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Abstract

Background: Angelman syndrome (AS) is a rare disorder with a relatively well-defined phenotype. Despite this,
very little is known regarding the unmet clinical needs and burden of this condition, especially with regard to some
of the most prevalent clinical features—movement disorders, communication impairments, behavior, and sleep.

Main text: A targeted literature review using electronic medical databases (e.g., PubMed) was conducted to
identify recent studies focused on specific areas of the AS phenotype (motor, communication, behavior, sleep) as
well as epidemiology, diagnostic processes, treatment, and burden. 142 articles were reviewed and summarized.
Findings suggest significant impairment across the life span in all areas of function. While some issues may resolve
as individuals get older (e.g., hyperactivity), others become worse (e.g., movement disorders, aggression, anxiety).
There are no treatments focused on the underlying etiology, and the symptom-based therapies currently

prescribed do not have much, if any, empirical support.

Conclusions: The lack of standardized treatment protocols or approved therapies, combined with the severity of
the condition, results in high unmet clinical needs in the areas of motor functioning, communication, behavior, and

sleep for individuals with AS and their families.
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Background

Angelman syndrome (AS) is a rare neurodevelopmental
disorder caused by lack of expression of the maternal
ubiquitin-protein ligase E3A (UBE3A) gene in the brain
[1, 2]. There are 4 known etiologies of AS responsible for
the silencing of the L/BE3A gene: deletion in chromosome
15q11-q13 (70% of cases), paternal uniparental disomy
(UPD; 2% of cases), imprinting defect (3% of cases), and
point mutation (10% of cases) [3]. There are 2 docu-
mented deletion types classified based on the proximal
breakpoint (BP)—class I (BP1-BP3) and class II (BP2-
BP3). Class I deletions are bigger, with implications for
greater severity in phenotype [4—7]. Approximately 10% of
individuals with a clinical phenotype of AS who undergo
genetic testing do not have genetic confirmation of the
syndrome. The prevalence of AS is generally estimated to
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be approximately 1:15,000 births, although the true preva-
lence is not well characterized.

As a result of missing UBE3A in the brain, individuals
with AS have severe to profound intellectual disability
(ID), lack of speech, difficulties with motor control and
planning, significant sleep difficulties, seizures, and unique
behavioral features [4, 8]. The AS clinical phenotype has
been widely reviewed [4, 8—13]. A consensus report in
1995 [14] and updated in 2005 [9] lists features seen in
100% of individuals with AS (consistent) as well as
features seen in 80% (frequent) and features seen in 20%—
80% (associated). These consensus criteria are typically
used as a basis for a clinical diagnosis, which is then
confirmed through genetic testing. There is no evidence
to suggest that individuals with AS experience a shorter-
than-expected life span, and some symptoms may become
more severe over time [4, 12, 15]. There are currently no
AS-specific systematic treatment approaches; treatment
and management is symptomatic with no therapy that
addresses the underlying etiology.
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The unmet clinical need and quality-of-life impact of
associated features of AS have not been well described.
The chronic and severe nature of these features of AS is
thought to result in substantial burden for caregivers,
although there has been little empirical documentation
of the psychological, behavioral, and physiological effects
on the daily lives and health of caregivers. The primary
goal of this targeted review is to characterize the unmet
clinical need of AS. We highlight literature on the 3
most common phenotypic characteristics (other than
global developmental delay) from the “consistent”
category of the clinical diagnostic criteria: movement
disorders, speech and communication impairments, and
unique behavioral characteristics. In addition, we review
the recent literature on sleep disturbance, as this is one
of the more significant contributors to poor health-
related quality of life (HR-QOL) for individuals with AS
and their caregivers. The secondary objective is to pro-
vide an overview of the epidemiology and burden of AS
on individuals and their families and caregivers.

In making the clinical diagnosis of AS, seizures are in-
cluded as a frequent feature. Seizure types that are typical of
AS include atypical absence, myoclonic, and nonconvulsive
status epilepticus [16]. Seizures that accompany AS are
generally better understood, as compared with movement
disorders, communication impairments, and behavioral
characteristics, and there are medical therapies that have
regulatory (e.g, Food and Drug Administration) approval to
treat these specific types of seizures. For this reason, seizures
have not been included as an area of focus in this literature
review, although the authors recognize the clinical import-
ance of effectively treating seizures in patients with AS.

Main text

Methods

Literature searches were performed using electronic
medical databases on the phenotypic features and treat-
ment options for AS in the following specific topic areas:
motor impairments, communication challenges, behavior,
and sleep disturbance. PubMed served as the primary data-
base for the electronic literature search, with supplemental
searches in Google Scholar. In addition, the bibliographies
of existing literature reviews and key articles were reviewed
to identify other relevant articles appropriate for inclusion.
The results from the different searches were cross-
referenced to identify and remove duplicates. The goal of
the literature search strategy was to identify published
articles for which the topic of interest was the primary
focus, rather than all articles on the topic. Internet searches
provided supplemental information, thus ensuring that in-
terpretation of the identified articles was consistent with
current knowledge. Table 1 provides the inclusion and
exclusion criteria to screen the articles identified in the
electronic searches. We excluded studies that were not
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Table 1 Inclusion/Exclusion Criteria

Search Inclusion/Exclusion Criteria

Category

Study Individuals with AS, parents/caregivers of

population individuals with AS

Topic areas Epidemiology of AS, natural history and description
of the phenotype especially in the 4 targeted areas,
diagnostic processes, caregiver burden and impact
on family, treatment approaches and guidelines,
resource utilization and associated health care costs

Dates 2000-present

Publication English only

languages

AS Angelman syndrome

published in the English language and those that did not
report research results related to the key question. Articles
focusing on motor, communication, behavior, and sleep,
along with epidemiology, diagnostic processes, treatment,
resource utilization, and caregiver burden were prioritized.

The publications were screened at 2 levels. First, the titles
and abstracts were reviewed to determine which studies
were appropriate for inclusion. Second, once the abstracts
were assessed for relevance, the full articles were retrieved
for all the abstracts that met the relevance criteria. Finally,
upon retrieval of the articles, each article was reviewed,
abstracted, and summarized according to the area of focus
(e.g., motor, communication, behavior, sleep).

Results

The original search yielded 750 unique articles after
removal of duplicates. After a review of titles and ab-
stracts, 142 publications were included for full-text review.
Figure 1 presents the PRISMA (i.e., Preferred Reporting
Items for Systematic review and Meta-Analysis) flow
chart, which details the number of publications identified
in the literature search, the number of publications
included and excluded at each phase, and the number of
publications that met inclusion criteria.

Epidemiology

AS is considered a rare disorder, with a commonly reported
prevalence of approximately 1:15,000 births. However, re-
ported estimates based on recent studies using different
methodology have reported incidence rates between 1:10,000
and 1:62,000 [17-19]. Most of these recent studies examin-
ing prevalence have done so by exploring the number of
cases of AS among populations of individuals with severe ID
and/or epilepsy, then calculating incident rates relative to the
larger population [18, 20, 21]. These studies, while valuable
for providing estimates, provide only a sampling from the
larger population, and therefore may not reflect the true inci-
dence of the disorder. As a result, there is likely a number of
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undiagnosed or misdiagnosed individuals with AS. (See
Table 2 for a summary of these findings.)

Additionally, approximately 10% of individuals with a
clinical phenotype of AS do not have genetic confirmation
of the syndrome [22]. These “Angelman-like” cases may

be misdiagnoses of phenotypically similar conditions such
as Phelan-McDermid, Christianson, Mowat-Wilson,
Kleefstra, or Rett syndromes [22]. It is also possible that
there is another mechanism for repression of L/BE3A ex-
pression that has not yet been identified in these cases [4].

Table 2 Summary of prevalence studies

Target No. Positive/  Prevalence Methodology Country
No. Tested Rates Found

Clayton-Smith, Not reported Not reported  1:62,000 Medical record review from 1989 to 1992 United
1995 [20] (only those under age 29) Kingdom
Kyllerman, Individuals with epilepsy 4/48,873 1:12,000 Genetic testing of all children with epilepsy Sweden
1995 [115] and intellectual disability ages 6-13 with intellectual disability
Mertz et al, All identified patients compared ~ 51/1,253,599  1:24,580 Review of records in the Danish National Patient  Denmark
2013 18] with livebirth records Registry and the Danish Cytogenetic Central

Registry from 1991 to 2009
Oiglane-Shlik et al,  All identified patients compared  7/3,650,266 1:52,181 Country-wide search for children with known Estonia
2006 [21] with livebirth records Angelman syndrome or Prader-Willi syndrome

born between 1984 and 2004
Petersen et al,, Individuals seen in a 5/500,000 1:10,000 Individuals in neuropediatric clinic from Denmark
1995 [17] neuropediatric clinic 1983 to 1991
Thomson, et al,, All identified patients compared ~ 26/1,050,000  1:40,000 Retrospective, quantitative review of Disability Australia

2006 [19]

with livebirth records

Services Commission files from 1953 to 2003
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Unmet clinical needs

Movement disorders

Movement disorders are almost universal in AS with
nearly all individuals having some form of motor impair-
ment. (See Table 3 for a summary of the natural history
of movement disorders in AS.) The most common
motor problems include spasticity, ataxia of gait (ob-
served in the majority of ambulatory individuals),
tremor, coactivation of muscles during locomotion,
muscle weakness, and sensory-motor integration [23].
While the majority of children develop mostly normal
tone in childhood, approximately 25% have persistent
hypotonia and approximately 30% develop hypertonia
[6]. An increased risk for scoliosis, especially in adult-
hood [8] also contributes to movement disorders. All of
these motor problems contribute to gross, fine, or oral
motor impairment, including the development of motor
milestones. The onset of sitting is about 12 months, and
walking typically occurs around 3 years of age [6]. Motor
skills are a noted weakness relative to other developmen-
tal skills [24]. These movement disorders also contribute
to delays in the development of cognitive and functional
skills, which tend to plateau at 24 to 30 months [24].

Approximately 10% of individuals with AS never walk
[25]. For those who do, gait can vary significantly, with
some more mildly affected individuals having only a
mild toe-walk or “prancing gait” while others are more
stiff or extremely shaky and jerky when walking [10].
Ataxic gait often occurs with upraised arms and/or hand
flapping [25, 26]. Fine motor skills are also significantly
impaired, often due in part to difficulties with motor
planning, tonicity, and tremor [24]. Hyperkinetic move-
ments of the trunk and limbs, jitteriness, or tremulous-
ness may be present in infancy [23], and increases in
tremor into adulthood are common [8] and likely exac-
erbated by seizure treatments [16]. Tremors are made
worse with stress [27]. Many individuals with AS also
experience frequent jerking of the limbs, known as non-
epileptic myoclonus (NEM). NEM consists of myoclonic
jerks, lasting seconds to several hours, which usually
start in the hands and spread to upper and lower ex-
tremities, face, and the entire body [28]. NEM tends to
start during puberty and increase through adulthood; by
age 40, all individuals with AS have some NEM, with
daily to monthly frequency [16, 28].

Some studies show differences in motor skills by gen-
etic subtype. Individuals with deletion have higher inci-
dence of being nonambulatory and have more
swallowing disorders, hypotonia, and ataxia, than those
with UPD [7, 29]. Children with UPD are more likely to
walk earlier (about 30 months) compared with children
with a deletion (about 54 months) [30].

Oral motor challenges are also pervasive, with tongue
thrusting, sucking and swallowing disorders, frequent
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drooling, excessive chewing, mouthing behaviors, and
feeding difficulties during infancy reported in 20% to
80% of individuals with AS [8, 15, 16].

Treatments

There are very few studies examining efficacy of specific
treatments for movement disorders in AS, and most of
the studies that have been done have been case reports.
For example, in a case study, levodopa was found to de-
crease tremor and other Parkinsonism symptoms in 2
adults with AS [31], and intensive physiotherapy was
found to result in dramatic improvements scores in
gross motor function in one young child with AS, with a
nearly 60% increase in total scores on gross motor func-
tion over the course of 36 months [32]. In one small
non—placebo-controlled study of minocycline, some
minor improvements in fine motor skills were found in
children with AS aged 4 to 12 [33]; however, these re-
sults were not conclusive to suggest minocycline could
make a lasting impact. There have been no systematic
studies to examine the extent to which these therapies
may help the majority of individuals with AS.

Standard of care for movement disorders typically in-
volves assessment and intervention by physical thera-
pists and occupational therapists. Physiotherapy or
bracing is often recommended for scoliosis and to im-
prove movement, while increased activity, full range of
joint movement, and monitoring of diets are encouraged
to prevent obesity and maintain mobility [12]. Physio-
therapy has also been suggested as an effective interven-
tion for increasing mobility in adults with AS [12],
although there are no good efficacy studies to suggest
long-term benefit. (See Table 4 for a summary of treat-
ment studies addressing movement disorders.)

Speech/communication impairments.

Most individuals with AS do not ever develop oral
speech or more than a few vocalizations, even with ther-
apy [34]. For the few that do develop some oral speech,
it primarily consists of fewer than 2 words or word ap-
proximations [34, 35]. In adulthood, there does not ap-
pear to be a significant increase in word use or
vocalizations, with reports of an average of 5 words for
adults [36]. Speech impairments are more severe than
would be expected based on developmental or cognitive
level [13, 37]. Dyspraxia is believed to play a significant
role. (See Table 3 for a summary of the natural history of
speech impairments in AS.) Those individuals with sig-
nificant seizures who are on anticonvulsant medication
and/or have extreme hyperactivity often have more de-
layed communication [15, 38, 39]. Difficulties with com-
munication are thought to contribute to frustration and
increases in aggression and anxiety.
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Speech impairment is clearly present by 2 to 3 years of
age, but there are signs of impairment earlier, with re-
ports of infants with AS crying less often and engaging
in less cooing and babbling [15]. Prelinguistic behaviors
such as pointing, reaching, looking at, and giving objects
have been observed as communicative gestures [40].
Several studies have found that nearly half of children
with AS are able to produce meaningful, symbolic ges-
tural communication to express a feeling or idea (e.g.,
signing “all done”) [35, 36, 41, 42]. By adulthood, most
are able to convey needs and wants through multiple
communication modalities [8, 42]. Communication at-
tempts are most often to request or reject, with very few
individuals with AS ever using communicative gestures
to label objects or to imitate [38, 43]. Hand gestures,
such as those used in sign language, are less likely used
than whole hand, limb, or body gestures due to fine
motor planning impairments [42]. Nonverbal communi-
cation skills, including gestures, have been found to im-
prove in some individuals during adulthood, potentially
in relation to an improvement in attention span [12].
Natural, self-developed gestures, nonspeech vocaliza-
tions, and physical manipulation were cited by parents
as the most important communicative acts, more so
than use of electronic communication aids [44].

Although both expressive and receptive language are
significantly impaired in individuals with AS, several stud-
ies note receptive skills being significantly stronger than
expressive skills [37, 42, 45]. This suggests that, while indi-
viduals are not able to verbally express themselves, they
are able to understand at a higher developmental level
verbal language directed toward them by others.

Treatment

One nonplacebo, single-arm trial of minocycline found an
improvement in auditory comprehension (but not expres-
sive communication) in children ages 4 to 12 years diag-
nosed with AS [33]. However, the vast majority of
communication interventions for children with AS have fo-
cused on augmentative and alternative communication
systems [44]. Use of picture symbols, objects, iPads, and
other electronic devices have been used to promote com-
munication in this population [34, 44]. Parents have also
been taught ways of building on natural motor movements
of individuals with AS to promote and enhance natural
gestures for communication [46—48]. Most studies explor-
ing the efficacy of these interventions have found positive
results; however, many of them require intensive time and
effort to implement. Parents have noted that the burden of
teaching these skills is more burdensome than the limits of
having their child communicate in whatever unique way
their child conveys their needs [49]. (See Table 4 for a sum-
mary of treatment studies addressing communication.)
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Behavioral characteristics

Table 3 provides a summary of the natural history of se-
lect AS symptoms, including behavioral characteristics.
Individuals with AS are described as having a unique be-
havioral phenotype that includes frequent laughing,
smiling and excitability. While these characteristics are
considered a “consistent” feature in the clinical diagnos-
tic features, the literature suggests that the behavioral
profile of individuals with AS is much more complex
and variable, as is described in the following sections.

Smiling/laughing
Excessive smiling and frequent, often inappropriate,
laughing are hallmark behavioral features in AS, with up
to 77% of individuals with AS reported to engage in fre-
quent laughing, smiling, or happy demeanor [50, 51]. Indi-
viduals with AS have been observed to smile more in all
contexts than those with other ID conditions [52]. The
frequency and nature of smiling changes as the individual
with AS ages. A persistent social smile has been reported
to develop earlier than in typically developing infants, be-
ginning as early as 1 to 3 months of age [50]. Socially
appropriate smiling/laughing may develop a bit later in
childhood [53] and then there is a reported decline in the
duration of smiling and laughing [54] and the capacity for
social interactions to evoke smiling and laughing in ado-
lescence and adulthood [55, 56]. More severely cognitively
impaired individuals are less likely to have an apparent
happy demeanor [50]. However, adaptive behaviors were
not correlated with smiling or laughing behaviors [57].
Although smiling/laughing does occur more in social
settings, it is not always socially/contextually appropriate
[54, 57]. This has led to a debate in the field as to
whether these behaviors are considered a motor-
expressive event triggered by a nonspecific stimulus [29]
such as specific sounds (e.g., tuning fork) [58] or are so-
cially driven [54, 57]. The finding in one study demon-
strating increased social approach toward mothers when
the mother was looking at them [59] suggests an import-
ant role (and potential burden) for caregivers in promot-
ing socially appropriate communication and learning.

Hyperactivity/excitability

Hyperactivity is one of the most frequent and severe be-
haviors reported for individuals aged 6 to 21 with AS
[13, 60] and is noted to occur in some form in nearly all
young children with AS [15, 60]. Hyperactivity/excitabil-
ity occurs more often in AS than in other intellectual/
developmental disability groups [61].

Frequently observed hypermotoric behaviors include
restlessness, easy distractibility, inability to sit still, excessive
activity, exuberance, and hyperkinetic or hyperactive move-
ments [50]. Repeated movements of the hands, body, head,
or face are also described as part of commonly observed
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hyperactivity [61]. Hyperactive behaviors decrease with age,
with fewer adults being described as having hypermotoric
behaviors than their younger counterpart [12]. Although it
is unclear at what point hyperactive behaviors start to de-
crease, one study found that children under the age of 16
were reported to have significantly more hyperactivity than
individuals over the age of 16 [60]. Whereas other cognitive
and behavioral features are more common in individuals
with a deletion, individuals with UPD were rated as having
more hyperactivity than those with a deletion or a UBE3A
mutation [13].

Autism/autistic behaviors

Chromosome 15 and UBE3A have been found to be
relevant for autism, increasing interest in autism traits
within AS [62]. Individuals with the larger type I dele-
tions (which more commonly result in mutations in the
homologous to the E6-AP carboxy terminus domain li-
gases) and those who are more severely impaired are
most likely to meet criteria for an autism spectrum dis-
order (ASD) based on the Autism Diagnostic Observa-
tion Schedule (ADOS) algorithms [5, 62-66]. The
prevalence of individuals meeting criteria for ASD was
higher in an AS sample than in a sample of individuals
with Cri-du-chat syndrome, which has a similar severity
of phenotype [67]. Those with AS and comorbid ASD
score lower on measures of language, adaptive behavior,
and cognition, and have a slower rate of growth over
time than those with AS without ASD [63].

While autism symptoms are considered a part of the
behavioral phenotype of AS, there is significant debate
as to whether individuals with AS truly have comorbid
ASD. In several studies, up to 50% to 81% of individuals
with AS met diagnostic criteria for autism [62—64]. It is
difficult, however, to determine whether it is the very
low cognitive functioning driving the ASD diagnosis or
whether the ASD comorbidity results in more cognitive
impairment. For example, the gold standard diagnostic
measures for ASD—the ADOS and Autism Diagnostic
Interview—Revised—have mental-age floors of 12 and
24 months, respectively; those with AS who also meet
criteria for ASD have been reported to have an average
mental age of 6 months [63]. This leads to questions re-
garding whether the lowest functioning individuals with
AS can be appropriately assessed for ASD with these
measures. These questions have led some experts to
conclude that the rates of autism comorbidity are ele-
vated due to severe cognitive and language impairments
and motor stereotypies [50, 68, 69].

Further, despite the overlapping genetic and clinical
features, individuals with AS often enjoy social inter-
action, more than those with other ID conditions [67],
contrary to one of the core features of ASD. In a study
directly comparing individuals with AS and comorbid
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ASD and those with ASD only, those with AS and ASD
had significantly more response to social smiles, re-
sponse to their name, response to the facial expressions
to others, shared enjoyment, and fewer repetitive or
stereotyped behaviors than those with ASD only [64]. In
addition, individuals with AS have been reported to be
more behaviorally flexible than individuals with ASD
only or nonspecific ID [70]. While children with AS en-
gage in frequent object, body, and head stereotypes [71,
72], they are less likely to engage in repetitive behaviors
than children with other ID conditions, including those
with ASD only [64, 71].

Aggression/irritability

There are differences in reports of aggression that may be
due to age and subtype as well as how aggressive behavior
is defined. In a study comparing irritability scores on the
Aberrant Behavior Checklist among children with AS,
Prader-Willi syndrome, or Smith-Magenis syndrome, chil-
dren with AS received the lowest scores on irritability
across groups, suggesting they present with less aggression
than those with the other conditions [73]. However, phys-
ical aggression has been reported in up to 73% of adoles-
cents with AS based on a parent survey [74] and in 72% of
adults based on the Challenging Behavior Questionnaire
[74, 75]; other studies of individuals encompassing a larger
age range have reported much lower prevalence rates [55,
73]. However, there is little published research to docu-
ment this potential trend or to help understand why ag-
gression may be more prevalent in older individuals.
Grabbing, pinching, and biting are the most frequently re-
ported aggressive behaviors [15]. Nondeletion groups are
reported to have more aggression/irritability as measured
by the Aberrant Behavior Checklist [13]. Some researchers
have argued that observed “aggressive” behaviors occur
without malicious intent but instead as a method of social
engagement [75], communication method [76], or for sen-
sory stimulation [77].

Self-injurious/repetitive behaviors

Self-injurious behaviors, as measured by the Repetitive Be-
havior Questionnaire, are not as common in AS in other ID
conditions [74]. However, one study did observe that 52% of
adults engaged in self-injurious behaviors [75], suggesting
that these behaviors may be more common in older individ-
uals. More research is needed to confirm this finding.

Mouthing/feeding behavior

Chewing/Mouthing objects, eating nonfood items (pica),
foraging food, and being a fussy eater are more common in
AS than in individuals with similar severity of ID [51, 61].
Hyperphagic behaviors have also been described in children
with UPD [78], although mouthing behaviors are more
common among those with a deletion than in nondeletion
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subtypes [51]. Anecdotal reports suggest that these food be-
haviors may be more prevalent than has been previously re-
ported and may be related to genetic overlap with Prader-
Willi syndrome [79]. More research is needed to address
the prevalence and severity of food-related concerns.

Anxiety

Anxiety is not well studied in this population, but is
thought to be under-recognized [12, 75], especially in
adults. This is likely due to a manifestation of anxiety
that is different from what might be expected—with be-
haviors being attributed to neurologic issues, pain, or
gastrointestinal signs [16]. Individuals with AS may be
sensitive to changes in routine or separation from a
preferred caregiver, and many challenging behaviors may
be a result of anxiety around these changes [12].

Treatments

Studies exploring the use of functional analysis of behavior
in children with AS suggest that escape, tangible obtain-
ment, and/or social engagement seeking are the primary
functions of challenging behaviors [77, 80]. One study
found that individually provided functional communication
training decreased behaviors significantly in 3 children [80].
Another study found that a year of intensive applied behav-
ior analysis did not make a significant difference in adaptive
behaviors relative to controls; however, trends in some de-
velopmental domains suggested that applied behavior ana-
lysis could be a promising intervention [81].

Several case reports have described behavior-based inter-
ventions that have shown some value for individuals with
AS. A study examining the effects of discrimination training
to help children with AS modify their social approach behav-
jors yielded positive results for all 4 participants trained.
These children were trained to recognize an environmental
cue as a sign of adult availability, reducing attention-seeking
behaviors. These results have implications for reducing chal-
lenging behaviors related to social engagement [82].

Although some medications have been suggested as
possibly being helpful to treat specific behavioral issues
(e.g., stimulants for hyperactivity, antipsychotics for ag-
gression) [16, 63, 75], no evidence-based studies have indi-
cated the efficacy of these treatments in AS. Risperidone
and methylphenidate have been prescribed for the man-
agement of hyperactivity in patients with AS, but both
have limited benefit and side effects that include weight
gain and lethargy [83]. (See Table 4 for a summary of
treatment studies addressing behavior.)

Sleep

Sleep disturbances are considered part of the clinical
diagnostic criteria for AS [9], although prevalence rates
vary in the literature with approximately 20% to 90% of
individuals with AS being described as experiencing
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sleep challenges [9]. Differences in reported prevalence
are partially due to variability in measurement [84] (par-
ent report vs. actigraphy) and the age of the individuals
being studied. (See Table 3 for a summary of the natural
history of sleep issues in AS.) Sleep disturbances are
more common among younger children with AS, with 2
to 9 years being the most common age range for peak
problems [84—86]. Some reports suggest that sleep prob-
lems improve with age [12], but other studies suggest
that, in a significant percentage of individuals with AS,
sleep problems continue into adolescence and adulthood
[75, 85—87]. Unlike other aspects of the AS phenotype,
there does not appear to be a difference in prevalence of
sleep challenges among genetic subtypes [6, 7, 87]. Sleep
issues are significantly more common in patients with
AS than in individuals without AS but with similar cog-
nitive impairments [16].

The most common type of sleep problem is insomnia
with 35% to 60% of individuals with AS being described as
having difficulty initiating sleep and/or maintaining sleep
[61, 85, 87] and reduced total sleep time [88]. Night wak-
ings and/or early wakings are typically reported more fre-
quently than difficulties settling [86]. These awakenings
occur multiple times per night and may be accompanied by
other behaviors such as screaming [16]. Other frequently
reported behaviors include snoring, enuresis, bruxism, sleep
terrors, somnambulism, nocturnal hyperkinesia, and noc-
turnal laughing [85, 86, 89, 90]. Sleep breathing issues and
periodic leg movements have been reported and are likely
more associated with seizure disorder than cognitive im-
pairment [89]. The sleep issues reported likely compromise
quantity of sleep. On average, individuals with AS sleep be-
tween 5 and 6 h at night, although this is not always con-
tinuous hours of sleep and there is significant variability in
sleep duration across samples of children [15]. Children
with AS typically do not have daytime sleepiness even with
poor nighttime sleep [85], suggesting that children with AS
may need less sleep than same-age typical peers [61, 85].
Quality of sleep is also problematic, with reduced sleep effi-
ciency and a higher percentage of slow wave sleep and sub-
sequently less and shorter duration of rapid eye movement
sleep found via sleep polygraph in children with AS com-
pared with controls [88, 89].

Dysregulation of gamma-aminobutyric acid—mediated
inhibitory influences on thalamocortical interactions are
the likely cause of most sleep problems in AS [84]. Seizure
disorder may exacerbate sleep disturbances [84, 90], as
may other pathophysiological processes common in AS
and not directly related to sleep, such as gastrointestinal
discomfort and use of medications for seizures or behav-
iors [91]. Another study suggests that the UBE3A gene
may be a novel genetic regulator of sleep homeostasis and
that dysregulation of the sleep drive may be a key under-
lying variable in sleep problems in those with AS [92].
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Treatment

Individuals with AS may have significantly low levels of
melatonin with a delayed melatonin peak [93], which may
explain why melatonin has been a successful treatment
option for some individuals [93-96]. Indeed, melatonin
(0.3-5.0 mg) is one of the most commonly used sleep aids,
and 5 separate case studies have documented its efficacy
with children with AS [93-97]. The greatest support for
melatonin as an effective treatment for sleep issues in AS
comes from a placebo-controlled study in which 6 out of
8 children with AS were found to have decreased latency
of sleep, decreases in nighttime awakenings, and increased
total sleep time when treated with melatonin [94] as op-
posed to placebo. Treatment of central sleep apnea via
sustained-release melatonin improved sleep rounds and
reduced insomnia in a case study of a 9-year-old with AS
[98]. Although melatonin is a promising treatment, it is
not considered standard of care for everyone, primarily
because it is ineffective for some individuals. The
frequency and types of seizures may influence the efficacy
of melatonin in some individuals [95].

A limited number of observational studies have evalu-
ated medications used in the treatment of sleep problems
in the AS population, although sleep medications, such as
melatonin and Dipiperon, were reported by caregivers to
be effective in 25% of cases [86, 87]. Some seizure medica-
tions, such as valproate acid and/or benzodiazepines, have
also been described to aid in sleep [99].

Other approaches include behavioral therapy with or
without medication. Improving sleep hygiene, reinforcing
behaviors, and regulating sleep according to the sleep-
wake rhythm have been shown to be effective ways to im-
prove sleep onset and/or duration [97, 100]. (See Table 4
for a summary of treatment studies addressing sleep).

Impact

Impact on the individual

Because of the severe cognitive and communication limi-
tations inherent in AS, there are no studies that directly
address the HR-QOL or lived experiences of individuals
with AS. As such, in order to understand the likely impact
of AS on the individual, we considered the outcomes of
AS on the individual’s ability to act independently through
mastery of functional skills, socialization with others, and
their comorbid health risks.

Functional skills

In studies exploring functional behavior in individuals
across the age span (1-33 years) most report that individ-
uals with AS do not achieve skills that are more advanced
than what would be expected for a 3-year-old child [101,
102]. Daily activities require supervision and assistance,
with individuals with AS requiring care throughout their
lives [12, 103]. Self-help skills vary, although globally they
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are low and generally commensurate with an individual’s
estimated mental age or cognitive functioning. Most indi-
viduals learn to walk unassisted (although many have an
abnormal gait or minimal endurance for walking more
than short distances), most can express likes and dislikes,
and many can undress and feed themselves (although
often only with a spoon) [8]. Help is usually needed for
bathing, dressing, and food preparation [4]. Full toilet
training is obtained for approximately 30% of individuals
with AS, with most continuing to need pull-ups at night
[8]. Voiding dysfunctions are likely contributors to chal-
lenges with toilet training [104]. Rates of incontinence are
lower for AS than for a comparison group of individuals
with comparably severe IDs [105].

Compared with other ID conditions (Down syndrome,
Williams syndrome, Prader-Willi syndrome, fragile X syn-
drome), individuals with AS score significantly lower on
all domains of adaptive behavior, as measured by the Vine-
land Adaptive Behavior Scales, Second Edition (VABS-II)
[101]. For all other ID conditions in this study, adaptive
behaviors were found to increase with age; however, this
was not the case for AS. This was noted to be expected
given the severity of cognitive impairment. Though all in-
dividuals with AS demonstrate significant impairments in
all areas of adaptive behavior, individuals with a deletion
tend to score lower than nondeletion subtypes.

Significant challenges with motor skills, including ataxic
gait, tremors, and hypertonicity, may prevent individuals
with AS from obtaining functional skills they may other-
wise be able to obtain cognitively. Furthermore, while not
life-threatening, NEM episodes are debilitating and can
result in loss of previously obtained self-help skills, includ-
ing feeding and independent mobility, as well as result in
increased injuries due to falls. This very likely contributes
to increased frustration and a reduction in quality of life
for individuals with AS.

Socialization

Socialization scores on the VABS-II have been reported to
be higher than for other adaptive behavior domains [13,
24], which may reflect increased social interest. While this
increased socialization may be a protective factor, there is
some anecdotal evidence that, for some individuals, anxiety
around separation from a preferred caregiver becomes
more significant as they get older. In addition, as noted
above, communication skills are significantly impaired for
individuals with AS. As a result, many experience signifi-
cant frustration in not being able to communicate, which is
presumed to result in increased behavior challenges [39].

Comorbid health risks

The most common health risk is seizures, which are almost
universal (80%—95%) [16]. While most are well managed by
medications, some patients require additional medical
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intervention (e.g, vagal nerve stimulation) or intensive
home interventions (ketogenic diets), and some have re-
tractable seizures that may ultimately lead to early death
[3]. Gastrointestinal conditions in late-adolescents and
adults (reflux, rumination, constipation, foreign body inges-
tion, and obesity) are also common and likely contribute to
increased physical pain and reduced HR-QOL [75]. Finally,
individuals with AS may be at higher risk for accidental in-
juries or early death due to poor motor planning or upper
airway obstruction [106, 107], and the combination of fas-
cination with water, motor impairments, and seizures have
been fatal for some children [106].

Impact on caregivers

Given the severity of the AS phenotype, the burden on
caregivers is thought to be high. However, there have been
very few systematic explorations of burden on parents.
Nothing has been published regarding the relative impact
of caring for an individual with AS on the caregiver’s fam-
ily planning, financial status, or work productivity.

Caregivers report high levels of fatigue, adverse effects
on their social life, increased arguments with spouses or
partners, and increased irritability, especially toward their
family member with AS [86]. This is especially true for
those whose family members with AS have more sleep
problems. Sleep problems in individuals with AS are one
of the most frequently reported stressors for families, af-
fecting 65% of caregivers [108, 109]. Parents of children
with AS who have sleep disturbances sleep less themselves
and report high rates of stress [108, 109]. The less children
slept and the more they woke at night, the more likely
parents were to report negative mood and lower overall
health for their children. Further, in a study of adults with
AS, more than half (55%) of caregivers reported back pain
or other chronic pain symptoms, and 48% felt moderate
or severe anxiety about the future [75].

Another study found that parents of children with AS
report more stress than parents of children with Prader-
Willi syndrome and that parenting stress for both condi-
tions was related to the children’s behavior challenges
[110]. Parent stress was reported to be higher in parents
of children with imprinting defects and UPD than for
those with a deletion, perhaps because children with the
deletion are typically lower functioning and, therefore,
parents may have lower expectations for them relative to
the higher-functioning children with ID or UPD [109].
One report noted that parents felt day-to-day manage-
ment was easier for adults because there was a reduction
in hyperactivity [12].

Reports of deaths as a result of poor motor planning
and/or upper airway obstruction [106, 107] are almost cer-
tainly a stressor for families. Parents report being generally
satisfied with their child’s schooling, but report some con-
cerns regarding communication with the school and
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district regarding level of services provided to their chil-
dren [111].

One study explored experiences of typically developing
siblings of children with AS; these siblings reported ex-
periencing more sibling rivalry (feeling their parents paid
more attention to the child with AS than them), and per-
ceived themselves as being more dominant and nurturing
in their relationship with their sibling with AS (compared
with children with only typically developing siblings)
[112]. However, siblings of children with AS did not report
experiencing greater conflicts despite their sibling with AS
displaying high levels of challenging behaviors.

Economic burden

No studies exploring the financial or societal burden of
AS were found in the review, although the lifelong and
complex medical needs of AS are thought to result in
significant economic burden.

Discussion
Although AS is a rare disorder, the clinical features are
severe and lifelong, resulting in significant individual
and family burden, and presumably economic and soci-
etal burden. Several studies in Europe and elsewhere
suggest rates around 1:15,000, however there are wide
descrepancies in reported epidemeiology and no large
population based studies. Low prevalence rates and
awareness of AS cause many families to endure a
lengthy diagnostic odyssey, with symptoms reported as
early as 6 months of age, but the average age of diagno-
sis not being until 1-4 years later. Our review highlights
that once diagnosed, the lack of standardized treatment
protocols or approved therapies, combined with the se-
verity of the condition, results in high unmet clinical
needs in the areas of motor functioning, communication,
behavior, and sleep. Despite the paucity of data on HR-
QOL, the impact of AS on the individual and families/
caregiver is thought to be significant given that most in-
dividuals with AS never obtain skills that would allow
them to manage daily living tasks independently. As a
result, many individuals require significant lifelong sup-
port just to get through their day; for nearly half of the
individuals with AS, this includes toileting and feeding.
Significant motor challenges further limit functional
skills, and epileptic seizures and NEM can make these
limitations worse as the individual gets older, often lead-
ing to loss of previously obtained skills. There is a scar-
city of data on how specific motor impairments affect
HR-QOL beyond functional ability and independence of
individuals with AS. There is also a lack of consensus on
which assessment(s) are recommended to measure
change in the various aspects of motor skills in those di-
agnosed with AS.
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Sleep is significantly disrupted in individuals diagnosed
with AS, which contributes to caregiver fatigue and
stress, and likely impacts their physical and mental
health. Sleep disturbances in AS are multifactorial; the
impact of aberrant gamma-aminobutyric acid transmis-
sion, cognitive impairment, hyperactivity, concomitant
medications, sleep hygiene, and a comorbid seizure dis-
order on sleep regulation are mostly unknown.

All of these issues are likely exacerbated by lack of ver-
bal communication in the individual with AS. Questions
remain regarding the capacity for individuals with AS to
communicate more effectively given the significant cog-
nitive and motor impairments inherent in AS. Although
many individuals with AS find ways to communicate
some of their needs and wants through gestural commu-
nication, for others their inability to express themselves
may result in frustration leading to increases in aggres-
sive or maladaptive behaviors and is likely stressful for
parents or caregivers trying to determine the needs of
the individual. There is also a lack of information about
the impact of communication impairment on the overall
HR-QOL of the individual with AS and their families.

Although many individuals with AS are socially inter-
ested and smile and laugh often, these generally more
positive traits can be overshadowed by hyperexcitability,
anxiety and aggression—including biting and grabbing.
Although these behaviors are reportedly the most prob-
lematic for individuals with AS and their caregivers, there
is very little literature describing the prevalence, severity,
and nature of aggressive behaviors, self-injurious behav-
iors, and anxiety in individuals diagnosed with AS. The
majority of these features are chronic, and those behaviors
that do decrease with age (e.g., hyperactivity) may be re-
placed by ones that are potentially more stressful (e.g., ag-
gression and anxiety). Clinicians and researchers use
various instruments to measure change in these behaviors,
but there is little consensus on which are the most
sensitive, reliable, and valid to measure change over time.
Furthermore, there are no data that map the severity of
behavioral symptoms or disease severity to functional
ability or level of independence, caregiver burden, eco-
nomic burden, or costs to families and payers.

Unfortunately, there are no approved treatments for
AS, no current treatments that address the underlying
etiology of AS, and no clear guidelines for symptom-
based interventions in this population. Currently, treat-
ments are symptomatic and largely limited to amelior-
ation of seizures and reduction of sleep disturbances
[113, 114], and there are few empirically based studies of
behavioral interventions. While psychopharmacology has
been suggested as possibly reducing behavior symptoms,
this has been based primarily on anecdotal reports and
very little is known regarding true efficacy and the safety
profile of these medications in the AS population. Case
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studies suggest that intensive therapies such as physio-
therapy, augmentative or alternative communication
strategies, and functional behavioral analyses can make
some difference for some individuals with AS.

As of this writing, all clinical trials that have attempted
to improve outcomes have failed [91]. Clinical investiga-
tions that have been undertaken include those studying
dietary supplements aimed at hypermethylating the ma-
ternal locus and trials of minocycline and levodopa, all
of which showed some effect, but did not lead to signifi-
cant improvements in neurodevelopment.

Conclusion

AS is a severe, lifelong, rare genetic condition that results
in significant functional limitations and likely poor HR-
QOL for individuals and their caregivers. No standard of
care or approved treatment currently exists for AS, and
current treatments are symptomatic with limited utility,
suggesting a high unmet clinical need. Given the likely
high burden of AS, new treatments that target the etiology
of the syndrome that result in even small improvements
in features of the syndrome may be clinically and econom-
ically meaningful for patients and their families.
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