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Angelman Syndrome (AS) is a neurodevelopmental disorder most commonly caused by the
impaired expression of the maternal UBE3A gene on chromosome 15. Though anxiety has been
identified as a frequently present characteristic in AS, there are limited studies examining anxiety
in this population. Studies of anxiety in other neurodevelopmental disorders have found disorder
specific symptoms of anxiety and age specific displays of anxiety symptoms. However, there is
a consistent challenge in identifying anxiety in people with neurodevelopmental disorders given
the lack of measurement instruments specifically designed for this population. Given the limited
information about AS and anxiety, the aims of the current project were to (a) examine symptoms
of anxiety in children with AS and (b) determine the correlates of anxiety in children with AS.
Participants included 42 adult caregivers of youth with AS in the AS Natural History study

who completed the Developmental Behavior Checklist (DBC). The results found that 26% of
the sample demonstrated elevated symptoms of anxiety and established a relationship between
elevated anxiety in youth with AS and higher levels of irritability, hyperactivity, self-absorbed
behaviors, and disruptive/antisocial behaviors. Findings from this research provide a foundation
for tailoring evidence-based assessments and treatments for youth with AS and anxiety.

Keywords

Angelman syndrome; anxiety; developmental behavior checklist; children

Angelman Syndrome (AS) is a neurodevelopmental disorder caused by the impaired
expression of the maternal UBE3A gene on chromosome 15 in neurons (Albrecht et al.,
1997; Tan & Bird, 2016). The molecular etiology of AS can be categorized into two main
groups, “deletion-positive” and “deletion-negative.” Individuals with a “deletion-positive”
etiology are those with a deletion on chromosome 15 within the AS critical region 15911.2—
ql3 (Dagli et al., 2012), whereas those with a “deletion-negative” etiology have other causes
such as a pathogenic variant in UBE3A, paternal uniparental disomy, or an imprinting defect
(Lossie et al., 2001). AS is characterized by the lifelong consistent features of intellectual
disability, motor dysfunction, lack of speech, and behavioral uniqueness, which includes any
combination of frequent laughter/smiling, apparent happy demeanor, and an easily excitable
personality (Margolis et al., 2015; Williams et al., 2006). Seizures, sleep difficulties, and
other behavioral features (e.g., hyperactivity, aggression, anxiety) have also been reported as
frequently present (Wheeler et al., 2017).

Information on anxiety in AS is limited compared to other developmental disorders such

as intellectual disability (Bailey, 2007; Pruijssers et al., 2014), autism spectrum disorder
(Mattila et al., 2010; van Steensel & Heeman, 2017; White et al., 2009), cerebral palsy
(McDougall & Wright, 2017; Smith et al., 2019), and other genetic syndromes such as
Fragile X (Woodcock et al., 2009; Ezell et al., 2019) and Prader-Willi syndromes (van
Lieshout et al., 1998). Anxiety within these disorders has been most strongly associated with
social situations, crowded places, new environments, and changes in routine (McDougall &
Wright, 2017; Pruijssers et al., 2014; Woodcock et al., 2009). Biological markers of anxiety
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such as cortisol levels and atypical hypothalamic-pituitary-adrenal (HPA) axis functioning
have also been identified (Hardiman & Bratt, 2016; Matherly et al., 2018).

Previous studies have described how anxiety symptoms can be identified across
neurodevelopmental conditions. A meta-analysis by Royston et al. (2017) concluded that
people with Williams syndrome (WS) are prone to have generalized anxiety disorder (GAD)
and phobias related to the phenotypic and neurological traits of WS (e.g., sensitivity to loud
noises and neural structural differences that increase sensitivity to threat stimuli). Kerns et
al. (2014), reported that anxiety symptoms among children with ASD may manifest itself

in typical (i.e., similar to neurotypical people, like specific phobias, somatic symptoms, and
distress or worries about separating from a caregiver) and atypical (i.e., symptoms associated
with autistic characteristics, such as fears related to uncertainty, social discomfort, and
idiosyncratic phobias) ways. Crawford et al. (2017), compared anxiety profiles among
Fragile X, Cornelia de Lange, and Rubinstein-Taybi syndrome groups and used a symptom-
based approach to better understand anxiety presentations. This approach identified the
presence and severity of distress caused by anxiety and potentially overlapping neuro-
developmental symptoms to pinpoint areas for symptom-specific interventions to reduce
anxiety (Crawford et al., 2017). Overall, these studies distinguished clinically significant
anxiety symptoms to encompass both typical and atypical presentations that may overlap

or resemble traits of the individual’s neurodevelopmental condition. Based on previous
findings, anxiety symptoms in neurodevelopmental populations can be defined as those that
are captured by DSM criteria, indicate anticipatory worry, reactivity to/fear of unpleasant
stimuli, result in behavioral inhibition, and in physical responses.

Anxiety occurs across the lifespan within these populations, with some disorders showing
an increase in anxiety symptoms with age (McDougall & Wright, 2017; van Lieshout et al.,
1998). Moreover, anxiety within these disorders has been associated with particularly high
levels of psychological distress and physical responses such as repetitive and self-injurious
behaviors (Pruijssers et al., 2014; Woodcock et al., 2009). These studies highlight the
importance of ensuring that standardized measures and diagnostic tools accurately capture
anxiety within populations with developmental disorders (Pruijssers et al., 2014; Woodcock
et al., 2009).

In a previous study, a review of 53 medical records of individuals between the ages of 16

to 43 years old with molecularly-confirmed AS found anxiety was present in 57% of the
sample, with incidence of anxiety being greater in patients over the age of 26 years (71%
of sample). Separation from a caregiver or encountering an unfamiliar environment were
frequently-endorsed triggers of anxiety, with behavioral responses including avoidance, head
banging or slapping, pacing, cyclic vomiting, and behavioral outbursts (Prasad et al., 2018).
Though anxiety has been identified as a frequently present characteristic in AS (Larson et
al., 2015), there are limited studies which examine the prevalence and features of anxiety
in this population. Furthermore, there are challenges associated with assessing anxiety

in people with AS, including the lack of existing measures normed on this population,
limited self-reporting, and a reliance on caregiver reports of behavior. Given that many
anxiety studies among individuals with neurodevelopmental conditions are limited by the
aforementioned factors, results should be interpreted with caution.
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Parents of children with AS have reported higher levels of parenting stress related to child
factors including intellectual abilities, physical abilities and mood characteristics (Miodrag
& Peters, 2015). When examining caregiver perceptions of people with AS, anxiety was
identified as one of the primary clinical manifestations of the disorder. One hundred and

ten caregivers completed standardized medical history questions about the adolescent or
adult with AS, and 46% (7 = 48) of the caregivers reported that the individual with AS had
shown some signs of anxiety (Larson et al., 2015). In another study of caregiver reports
(n=100), when assessed using a clinician-developed questionnaire, anxiety concerns were
reported in 40% of individuals with AS (ages 10-56 years), with over 50% displaying
distress when separated from their preferred caregiver (Wheeler et al., 2019). Contrary to the
aforementioned studies, one study found that the social avoidance, generalized anxiety, and
obsessive-compulsive behavior subscales were not elevated in a sample of 12 people with
AS when measured by the Anxiety, Depression, and Mood Scale (ADAMS) (Wink et al.,
2015). While this existing literature suggests that anxiety is elevated in AS, it has generally
been assessed without standardized assessments, and few studies have reported on correlates
or factors that may differentiate those with AS with and without anxiety.

The impact of AS is significant and lifelong for both the diagnosed individual and their
caregivers. However, there is still limited information about the correlates and prevalence

of anxiety in people with AS. Additionally, the clinical characteristics of people with AS
and anxiety needs to be further studied to help identify anxiety-specific symptoms within
this population. These symptoms may not be fully captured in the anxiety diagnostic criteria
or typical measurement tools used to assess anxiety. Having a better understanding of

this information represents an initial step towards improving both the assessment of and
intervention for anxiety in AS.

The aims of the current project were to examine anxiety symptom prevalence in children
with AS and how it relates to other clinical characteristics and identify potential factors that
drive these associations. Our first aim was to explore what proportion of youth with AS
(ages 1-19 years) exhibited symptoms of anxiety reported by their caregiver, as measured

by the Developmental Behavior Checklist-Primary Carer Anxiety (DBC-P) subscale. Based
on previous findings (Larson et al., 2015; Wheeler et al., 2019), we anticipated a substantial
portion would report elevated symptoms of anxiety. Secondly, we aimed to identify what
significant factors were associated with elevated anxiety (i.e., age, behavior/cognitive
functioning, molecular diagnosis, etc.) in children with AS. Given that there are few data
pertaining to the second aim, data from studies in other developmental disabilities were used
to glean hypotheses. It was hypothesized that anxiety in people with AS would be positively
associated with age, developmental level (neurocognitive functioning), adaptive functioning,
and behavior problems. This paper is an important initial step in describing anxiety symptom
prevalence and identifying anxiety correlates in AS groups. We hope that this paper will
provide insight on the understudied anxiety symptoms in people with AS and help contribute
to improving anxiety prognosis within this population.
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Participants

Measures

As part of the AS Natural History study (Clinical-Trials.gov identifier: NCT00296764)
conducted under the National Institutes of Health Rare Diseases Clinical Research Network,
participants were recruited from one of six urban hospital study sites across the United
States from January 2006 to July 2014. Each participant attended a baseline session at

one of the study sites, and then approximately annual visits for developmental, behavioral,
and medical assessments. The DBC was introduced as a measure in the study only at the
beginning of 2014. Hence, only a limited number of families with AS were administered
the DBC. Data for the current study were taken from the first visit with a completed
Developmental Behavior Checklist-Primary Carer (DBC-P). Forty-two adult caregivers of
youth with AS in the AS Natural History study completed the DBC-P, the key variable

of interest in this analysis. Additional child inclusion criteria included (1) a molecular
diagnosis of AS, (2) absence of comorbid disorders that might confound or distort AS
phenotype, and (3) age between 1 and 19 years. Child exclusion criteria included (1) not
meeting diagnostic criteria for a molecular diagnosis of AS, (2) presence of comorbid
medical or genetic disorders, and (3) extreme prematurity (i.e., born before 26 weeks
gestation). Information regarding child demographics can be seen in Table 1 below.

In addition to direct testing with the person with AS, multiple measures were used

to gather information regarding caregiver perspectives of their child’s behavioral and
developmental functioning. All of the measures were administered on the same day. The
neurodevelopmental measures were administered by doctoral-level child or developmental
psychologists and the remaining measures were completed by the parents. Participants also
completed an initial evaluation form, which included demographic information in addition to
a family data form, which focused on family and social history.

Behavioral Measures

Aberrant Behavior Checklist-Community Version.—The Aberrant Behavior
Checklist-Community Version (ABC-C; Aman et al., 1985) is a 58-item questionnaire,
which measures maladaptive behaviors in people with intellectual disabilities. It has
previously been used in outcome studies examining problem behaviors in people with
developmental disabilities (Freund & Reiss, 1991; Sansone et al., 2012). The ABC-C is
scored on a 4-point scale (0-3) with higher scores indicating greater problem behavior. Four
of the five scales on the ABC-C were used: Irritability (15 items), Hyperactivity (16 items),
Lethargy (16 items), and Stereotypy (7 items) (Aman et al., 1985). The Inappropriate Speech
(4 items) scale was excluded because the majority of people with AS are nonverbal.

DBC-P Version.—The DBC-P (Einfeld & Tonge, 2002), is a 96-item questionnaire used
to assess behavior and emotional problems in youth ages 4-18 years with developmental
and intellectual disabilities. Items are scored on 3-point scale (0-2) with 0 indicating the
behavior is not true and 2 indicating it is very/often true. It includes 5 subscales: Disruptive/
Antisocial (27 items), Self-Absorbed (31 items), Communication Disturbance (13 items),
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Anxiety (9 items), and Social Relating (10 items), and an overall Total Problem Behavior
score (Einfeld & Tonge, 2002). Specifically, the anxiety items reflect symptoms commonly
seen in anxious people with intellectual disabilities, such as distress about being alone, shy,
or fearing particular situations which are related to numerous anxiety presentations (e.g.,
social, separation, etc.)

Developmental Measures

Bayley Scales of Infant and Toddler Development, Third Edition.—
Neurodevelopment was assessed at each visit with the Bayley Scales of Infant and Toddler
Development, Third Edition (Bayley-I11; Bayley, 2005). The Bayley-Ill is a standardized
measure for children up to 42 months and provides assessment of cognitive, receptive and
expressive language, and fine and gross motor functioning (Bayley, 2005). It has been used
in people outside of the normative chronological age range whose abilities fall within the
developmental age range of 0-42 months. The developmental quotient (DQ), which has been
recommended over scaled scores for people with intellectual disabilities, generally refers to
a child’s performance on a set of tasks compared to other children their age (Dykens et al.,
1994). The DQ is calculated by dividing the child’s developmental age by chronological
age, then multiplying the quotient by 100; this has been used in prior AS studies to identify,
compare, and monitor levels of the child’s development across same-aged groups (Gentile et
al., 2010).

Vineland Adaptive Behavior Scales, 2nd Edition.—The Vineland Adaptive Behavior
Scales, 2nd Edition (Vineland-2; Sparrow et al., 2005) is a measure of personal and social
skills for individuals from birth to 90 years. The overall adaptive functioning standard score
(ABC, Adaptive Behavior Composite) was used in this study.

Data Analysis

To evaluate the proportion of youth with AS with elevated symptoms of anxiety, the
frequency of individuals above and below a raw score of 4 on the DBC-P-anxiety subscale
was presented, corresponding with a 7-score of 60, which is consistent with the clinical
cutoff for the total score (an anxiety subscale cutoff has not been evaluated; Einfeld &
Tonge, 2002). The proportion of participants above a 7-score of 70 (raw score of 5) was also
examined, as this clinical significance cutoff is often used in other standardized rating scales
(e.g., Achenbach & Rescorla, 2001).

Bivariate correlations were conducted between the DBC-P-Anxiety subscales and the
following variables: Bayley-111 subscales (Cognitive, Receptive, Expressive, Fine Motor,
and Gross Motor), ABC subscales (lIrritability, Lethargy, Stereotypy, and Hyperactivity),
other DBC-P subscales (Disruptive/Antisocial, Self-Absorbed, Communication Disturbance,
and Social Relating), the Vineland composite adaptive behavior score, and age in months.
Finally, the DBC-P-Anxiety subscale scores were compared across genotypes (i.e., deletion-
positive vs. deletion-negative), as deletion-positive individuals have been noted to show
lower adaptive and cognitive functioning, and thus were anticipated to experience lower
anxiety (Godavarthi et al., 2012). Anxiety was expected to be positively associated with
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age, developmental level (neurocognitive functioning), adaptive functioning, and behavior
problems. Effect size interpretation followed Cohen’s (1992) recommendations.

Of the 42 participants in this study, data on the Vineland ABC standard score was missing
for 2 (4.7%) participants. Because of the low proportion of missing data for these measures,
case wise deletion was used for the two participants who had incomplete Vineland data.
Regarding normality, a threshold of —2 to +2 for skewness or kurtosis was used to assess
significant deviations from a normal distribution (Hair et al., 1998).

Demographics

The mean age of completion for participants was 118.8 months (~9 years old). Participation
was nearly equal between males and females with 57% of the sample (1= 24) being

male. Sixty-seven percent (7= 28) of participants were in the deletion-positive genotypic
subgroup. All participants were at least 2 standard deviations below the mean in terms of
adaptive functioning measured by the Vineland adaptive behavior composite standard score,
indicating all participants had significant deficits in adaptive functioning. No child in this
sample reached the ceiling for any Bayley-111 subtest (the highest age-equivalent score was
one child whose age equivalent was at 41 months on the fine motor subscale).

Aim 1: What Proportion of Youth With AS Exhibit Elevated Symptoms of Anxiety?

Twenty-six percent of the sample (n = 11) was classified as experiencing elevated anxiety
corresponding with a DBC-P-Anxiety subscale raw score of 4 (Einfeld & Tonge, 2002). The
mean score for the sample was 3.

Aim 2: ‘What Factors are Associated With Elevated Anxiety Symptoms in Children With

AS?

Discussion

Significant moderate positive correlations were found between the DBC-P-Anxiety and

the DBC-P-Disruptive-Antisocial subscale, r= .42, p=.005, the DBC-P-Self-Absorbed
subscale, r= .41, p=.008, and the ABC-Hyperactivity subscale, r= .35, p=.025. A large
association between DBS-P-Anxiety and ABC-Irritability was also found, r= .58, p< .001.
Significant associations with the other emotional-behavioral measures, the Vineland, and the
Bayley-111 domain scores were not found. See Table 2 for a summary.

Finally, the DPC-Anxiety subscale was compared across genotypic subgroups. Deletion-
positive individuals did not differ from deletion negative on the DPC-Anxiety subscale, M
(SD)deletion-positive = 2.21 (2.01), M (SD)deletion-negative= 3.50 (2.85), £(44) = 1.66, d=
54.

Based on previous studies on anxiety symptoms in AS populations, we hypothesized that
a substantial portion of our sample would exhibit elevated anxiety symptoms based on
caregiver report. As measured by the DBC-P-Anxiety subscale, only 26% of the sample
was classified as experiencing elevated symptoms of anxiety. This is slightly lower than
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previous studies reporting anxiety symptoms in 40-57% of people with AS (Wheeler et
al., 2019; Prasad et al., 2018). Differences in anxiety symptom rates could be due to the
age ranges of the participants in the studies. In previous research, anxiety symptoms were
more common in older individuals (26+ years of age) (Prasad et al., 2018). Our participants
were predominantly in a younger age range (average age of just under 10-years-old). Thus,
it is possible the lower rate of anxiety symptoms we found is explained by anxiety being
less common in younger people with AS, or because symptoms of anxiety may be easier
for caregivers to identify in older individuals. Differences in anxiety symptom rates could
also be due to the use of different measures to identify anxiety symptoms in our study
compared to prior studies. Given that anxiety symptoms in AS may present differently
from anxiety criteria used for the neurotypical population or those with higher levels of
cognitive functioning, current anxiety measures may not fully capture anxiety symptoms
within this specific population. Future studies should investigate anxiety characteristics

in people with AS taking into account cognitive abilities and across a wider age range
with multiple assessment tools, to compare prevalence and correlates and the influence of
cognitive functioning and/or age on anxiety symptoms within this population.

In this study, “elevated” was operationalized as above the 60th percentile; thus,
approximately 40% of any developmental disability population would be expected to
experience elevated symptoms using this definition. Finding that 26% of this sample was
above this cutoff suggests that anxiety symptoms may not be more of an issue in AS

than any other developmental disability population, at least in the age range sampled in
our study. Although clinical cutoffs have not been established for the DBC-P-Anxiety
subscale, we find this cutoff score justified given that an Anxiety subscale cutoff has not
yet been evaluated for this measure, and it is consistent with the validated clinical cutoff
for the total score on the DBC-P. This approach utilizes more psychometrically-supported
score information to identify symptoms of anxiety when compared to previous studies
utilizing clinician-developed questionnaires (Prasad et al., 2018) and review of medical
records (Larson et al., 2015). The use of established measures (e.g., Anxiety Disorders
Interview Schedule, Pediatric Anxiety Rating Scale, Anxiety, Depression, and Mood Scale,
etc.) (March et al., 1997; Reynolds & Richmond, 1978) to examine the reliability of
anxiety symptoms in AS should be explored in future research. Given that these measures
were developed for neurotypical individuals, and our current sample demonstrated overall
low DQ for people with AS, there may be a need to develop an entirely new tool (or
modify an existing tool) to capture anxiety symptoms in AS and other disorders with
intellectual disability. Measurement of possible biomarkers for anxiety within AS could also
be examined to reduce the heavy reliance on parental/caregiver reports and potential for
misidentifying observable behaviors as something else other than anxiety.

Our hypothesis that maladaptive behavior severity would correlate with anxiety
presentations in people with AS was supported. Positive correlations were found between
the DBC-P-Anxiety and the ABC-Irritability scale, the DBC-P-Self-Absorbed subscale, and
the DBC-P-Disruptive-Antisocial subscale. Caregivers of children with AS and elevated
anxiety symptoms endorsed higher levels of disruptive and antisocial behaviors compared
to parents of children without elevated anxiety symptoms. Because disruptive/antisocial
behavioral characteristics were significantly correlated with anxiety symptoms, anxiety

Am J Intellect Dev Disabil. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Grebe et al.

Conclusion

Page 9

treatment may be more effective if paired with interventions to target disruptive/antisocial
behaviors.

Regarding our second aim, developmental level (measured by the Bayley-I1l and
Vineland-2), and maladaptive behavior severity (measured by the ABC-C) characteristics
were not found to be significantly correlated with anxiety symptoms. Future studies with
larger samples should explore whether cognitive and adaptive functioning are associated
with anxiety when evaluating these variables.

While we recognize the small sample size of our study as a limitation, it is important to

note that AS is a rare neurogenetic disorder (Buiting et al., 2016), so achieving well-powered
samples may often present as a challenge in research. As noted, some analyses approached
medium effect sizes, including relationships between anxiety and adaptive behavior, fine
motor functioning, and genotypic subtype, that may have reached statistical significance
with a larger sample. Thus, future research is needed in well-powered samples to explore a
wide range of anxiety correlates, as well as interrogate differences among the non-deletion
genotypes (paternal uniparental disomy, imprinting defect, and UBE3A mutation).

Similar to other studies of anxiety in AS, another limitation of this study is the use

of parent-reports of anxiety symptoms and anxiety measures not specifically normed for
people with AS. However, the anxiety measures utilized were created to assess behavioral
and emotional problems among people with developmental and intellectual disabilities.
Additionally, although parent reports were helpful in determining manifestations of anxiety,
we should consider that there is a high overlap between anxiety and syndrome-specific
traits. Nonetheless, exploration of these anxiety symptoms will hopefully reduce diagnostic
overshadowing where clinicians interpret certain behaviors to be attributed solely to the
syndrome rather than co-occurring anxiety. Significant correlations across parent-report
measures may have also reflected informant effects; future research should use multi-
informant, multi-method approaches. Lastly, item level data were not collected for the DBC-
P or ABC. Given the limited information known about the anxiety symptom profiles for AS,
future studies utilizing item level information could provide more descriptive information on
how anxiety is operationalized within this population.

Given that anxiety symptoms in youth with AS are understudied, future research should
explore if these disruptive, antisocial, or irritable behaviors are possible expressions of
anxiety within the AS population. Anxiety in AS samples is predominately identified and
measured through symptom-specific factors, thus, having a better understanding of anxiety
correlates and manifestations can help with distinguishing anxiety from AS and potentially
overlapping symptoms. This data could prove to be useful in developing interventions to
reduce behavioral issues and co-occurring anxiety.

The present study examines caregiver reports of elevated anxiety symptoms using
standardized measures and correlates in a relatively young group of people with AS.
Anxiety symptoms frequently occur in people with AS, yet limited studies examine the
characteristics and correlates of this co-occurrence. The sparsity of research in this area
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limits our understanding on how to effectively identify and treat anxiety symptoms among
people with AS. Findings from this research provide a foundation for tailoring evidence-
based assessments and treatments for youth with AS and anxiety.

Our study suggested a relationship between elevated anxiety symptoms in youth with AS
and higher levels of challenging behaviors, such as irritability, self-absorbed behaviors,
hyperactivity, and disruptive/antisocial behaviors. Treatment recommendations targeting
the manifestations of anxiety for people with AS, may benefit from behavioral and/or
pharmacological interventions that target these behavioral issues. Given that maladaptive
behaviors in children with AS (such as hyperactivity, irritability, and aggression) have

an adverse effect on parent stress and quality of life (Sadhwani et al., 2019), future

studies should examine how these behaviors affect interpersonal factors and how these
relate to anxiety in large cohorts of people with AS across genotypes and age groups.
Additionally, future research on anxiety presentations in AS people should consider
selecting anxiety measures that are appropriate for the participant’s developmental level,
rather than the participant’s age. Since AS is a developmental disorder, developmental
delays are anticipated. Thus, looking at development level and functional performance may
be more meaningful than looking at chronological age. Lastly, caregivers of people with
AS could be examined separately to see how their child’s AS impacts their own stress and
anxiety. Recognition and treatment of a wide range of emotional and behavioral challenges
for youth with AS may therefore improve functioning both for them and their caregivers.

Acknowledgments

This study was supported by NIH U54 RR019478 (awarded to Arthur L. Beaudet) from the National Center for
Research Resources (NCRR), NIH U54 HD061222 (awarded to Alan Percy) and P50 HD103555 (awarded to
Rodney Samaco, David Nelson and Huda Zoghbi, and provided support for Eric Storch) from the National Institute
of Child Health and Human Development (NICHD), both components of the National Institutes of Health (NIH)
and the Texas Higher Education Coordinating Board (THECB).

References

Achenbach TM, & Rescorla L (2001). Manual for the ASEBA school-age forms & profiles: An
integrated system of multi-informant assessment. Aseba.

Albrecht U, Sutcliffe JS, Cattanach BM, Beechey CV, Armstrong D, Eichele G, & Beaudet AL (1997).
Imprinted expression of the murine Angelman syndrome gene, Ube3a, in hippocampal and Purkinje
neurons. Nature Genetics, 17(1), 75. 10.1038/ng0997-75 [PubMed: 9288101]

Aman MG, Singh NN, Stewart AW, & Field CJ (1985). The aberrant behavior checklist: a behavior
rating scale for the assessment of treatment effects. American Journal of Mental Deficiency, 89(5),
485-91. 10.1037/t10453-000 [PubMed: 3993694]

Bailey N (2007). Prevalence of psychiatric disorders in adults with moderate to profound
learning disabilities. Advances in Mental Health and Learning Disabilities, 1(2), 36—44.
10.1108/17530180200700019

Bayley N (2005). Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-I1I).
Harcourt Assessment, Inc.

Buiting K, Williams C, & Horsthemke B (2016). Angelman syndrome-insights into a rare
neurogenetic disorder. Nature Reviews Neurology, 12(10), 584. 10.1038/nrneurol.2016.133
[PubMed: 27615419]

Cohen J (1992). A power primer. Psychological Bulletin, 112(1), 155. 10.1037/0033-2909.112.1.155
[PubMed: 19565683]

Am J Intellect Dev Disabil. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Grebe et al.

Page 11

Crawford H, Waite J, & Oliver C (2017). Diverse profiles of anxiety related disorders in Fragile
X, Cornelia de Lange and Rubinstein—Taybi syndromes. Journal of Autism and Developmental
Disorders, 47(12), 3728-3740. 10.1007/s10803-016-3015-y [PubMed: 28144878]

Dagli A, Buiting K, & Williams C (2012). Molecular and clinical aspects of Angelman Syndrome.
Molecular Syndromology, 2(3-5), 100-112. 10.1159/000328837 [PubMed: 22670133]

Dykens EM, Hodapp RM, & Evans DW (1994). Profiles and development of adaptive behavior
in children with Down Syndrome. American Journal on Mental Retardation, 98(5), 580-587.
[PubMed: 8192903]

Einfeld SL, & Tonge BJ (2002). Manual for the Developmental Behaviour Checklist: Primary carer
version (DBC-P) and teacher version (DBC-T). Monash University Centre for Developmental
Psychiatry and Psychology.

Ezell J, Hogan A, Fairchild A, Hills K, Klusek J, Abbeduto L, & Roberts J (2019). Prevalence and
predictors of anxiety disorders in adolescent and adult males with autism spectrum disorder and
fragile X syndrome. Journal of Autism and Developmental Disorders, 49(3), 1131-1141. 10.1007/
$10803-018-3804-6 [PubMed: 30430320]

Freund LS, & Reiss AL (1991). Rating problem behaviors in outpatients with mental retardation:

Use of the Aberrant Behavior Checklist. Research in Developmental Disabilities, 12(4), 435-451.
10.1016/0891-4222(91)90037-S [PubMed: 1792366]

Gentile JK, Tan W-H, Horowitz LT, Bacino CA, Skinner SA, Barbieri-Welge R, Bauer-Carlin A,
Beaudet AL, Bichell TJ, & Lee H-S (2010). A neurodevelopmental survey of Angelman syndrome
with genotype-phenotype correlations. Journal of Developmental and Behavioral Pediatrics: JDBP,
31(7), 592. 10.1097/DBP.0b013e3181ee408e [PubMed: 20729760]

Godavarthi SK, Dey P, Maheshwari M, & Ranjan Jana N (2012). Defective glucocorticoid hormone
receptor signaling leads to increased stress and anxiety in a mouse model of Angelman syndrome.
Human Molecular Genetics, 21(8), 1824-1834. 10.1093/hmg/ddr614 [PubMed: 22215440]

Hair JF, Black WC, Babin BJ, Anderson RE, & Tatham RL (1998). Multivariate data analysis (MVol. 5,
No. 3, pp. 207-219). Prentice Hall.

Hardiman R, & Bratt A (2016). Hypothalamic-pituitary-adrenal axis function in Fragile X Syndrome
and its relationship to behaviour: A systematic review. Physiology & Behavior, 167, 341-353.
10.1016/j.physbeh.2016.09.030 [PubMed: 27720735]

Kerns CM, Kendall PC, Berry L, Souders MC, Franklin ME, Schultz RT, et al. (2014). Traditional and
atypical presentations of anxiety in youth with autism spectrum disorder. Journal of Autism and
Developmental Disorders, 44(11), 2851-2861. 10.1007/s10803-014-2141-7. [PubMed: 24902932]

Larson AM, Shinnick JE, Shaaya EA, Thiele EA, & Thibert RL (2015). Angelman syndrome
in adulthood. American Journal of Medical Genetics. Part A, 167(2), 331-344. 10.1002/
ajmg.a.36864

Lossie AC, Whitney MM, Amidon D, Dong HJ, Chen P, Theriaque D, Hutson A, Nichols RD, Zori
RT, Williams CA, & Driscoll DJ (2001). Distinct phenotypes distinguish the molecular classes
of Angelman syndrome. Journal of Medical Genetics, 38(12), 834-845. 10.1136/jmg.38.12.834
[PubMed: 11748306]

March JS, Parker JD, Sullivan K, Stallings P, & Conners CK (1997). The Multidimensional
Anxiety Scale for Children (MASC): Factor structure, reliability, and validity. Journal
of the American Academy of Child & Adolescent Psychiatry, 36(4), 554-565.
10.1097/00004583-199704000-00019 [PubMed: 9100431]

Margolis SS, Sell G, Zbinden MA, & Bird L (2015). Angelman Syndrome. Neurotherapeutics, 12(3),
641-650. 10.1007/s13311-015-0361-y [PubMed: 26040994]

Matherly S, Klusek J, Thurman A, Mcduffie A, Abbeduto L, & Roberts J (2018). Cortisol profiles
differentiated in adolescents and young adult males with Fragile X syndrome versus autism
spectrum disorder. Developmental Psychobiology, 60(1), 78-89. 10.1002/dev.21578 [PubMed:
29171019]

Mattila M-L, Hurtig T, Haapsamo H, Jussila K, Kuusikko-Gauffin S, Kielinen M, Linna S-L, Ebeling
H, Bloigu R, Joskitt L, Pauls D, & Moilanen 1 (2010). Comorbid psychiatric disorders associated
with Asperger Syndrome/ High-Functioning Autism: A community- and clinic-based study.

Am J Intellect Dev Disabil. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Grebe et al.

Page 12

Journal of Autism and Developmental Disorders, 40(9), 1080-1093. 10.1007/s10803-010-0958-2
[PubMed: 20177765]

McDougall J, & Wright V (2017). Factors related to symptoms of social anxiety in youth with cerebral
palsy. Developmental Medicine & Child Neurology, 59, 37-37. 10.1111/dmcn.52_13511

Miodrag N, & Peters S (2015). Parent stress across molecular subtypes of children with Angelman
syndrome. Journal of Intellectual Disability Research, 59(9), 816-826. 10.1111/jir.12195
[PubMed: 25833412]

Prasad A, Grocott O, Parkin K, Larson A, & Thibert RL (2018). Angelman syndrome in adolescence
and adulthood: A retrospective chart review of 53 cases. American Journal of Medical Genetics
Part A, 176(6), 1327-1334. 10.1002/ajmg.a.38694 [PubMed: 29696750]

Pruijssers AC, Meijel B, Maaskant M, Nijssen W, & Achterberg T (2014). The relationship
between challenging behaviour and anxiety in adults with intellectual disabilities: a literature
review. Journal of Intellectual Disability Research, 58(2), 162-171. 10.1111/jir.12012 [PubMed:
23336582]

Reynolds CR, & Richmond BO (1978). What | Think and Feel: A revised measure of children’s
manifest anxiety. Journal of Abnormal Child Psychology, 6(2), 271-280. 10.1007/BF00919131
[PubMed: 670592]

Royston R, Howlin P, Waite J, & Oliver C (2017). Anxiety disorders in Williams syndrome contrasted
with intellectual disability and the general population: A systematic review and meta-analysis.
Journal of Autism and Developmental Disorders, 47(12), 3765-3777. 10.1007/510803-016-2909-z
[PubMed: 27696186]

Sadhwani A, Willen JM, LaVallee N, Stepanians M, Miller H, Peters SU, Barbieri-Welge RL,
Horowitz LT, Noll LM, Hundley RJ, Bird LM, & Tan W (2019). Maladaptive behaviors in
individuals with Angelman syndrome. American Journal of Medical Genetics. Part A, 179(6),
983-992. 10.1002/ajmg.a.61140 [PubMed: 30942555]

Sansone S, Widaman K, Hall S, Reiss A, Lightbody A, Kaufmann W, Berry-Kravis E, Lachiewicz A,
Brown E, & Hessl D (2012). Psychometric study of the Aberrant Behavior Checklist in Fragile
X Syndrome and implications for targeted treatment. Journal of Autism and Developmental
Disorders, 42(7), 1377-1392. 10.1007/s10803-011-1370-2 [PubMed: 21972117]

Smith KJ, Peterson MD, O’Connell NE, Victor C, Liverani S, Anokye N, & Ryan JM (2019). Risk of
depression and anxiety in adults with cerebral palsy. JAMA Neurology, 76(3), 294-300. 10.1001/
jamaneurol.2018.4147 [PubMed: 30592485]

Sparrow S, Cicchetti D, & Balla D (2005). Vineland Adaptive Behavior Scales, 2nd Edition. Pearson
Assessments.

Tan W, & Bird L (2016). Angelman syndrome: Current and emerging therapies in 2016. American
Journal Of Medical Genetics Part C-Seminars In Medical Genetics, 172(4), 384-401. 10.1002/
ajmg.c.31536

van Lieshout CF, de Meyer RE, Curfs LM, Koot HM, & Fryns JP (1998). Problem behaviors
and personality of children and adolescents with Prader-Willi syndrome. Journal of Pediatric
Psychology, 23(2), 111-120. 10.1093/jpepsy/23.2.111 [PubMed: 9585637]

van Steensel FJA, & Heeman EJ (2017). Anxiety levels in children with autism spectrum
disorder: A meta-analysis. Journal of Child and Family Studies, 26(7), 1753-1767. 10.1007/
$10826-017-0687-7 [PubMed: 28680259]

Wheeler AC, Okoniewski KC, Wylie A, Deramus M, Hiruma LS, Toth D, & Christian RB (2019).
Anxiety-associated and separation distress-associated behaviours in Angelman syndrome. Journal
of Intellectual Disability Research, 63(10), 1234-1247. 10.1111/jir.12635 [PubMed: 31134691]

Wheeler AC, Sacco P, & Cabo R (2017). Unmet clinical needs and burden in Angelman syndrome: a
review of the literature. Orphanet Journal Of Rare Diseases, 12(1). 10.1186/s13023-017-0716-z

White SW, Oswald D, Ollendick T, & Scahill L (2009). Anxiety in children and adolescents
with autism spectrum disorders. Clinical Psychology Review, 29(3), 216-229. 10.1016/
j.cpr.2009.01.003 [PubMed: 19223098]

Williams CA, Beaudet AL, Clayton-Smith J, Knoll JH, Kyllerman M, Laan LA, Magenis RE,
Moncla A, Schinzel AA, Summers JA, & Wagstaff J (2006). Angelman syndrome 2005: Updated

Am J Intellect Dev Disabil. Author manuscript; available in PMC 2022 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Grebe et al. Page 13

consensus for diagnostic criteria. American Journal of Medical Genetics Part A, 140(5), 413-418.
10.1002/ajmg.a.31074 [PubMed: 16470747]

Wink LK, Fitzpatrick S, Shaffer R, Melnyk S, Begtrup AH, Fox E, Schaefer TL, Mathieu-Frasier L,
Ray B, Lahiri D, Horn PA, & Erickson CA (2015). The neurobehavioral and molecular phenotype
of Angelman Syndrome. American Journal of Medical Genetics Part A, 167(11), 2623-2628.
10.1002/ajmg.a.37254

Woodcock K, Oliver C, & Humphreys G (2009). Associations between repetitive questioning,
resistance to change, temper outbursts and anxiety in Prader—Willi and Fragile-X syndromes.
Journal of Intellectual Disability Research, 53(3), 265-278. 10.1111/j.1365-2788.2008.01122.x
[PubMed: 18771510]

Am J Intellect Dev Disabil. Author manuscript; available in PMC 2022 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Grebe et al.

Table 1
Child Demographics
Male sex N (%) 24 (57%)
Female sex N (%) 18 (43%)

Age in months M (range)
Age range N (%)
0-2 years-old
3-6 years-old
7-11 years-old
12-17 years-old
18-years-old+
Vineland adaptive behavior standard scores M (SD)
Bayley age equivalents in months M (SD)
Cognitive
Receptive language
Expressive language
Fine motor

Gross motor

Race N (%)?
White
Asian
African American/Black
Genotypic subgroups
Deletion-positive

Deletion-negative

118.8 (50.1-223.9)

3 (7%)
14 (30%)
18 (39%)
9 (20%)

2 (4%)

48.4(10.7)

18.4 (6.8)
14.2 (6.3)
8.8(3.0)
18.2 (9.3)
16.2 (4.2)

34 (81%)
7 (17%)
6 (14%)

28 (67%)
14 (33%)

a_ ...
Participants could select more than one race and thus the tally adds up to greater than 100%.
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