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Abstract
Movement disorders are reported in idiopathic autism but the extent to which comparable movement disorders are found in
syndromic/co-morbid autism is unknown. A systematic search of Medline, Embase, PsychINFO and CINAHL on the prevalence of specific movement disorder in syndromic autism associated with specific genetic syndromes identified 16 papers, all
relating to Angelman syndrome or Rett syndrome. Prevalence rates of 72.7–100% and 25.0–27.3% were reported for ataxia
and tremor, respectively, in Angelman syndrome. In Rett syndrome, prevalence rates of 43.6–50% were reported for ataxia
and 27.3–48.3% for tremor with additional reports of dystonia, rigidity and pyramidal signs. However, reliable assessment
measures were rarely used and recruitment was often not described in sufficient detail.
Keywords Autism · Retts · Angelman · Movement disorder · Ataxia · Tremor · Dystonia · Rigidity · Extra-pyramidal

Introduction
Movement disorders, such as tremor, ataxia and akinesia,
have been shown to have a negative impact on quality of
life for adults in the general population (Dodel and Shrag
2010; López-Bastida et al. 2008). For those already limited
in terms of their communication and adaptive and social
functioning, including individuals with intellectual disabilities (ID) and/or Autism Spectrum Disorder (ASD), a movement disorder is likely to place further restrictions on independence and quality of life. This is clearly demonstrated by
first-hand reports highlighting the difficulties experienced
by individuals with ASD as a result of movement disorders
(e.g., Robledo et al. 2012). Similarly, movement disorders
have been frequently identified in individuals with ASD,
with ataxia reported in a number of studies (see Fatemi and
Folsom 2013), as well as akinesia, dyskinesia, bradykinesia,
Tourette syndrome, and catatonic-like symptoms among
others (see Donnellan et al. 2013; Breen and Hare 2017),
with cerebellum and basal ganglia dysfunction being implicated (see Nayate et al. 2005), resulting in some researchers
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proposing that ASD could be, at least in part, a disorder of
movement (Nayate et al. 2005).
The extent to which comparable movement disorders
may be associated with autistic traits per se in people with
so-called syndromic autism is much less clear. Syndromic
autism refers to the presence of either diagnosable comorbid autism or significant autistic traits in people with
a distinct genetic developmental disorder, with syndromic
autism being particularly prevalent in Angelman (up to
80%), Tuberous Sclerosis Complex (up to 60%), Fragile X
(up to 50%), Rett syndrome (40–97% depending on subtype), CHARGE syndrome (up to 50%) and Down syndrome
(up to 39%) (Moss and Howlin 2009; Richards et al. 2015).
Moreover, there are clear differences in the specific profile
of such autistic traits across different genetic syndromes
(e.g., Cochran et al. 2015; Moss et al. 2009, 2013), which
may point to different underlying genetic and neurological
mechanisms (e.g., Woodcock et al. 2010, 2011).
For some genetic disorders with high rates of syndromic autism, movement disorders form part of the consensus criteria for clinical diagnosis, such as in the case
of ataxia in Angelman syndrome (Williams et al. 2006),
whilst in others the clinical picture is less clear. To date,
the description of movement disorders in such genetic syndromes has traditionally taken the form of case reports
(e.g., Fernandez et al. 2000; Holm 1985; Lawson-Yuen
et al. 2006; Wright et al. 1992), but this does not permit
estimation of prevalence, without which it is not possible
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to make comparisons across different syndromes, and to
examine whether different phenotypic profiles emerge.
Similarly, case descriptions have typically been based on
clinical observation and judgement (e.g., Bottani et al.
1994; Lawson-Yeun et al. 2006). However, the confidence
with which any conclusions can be made regarding the
prevalence of movement disorders is dependent in part
on the reliability and validity of the assessment method
and the overall quality of the research. To date, there has
been no systematic review of the extant literature on the
prevalence of movement disorders in genetic syndromes
with high rates of syndromic autism.
The aims of the current systematic review were to
summarise data on the prevalence of movement disorders
genetic syndromes with high rates of syndromic autism,
to describe the range of assessment methods used in the
diagnosis of such movement disorders and to evaluate the
quality of research in this area. Selection of syndrome
groups for inclusion was predicated on the known rates of
syndromic autism (Moss and Howlin 2009; Richards et al.
2015) and on this basis, Angelman syndrome, CHARGE
syndrome, Cohen syndrome, Cornelia de Lange syndrome,
Fragile X syndrome, Rett syndrome and Tuberous Sclerosis Complex were identified as the basis of the current
review.
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Search Strategy
An electronic literature search was performed by the first
author [LH] on 1st April 2016 to identify papers published
between 1985 and 2015, across four separate databases:
Medline, Embase, Cumulative Index to Nursing and Allied
Health Literature (CINAHL) and PsychINFO. Search terms
relating to any one of the seven genetic syndromes were
combined with terms relating to movement disorders, using
the ‘AND’ function. MESH/subject headings were used
where possible. Selection of search terms for each of the
genetic syndromes was based on the synonyms provided by
the National Organisation for Rare Disorders (2016). The
selected search terms for movement disorders were intended
to identify papers meeting the definition given below and
were based in part on an initial search of relevant journals,
including Movement Disorders, Journal of Movement Disorders and Journal of Clinical Movement Disorders, for articles relating to the genetic syndromes of interest. The full
list of search terms is provided in Table 1. Searches across
each database were limited to journal articles published in
the English language that pertained to human participants.
The reference lists of relevant papers were examined for
other potentially relevant studies not identified through the
database search.

Inclusion and Exclusion Criteria

Method
The guidelines set out in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) checklist (Moher et al. 2009) were followed where possible.

Studies were required to meet the following inclusion
criteria:
1. Written in the English language

Table 1  Summary of search terms
Angelman syndrome
CHARGE syndrome
Cohen syndrome
Cornelia de Lange syndrome
Fragile X syndrome
Rett syndrome
Tuberous sclerosis complex
Movement disorder

‘angelman’ OR ‘happy puppet’ OR Angelman Syndrome (MESH term) OR happy puppet syndrome (MESH
term)
‘charge syndrome’ OR ‘hall-hittner’ OR ‘hall hittner’ OR CHARGE syndrome (MESH term)
‘cohen’ OR ‘pepper syndrome’ OR Cohen Syndrome (MESH term)
‘cornelia de lange’ OR ‘cornelia-de-lange’ OR ‘brachmann de lange’ OR ‘brachmann-de-lange’ OR ‘cdls’ OR
‘bdls’ OR ‘de lange’ OR ‘de-lange’ OR ‘amsterdam syndrome’ OR Cornelia de Lange Syndrome (MESH
term) OR De Lange Syndrome (MESH term)
‘fragile x’ OR ‘fragile-x’ OR ‘fragile site’ OR ‘fxs’ OR ‘fra(X)’ OR ‘fraX’ OR ‘FMRP’ OR ‘marker x’ OR
‘martin-bell’ OR ‘martin bell’ OR ‘x-linked mental retardation’ or Fragile X Syndrome (MESH term) OR
Mental Retardation, X-Linked (MESH term)
‘rett’ OR ‘rtt’ OR Rett Syndrome (MESH term)
‘tuberous sclerosis’ OR ‘tuberose sclerosis’ OR ‘TSC’ OR ‘phakomatosis ts’ OR ‘bourneville pringle’ OR
Tuberous Sclerosis (MESH term)
‘movement’ OR ‘motor’ OR ‘movement disorder*’ OR ‘ataxi*’ OR ‘apraxi*’ OR ‘gait’ OR ‘tremor’ OR ‘parkinson*’ OR ‘dyskinesia’ OR ‘akinesia’ OR ‘cataton*’ OR Movement (MESH term) OR Motor Skills Disorder (MESH term) OR Movement Disorders (MESH term) OR Ataxia (MESH term) OR Apraxias (MESH
term) OR Gait (MESH term) OR Gait Disorders (MESH term) OR Tremor (MESH term) OR Parkinsonian
Disorders (MESH term) OR Dyskinesias (MESH term) OR Catatonia (MESH term)
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2. Published as a full length report in a peer-reviewed journal
3. Provide a clear description regarding the recruitment/
selection of participants
4. Provide information regarding the age/age range of participants
5. Specify individuals with Angelman syndrome,
CHARGE syndrome, Cohen syndrome, Cornelia de
Lange syndrome, Fragile X syndrome, Rett syndrome
or Tuberous Sclerosis Complex syndrome as the main
population being researched
6. Include participants whose genetic syndrome has been
confirmed through DNA analysis
7. Provide a description of the assessment tool or procedure used
8. Report on identified movement disorder, defined as a
neurological condition resulting in abnormal or slowed
movement.
If papers included participants both with and without
genetic confirmation of the syndrome of interest, they were
only included if data were presented separately for those
with and without genetic confirmation by DNA analysis.
Studies were excluded if they did not constitute a standalone paper/full length report (e.g., letters to the editor, commentaries, published conference abstracts), if they related
to developmental motor skills or to biomechanical aspects
of movement (e.g., scoliosis or hypotonia), if participants
were selected on the basis of having an identified movement
disorder, or if they provided insufficient detail to determine
eligibility for inclusion. Studies reporting on stereotyped
movements were not included for the purposes of the current review, as the prevalence of repetitive and stereotyped
behaviours in genetic syndromes has been described elsewhere (e.g., Moss et al. 2009), and stereotypy may sometimes be considered a functional behaviour (Cunningham
and Schreibman 2008).

Data Extraction
Data relating to the prevalence of any specified movement
disorder were extracted from included papers. Authors, year
of publication, sample size and characteristics, recruitment
method, genetic mechanism and method of assessment were
also recorded.

Quality Assessment
Relatively few quality rating tools are available for evaluating prevalence studies, and there is wide variability in the
quality of those tools which are available (see Sanderson
et al. 2007). For the current review the risk of bias assessment developed by LeBoeuf-Yde and Lauritsen (1995) and
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later revised by Hoy et al. (2012) was used. Hoy et al. (2012)
reported good inter-rater reliability for their Risk of Bias
assessment as well as positive feedback regarding ease of
use. Studies are rated as ‘High’ versus ‘Low’ risk of bias
across ten domains, which relate to the internal and external
validity of the findings. An overall summary rating of ‘Low’,
‘Moderate’ or ‘High’ risk is given, based on responses across
the ten items. For the current review a second independent
rater scored 50% of papers. A Kappa of 0.53 was obtained
for the overall risk of bias rating, indicating fair reliability
(Fleiss 1981).

Results
The initial database search returned a total of 2001 papers,
of which 309 were duplicates. After screening titles and
abstracts 83 potentially relevant papers were identified, with
a further ten papers identified through the references lists
of these 83 papers. Of these 93 papers 16 were identified as
meeting the criteria for inclusion in the review. The PRISMA
diagram (Moher et al. 2009) presented in Fig. 1 provides
a summary of the search results, including the reasons for
exclusion of papers. All of the 16 papers meeting criteria
for inclusion related to individuals with either Angelman
syndrome or Rett syndrome. Of all 16 studies identified, only
three focused explicitly on disorders of movement. In the
remaining studies movement disorders were reported as part
of a broader description of clinical characteristics. Results
are reported separately by syndrome, and an overview of
common methodological issues is provided. A summary of
all 16 papers is provided in Table 2 and a full breakdown of
quality ratings for each paper is provided in Table 3.

Movement Disorder in Angelman Syndrome
Out of the 16 papers identified, 12 related to movement
disorder in Angelman syndrome and could be broadly categorised into those based on clinical assessment (clinical
examination, medical records and/or history taking) and
those utilising idiosyncratic questionnaires. Several papers
reported clinical characteristics across larger cohorts of
individuals, some of whom were diagnosed based only on
clinical criteria (Beckung et al. 2004; Buoni et al. 1999;
Saitoh et al. 1994; Zori et al. 1992). In each case, results are
only reported for the sub-group of individuals with genetic
confirmation of Angelman syndrome.
Papers examining movement disorders in Angelman syndrome were focused almost exclusively on the presence of
ataxic/jerky movements, considered phenotypic of Angelman syndrome (Williams et al. 2006), with three exceptions
(Beckung et al. 2004; Clayton-Smith 2001; Guerrini et al.
1996). The number of participants included in the studies
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Fig. 1  PRISMA diagram for
selection of papers

ranged from 4 to 92, due in part to the underlying genetic
mechanism, with the smallest sample (Smith et al. 1997)
being made up exclusively of individuals with uniparental disomy (UPD), a less common mechanism in Angelman syndrome than maternal deletion (see Williams et al.
2010). The 12 papers covered a broad range of ages, with
five studies focused exclusively on children (Bai et al. 2014;
Buoni et al. 1999; Smith et al. 1997; Tan et al. 2011; Zori
et al. 1992), two exclusively on adults (Clayton-Smith 2001;
Sandanam et al. 1997), and three focused on children and
adults (Guerrini et al. 1996; Moncla et al. 1999; Smith et al.
1996). For the remaining two studies (Beckung et al. 2004;
Saitoh et al. 1994) it was not possible to determine the age
of the subgroup of individuals with genetically confirmed
Angelman syndrome.
The risk of bias was variable across studies. Whilst the
majority were considered to be at moderate risk of bias,
Saitoh et al.’s (1994) and Smith et al.’s (1996) papers were
both judged to be at high risk of bias. None of the 12 papers
reported on the validity or reliability of the assessment

method for movement disorders. Whilst clinical assessment
may be considered most analogous to the means by which
movement disorders are typically diagnosed in medical
practice, none of the studies report evidence to support the
reliability or validity of this method. One paper (Sandanam
et al. 1997) did report using at least two clinicians for each
assessment, which might be expected to increase the reliability of the clinical judgements made, but it was not possible to determine whether this was the case, and inter-rater
reliability information was not provided. Whilst the use of a
questionnaire or data sheet might ensure consistency in the
information asked of each informant, the likely accuracy of
this information was unclear, as none of the studies using
questionnaire methods (Bai et al. 2014; Saitoh et al. 1994;
Smith et al. 1996, 1997; Zori et al. 1992) reported on the
psychometric properties of their purpose-made measures.
The reported prevalence of ataxic/jerky movements in
Angelman syndrome ranged from 72.7% (Beckung et al.
2004; Tan et al. 2011) to 100% (Bai et al. 2014; Buoni et al.
1999; Clayton-Smith 2001; Moncla et al. 1999; Sandanam
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Unclear for
subgroup with
DNA confirmation

54.5

42.9

Angelman 11

Angelman 11

Angelman 28

Angelman 11

Angelman 14

Angelman 40

Beckung et al.
(2004)

Buoni et al.
(1999)

Clayton-Smith
(2001)

Guerrini et al.
(1996)

Moncla et al.
(1999)

Saitoh et al.
(1994)

47.5

57.1

45.5

50.0

Angelman 30

Bai et al. (2014)

% Male

Syndrome N

Authors

Genetic mechanism

Unclear

9 months–33 years
at diagnosis (Not
reported)

3–28 years
(Not reported)

1 year 6 months to
15 years at last
observation
(Not reported)
16–40 years
(Not reported)

Unclear for subgroup with DNA
confirmation

Sample of
children with
Angelman
syndrome in
China—recruitment method not
specified
Individuals
referred to a
Children’s Hospital in Sweden
for investigation
of Angelman
syndrome
Genetic screening
of 144 patients
at Paediatric
Institute
Participated in a
previous study
or seen personally by the
author

Large sample
37 deletion
of individuals
3 sub-microscopic
with Angelman
deletion
syndrome in
Japan – recruitment method not
specified

Rated scale score
based on observation
Clinical history,
anthropometric data and
physical and
neurological
findings
Questionnaires
completed by
physicians

Medical records,
history and
clinical examination
Medical notes,
parent/carerreported history
and clinical
examination

Moderate
100% (14) total
21.4% (3) typical
21.4% (3) mild
57.1% (8)
extremely mild

High

Moderate

100% (11)
Jerky, tremulous,
dystonic movement
Ataxia

97.1% (34)
of those for
whom ataxic
movement data
reported

Moderate

100% (28)
25.0% (7)
Ataxic gait
Worsening
Tremor

Ataxic movement

Moderate

100% (11)

Moderate

Moderate

Risk of bias

Ataxia

72.7% (8)
27.3% (3)

Extensive clinical Gait ataxia
Tremor
investigation—movement
problems classified based on
performance

% Prev. (N)
100% (24) of
those able to
walk

Movement disorders identified

Ataxic movement
Purpose-made
questionnaire
based on clinical
criteria

Recruitment infor- Assessment
mation
method

19 deletion
7 UBE3A mutation
1UPD
1 imprinting
defect
Unclear
8 deletion
2 UPD
1 microdeletion
All UBE3A muta- Referred to the
tion
authors in
Department of
Genetic Medicine

10 deletion
1 UPD

Not reported

2.7–9.6 years at last Deletion
observation
(M 5.3 years, SD
2.1 years)

Age range
(M, SD)

Table 2  Sample characteristics, methodology, and quality assessment for studies reporting the prevalence of movement disorders in Angelman syndrome and Rett syndrome
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4

Syndrome N
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Table 2  (continued)

Unclear

54.3

50.0

33.3

81.8

% Male

Unclear—children

5–60 months
(Median 33.5
months)

7–11 years (M
8 years)

3–34 years at last
review (M 11.2
years)

24–36 years at last
review
(M 31.5 years)

Age range
(M, SD)
Review of
records, history
and clinical
examination
completed by
two clinicians
Data sheet based
on clinical criteria plus medical
records, parent
interviews, photos and videos
where available,
and either correspondence with
referrer or clinical examination
by authors
Data sheet based
on clinical criteria, plus medical
records, parent
interviews and
correspondence
with referrer
Structured
medical history
and physical
examination
by a clinical
geneticist

Moderate

High

100% (27)
Ataxia—widebased gait,
unsteadiness
with jerky
movements or
thumping heavy
gait

100% (4) total
75% (3) mild and
most evident
when excited

Moderate
87.8% (36) of
those able to
walk
95.5% (21) deletion
72.7% (8) UPD/
imprinting
87.5%(7) UBE3A
81.3% (13)
Moderate
93.8% (15)

Ataxia

Ataxic gait

100% (9) of those Moderate
able to walk

Ataxic gait

Risk of bias

% Prev. (N)

Movement disorders identified

American families Family question- Ataxic gait
Jerky gait
with a child with naire assessing clinical,
Angelman syndrome —recruit- cytogenetic and
developmenment method
tal variables,
not specified for
plus physical
these families
examination and
lab data

Part of a multicentre study
with enrolment
through support
groups and
referral from
professionals

68 deletion
13 UPD/imprinting
11 UBE3A mutation

Deletion

As above

Referrals for
genetic testing
from physicians
across Australia
and New Zealand as part of a
research grant

Deletion

Uniparental
disomy

Genetic screening
of residents of
two residential
institutions

Recruitment infor- Assessment
mation
method

All deletion

Genetic mechanism
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(2006)

Einspieler et al.
(2005)

Smeets et al.
(2005)

Temudo et al.
(2008)

12

4

Syndrome N

Authors

Table 2  (continued)

3–54 years at
diagnosis
(Not reported)

0–6 months
(Not reported)

4–19 years at last
observation
(Not reported)

Age range
(M, SD)

Not reported. Not 5–13.5 years
all female
(Median 7.0)

0

0

0

% Male

Recruitment infor- Assessment
mation
method

Movement disorders identified

Exon 1 mutation/
genomic rearrangement in
MECP2

Tremor

Pyramidal signs

Rigidity

Dystonia

Gait ataxia
Recruited from a Medical records
and clinical
larger cohort of
examination
individuals with
Rett syndrome
in Switzerland.
No further
details
Tremor
Videotapes
6 truncating muta- Videotapes
analysed by two Abnormal general
donated by Brittions, 3 mismovement
observers
sence mutations, ish families to
the project
2 deletions, 1
substitution at
401
‘Awkward’ walkObserved and
Seen by first
Hotspot deletion
ing pattern
assessed by
author cliniin C-terminal
first author and Short stiff steps as
cally—Clinical
segment of
seen in ParkinGenetics Depart- parents/carers
MECP2
son’s disease
ment in a University Hospital
in Belgium
Motor-Behavioral Ataxia
Referred to the
26 missence
Assessment
project by any
mutations, 34
Scale for Rett
truncating muta- Paediatric Neusyndrome
rologist across
tions
Portugal
Ataxic/rigid gait

Genetic mechanism
Moderate

Moderate

Moderate

Moderate

27.3% (3)
100% (9)

20.0% (2)
10.0% (1)

35.0% (21)
46.2% (12) Missence (M)
26.5% (9) Truncating (T)
43.6% (unclear)
36.8% M
50.0% T
63.3% (38)
46.2% (12) M
76.5% (26) T
48.3% (29)
34.6% (10) M
58.8% (20) T
28.3% (17)
23.1% (6) M
32.4% (11) T
48.3% (29)
50.0% (13) M
47.1% (16) T

Risk of bias

25,% (1), 50% of
those walking

% Prev. (N)
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Sample represents national
population

Item 1

Rett syndrome papers
Bartholdi et al. High
(2006)
Einspieler et al. High
(2005)
Smeets et al.
High
(2005)
Temudo et al.
Low
(2008)

Author

Angelman syndrome papers
Bai et al. (2014) High
Beckung et al. High
(2004)
Buoni et al.
High
(1999)
Clayton-Smith High
(2001)
Guerrini et al.
High
(1996)
Moncla et al.
High
(1999)
Saitoh et al.
High
(1994)
Sandanam et al. High
(1997)
Smith et al.
Low
(1996)
Smith et al.
Low
(1997)
Tan et al.
High
(2011)
Zori et al.
Low
(1992)

Author

High
High
High
High
High
High
High
Low
High

High
High
High
High
High
High
High
Low
High

High
High
High
Low

High
High
High
Low

Item 3

High

High

Item 2

High
High

High

High

High

High

Item 4

High

High

High

High

Low

High

High

High

High

High

High
High

Low

Low

Low

Low

Item 5

Low

Low

High

High

Low

High

Low

Low

High

Low

High
Low

High

Low

Low

High

Item 6

High

High

High

Low

High

High

High

Low

High

High

High
Low

Direct measure Case
Random Nondefinition
response
selecgiven
bias
tion

High
High

Sample represents target
population

Table 3  Summary of risk of bias ratings by paper

High

High

Low

High

Item 7

High

High

High

High

High

High

High

High

High

High

High
High

Reliable
and valid
measure

Low

Low

Low

Low

Item 8

Low

Low

Low

High

Low

Low

Low

Low

Low

Low

Low
Low

Same data
collected
from all

Low

Low

Low

Low

Item 9

Low

Low

High

High

Low

High

Low

Low

Low

Low

Low
Low

Appropriate
prevalence
period

High

Low

Low

Low

Item 10

Low

Low

High

Low

Low

High

Low

Low

Low

Low

Low
Low

Numerator/
denominator
appropriate

Moderate

Moderate

Moderate

Moderate

Summary rating

Moderate

Moderate

High

Moderate

Moderate

High

Moderate

Moderate

Moderate

Moderate

Moderate
Moderate

Summary rating
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et al. 1997; Smith et al. 1996, 1997), across the 11 studies
that provided prevalence estimates. In those with a non-deletion mechanism, ataxic/jerky movement was often reported
to be milder or less prevalent (e.g., Moncla et al. 1999; Tan
et al. 2011; Smith et al. 1997). Two studies also reported on
the prevalence of tremor in individuals with Angelman syndrome. The prevalence estimates of 27.3% (Beckung et al.
2004) and 25.0% (Clayton-Smith 2001) appeared relatively
consistent and indicated that around a quarter of individuals
were affected by tremor, although Clayton-Smith did not
elaborate on what is meant by ‘worsening tremor’. Finally,
one study reported that all participants presented with a
jerky, tremulous, dystonic movement, which was determined
to be a result of cortical myoclonus (Guerrini et al. 1996).

Movement Disorder in Rett Syndrome
Four papers relating to Rett Syndrome were identified and
are summarised in Table 2. One of these papers (Einspieler
et al. 2005) included participants with and without genetically confirmed Rett syndrome, therefore calculated prevalence rates were based only on those with an identified
genetic mechanism. All studies were published in the last
11 years, which is probably due to the relatively recent progress in understanding the genetic basis of Rett syndrome
(Amir et al. 1999), which was only fully defined clinically in
the 1980s (Hagberg et al. 1985). The sample size of studies
varied between 4 and 60 participants and, again, this was
partly dependent on the underlying genetic mechanism. Bartholdi et al.’s (2006) study consisted of four girls with Rett
syndrome, but the focus of their report was on describing
the clinical findings in individuals with relatively uncommon underlying mechanisms, namely exon 1 mutations and
genomic rearrangements in MECP2. Three of the four studies focused on children and adolescents (Bartholdi et al.
2006; Einspieler et al. 2005; Temudo et al. 2008). Only one
adult was identified (Smeets et al. 2005), which may reflect
greater interest in the characteristic regression period that
begins in childhood (see Hagberg 2002; Neul et al. 2010).
Recruitment methods differed across each of the studies, including self-selection (Einspieler et al. 2005), referral
by relevant clinicians (Temudo et al. 2008), retrospective
study of individuals seen by the author in clinical practice
(Smeets et al. 2005) and recruitment of individuals from an
existing cohort (Bartholdi et al. 2006). Similarly, the methods of assessment used varied, with two studies (Bartholdi
et al. 2006; Smeets et al. 2005) reliant on clinical examination and/or medical records whilst the other researchers
developed idiosyncratic assessment methods for the identification of movement disorders. Temudo et al. (2008)
did not report the psychometric properties of their MotorBehavioral Assessment Scale, whilst Einspieler et al. (2005)
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reported 94% agreement between raters and 92% test–retest
agreement.
The risk of bias was moderate across each of the studies,
with Bartholdi et al. (2006) study methods and reporting
being the most susceptible to bias. Across each of the studies, particular concerns were identified in relation to the lack
of information on the representativeness of the sample and
possible selection bias. However, relative strengths of each
of the studies were that the same mode of data collection was
applied for all participants, and participants were directly
observed by the authors.
It was possible to obtain a prevalence estimate for seven
different aspects of disordered movement within Rett syndrome. Two studies provided information on ataxic gait
(Bartholdi et al. 2006; Temudo et al. 2008), with prevalence
estimates relatively consistent despite different underlying
genetic mechanisms. Between 43.6 and 50.0% of those able
to walk were reported to show ataxic gait. Tremor was also
examined across two separate studies, but the estimated
prevalence varied from 27.3% in young infants (Einspieler
et al. 2005) to 48.3% in older children (Temudo et al. 2008).
Some form of abnormal general movement was recorded in
100% of 0–6-month-olds observed by Einspieler and colleagues. They describe this as an absence of normal fidgety
movements, jerky or abnormally slow movements, or abrupt
and disorganised movements, present in 30, 35 and 35% of
children, respectively.
In Temudo et al.’s (2008) study, various additional movement problems were identified. Ataxia was reported in 35.0%
of children, dystonia in 63.3%, rigidity in 48.3% and pyramidal signs in 28.3%. There were some apparent differences
in prevalence dependent on underlying genetic mechanisms,
with ataxia reported in 46.2 and 26.5% of individuals with
missense and truncating mutations, respectively, dystonia
reported in 46.2 and 76.5%, respectively, rigidity reported
in 34.6 and 58.8%, respectively, pyramidal signs reported in
23.1 and 32.4%, respectively, and ataxic gait reported in 36.8
and 50.0%, respectively. However, Temudo and colleagues
did not report on the significance of these group differences.

Common Methodological Issues
There were common issues in all 16 of the papers included
in the current review. Regarding external validity of the
research, nine of the studies did not describe recruitment
methods in sufficient detail to allow judgements to be made
regarding the representativeness of the sampling frame, possible selection bias within the sampling frame, or the likelihood of response bias (Bai et al. 2014; Bartholdi et al. 2006;
Buoni et al. 1999; Clayton-Smith 2001; Guerrini et al. 1996;
Moncla et al. 1999; Saitoh et al. 1994; Smeets et al. 2005;
Zori et al. 1992). Whilst two studies referred to recruitment
from a larger cohort or participants of a previous study, the
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recruitment of participants into these original cohorts was
not described. A further three studies relied on a sampling
frame that may not have been representative of the target
population and did not use random selection or consensus
sampling within their sampling frame (Beckung et al. 2004;
Einspieler et al. 2005; Sandanam et al. 1997). For example,
Sandanam and colleagues recruited their sample through
institutional settings only and did not genetically screen all
of the residents for possible Angelman syndrome. Issues
of possible response bias were rarely discussed, possibly
because information was collected through routine clinical
assessment in many cases.
Regarding internal validity, only five studies provided
any definition for the movement disorder in question (Beckung et al. 2004; Einspieler et al. 2005; Guerrini et al. 1996;
Smeets et al. 2005; Smith et al. 1996) and the reliability of
the assessment method was reported in only one study (Einspieler et al. 2005). In four studies (Bai et al. 2014; Saitoh
et al. 1994; Smith et al. 1996, 1997) no direct observation of
the participants was conducted by the authors, increasing the
risk of bias in these estimates. In one further study (ClaytonSmith 2001), it was unclear whether the entire sample had
been examined clinically by the author.
In terms of the relative strengths of the research under
review, all but one paper (Smith et al. 1996) applied the
same methods to each of the study participants, and with two
exceptions (Saitoh et al. 1994; Temudo et al. 2008), all of the
studies provided an appropriate numerator and denominator
for the calculation of prevalence.

Discussion
This was the first paper to systematically review and evaluate research on the prevalence of movement disorders in
genetic syndromes with high rates of syndromic autism and
to report on the range of assessment methods used for the
identification of movement disorders within this population.
In addition, the current review adds to our overall understanding of the behavioural phenotypes of Angelman and
Rett syndromes as well as highlighting important gaps in
the literature. Although the review was designed to focus on
movement disorders in those syndromes with high rates of
syndromic autism, namely Angelman syndrome, CHARGE
syndrome, Cohen syndrome, Cornelia de Lange syndrome,
Fragile X syndrome, Rett syndrome and Tuberous Sclerosis
Complex, of the 16 studies meeting the inclusion criteria,
twelve related to Angelman syndrome and four to Rett syndrome. Studies relating to any of the other syndromes did
not met the criteria for inclusion. The apparent over-representation of Angelman and Rett syndrome among the results
of the review may reflect the fact that movement disorders
are considered part of the diagnostic criteria in these groups
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(Neul et al. 2010; Williams et al. 2006). As should always be
the case for a systematic reviews, the specific search terms
and criteria were developed in advance of performing the
literature search, and therefore it was not anticipated that
only papers relating to Angelman and Rett syndromes would
meet the inclusion criteria for the formal review.
Assessment methods included clinical assessment (clinical examination, medical records and/or clinical history
taking), questionnaires and assessment scales, and a video
observation method used in one study (Einspieler et al.
2005). The majority of studies in relation to Angelman
syndrome focused on ataxia or ataxic/jerky gait. Perhaps
unsurprisingly, given that ataxia is considered to be a diagnostic characteristic of Angelman syndrome (Williams et al.
2006), a number of studies reported a 100% prevalence rate,
with the lowest reported prevalence being 72.7% in those
with uniparental disomy (UPD) or an unspecified underlying
genetic mechanism (Beckung et al. 2004; Tan et al. 2011).
Tremor was reported in around a quarter of individuals with
Angelman syndrome (Beckung et al. 2004; Clayton-Smith
2001). Ataxic movements were reported less commonly in
Rett syndrome, affecting 50% or fewer individuals (Bartholdi et al. 2006; Temudo et al. 2008). Other movement
problems were reported in Rett syndrome, including dystonia in 63.3% and pyramidal signs in 28.3% (Temudo et al.
2008). The prevalence of tremor was estimated at 27.3% in
young children (Einspieler et al. 2005), similar to the prevalence in Angelman syndrome, although for older children
this rose to 48.3% (Temudo et al. 2008). Across the majority of studies, moderate levels of bias were introduced into
the findings, due to issues such as lack of detail in reporting recruitment methods, absence of reliability and validity
information for the assessment methods used, and failure to
provide a definition for the movement disorders reported.
The conclusions that can be reached about movement
disorders in genetic syndromes associated with syndromic autism are inevitably limited by the lack of available
cohort studies in relation to CHARGE syndrome, Cohen
syndrome, Cornelia de Lange syndrome, Fragile X syndrome and Tuberous Sclerosis Complex, as well as the level
of methodological bias identified in those studies reporting
on the prevalence of movement disorders in Angelman and
Rett syndromes. In order to increase the level of confidence
in reported prevalence data, future research should focus on
developing valid and reliable assessment tools for identifying movement disorders in these groups, based on standardised definitions. Authors must also ensure that recruitment
methods are reported in sufficient detail.
In terms of the review strategy presented here, it could
be argued that the requirement for an underlying genetic
mechanism to be identified would have led to the exclusion
of a number of potentially relevant studies, as in some cases
advances in our understanding of the underlying mechanisms
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have occurred only relatively recently (e.g., Amir et al. 1999;
Kolehmainen et al. 2003; Krantz et al. 2004). All but one of
the papers excluded based on the absence of DNA confirmation of the genetic syndrome related to Angelman or Rett
syndrome. The other study excluded on this basis related to
a small cohort of children with Cornelia de Lange syndrome.
In their sample of five children, Leroy et al. (1993) reported
a wide-based unsteady gait in two out of the three children
able to walk. Although the criterion for genetic confirmation
led to the exclusion of a number of papers, it was deemed
necessary to reduce the bias introduced by examining the
prevalence of specific clinical characteristics in a clinically
defined sample. This appears particularly important, given
that 11 out of 12 studies in Angelman syndrome focused
primarily on ataxic/jerky gait, which is one of the criteria
for clinical diagnosis (Williams et al. 2006). Similarly, case
reports were excluded from this review. Whilst they do not
contribute to estimates of prevalence, such papers can provide valuable insights into movement disorders in individuals with genetic syndromes. For example, one notable paper
described presentations of Gilles de la Tourette syndrome
and tic disorder in five individuals with Fragile X syndrome
(Schneider et al. 2008). Other case reports have described
issues such as chorea in a woman with Tuberous Sclerosis
Complex (Wright et al. 1992) and Parkinsonian symptoms
in a man with probable Cornelia de Lange syndrome (Fernandez et al. 2000).
Although it is possible that the selected search terms did
not capture each specific movement disorder that has been
described in the population of interest, due to the vast number of possible movement disorders, it is also likely that the
broader search terms such as ‘movement disorder’ captured
the majority of relevant papers. For example, papers in relation to tics (Schneider et al. 2008) and extrapyramidal signs
(Fitzgerald et al. 1990; Temudo et al. 2008) were identified,
despite the fact that search terms specific to these disorders
were not used.
Finally, the quality assessment tool selected for this
review was found to have only ‘fair’ inter-rater reliability
(Kappa = 0.53). This may be a reflection on the applicability of the tool to research in this area. It may also highlight
a general lack of clear unambiguous reporting within this
literature, leading to difficulties in drawing confident conclusions about the level of bias.

Implications and Future Research
The results of this review indicate that the majority of
individuals with Angelman syndrome and Rett syndrome
experience some form of movement disorder, with prevalence of specific movement disorders varying across
syndrome, with ataxic/jerky gait being more prevalent in
Angelman syndrome than Rett syndrome, and a conversely
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greater proportion of people with Rett syndrome experiencing tremor, at least in older children. In line with
findings in relation to idiopathic autism (Fatemi and Folsom 2013), many individuals with either Angelman or and
syndrome exhibited ataxic gait, indicating that the risk of
specific movement disorders may be higher in individuals with other features of ASD, although the finding of
higher rates of ataxia in Angelman syndrome despite a
lower prevalence of syndromic autism (Richards et al.
2015) indicates that other, possibly syndrome-specific,
factors are likely to be involved. There is, therefore, an
urgent need for research to examine the relationship, if
any, between specific movement disorders and autism
symptomatology in at least these two syndromes associated with high rates of syndromic autism.
As well as causing possible discomfort and distress,
issues such as ataxia, tremor, dystonia and other involuntary movements are likely to pose serious limitations on the
ability of people with Angelman and Rett syndrome engage
in a variety of activities without significant support. Such
difficulties add to the complex picture of support needs in
people with Angelman and Rett syndrome, who are also
likely to be non-verbal (Jolleff and Ryan 1993; Neul et al.
2010; Penner et al. 1993) and may display behaviours that
risk harm to themselves or those around them (e.g., Arron
et al. 2011; Hagberg et al. 1983), and are likely to contribute
to the higher levels of stress experienced by parents (Griffith et al. 2011; Laurvick et al. 2006; Perry et al. 1992). At
a service level, within the field of clinical psychology the
majority of neuropsychological assessments used in standard clinical practice require a reasonable level of motor
control in the execution of responses, even in the case of
those developed explicitly for individuals with severe intellectual disabilities (e.g., Albert and Cohen 1992; Wechsler
and Naglieri 2006). Services and care providers must make
appropriate adjustments to the physical and social environment to accommodate the needs of children and adults with
Angelman and Rett syndrome.
The overall lack of research into the prevalence of
movement disorders in the majority of genetic syndromes
investigated here may relate to the wider issue of diagnostic overshadowing (Reiss et al. 1982), whereby movement
problems are seen as part and parcel of having either ASD
or an intellectual disability, with clinicians and researchers
alike failing to investigate and identify specific disorders of
movement that contribute to the wider clinical profile. This
is illustrated by Leary and Hill (1996), who found evidence
indicating that the same movement problems that might be
attributed to neurological disorder in other individuals are
more likely to be perceived as behavioural in people with
ASD. Future research should build on clinical case reports
to examine the prevalence of identified movement disorders
within larger cohorts of individuals with a specific genetic
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syndrome. Consideration should also be given to possible
differences according to the underlying genetic mechanism.

Conclusions
Sixteen papers met the criteria for inclusion within the current systematic literature review and related to the prevalence of movement disorders in either Angelman syndrome
and Rett syndrome, both of which are strongly associated
with ASD. The review highlighted that the majority of
individuals with both Angelman and Rett syndrome were
affected by some form of movement disorder, with up to
100% of people with Angelman syndrome displaying ataxia,
and the majority of those with Rett syndrome exhibiting dystonia. However, issues with methodological bias were consistently identified across studies. These findings highlight
the need for services to acknowledge and assess for movement disorders when supporting individuals with Angelman
and Rett syndromes. The risks posed to the person’s physical
and emotional wellbeing must be considered and services
must work to reduce the impact of movement disorders on
the lives of people and their families. Future research should
focus on expanding on the current literature, by examining movement disorders in other genetic syndromes, and by
employing more robust methods of assessment.
Acknowledgments This paper is based on work undertaken by the first
author in part-submission for her ClinPsyD degree at the University
of Manchester, UK.
Author Contributions LB conducted the literature review, supervised
by DJH and AW who also worked to develop the review topic and
protocols. LB and DJH prepared the drafts of the review that were
reviewed by AW, DJH and LB.
Funding This review received no external funding and was completed
as part of the first author’s clinical psychology training at the University
of Manchester, UK.

Compliance with Ethical Standards
Conflict of interest Authors LB, AW and DJH declares that they have
no conflicts of interest.
Informed Consent This article does not contain any studies with human
participants performed by any of the authors.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

65

References
Albert, M., & Cohen, C. (1992). The test for severe impairment: An
instrument for the assessment of patients with severe cognitive
dysfunction. Journal of the American Geriatrics Society, 40,
449–453. https://doi.org/10.1111/j.1532-5415.1992.tb02009.x.
Amir, R. E., Van den Veyver, I., Wan, M., Tran, C. Q., Francke, U.,
& Zoghbi, H. Y. (1999). Rett syndrome is caused by mutations
in X-linked MECP2, encoding methyl-CpG-binding protein 2.
Nature Genetics, 23, 185–188. https://doi.org/10.1038/13810.
Arron, K., Oliver, C., Moss, J., Berg, K., & Burbidge, C. (2011).
The prevalence and phenomenology of self-injurious and
aggressive behaviour in genetic syndromes. Journal of Intellectual Disability Research, 55, 109–120. https://doi.org/10.111
1/j.1365-2788.2010.01337.x.
Bai, J. L., Qu, Y. J., Jin, Y. W., Wang, H., Yang, Y. L., Jiang, Y. W.,
et al. (2014). Molecular and clinical characterization of Angelman
syndrome in Chinese patients. Clinical Genetics, 85, 273–277.
https://doi.org/10.1111/cge.12155.
Bartholdi, D., Klein, A., Weissert, M., Koenig, N., Baumer, A., Boltshauser, E., et al. (2006). Clinical profiles of four patients with
Rett syndrome carrying a novel exon 1 mutation or genomic rearrangement in the MECP2 gene. Clinical Genetics, 69, 319–326.
https://doi.org/10.1111/j.1399-0004.2006.00604.x.
Beckung, E., Steffenburg, S., & KyIllerman, M. (2004). Motor
impairments, neurological signs, and developmental level
in individuals with Angelman syndrome. Developmental
Medicine and Child Neurology, 46, 239–243. https  : //doi.
org/10.1111/j.1469-8749.2004.tb00478.x.
Bottani, A., Robinson, W. P., Delozier-Blanchet, C. D., Engel, E., Morris, M. A., Schmitt, B., et al. (1994). Angelman syndrome due to
paternal uniparental disomy of chromosome 15: A milder phenotype? American Journal of Medical Genetics, 51, 35–40. https://
doi.org/10.1002/ajmg.1320510109.
Breen, J., & Hare, D. J. (2017). The nature and prevalence of catatonic
symptoms in young people with autism. Journal of Intellectual
Disability Research, 61(6), 580–593. https://doi.org/10.1111/
jir.12362.
Buoni, S., Grosso, S., Pucci, L., & Fois, A. (1999). Diagnosis of Angelman syndrome: Clinical and EEG criteria. Brain and Development, 21, 296–302. https: //doi.org/10.1016/S0387- 7604(99)00007
-8.
Clayton-Smith, J. (2001). Angelman syndrome: Evolution of
the phenotype in adolescents and adults. Developmental
Medicine and Child Neurology, 43, 476–480. https  : //doi.
org/10.1111/j.1469-8749.2001.tb00746.x.
Cochran, L., Moss, J., Nelson, L., & Oliver, C. (2015). Contrasting age
related changes in autism spectrum disorder phenomenology in
Cornelia de Lange, Fragile X, and Cri du Chat syndromes: Results
from a 2.5 year follow-up. American Journal of Medical Genetics
Part C: Seminars in Medical Genetics, 169, 188–197. https://doi.
org/10.1002/ajmg.c.31438.
Cunningham, A. B., & Schreibman, L. (2008). Stereotypy in autism:
The importance of function. Research in Autism Spectrum Disorders, 2, 469–479. https://doi.org/10.1016/j.rasd.2007.09.006.
Dodel, R., & Schrag, A. (2010). Health-related quality of life in movement disorders. In V. R. Preedy & R. R. Watson (Eds.), Handbook
of disease burdens and quality of life measures (pp. 4013–4034).
New York: Springer.
Donnellan, A. M., Hill, D. A., & Leary, M. R. (2013) Rethinking
autism: Implications of sensory and movement differences for
understanding and support. Frontiers in Integrative Neuroscience.
https://doi.org/10.3389/fnint.2012.00124.
Einspieler, C., Kerr, A. M., & Prechtl, H. F. (2005). Is the early development of girls with Rett disorder really normal ? Pediatric

13

66
Research, 57, 696–700. https://doi.org/10.1203/01.PDR.00001
55945.94249.0A.
Fatemi, S. H., & Folsom, T. D. (2013). Autism spectrum disorders and
ataxia. In M. Manto, D. L. Gruol, J. Schmahmann, N. Koibuchi
& F. Rossi (Eds.), Handbook of the cerebellum and cerebellar
disorders (pp. 1895–1906). Netherlands: Springer.
Fernandez HH, Friedman JH and Famiglietti EV (2000) Probable
Cornelia de Lange syndrome with progressive parkinsonism and
dystonia. Movement Disorders 15: 749–751.
FitzGerald, P. M., Jankovic, J., Glaze, D. G., Schultz, R., & Percy,
A. K. (1990). Extrapyramidal involvement in Rett’s syndrome.
Neurology, 40, 293–293. https://doi.org/10.1212/WNL.40.2.293.
Fleiss, J. L. (1981). Statistical methods for rates and proportions (2nd
ed.). New York: Wiley.
Griffith, G. M., Hastings, R. P., Oliver, C., Howlin, P., Moss, J., Petty,
J., et al. (2011). Psychological well-being in parents of children
with Angelman, Cornelia de Lange and Cri du Chat syndromes.
Journal of Intellectual Disability Research, 55, 397–410. https
://doi.org/10.1111/j.1365-2788.2011.01386.x.
Guerrini, R., Bonanni, P., de Lorey, T. M., Serratosa, J. M., Moncla, A., et al. (1996). Cortical myoclonus in Angelman syndrome. Annals of Neurology, 40, 39–48. https://doi.org/10.1002/
ana.410400109.
Hagberg, B. (2002). Clinical manifestations and stages of Rett syndrome. Mental Retardation and Developmental Disabilities
Research Reviews, 8, 61–65. https: //doi.org/10.1002/mrdd.10020.
Hagberg, B., Aicardi, J., Dias, K., & Ramos, O. (1983). A progressive syndrome of autism, dementia, ataxia, and loss of purposeful
hand use in girls: Rett’s syndrome: Report of 35 cases. Annals of
Neurology, 14, 471–479. https://doi.org/10.1002/ana.410140412.
Hagberg, B., Goutières, F., Hanefeld, F., Rett, A., & Wilson, J. (1985).
Rett syndrome: Criteria for inclusion and exclusion. Brain
and Development, 7, 372–373. https://doi.org/10.1016/S0387
-7604(85)80048-6.
Holm, V. A. (1985). Rett’s syndrome: A progressive developmental
disability in girls. Journal of Developmental and Behavioral
Pediatrics, 6, 32–36. https://doi.org/10.1097/00004703-19850
2000-00007.
Hoy, D., Brooks, P., Woolf, A., Blyth, F., March, L., Bain, C., et al.
(2012). Assessing risk of bias in prevalence studies: Modification
of an existing tool and evidence of interrater agreement. Journal
of Clinical Epidemiology, 65, 934–939. https://doi.org/10.1016/j.
jclinepi.2011.11.014.
Jolleff, N., & Ryan, M. M. (1993). Communication development in
Angelman’s syndrome. Archives of Disease in Childhood, 69,
148–150. https://doi.org/10.1136/adc.69.1.148.
Kolehmainen, J., Black, G. C., Saarinen, A., Chandler, K., ClaytonSmith, J., Träskelin, A. L., et al. (2003). Cohen syndrome is
caused by mutations in a novel gene, COH1, encoding a transmembrane protein with a presumed role in vesicle-mediated sorting and intracellular protein transport. The American Journal of
Human Genetics, 72, 1359–1369. https: //doi.org/10.1086/375454 .
Krantz, I. D., McCallum, J., DeScipio, C., Kaur, M., Gillis, L. A.,
Yaeger, D., et al. (2004). Cornelia de Lange syndrome is caused
by mutations in NIPBL, the human homolog of Drosophila melanogaster Nipped-B. Nature Genetics, 36, 631–635. https://doi.
org/10.1038/ng1364.
Laurvick, C. L., Msall, M. E., Silburn, S., Bower, C., de Klerk, N., &
Leonard, H. (2006). Physical and mental health of mothers caring
for a child with Rett syndrome. Pediatrics, 118, e1152–e1164.
https://doi.org/10.1542/peds.2006-0439.
Lawson-Yuen, A., Wu, B. L., Lip, V., Sahoo, T., & Kimonis, V. (2006).
Atypical cases of Angelman syndrome. American Journal of Medical Genetics Part A, 140, 2361–2364. https://doi.org/10.1002/
ajmg.a.31481.

13

Journal of Autism and Developmental Disorders (2019) 49:54–67
Leary, M. R., & Hill, D. A. (1996). Moving on: Autism and movement
disturbance. Mental Retardation, 34, 39–53.
Leboeuf-Yde, C., & Lauritsen, J. M. (1995). The prevalence of low
back pain in the literature: A structured review of 26 Nordic
studies from 1954 to 1993. Spine, 20, 2112–2118. https://doi.
org/10.1097/00007632-199510000-00009.
Leroy, J. G., Persijn, J., Van de Weghe, V., van Heck, R., Oostra, A.,
De Bie, S., et al. (1993). On the variability of the Brachmann-de
Lange syndrome in seven patients. American Journal of Medical
Genetics, 47, 983–991. https: //doi.org/10.1002/ajmg.132047 0709.
López-Bastida, J., Perestelo-Pérez, L., Montón-álvarez, F., & SerranoAguilar, P. (2008). Social economic costs and health-related
quality of life in patients with degenerative cerebellar ataxia in
Spain. Movement Disorders, 23, 212–217. https: //doi.org/10.1002/
mds.21798.
Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. and The PRISMA
Group (2009) Preferred reporting items for systematic reviews and
meta analyses: The PRISMA statement. PLOS Medicine. https://
doi.org/10.1371/journal.pmed1000097.
Moncla, A., Malzac, P., Livet, M. O., Voelckel, M. A., Mancini, J.,
Delaroziere, J. C., et al. (1999). Angelman syndrome resulting
from UBE3A mutations in 14 patients from eight families: Clinical manifestations and genetic counselling. Journal of Medical
Genetics, 36, 554–560. https://doi.org/10.1136/jmg.36.7.554.
Moss, J., & Howlin, P. (2009). Autism spectrum disorders in genetic
syndromes: Implications for diagnosis, intervention and understanding the wider autism spectrum disorder population. Journal
of Intellectual Disability Research, 53, 852–873. https://doi.org/
10.1111/j.1365-2788.2009.01197.x.
Moss, J., Oliver, C., Arron, K., Burbidge, C., & Berg, K. (2009). The
prevalence and phenomenology of repetitive behavior in genetic
syndromes. Journal of Autism and Developmental Disorders, 39,
572–588. https://doi.org/10.1007/s10803-008-0655-6.
Moss, J., Oliver, C., Nelson, L., Richards, C., & Hall, S. (2013). Delineating the profile of autism spectrum disorder characteristics in
Cornelia de Lange and Fragile X syndromes. American Journal
on Intellectual and Developmental Disabilities, 118, 55–73. https
://doi.org/10.1352/1944-7558-118.1.55.
National Organisation for Rare Disorders (2016) Rare disease information. Retrieved January 22, 2016, from http://rarediseases.org/
for-patien ts-and-famili es/inform
 ation -resour ces/rare-diseas e-infor
mation.
Nayate, A., Bradshaw, J. L., & Rinehart, N. J. (2005). Autism and
Asperger’s disorder: Are they movement disorders involving the
cerebellum and/or basal ganglia? Brain Research Bulletin, 67,
327–334. https://doi.org/10.1016/j.brainresbull.2005.07.011.
Neul, J. L., Kaufmann, W. E., Glaze, D. G., Christodoulou, J., Clarke,
A. J., Bahi-Buisson, N., et al. (2010). Rett syndrome: Revised
diagnostic criteria and nomenclature. Annals of Neurology, 68,
944–950. https://doi.org/10.1002/ana.22124.
Penner, K. A., Johnston, J., Faircloth, B. H., Irish, P., & Williams, C.
A. (1993). Communication, cognition, and social interaction in the
Angelman syndrome. American Journal of Medical Genetics, 46,
34–39. https://doi.org/10.1002/ajmg.1320460108.
Perry, A., Sarlo-McGarvey, N., & Factor, D. C. (1992). Stress and family functioning in parents of girls with Rett syndrome. Journal of
Autism and Developmental Disorders, 22, 235–248. https://doi.
org/10.1007/BF01058153.
Reiss, S., Levitan, G. W., & Szyszko, J. (1982). Emotional disturbance
and mental retardation: Diagnostic overshadowing. American
Journal of Mental Deficiency, 86, 567–574.
Richards, C., Jones, C., Groves, L., Moss, J., & Oliver, C. (2015).
Prevalence of autism spectrum disorder phenomenology in
genetic disorders: A systematic review and meta-analysis. The
Lancet Psychiatry, 2, 909–916. https://doi.org/10.1016/S2215
-0366(15)00376-4.

Journal of Autism and Developmental Disorders (2019) 49:54–67
Robledo, J., Donnellan, A. M., & Strandt-Conroy, K. (2012) An exploration of sensory and movement differences from the perspective
of individuals with autism. Frontiers in Integrative Neuroscience.
https://doi.org/10.3389/fnint.2012.00107.
Saitoh, S., Harada, N., Jinno, Y., Hashimoto, K., Imaizumi, K., Kuroki,
Y., et al. (1994). Molecular and clinical study of 61 Angelman
syndrome patients. American Journal of Medical Genetics, 52,
158–163. https://doi.org/10.1002/ajmg.1320520207.
Sandanam, T., Beange, H., Robson, L., Woolnough, H., Buchholz, T.,
& Smith, A. (1997). Manifestations in institutionalised adults with
Angelman syndrome due to deletion. American Journal of Medical Genetics, 70, 415–420.
Sanderson, S., Tatt, I. D., & Higgins, J. P. (2007). Tools for assessing quality and susceptibility to bias in observational studies in
epidemiology: A systematic review and annotated bibliography.
International Journal of Epidemiology, 36, 666–676. https://doi.
org/10.1093/ije/dym018.
Schneider, S. A., Robertson, M. M., Rizzo, R., Turk, J., Bhatia, K.
P., & Orth, M. (2008). Fragile X syndrome associated with tic
disorders. Movement Disorders, 23, 1108–1112. https://doi.
org/10.1002/mds.21995.
Smeets, E., Terhal, P., Casaer, P., Peters, A., Midro, A., Schollen, E.,
et al. (2005). Rett syndrome in females with CTS hot spot deletions: A disorder profile. American Journal of Medical Genetics
Part A, 132, 117–120. https://doi.org/10.1002/ajmg.a.30410.
Smith, A., Marks, R., Haan, E., Dixon, J., & Trent, R. J. (1997). Clinical features in four patients with Angelman syndrome resulting
from paternal uniparental disomy. Journal of Medical Genetics,
34, 426–429. https://doi.org/10.1136/jmg.34.5.426.
Smith, A., Wiles, C., Haan, E., McGill, J., Wallace, G., Dixon, J., et al.
(1996). Clinical features in 27 patients with Angelman syndrome
resulting from DNA deletion. Journal of Medical Genetics, 33,
107–112. https://doi.org/10.1136/jmg.33.2.107.
Tan, W. H., Bacino, C. A., Skinner, S. A., Anselm, I., BarbieriWelge, R., Bauer-Carlin, A., et al. (2011). Angelman syndrome:

67
Mutations influence features in early childhood. American Journal
of Medical Genetics Part A, 155, 81–90. https://doi.org/10.1002/
ajmg.a.33775.
Temudo, T., Ramos, E., Dias, K., Barbot, C., Vieira, J. P., Moreira, A.,
et al. (2008). Movement disorders in Rett syndrome: An analysis
of 60 patients with detected MECP2 mutation and correlation with
mutation type. Movement Disorders, 23, 1384–1390. https://doi.
org/10.1002/mds.22115.
Wechsler, D., & Naglieri, J. A. (2006). Wechsler nonverbal scale of
ability. San Antonio: Pearson Clinical.
Williams, C. A., Beaudet, A. L., Clayton-Smith, J., Knoll, J. H., Kyllerman, M., Laan, L. A., et al. (2006). Angelman syndrome 2005:
Updated consensus for diagnostic criteria. American Journal of
Medical Genetics Part A, 140, 413–418. https://doi.org/10.1002/
ajmg.a.31074.
Williams, C. A., Driscoll, D. J., & Dagli, A. I. (2010). Clinical and
genetic aspects of Angelman syndrome. Genetics in Medicine,
12, 385–395. https://doi.org/10.1097/GIM.0b013e3181def138.
Woodcock, K. A., Humphreys, G. W., Oliver, C., & Hansen, P. C.
(2010). Neural correlates of task switching in paternal 15q11–q13
deletion Prader–Willi syndrome. Brain Research, 1363, 128–142.
https://doi.org/10.1016/j.brainres.2010.09.093.
Woodcock, K. A., Oliver, C., & Humphreys, G. W. (2011). The
relationship between specific cognitive impairment and
behaviour in Prader–Willi syndrome. Journal of Intellectual Disability Research, 55, 152–171. https://doi.org/10.111
1/j.1365-2788.2010.01368.x.
Wright, R. A., Pollock, M., & Donaldson, I. M. (1992). Chorea and
tuberous sclerosis. Movement Disorders, 7, 87–89. https://doi.
org/10.1002/mds.870070119.
Zori, R. T., Hendrickson, J., Woolven, S., Whidden, E. M., Gray,
B., & Williams, C. A. (1992). Angelman syndrome: Clinical
profile. Journal of Child Neurology, 7, 270–280. https://doi.
org/10.1177/088307389200700307.

13

