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Abstract

Angelman syndrome (AS) is a neurogenetic disorder. The goal of this study was to investigate the 

primary health issues affecting adults with AS and to further characterize the natural history and 

genotype-phenotype correlations. Standardized phone interviews with caregivers for 110 

adolescents and adults with AS were conducted. The impact of age, gender, and genotype on 

specific outcomes in neurology, orthopedics, internal medicine, and psychiatry were investigated. 

The mean age of individuals with AS was 24 years (range 16–50y). Active seizures were present 

in 41% of individuals, and 72% had sleep dysfunction. Significant constipation was present in 

85%, and 32% were overweight or obese, with obesity disproportionately affecting women. 

Scoliosis affected 50% with a mean age at diagnosis of 12 years, and 24% of those diagnosed with 

scoliosis required surgery, an intervention disproportionately affecting men. Sixty-eight percent 

were able to walk independently, and 13% were able to speak 5 or more words. Self-injurious 

behavior was exhibited in 52% of individuals. The results of this study indicate that epilepsy 

severity may assume a bimodal age distribution: seizures are typically most severe in early 

childhood but may recur in adulthood. While late-adolescent and adult sleep patterns were 

improved when compared to the degree of sleep dysfunction present during infancy and childhood, 

the prevalence of poor sleep in adults remained quite high. Primary areas of clinical management 

identified include the following: seizures, sleep, aspiration risk, GERD, constipation, dental care, 

vision, obesity, scoliosis, bone density, mobility, communication, behavior, and anxiety.
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INTRODUCTION

Angelman syndrome (AS) is a neurogenetic disorder clinically characterized by features of 

epilepsy, poor sleep, ataxia, frequent smiling/sociability, and scoliosis. Individuals typically 

have severe cognitive impairment and limited expressive speech. Eighty to 90% of 

individuals with AS develop seizures, which may include multiple semiologies [Thibert et 

al., 2009]. Children may have gross motor delays, sitting at an average age of 20.5 months 
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and walking at 3.7 years, and 10% of individuals with AS do not develop the ability to walk 

independently [Williams et al., 2010]. Although many children with AS have significant 

receptive language skills, the majority of individuals gain very few words [Jolleff et al., 

1993, Williams 2005].

AS has an estimated incidence of approximately 1 in 12,000–20,000 live births, but life 

expectancy by epidemiologic measures remains unknown [Williams et al., 2010]. The 

molecular etiology of AS is a loss of function of the maternally inherited UBE3A gene, 

which codes for E6AP-3A ubiquitin protein ligase [Knoll et al., 1989, Albrecht et al., 1997, 

Kishino et al., 1997]. There are 4 molecular subtypes of AS, and deletion of the 15q11.2–

13.1 region (Del) is the most common. Mutation of the maternal UBE3A gene, paternal 

uniparental disomy (UPD), and imprinting defects also cause an AS phenotype [Knoll et al., 

1989, Malcom et al., 1991, Buriting et al., 1995, Kishino et al., 1997, Matsuura et al., 1997].

The first individuals to undergo genetic testing for AS in early childhood during the late 

1980s are now young adults. Over the past 3 decades, there has been significant progress in 

diagnostics and care for adults with AS. Drs. Jill Clayton-Smith and Charles Williams were 

the pioneers of this field and among the first to characterize the adult phenotype and to study 

the impact of age [Williams et al., 1982, Clayton-Smith et al., 1993]. In 1984, Bjerre et al. 

contributed a case report of a 75-year-old patient with a clinical diagnosis of AS from 

Sweden who was described to be in generally good health [Bjerre et al., 1984]. The case, 

which features the oldest patient reported in the literature, played a pivotal role in AS 

research, as it provided some evidence that the disease was not a degenerative process 

[Bjerre et al., 1984, Sandanam et al., 1997]. Today, research on aging in the setting of AS 

continues to advance, and quality of life for the majority of individuals with AS has been 

found to be maintained into adulthood [Bjerre et al., 1984, Clayton-Smith et al., 2003]. In 

this study, investigators aimed to further characterize the natural history and current clinical 

manifestations of AS in adulthood.

MATERIALS AND METHODS

This institutional review board-approved study conducted at the Massachusetts General 

Hospital investigated AS in adulthood with subject data collected by a series of phone 

interviews with primary caregivers. Subject recruitment information was sent by e-mail to 

close to 1,120 addresses from the Angelman Syndrome Foundation (ASF) database. Study 

information was also posted to the “Current Research” page on the ASF website. Subject 

inclusion criteria were as follows: diagnosis of AS by a physician, 16 years of age or older, 

interviewee self-identification as one of the subject’s primary caregivers. Subjects were from 

34 states in the United States, Puerto Rico, and 2 Canadian provinces. All interviews were 

completed over a period of 4 months in 2011. The impact of age, gender, and genotype on 

specific outcomes in neurology, internal medicine, orthopedics, and psychiatry were 

investigated. The interview consisted of a set of standardized questions developed by the 

investigators. In addition, there were several designated points in the interview during which 

participants were asked to describe additional pertinent medical history not specifically 

covered in the standardized questions. The investigators were contacted by 3 families with a 

son or daughter with AS who had previously died. These caregivers completed the 
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standardized interview, and their responses were included in the full data set. In one case, the 

subject had died prior to an AS diagnosis; however, his sibling, who had a similar 

phenotype, was subsequently diagnosed with AS, identified by a mutation in UBE3A. Both 

siblings were therefore included and reported as having the same associated genotype. One 

subject had a diagnosis of mosaicism (unknown to investigators if the individual’s genotype 

was an imprinting defect or a chromosomal type). Because she was a genotypic outlier, her 

case data were not included in the full cohort analyses.

The interview included a modified Early Childhood Epilepsy Severity Scale (E-Chess) 

[Humphrey et al., 2008]. The score was modified from the rubric initially described by 

Humphrey et al. in two ways: (a) “time period over which seizure occurred” was eliminated, 

given that the full cohort would receive the same score (“more than 6 months”); (b) 

“response to treatment” was reduced to 1 of 2 possible responses, “complete cessation” or 

“partial/no improvement” [Humphrey et al., 2008]. Caregivers were asked the age range 

during which seizures were most severe, and the median age was calculated. Episodes 

reported by caregivers as seizures were recorded as such; however, in many cases, the 

patients had not recently undergone electroencephalography (EEG).

Categorical data were presented as frequencies and compared using a 2-sided Fisher exact 

test. Continuous data were presented as mean ± standard deviation (SD). Covariate impact 

was measured by linear regression for continuous variables and logistic regression for 

nominal or ordinal variables. Multivariate regression analyses assessing gender and age 

included the full cohort (n=109). Univariate regression analyses assessing genetic impact 

included the cohort of individuals with a known genotype (Del, UBE3A, UPD) (n=93). 

Alpha was set at 0.05.

RESULTS

Cohort demographic data are presented in Table I. There were no statistically significant 

differences in age or gender between the known genotype (n=93) cohort and the subset of 

individuals with a clinical diagnosis or unknown genotype (n=16). Epilepsy and sleep data 

are reported in Tables II and III. There was no association between having active seizures 

and sleep problems (p=0.506) and/or co-sleeping (p=0.423). Five cases were reported to 

have prolonged episodes of rhythmic shaking of their arms, legs, face, or whole body (F22, 

F24, M24, M29, M49). Events occurred only when the individuals were awake, and 

maximum duration ranged from 1 to 6 hours. Event frequency ranged from 3 events per year 

to 2 events per day prior to treatment. Triggers included menstruation, systemic illness, 

constipation, exhaustion, stress, and anger.

Table IV presents internal medicine data. In the treatment of gastroesophageal reflux disease 

(GERD), 6 individuals underwent Nissen fundoplication: 4 had the procedure before the age 

of 2 years (F18, M21, M24, M32), and 2 had the procedure in their twenties (F24, M20). 

Four individuals had a history of gastroparesis (F21, F26, M17, M24). From an 

ophthalmologic perspective, F32 had extreme sensitivity to bright sun in her eyes; M26 

developed keratoconus from persistent eye rubbing behavior; M32 was legally blind; and 

M24 had been diagnosed with cortical visual impairment. Tables V and VI present 
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anthropomorphic, orthopedic, mobility, and exercise data. Mean female height was 1.55 

meters (sd: 0.084), and male height was 1.68 meters (sd: 0.099). Scoliosis was not 

associated with the independently mobile (p=0.816) or non-ambulatory (p=0.242) 

covariates.

Table VII presents data on communication and activities of daily living. Recurrent themes 

included the following: significant receptive language skills; typically able to communicate 

needs and wants using direct objects; highly sensitive to voice tone, specifically when 

aggressive or confrontational; a demonstrated ability to make meaningful connections with 

people, despite limited expressive language. Table VIII presents data on challenging 

behaviors in AS. The most commonly cited challenging behaviors were as follows: pulling 

others’ hair (31%), hitting others (28%), yelling/screaming (21%), pulling on others (19%), 

dropping to the floor (18%), hugging too tightly and/or hugging strangers (17%), biting 

others (17%), chewing clothing (16%), chewing plastic (13%), pinching others (13%), 

hitting self (12%), biting nails (12%), kicking others (11%), banging head (10%). The 

majority of the AS cohort had never been evaluated by a psychiatrist; however, 46% (n=48) 

of caregivers felt that the individual had shown some signs of anxiety. Alternatively, only 2% 

of caregivers endorsed possible signs of depression.

M16 died in a drowning accident in the home. F24 died of pneumonia in the setting of 

severe seizures, and M38 died of metastatic lung cancer. Of the interviewed caregivers, 55% 

endorsed having back pain or other chronic pain symptoms. Thirty-seven percent endorsed 

feelings of isolation, and 19% were unable to identify a source of emotional support. 

Caregivers endorsed significant anxiety about the future: 30% described the anxiety as 

moderate, and 18% described it as severe.

DISCUSSION

The results of this study were limited by the interview design, which did not include a 

physical exam by a physician or medical record review. Given that participants were 

recruited through the ASF, this study may have a response bias toward a more severe 

medical phenotype. Additionally, a larger proportion of the study cohort was living with 

parents (75%) compared to a clinical series of adults with AS (ages 16 to 40 years) reported 

by Clayton-Smith et al., in which about half the study cohort continued to live with parents 

[Clayton-Smith et al., 2001]. The study cohort provided a relatively close representation of 

the genotypic distribution seen in the general AS population, with the exception of a mildly 

increased UPD subset and an absence of any subjects with an imprinting defect: Del 65–

75% (study 68%), UBE3A 5–11% (8%), imprinting defect 3% (0%), UPD 3–7% (9%) 

[Williams et al., 2010].

Neurology

Epilepsy is one of the primary health concerns for adults with AS and is the leading cause of 

hospitalization across age groups [Thomson et al., 2006]. The literature suggests that the 

period of greatest epilepsy severity is typically early childhood and that seizures often 

improve over the first decade and a half of life [Matsumoto et al., 1992, Clayton-Smith et al., 

1993, Smith et al., 1996, Viani et al., 1995, Valente et al., 2006, Thibert et al., 2009, Pelc et 
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al., 2008, Uemura et al., 2005]. According to the literature, individuals with AS may then 

experience a quiet period or seizure remission through their late teens and early twenties, 

followed by a possible recurrence of seizure severity during their third and fourth decades 

[Clayton-Smith et al., 1993, Thibert et al., 2009, Laan et al., 1996, Laan et al., 1997, 

Clayton-Smith et al., 2001, Williams et al., 1982, Matsumoto et al., 1992, Moncla et al., 

1999, Thomson et al., 2006, Buckley et al., 1998]. Consistent with prior series, the vast 

majority of this study cohort (94%) had a history of seizures [Thomson et al., 2006, Smith et 

al., 1996, Laan et al., 1997], and the majority of adults (77%) experienced their most severe 

seizures before age 11. We found a similarly bimodal distribution of seizure severity, with 

decreased rates of seizure-freedom and increased seizure severity scores, for individuals over 

25 years compared to those 16 to 20 years of age.

Previously, across age groups, the Del genotype has been found to confer the most severe 

epilepsy phenotype, followed by UBE3A. The UPD population has been found to exhibit the 

least severe epilepsy phenotype [Minassian et al., 1998, Clayton-Smith et al., 2003, Lossie et 

al., 2001, Moncla et al., 1999]. In our study we found that individuals with UBE3A had 

significantly decreased odds of developing seizures under the age of 3 compared to the Del 

cohort, and no one with this genotype had more than one seizure semiology. The UPD 

cohort had significantly decreased odds of developing epilepsy compared to the Del cohort, 

and no one with this genotype experienced daily seizures.

With an EEG correlate, sustained shaking episodes without loss of consciousness have been 

described in individuals with AS as myoclonic status in non-progressive encephalopathy 

(MSNE) [Pelc et al., 2008, Dalla Bernardina et al., 1985, Elia et al., 2009, Valente et al., 

2006, Guerrini et al., 1996, Ogawa et al., 1996, Dalla Bernardina et al., 1995, Viani et al., 

1995]. Without an EEG correlate, similar episodes of sustained shaking have also been 

clinically identified in AS and have been described as cortical myoclonus [Guerrini et al., 

1996, Stecker et al., 2003, Pelc et al., 2008, Guerrini et al., 2003]. Based on clinical 

experience with other adult AS patients, the investigators hypothesize that the shaking 

episodes described by the caregivers in this study are likely consistent with cortical 

myoclonus; follow-up studies that incorporate electrophysiological data are being conducted 

to further characterize this pathology in the adult AS population.

AS may also confer significant sleep problems [Walz et al., 2005, Conant et al., 2009]. The 

pathophysiologic mechanism of epilepsy and sleep dysfunction in AS may be secondary to 

haploinsufficiency and decreased expression of a GABA receptor gene, specifically 

GABRB3 on 15qll-13, adjacent to UBE3A [Minassian et al., 1998, Lossie et al., 2001, 

DeLorey et al., 1996, Nolt et al., 2003]. While significant sleep problems during infancy and 

early childhood are nearly universal among individuals with AS, it has been previously 

reported that sleep dysfunction may improve with age [Smith et al., 1996, Miano et al., 

2004, Clayton-Smith et al., 2001, Sandanam et al., 1997]. The results of this study support 

this hypothesis: the majority of caregivers described current sleep patterns as improved when 

compared to the degree of sleep dysfunction experienced during infancy and childhood. The 

prevalence of poor sleep in adults, however, remained quite high, affecting the majority 

(72%) of the cohort.
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Our results indicate sleep dysfunction in multiple domains for adults with AS, including 

increased sleep latency, night waking, and daytime sleepiness. Consistent with prior rates of 

increased sleep latency (48–50.5%) across age groups [Walz et al., 2005, Conant et al., 

2009], 65% of this study’s cohort had trouble falling asleep. Sandanam et al. found that 54% 

of adults (Del) had significant nighttime waking, and, similarly, 66% percent of this cohort 

was reported to have difficulty staying asleep [Sandanam et al., 1997]. Prior studies have 

shown a decreased need for sleep in children with AS [Conant et al., 2009, Clayton-Smith et 

al., 1993]. However, our results indicate a reported average of 7.4 hours of sleep per night 

and some evidence of daytime sleepiness. These findings suggest that adults may not show 

the same degree of decreased need for sleep as younger individuals [Clayton-Smith et al., 

1993]. The interaction between epilepsy and sleep dysfunction is not well understood, but 

these pathologies often coexist in the general epilepsy population, as well as in the AS 

population [Conant et al., 2009]. In this study, however, ongoing seizure activity was not 

significantly associated with sleep problems.

Internal medicine

The pathophysiologic impact of AS on the pulmonary, endocrine, and gastrointestinal 

systems has not been formally investigated in the adult population. We report high rates of 

pneumonia, choking episodes with eating, and resistant behavior surrounding drinking 

fluids. Very few individuals had undergone a formal speech and swallow study in the past, 

but our findings suggest that many adults with AS may have some degree of orapharyngeal 

dysfunction. Episodic gagging unrelated to eating was also common and for some, these 

gagging episodes had an olfactory trigger or anxiety component. These episodes appear 

quite uniform across the study population and may represent a form of stereotypy. Further, 

although AS is not traditionally associated with true hyperphagia, as is common in Prader-

Willi syndrome [Clayton-Smith et al., 2001], we found that half the individuals were 

reported to not self-regulate food intake and/or to exhibit a (suspected) limited sense of 

fullness. Caregiveres of females more often reported limited satiety.

Gastrointestinal health issues, specifically gastroesophageal reflux disease (GERD) and 

constipation, are common among adults with AS and often require ongoing medical 

management [Clayton-Smith et al., 2001]. Previously, Clayton-Smith et al. reported 

potentially severe reflux in adulthood, including a case of stricture requiring surgical 

intervention [Clayton-Smith et al., 2001]. Similarly, a substantial proportion of our cohort 

with GERD did not improve with medical treatment, and 2 individuals underwent Nissen 

fundoplication in adulthood. Constipation was nearly universal, often requiring medical 

management. These results show that diagnostics in internal medicine often pose a 

significant clinical challenge, and common pathologies of the alimentary tract can be severe 

and may require long-term medical management.

Ophthalmology

The prevalence and natural history of visual impairment in AS remains unclear. In the AS 

adult literature, there have been several reports of keratoconus, typically developing 

secondary to recurrent eye rubbing behaviors as was described in this study [Laan et al., 

1996, Williams et al., 1982, Bjerre et al., 1984, Clayton-Smith et al., 2003, Sandanam et al., 
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1997]. In an adult series, strabismus and/or a pale fundus were the primary issues identified 

on ophthalmologic exam [Buntinx et al., 1995]. In a second report, retinochoroidal atrophy 

(RCA) with optic disk paleness was described in 2 adult patients, and Rufa et al. 

hypothesized that the RCA may be secondary to impaired ubiquitination and subsequent 

retinal photooxidative damage with age [Rufa et al., 2003].

Anthropometrics

Obesity is a major health concern for adults with AS [Van Buggenhout et al., 2009, Laan et 

al., 1996, Clayton-Smith et al., 2001, Smith et al., 1996, Thomson et al., 2006]. Thirty-two 

percent of the adults in this study were overweight or obese. We found that women in the 

cohort had increased odds of developing obesity, consistent with a prior report [Clayton-

Smith et al., 2001]. Alternatively, Smith et al. observed obesity disproportionately affecting 

men [Smith et al., 1996]. Genotypic differences in the rates of obesity have been reported, 

with Del cohorts showing lower BMIs compared to non-deletion [Moncla et al., 1999]. In 

this study, however, no statistically significant genotype-phenotype correlations were 

observed. Weight management in the AS population is a complex issue potentially involving 

multiple factors, including genetic predisposition, aberrant sense of satiety, limited access to 

opportunities for exercise, and challenging behaviors related to food.

Orthopedics

Many adults with AS have had previous orthopedic care. Thoracic scoliosis affects about 

10% of children with AS, but with age, scoliosis becomes more pervasive [Clayton-Smith et 

al., 2001, Clayton-Smith et al., 2003]. Prior reported prevalence rates of scoliosis span a 

broad range in adult AS cohorts (38.8%–71%) [Buntinx et al., 1995, Laan et al., 1996, 

Thomson et al., 2006], but in this study half the individuals had scoliosis. Clayton-Smith et 

al. observed that scoliosis progressed faster in non-ambulatory patients [Clayton-Smith et 

al., 1993], but Laan et al. alternatively hypothesized that this may not be causative, given 

that scoliosis can be identified in both ambulatory and non-ambulatory individuals [Laan et 

al., 1996]. In this study, no association was found between scoliosis and mobility 

parameters, but further prospective investigation is indicated. Laan et al. reported a 

significant difference in the rates of scoliosis by sex, with 92% of females and 56% of males 

affected [Laan et al., 1996]. Clayton-Smith et al. described a similar female predominance 

[Clayton-Smith et al., 2003]. Conversely, in this study, statistically significant differences in 

rates of scoliosis by sex, age, or genotype were not observed, but males did have increased 

odds of undergoing surgical intervention. Coppola et al. suggested that given the 

combination of limited mobility and chronic AED treatments, individuals with AS may have 

increased risk of fractures due to decreased bone density [Coppola et al., 2007]. We found 

that the individuals in their early twenties had increased odds of being diagnosed with 

osetopenia/osteporosis. This result is confounded by the fact that this age group may be 

more likely to have undergone bone density screening compared to the 16- to 20-year-old 

cohort. Based on these findings, primary orthopedic issues for adults with AS include 

scoliosis, contractures, and fractures.
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Mobility

In the AS population, there is a complex interplay between independent mobility and many 

distinct parameters, including ataxia and gross motor development, obesity, scoliosis, 

hypertonia, bone density, and voluntary behavior [Clayton-Smith et al., 2001, Clayton-Smith 

et al., 2003, Van Buggenhout et al., 2000, Van Buggenhout et al., 2009]. We found that the 

majority of our cohort was able to walk independently (68%), consistent with the rate 

previously reported for an adult cohort (75%) [Clayton-Smith et al., 2001]. From a genetic 

perspective, adults with UBE3A and UPD, compared to those with a Del, have been found to 

have increased mobility [Moncla et al., 1999, Clayton-Smith et al., 2001]. In this study, 

however, only the UPD cohort had a statistically significant increase in mobility. Further, we 

found that adults with AS showed a capacity to learn to swim independently and participate 

in a wide range of physical activities including riding an adaptive bike, hippotherapy, and 

yoga. Consistent access to opportunities for routine exercise, however, remains a significant 

challenge.

Communication

Severe oral motor dyspraxia with absent or limited expressive speech is nearly universal in 

AS across age groups, with a significant discrepancy between expressive and receptive 

language abilities [Clayton-Smith et al., 1993, Penner et al., 1993, Didden et al., 2009, Laan 

et al., 1996, Moncla et al., 1999, Jolleff et al., 1993]. Individuals with AS communicate 

through multiple modalities, including vocalizations, signs or gestures, pictures, and 

electronic devices [Clayton-Smith et al., 1993, Calculator et al., 2013]. Previously, Clayton-

Smith et al. found that 68% of adults with AS were able to communicate their basic needs, 

primarily through the use of gestures [Clayton-Smith et al., 2001]. In this study, a minority 

of individuals (13%) had facility with 5 or more words. Individuals showed use of multiple 

communication modalities, with the use of signs or gestures (including reaching/pointing) 

and the use of sounds with meaning, the two most common. The speech-language phenotype 

for UBE3A and UPD is typically less severe [Lossie et al., 2001, Clayton-Smith et al., 2001, 

Clayton-Smith et al., 2003, Moncla et al., 1999]. In this study, individuals with UBE3A had 

increased odds of developing some speech, and both non-deletion sub-groups had increased 

odds of using signs or natural gestures. Didden et al. similarly found increased use of signs 

and gestures among individuals with UPD compared to Del [Didden et al., 2009]. Finally, 

music was nearly universally (90%) described as very important and independently 

motivating for our cohort.

Challenging behavior

Aggressive and self-injurious behavior can lead to significant morbidity. Every day, 

challenging behaviors directly impact opportunities for community involvement and social 

inclusion, which can lead to increased isolation, often perpetuating behavior problems. 

Importantly, aggressive behaviors in AS (behaviors with the potential of harming others) are 

often without malicious intent, but rather with goals of social engagement. Prior studies have 

reported the prevalence of aggressive behavior at much lower rates (6–10%) in individuals 

across age groups in comparison to our cohort (72%) [Summers et al., 1995, Adams et al., 

2011]. Contributing to this difference may be variable definitions of aggression and the size 
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and strength of adults, as some behaviors considered benign in childhood may become more 

problematic when expressed in adulthood.

In a prior study of communication in AS, Didden et al. indicated that aggressive behaviors 

were often used as a communication method for rejection/protest, suggesting a negative 

reinforcement maintenance mechanism [Mudford et al., 2008, Didden et al., 2009]. Laan et 

al. described sensory stimulation behavior in adults with AS, with chewing/mouthing 

behavior affecting 75% of the study cohort [Laan et al., 1996]. Consistent with these reports, 

our data similarly suggests that behaviors in AS typically serve multiple functions, including 

seeking social attention, communicating tangible demand/avoidant escape, and seeking 

sensory stimulation. Clinically, acute changes in behavior require thorough evaluation for a 

possible as-yet unrecognized illness or injury.

Anxiety is likely under-recognized in this population and may also contribute to challenging 

behavior [Clayton-Smith et al., 2001]. The therapeutic impact of medical management of 

anxiety on self-injurious and/or aggressive behaviors in AS is largely unknown, but our data 

suggest a decrease in the use of antipsychotic and stimulant/antihypnotic medications, stable 

use of SSRIs, and an increase in the use of anxiolytics. From an environmental perspective, 

Clayton-Smith et al. previously described adults with AS as often quite sensitive to changes 

in routine, a trend also seen in this study [Clayton-Smith et al., 2001].

Conclusions

As part of the longitudinal clinical care of adults with AS, primary areas of clinical 

management include the following: seizures, sleep, aspiration risk, GERD, constipation, 

dental care, vision, obesity, scoliosis, bone density, mobility, communication, behavior, and 

anxiety. Given the results of this study, adults with AS may require lifelong epilepsy 

management, as seizures have the potential to recur and/or progress in severity with age in a 

subset of the population, though they tend to improve with age. Additionally, sleep 

dysfunction, though it often improves over an individual’s lifetime, continues to impact the 

majority of adults and may require behavioral and/or pharmacological intervention. The 

multiple domains of healthcare in AS are best served by a comprehensive approach and an 

interdisciplinary team, working towards the goals of health and wellness, safety, social 

inclusion, and autonomy.

The results of this study demonstrate a profound need for improved understanding of the 

natural history of seizures in AS and ongoing inquiry into innovative treatment options for 

epilepsy and other neurobehavioral issues in AS. Additional areas of future research include 

prospective and polysomnographic trials to better characterize sleep and the impact of age in 

AS. Our findings indicate a need for further research characterizing AS-associated 

ophthalmologic pathology and also suggest a great need for ongoing innovative research and 

the development of evidence-based weight management and fitness programs for individuals 

with AS. Finally, in the area of communication, future investigation of the neurocognitive 

processing of music in AS may be pursued to further characterize language development and 

to potentially yield improved adaptive communication technologies.
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