occurred in the expressive 

language domains. Fine motor and receptive communication skills were similar in overall 

age equivalent scores at age 6 as well as rates of skill development; both were significantly 

lower than cognitive and gross motor skills, but significantly higher than expressive 

communication skills (Table 8, Fig. 5b).

UBE3A Pathogenic Variant—Children with a UBE3A pathogenic variant had relative 

strength in the fine motor and cognitive domain with higher overall age equivalent scores at 

age 6, but relative weakness in expressive communication (Table 8, Fig. 5c). Rates of growth 

were greater than 2.0 months/year for the cognitive, receptive communication, fine and gross 

motor domains.

ImpD—Children with an ImpD had highest mean age equivalent score at age 6 

(x = 27.0 months, SE = 0.75) and highest rate of growth (b = 1.7 months/year, SE = 0.29) in 

the fine motor domain, but the lowest mean age equivalent score (x = 13.5 months, SE = 0.75) 

and slowest growth (b = 0.2 months/year, SE = 0.29) in expressive language skills. Rates 

of growth were similar for the cognitive and receptive language domains. These profiles are 

illustrated in Table 8 and Fig. 5d.

UPD—Children with UPD had relative strength in cognitive, fine motor, and receptive 

communication domains, with relative weakness in the expressive communication domain 

in terms of both mean age equivalent scores at age 6 and rate of growth. These profiles are 

illustrated in Table 8 and Fig. 5e.

Discussion

This study used data from the AS natural history study, which has the largest known 

collection of longitudinal developmental data in AS. Providing an overview of the natural 

history of core developmental domains is critical to advancing our understanding of this 

condition and provides baseline data for the assessment of therapeutic efficacy in future 

clinical trials. Our primary goal was to describe in detail the skills attained by children with 
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AS in the first 12 years of life, focusing on differences in overall scores and how these 

‘scores’ in the different developmental domains changed over time among and within the 

different molecular subtypes of AS. For the purposes of this paper, we focused our analyses 

on age equivalent scores and growth score equivalents.

The current analysis demonstrated that when using age-equivalent scores to estimate 

cognitive development, at six years of age, children with AS were demonstrating skills 

at approximately a 14-to-27-month developmental level, making developmental gains of 

around 1–2 months/year depending on the molecular subtype (Table 4). These results are 

similar to previous reports of developmental skill attainment in AS (Peters et al. 2004; Sahoo 

et al. 2006), and they are generally consistent with clinical reports and other studies of 

functional abilities in this population (Brun Gasca et al. 2010; Di Nuovo and Buono 2011; 

Micheletti et al. 2016).

It is important to note that age-equivalent scores do not capture the full picture as multiple 

raw scores correspond to the same age equivalent score. In addition, the rate of change in 

age equivalent scores across different ages are not comparable. Hence, age equivalent scores 

may not be sufficiently sensitive in capturing small changes in development. Researchers 

have therefore recommended the use of “person ability scores” such as growth score 

equivalents in analyzing the development of individuals with severe neurodevelopmental 

disorders since these scores are more sensitive for capturing changes within an individual 

over time (Farmer et al. 2020). Our analyses of growth score equivalents revealed that 

children with AS continued to gain skills through at least 12 years of age, which was the 

age cutoff in this study. Specifically, we found that, on average, children with AS continued 

to gain skills over time at a rate of approximately 1–16 growth score points/year depending 

on the domain and molecular subtype. This suggests that children with AS continue to learn 

new skills over time, however slowly it may be, and therefore they can benefit from ongoing 

intensive developmental interventions such as physical, occupational, and communication 

therapies.

Our study specifically highlighted similarities and differences in developmental outcomes 

across molecular subtypes. Compared to those with AS caused by ‘non-deletion’ etiologies, 

children with a deletion have lower scores at baseline and have a slower rate of gaining skills 

over time in all domains on the Bayley-III. This is consistent with prior studies that found 

that children with AS due to a chromosomal deletion have a more severe developmental 

phenotype compared to those with AS due to other molecular etiologies (Bindels-de Heus 

et al. 2020; Mertz et al. 2014). We also found no differences in the developmental profiles 

and trajectories for the two main classes of deletions, as previous authors have determined 

(Peters et al. 2012). Deletions are the most common genetic cause of AS, accounting for 

approximately 70% of cases (Bird 2014). They are also the primary target subtype for many 

of the emerging therapies that are being developed for AS. Treatments that can improve 

these developmental trajectories even modestly are likely to have a large impact on the 

quality of life for these individuals and their families.

UBE3A pathogenic variants, UPD, and ImpD (i.e., “non-deletion”) subtypes are often 

combined in studies exploring differences between molecular subtypes partly because 
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they are rarer forms of AS compared to the deletion subtype. As a result, developmental 

differences between deletion and non-deletion forms of AS have been relatively well 

documented (Peters et al. 2004; Varela et al. 2004). However, understanding even slight 

differences between these non-deletion subtypes can be important for distinguishing 

the needs and prognoses for these children. The UBE3A pathogenic variant subtype 

demonstrated higher overall age equivalent scores and growth score equivalents as well as 

greater rates of skill attainment in all domains compared to other subtypes; consistent with 

previous studies (Lossie et al. 2001; Wheeler et al. 2019). The developmental profiles were 

generally similar for UPD and ImpD. Both subtypes generally had slightly lower overall 

age equivalent scores and growth score equivalents and slower rates of growth in both age 

equivalent scores and growth score equivalents compared to the UBE3A pathogenic variant 

subtype across all domains, but they had higher overall age equivalent scores and growth 

score equivalents than both deletion classes. In addition, both subtypes showed consistent 

growth in cognitive, fine motor, and receptive communication domains, but a significant 

weakness in expressive communication.

Relative weakness in expressive communication skills was found in all individuals 

regardless of molecular etiologies. Given the complex communication needs and challenges 

with speech production that is well documented in this population (Quinn and Rowland 

2017), this was not an unexpected finding. However, it is important to note that scoring on 

the expressive communication subtest of the Bayley-III is limited to vocalizations heard 

or words said, and it does not allow credit for the use of alternative communication. 

Individuals with AS use a range of communication modalities including gestures, manual 

signs and augmentative and alternative communication (AAC) devices (Pearson et al. 2019; 

Quinn and Rowland 2017). If these alternative communication methods were considered, 

the estimated age equivalence for communication skills might be higher for some children 

with AS. We might also find differences in the communication skills and the use of different 

communication modalities among individuals with different etiologies of AS. It is important 

to consider these factors and include additional measures such as the Communication Matrix 

(Rowland and Fried-Oken 2010) or AAC assessments in order to truly understand the 

communication skills and needs of this population. Given the absence of speech, it is 

important that speech therapy in AS specifically target AAC. Indeed, studies have shown 

that use of AAC in AS improves overall communication skills (Roche et al. 2020).

Limitations

Although this is one of the largest longitudinal samples ever reported on AS, a major 

limitation is the variation in numbers of observations at different ages, particularly within 

some molecular subtypes. Hence, our results should be interpreted and generalized with 

caution given the small sample size at older ages and additional longer-term studies with 

larger sample sizes are warranted to confirm these findings.

Because the Bayley-III was designed for and normed in young children up to age 42½ 

months, the potential range of developmental skills and age-equivalent scores provided by 

the Bayley-III is limited. As a result, this measure cannot capture skills that would be 

expected in developmentally advanced children. However, many of the skills assessed on 
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developmental measures like the Bayley-III (for example, object permanence) are necessary 

prerequisites for the development of the higher-order skills that are assessed on cognitive 

instruments designed for chronologically older children. As such, if the early developmental 

skills assessed on the Bayley-III are not attained, the child would not be expected to be able 

to complete tasks on tests that would be more age appropriate. It is critical to note, however, 

that children with AS exhibit a much wider range of skills than can be captured by any 

one developmental measure. There are other aspects of development, including functional 

communication and performance within their home and school environments, that are not 

captured in these analyses.

Unlike neurotypical children, those with Angelman syndrome may demonstrate scatter in 

their developmental skills such that they may not have acquired all the skills that are 

being assessed for a given developmental age. Because the Bayley-III was used out of the 

age norm with this population and the start points within the testing domains were not 

standardized, there may have been considerable variability in the item sets administered by 

different examiners across the study sites using their clinical judgment instead of testing 

standards to determine the most appropriate starting points. This could have resulted in 

inaccurate estimation of developmental skills. In addition, the Bayley-III still relies on verbal 

and fine motor performance (although to a lesser extent than other standardized cognitive 

measures), which may limit or penalize children with AS who have the cognitive ability to 

understand a task, but not the verbal or motoric ability to complete it. Furthermore, many of 

the items used to assess skills on the Bayley-III are not always developmentally appropriate 

for older children, so attention and motivation may impair performance. Unfamiliarity with 

the environment and the examiner can also contribute to reduced task performance. Despite 

these limitations, the Bayley-III can provide an estimate of the developmental level and 

capture subtle changes over time.

An additional limitation of this study is that participants were not consistently tested for 

mosaicism, the presence of which could ameliorate the AS phenotype through some cells 

retaining UBE3A expression. Additionally, while we had information on whether the child 

had a history of seizures as well as the age of the onset of seizures, there was significant 

variability among participants in the terms of the frequency of current seizures, use of 

seizure medications, and whether the seizures were well-controlled at the time of the 

neurodevelopmental evaluation in our study. As a result, seizure was not included as a 

co-variate in the current analyses. AS individuals with poorly-controlled seizures, even if 

subclinical or non-convulsive, make slower developmental progress and may even regress 

developmentally. Since those with a deletion are more likely to have seizures and tend to 

have more severe seizures (Bindels-de Heus et al. 2020), it is possible that the slower rate 

of neurodevelopment across all domains in some of those individuals with a deletion may 

be partly due to their having poorly-controlled seizures. Moreover, use of valproic acid as 

an anti-epileptic drug in AS has been shown to be associated with poor development or 

regression of motor skills, which can be reversed upon discontinuation of the medication 

(Shaaya et al. 2016), but some individuals with AS are still prescribed valproic acid, so that 

may negatively impact their neurodevelopment as well. Future studies should therefore focus 

on assessing the impact of seizures and seizure medication on the neurodevelopment in AS.
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Conclusion

Using longitudinal data from the largest known cohort to date of participants from the AS 

Natural History study, we have confirmed previous reports that the developmental profiles in 

AS vary with molecular etiologies. Understanding the subtleties of development over time 

within and across molecular subtypes is critical in determining whether emerging treatments 

can improve the developmental trajectories in the different developmental domains. Our 

study can serve as a model for analyzing developmental outcomes in other conditions that 

result in severe to profound intellectual impairment such as severe (level 3) forms of autism 

and other rare genetic conditions, where longitudinal trajectories are not well characterized 

and traditional cognitive measures are not appropriate.
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Fig. 1. 
Cross-sectional distribution of Bayley-III Age-equivalent scores by subtype and domain
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Fig. 2. 
Cross-sectional distribution of Bayley-III Growth Scale Value (GSV) scores by subtype and 

domain
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Fig. 3. 
(a–e) Effects plots of Bayley-III Age-equivalent scores for each developmental domain and 

molecular subtype
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Fig. 4. 
(a–e) Effects plots of Bayley-III Growth Scale Value (GSV) scores for each developmental 

domain and molecular subtype
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Fig. 5. 
(a–e) Effects plots of Bayley-III Age-equivalent scores for each developmental domain and 

molecular subtype
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