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Abstract

Background Sleep problems are common in many
neurodevelopmental disorders, but little is known
about how sleep is related to behavioural symptoms in
Angelman syndrome (AS) or other genetic disorders.
Hyperactive behaviour, sleep problems and epilepsy
seem to be more common in AS than in other genetic
conditions associated with severe intellectual
disability. We hypothesised that both more sleep
problems and earlier onset of epileptic seizures would
predict more symptoms of hyperactivity. Hence, the
aim of the project was to explore the association
between hyperactive behaviour, sleep problems and
age of epilepsy onset in individuals with AS.
Method All known parents/guardians (n = 115) of
individuals with AS in Norway were invited to partic-
ipate in this descriptive correlational study. Fifty-six
individuals (49%) responded, and 42 people (25 male
and 17 female; mean age 18.5 years, range 2–57 years)
with genetically verified AS were included. Scores for
‘hyperactivity’ and ‘sleep problems’were derived from
questionnaire data. Information on epilepsy was ob-
tained from medical records.
Results ‘Hyperactivity’ was positively correlated with
‘total sleep problems’ (r = 0.46, P = 0.002) and
negatively correlated with ‘age of epilepsy onset’
(r = �0.47, P = 0.01). ‘Age of epilepsy onset’ was not

correlated with ‘total sleep problems’. An overall
multiple regression model with ‘hyperactivity’ as the
dependent variable and ‘age of epilepsy onset’ and
‘total sleep problems’ as covariates was significant
(R2 = 0.39, F = 8.16, P = 0.002). Hence, hyperactivity
in AS could be predicted from both age of epilepsy
onset and current sleep problems.
Conclusions Sleep problems may increase
hyperactivity symptoms in individuals with AS. The
association between hyperactivity and sleep problems
in AS indicates that both should be investigated
together as part of routine clinical assessment and
intervention for either area of difficulty. Younger age
of epilepsy onset was associated with more
hyperactivity in AS, which may be related to
encephalopathic effects of seizures and epilepsy.

Keywords Angelman syndrome, epilepsy, epileptic
encephalopathy, hyperactive behaviour, sleep
problems

Introduction

Angelman syndrome (AS) is a very rare
neurodevelopmental disorder with estimated
prevalence ranging from 1 in 20 000 to 1 in 12 000

(Buiting et al. 2016). It is caused by an absent or
non-functioning maternal allele of chromosome
15q11-q13 (Pelc et al. 2008b; Brun Gasca et al. 2010;
Gentile et al. 2010; Buiting et al. 2016; Wheeler
et al. 2017). Deletions (found in about 75% of
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individuals with AS) are associated with a more severe
phenotype than other genetic causes (e.g. uniparental
disomy, UBE3A mutations and imprinting defects).
The most common clinical features include
developmental delay, intellectual disability (ID)
(functionally severe), severe speech impairments,
ataxia, and behavioural characteristics such as
frequent smiling, laughter and hand flapping.
Problems associated with abnormal sleep–wake cycles
and apparently diminished need for sleep are also
typical. Epilepsy, with seizure onset usually before
3 years of age, is present in more than 80% of
individuals (Berry et al. 2005). Hyperactivity [but not
other symptoms of attention deficit hyperactivity
disorder (ADHD) such as inattention and
impulsivity] has been reported to be the most
prominent and severe behavioural problem in
children with AS (Berry et al. 2005; Pelc et al. 2008b;
Wheeler et al. 2017). Hyperactivity interferes with the
child’s ability to concentrate or learn new skills and is
reported in almost all young children with AS (Berry
et al. 2005; Pelc et al. 2008b; Wheeler et al. 2017).
Furthermore, hyperactivity seems to be more
prevalent in AS than in other conditions associated
with similar levels of ID (Berry et al. 2005; Pelc
et al. 2008b; Gentile et al. 2010; Wheeler et al. 2017).

Sleep problems, mainly associated with abnormal
sleep–wake cycles and apparently diminished need for
sleep, also represent major challenges in AS. Sleep
problems can be particularly disruptive because of the
impact on well-being and physical health of both the
individuals and their families (Goldman et al. 2012).
Although sleep problems tend to diminish with age,
some studies report that adults with AS continue to
experience sleep problems (Trickett et al. 2017;
Wheeler et al. 2017). Despite the potential impact of
sleep dysfunction in AS, the underlying mechanisms,
and whether sleep problems may be caused by altered
circadian rhythm or irregular sleep homeostasis or
both, are poorly understood (Heussler 2016; Barone
et al. 2019).

Even though sleep problems are common in many
neurodevelopmental disorders (Heussler 2016;
Wheeler et al. 2017; Dan 2018; Barone et al. 2019),
little is known about how sleep is related to
behavioural symptoms in AS or other genetic
disorders associated with severe ID. However,
findings from other disorders, such as ADHD, may
be relevant for understanding sleep problems and

hyperactivity in AS. Thus, in the case of ADHD, sleep
disturbances may be causes, effects or intrinsic
features of ADHD, and there might be shared
aetiological and genetic backgrounds that are linked
to circadian rhythm regulation (Bijlenga et al. 2019).
Also, disturbed sleep may lead to symptoms,
behaviour or functional impairments that mimic those
in ADHD. For example, hyperactivity in overtired
young children is suggested as being an
‘autostabilisation’ behaviour that helps them to
compensate for fatigue (Bijlenga et al. 2019).
Furthermore, sleep problems may directly exacerbate
the severity of impairments in neurodevelopmental
disorders (Dan 2018; Barone et al. 2019). This
hypothesis is consistent with data from experimental,
short-term sleep restriction studies in healthy humans
that demonstrate significant impairment in
neurocognitive functioning (Lowe et al. 2017).
Moreover, normal sleep is important for optimal
brain development, brain plasticity and learning
(Dan 2018; Barone et al. 2019). Hence, inadequate
sleep may have a long-term impact in addition to
more immediate effects on behavioural symptoms.

Epilepsy, which is a major clinical problem in many
individuals with AS, can also affect both brain
development and daily life functioning. The onset of
epilepsy typically occurs in early childhood, although
severity often improves with puberty (Thibert
et al. 2013; Sueri et al. 2017). The concept of ‘epileptic
encephalopathy’ embodies the notion that epileptic
activity may alter synaptic plasticity and exacerbate
cognitive and behavioural impairments above and
beyond what might be expected from the underlying
pathology alone (Berg 2011; Brooks-Kayal 2011; Jeste
& Tuchman 2015). The association between very
early onset epilepsy and neurobehavioural
dysfunction is particularly strong (Brooks-Kayal 2011;
Jensen 2011; Capal et al. 2017), and this may indicate
that during critical periods, epilepsy interacts with
brain development involved in the establishment of
functional connections and networks (Berg 2011).
Hence, although epilepsy improves with age in AS,
earlier epilepsy onset may be related to more severe
cognitive and behavioural symptoms, and Bakke
et al. (2018) reported a significant association between
age of epilepsy onset and the presence of autism
symptoms in this population.

Epilepsy, sleep problems and hyperactivity seem to
be more common in AS than in other genetic
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conditions associated with severe ID (Robertson
et al. 2015; Heussler 2016; Dan 2018; Trickett
et al. 2018; Barone et al. 2019). Nevertheless, there is
little research into the relationships between these
three areas of difficulty, although they are often
among the most salient clinical concerns for those
caring for individuals with AS. Recognising factors
that may influence behaviour in a particular genetic
syndrome is important when prioritising interventions
(Oliver et al. 2020), and hence, the main purpose of
the present study was to explore the association
between hyperactivity symptoms, sleep problems and
age of epilepsy onset in a sample of individuals with
AS. Based on research on sleep problems in ADHD
and data from studies in epilepsy, we hypothesised
that both more sleep problems and earlier onset of
epileptic seizures would predict more symptoms of
hyperactivity.

Methods

The study was approved by the regional ethics
committee in Norway (REK 2014/1880). The study
combines data from questionnaires and medical re-
cords. Epilepsy characteristics and association be-
tween early epilepsy onset and autism symptoms in
this sample of individuals with AS have been pub-
lished previously (Bakke et al. 2018).

Recruitment procedures

The population in Norway is about 5.4 million, and
from the records of the Frambu Resource Centre for
Rare Disorders in Norway and the Norwegian
Angelman Association, 115 individuals were identi-
fied with AS. Letters with questionnaires were sent to
the parents/guardians of these individuals in February
2015. Individuals with AS were included if

• their parents/guardians consented to participation
and gave access to medical records;

• they had a genetically verified diagnosis of AS; and
• were aged ≥2 years [i.e. the minimum age for the

Strengths and Difficulties Questionnaire (SDQ);
see Measures section].

Participants

This study was part of a larger Norwegian study of
individuals with AS exploring behavioural and

somatic features. In total, 56 (49%) parents/guardians
responded, and 44 individuals with AS meeting
inclusion criteria were identified. The SDQ (see
Measures section) was completed by 28 mothers, five
fathers, five both parents and four ‘others’
(professionals or family) and was missing for two
individuals. Thus, the study group comprised 42

individuals with AS (25 male and 17 female). Mean
age was 18 years and 8 months, range 2–57 years
(sample size and age differ slightly from a previous
study involving the same cohort; Bakke et al. 2018).
Formal tests of developmental level were rarely
performed by the clinical services involved with these
individuals, but most were deemed likely to have
severe ID on the basis of their very limited
communication. Within the sample, 26 individuals
(59%) used ≤20 signs/words, and none had more
than 100 signs/words (Bakke et al. 2018) (i.e.
markedly fewer than typically developing 3-year-old
children who have a vocabulary of around 200 words
and some phrases).

Measures

Hyperactivity

The SDQ is a 25-item questionnaire that screens for
the presence of hyperactivity/inattention, emotional
symptoms, conduct problems and peer relationship
problems. Each item is rated 0 to 2, and a total
difficulties score, based on 20 items, and four
subscale scores can be calculated (Goodman 1997;
Emerson et al. 2010). The SDQ has been used in a
number of studies to investigate emotional and
behavioural problems in children and young people
with ID (Goodman 1997; Emerson et al. 2010) and is
included as a measure in the National Institute for
Health and Care Excellence (2016) guidelines
addressing mental health problems in people with
learning disabilities. Although initially developed for
typically developing children up to the age of 16, in
this study, the SDQ was used for some individuals
older than 17 years.

The SDQ has been used to screen for the presence
of ADHD (Cuffe et al. 2005; Algorta et al. 2016), but
symptoms of ADHD, particularly symptoms of
inattention, are difficult to disentangle in individuals
with very limited language and severe ID. Therefore,
as we needed a measure of hyperactivity for the
present study, in addition to using the SDQ
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hyperactivity/inattention subscale, we developed a
separate rating for hyperactivity. This latter was based
on the two SDQ items specifically addressing
symptoms of hyperactivity: (1) ‘restless, overactive
and cannot sit still for long’ and (2) ‘constantly
fidgeting or squirming’. To avoid confusion between
the two scores, we use the term ‘hyperactivity’ for the
two-item score and ‘ADHD symptoms’ for the
five-item score. Internal consistency was good
(Cronbach’s α = 0.87 for ‘hyperactivity’ and 0.71 for
‘ADHD symptoms’). We also report SDQ total
difficulties, although internal consistency was low for
this measure (Cronbach’s α = 0.47).

Sleep and clinical information

In a study-specific questionnaire, parents/guardians
were asked to rate the degree to which they agreed
with the description of different behaviours. The
questionnaire included three statements about sleep,
addressing problems that are particularly
characteristic of AS (i.e. night wakings and
diminished total sleep time) (Pelc et al. 2008a). Items
were rated on a 5-point scale (1 = strongly agree;
5 = strongly disagree). An overall rating of sleep
disturbance (Cronbach’s α = 0.77) was based on the
total score for the following items: (Q1) ‘My child
often wakes up in the middle of the night’, (Q2)
‘When my child wakes up during night, it often takes
a long time to go back to sleep’ and (Q3) ‘My child
sleeps less than his/her peers’. Similar questions, but
with different wordings, about sleep behaviour and
5-point scales, rated from never to always, are
included in the much more comprehensive Sleep

Disturbance Scale for Children (SDSC) comprising
26 items (Bruni et al. 1996).

Information about epilepsy and genetics was
derived from medical records. Type of abnormality
was rated as ‘deletion’ or ‘other’ (i.e. uniparental
disomy, imprinting defects and point mutation). In 12

cases with genetically verified AS, no further genetic
analysis had been performed; hence, there were no
data on the specific type of genetic cause in these
individuals (see Table 1). Individuals with epilepsy
were older than those without epilepsy (mean: 21.5 vs.
9.7 years, P = 0.007). Epilepsy characteristics in this
group (early onset, multiple seizure types, a tendency
to have seizures during febrile episodes and
commonly treatment resistant seizures, particularly in
early childhood) are similar to those described in
other studies of AS (Fiumara et al. 2010; Thibert
et al. 2013; Bakke et al. 2018).

Statistical analysis

Associations between quantitative measures were
analysed by parametric statistics in SPSS 25 (t-test and
Pearson’s r). [Duplicate calculations using
non-parametric test (Mann–Whitney U; Spearman
rho) revealed almost identical results.] Normality of
residuals was checked using visual inspection of
probability (P–P) plots. Multiple regression analyses
were conducted to assess the impact of ‘overall sleep
problems’ and ‘age of epilepsy onset’ on hyperactivity,
and additional analysis with bootstrapping for
coefficients was performed. To correct for multiple
comparisons, the Benjamini–Hochberg procedure
was applied to P-values using a false discovery rate of
0.05 (Benjamini & Hochberg 1995).

669

Table 1 Clinical characteristics of the 42 participants

Type of genetic aberration Deletion: 22
UPD: 3
Imprinting: 3
Mutation: 2
Unknown: 12

Epilepsy Epilepsy: 32
No epilepsy: 10

Sleep medication Melatonin: 17
Alimemazine tartrate: 5 (including 3 also using melatonin)
No sleep medication: 23

UPD, uniparental disomy.
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Results

Table 2 shows ratings of ‘hyperactivity’, ‘ADHD
symptoms’, ‘SDQ total difficulties’ and correlations
with sleep behaviours. The total sleep problems score
was significantly correlated with the hyperactivity
score and with ADHD symptoms generally, but not
with SDQ total difficulties score.

Mean age of epilepsy onset was 37 months
(standard deviation: 26months; range: 3–94months),
and ‘age of epilepsy onset’ was negatively correlated
with ‘hyperactivity’ (r = �0.47, P = 0.01) and ‘ADHD
symptoms’ (r = �0.46, P = 0.01), but not with ‘SDQ
total difficulties’ or ‘total sleep problems’. To
determine the impact of ‘total sleep problems’ and
‘age of epilepsy onset’ on ‘hyperactivity’, linear
regression was conducted with ‘hyperactivity’ as the
dependent variable. The overall model was significant
(R2 = 0.39, F = 8.16, P = 0.002), and each covariate
made an independent contribution (‘age of epilepsy
onset’, P = 0.015, and ‘total sleep problems’,
P = 0.014). After bootstrapping, each covariate
continued to make a marginally independent
contribution. Hence, there was a trend for both earlier
epilepsy onset and more sleep problems to

independently predict increased levels of hyperactivity
in this sample. Application of the Benjamini–
Hochberg procedure for correction of multiple
comparisons using false discovery rates of 0.05
resulted in no P-value from any of the significant
correlations or the regression falling below the
Benjamini–Hochberg critical value (Benjamini &
Hochberg 1995).

Testing for group effects of demographic variables
showed that there were no significant effects of
gender, presence of epilepsy or type of genetic
abnormality on hyperactivity, ADHD symptoms,
SDQ total difficulties or sleep problem scores.
However, individuals receiving sleep medications
were rated to be more likely to wake during the night
and also tended to have higher total sleep problem
scores than those not receiving sleep medications (see
Table 3). Testing for the effect of age showed no
significant correlations for age with ‘hyperactivity’,
‘ADHD symptoms’ or ‘total sleep problems’.

Discussion

Hyperactivity and sleep problems are major
challenges for individuals with AS and their parents or
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Table 2 Scores for hyperactivity, ADHD symptoms, SDQ total and sleep problems and their correlations

Scores Correlations between scores

Mean (SD) Hyperactivity
ADHD

symptoms
SDQ total
difficulties

Hyperactivity (missing: 1) 2.2 (1.4)
ADHD symptoms (missing: 0) 7.4 (2.1) r = 0.87

P < 0.001*
SDQ total difficulties (missing: 1) 15.4 (4.5) r = 0.60 r = 0.69

P < 0.001* P < 0.001*
Total sleep problems (missing: 1) 10.7 (3.1) r = 0.46 r = 0.36 r = 0.31

P = 0.002* P = 0.02* P = 0.046**
Q1: ‘My child often wakes up during the night’ (missing: 0) 3.7 (1.3) r = 0.21 r = 0.18 r = 0.29

P = 0.19 P = 0.25 P = 0.065
Q2: ‘When my child wakes up during night, s/he often takes a
long time to go back to sleep’ (missing: 0)

3.4 (1.1) r = 0.53 r = 0.347 r = 0.29
P < 0.001* P = 0.03* P = 0.064

Q3: ‘My child sleeps less than his/her peers’ (missing: 1) 3.6 (1.4) r = 0.43 r = 0.37 r = 0.19
P = 0.005* P = 0.02* P = 0.23

*Significant correlations.
**The value fell below the Benjamini–Hochberg critical value when testing for multiple comparisons using a false discovery rate of 0.05.
ADHD, attention deficit hyperactivity disorder; SD, standard deviation; SDQ, Strengths and Difficulties Questionnaire.
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carers and negatively affect many areas of functioning
(Gentile et al. 2010; Wheeler et al. 2017). The main
purpose of this study was to explore whether there was
a relationship between hyperactivity and sleep
problems in a Norwegian sample of individuals with
AS. We also explored the possible role of age of
epilepsy onset.

In line with our hypothesis, the hyperactivity score,
and the ADHD score more generally, but not the
SDQ total difficulties were significantly correlated
with the score for sleep problems in this sample. In a
review of the literature, we could identify no other
studies in this area, apart from that of Trickett
et al. (2018). That study found that ‘overactivity’ was
significantly (P< 0.01) correlated with ‘night waking’,
‘sleep-disordered breathing’ and ‘parasomnias’ in
tuberous sclerosis, but not in autism spectrum
disorder, Smith–Magenis syndrome or AS. Our
contrasting findings for AS, compared with those of
Trickett et al., may be due to the use of different
measures of hyperactive behaviour and sleep
problems. Although research has shown that there is a
complex link between sleep problems and symptoms
of ADHD, the mechanisms underlying this
relationship remain uncertain (Bijlenga et al. 2019).

Moreover, diagnostic assessment of ADHD in
individuals with severe ID is particularly challenging
(Thapar 2017; Oliver et al. 2020). More co-ordinated
research, involving larger samples and using
comparable measures, is needed further to explore
potential relationships between sleeping problems
and behaviour in AS.

Although sleep problems are one of the main
features of the AS behavioural phenotype, the causes
remain poorly understood (Heussler 2016; Dan 2018;
Barone et al. 2019). In sleep studies using animal
models of AS, the UBE3A gene is linked to the
regulation of the circadian clock, suggesting that AS
might be a candidate for targeted molecular therapy
(Heussler 2016; Barone et al. 2019). Clinical
observations of individuals with AS, although not
investigated in this study, suggest a reduction in sleep
pressure (i.e. an increasing need for sleep for during
prolonged periods of wakefulness) and overall
reduction in sleep times (Barone et al. 2019).
However, findings from animal research have failed to
determine if sleep problems in AS are more likely to
be caused by disturbances in circadian rhythm or
disruption in sleep homeostasis or both (Barone
et al. 2019). Thus, it is unclear whether individuals
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Table 3 Mean scores for hyperactivity, ADHD symptoms, SDQ total difficulties and sleep problems for different groups

Behaviour ratings

Mean scores (SD) in different groups scores

Male:
female

Epilepsy:
no epilepsy

Deletion:
other

Sleep medications:
no sleep medications

Hyperactivity 2.2 (1.2): 2.3 (1.7) 2.3 (1.5): 2.2 (1.0) 2.6 (1.5): 1.6 (1.3) 2.2 (1.4): 2.3 (1.4)
t = �0.25; P = 0.80 t = 0.12; P = 0.91 t = 1.7; P = 0.13 t = �0.37; P = 0.72

ADHD symptoms 7.3 (2.0): 7.5 (2.2) 7.4 (2.4): 7.4 (0.7) 7.8 (2.1): 6.1 (2.6) 7.2 (2.6): 7.6 (1.6)
t = �0.23; P = 0.82 t = �0.03; P = 0.97 t = 1.8; P = 0.09 t = �0.62; P = 0.54

SDQ total difficulties 14.9 (3.7): 16.2 (5.6) 15.6 (4.4): 14.8 (4.8) 16.0 (4.3): 15.1 (6.4) 16.2 (5.1): 14.8 (3.9)
t = �0.88; P = 0.38 t = 0.48; P = 0.64 t = 0.43; P = 0.67 t = �0.99; P = 0.33

Total sleep problems 10.4 (2.7): 11.1 (3.8) 10.9 (3.2): 9.9 (2.7) 10.8 (3.5): 11.9 (3.0) 11.7 (2.6): 9.8 (3.3)
t = �0.62; P = 0.54 t = 0.91; P = 0.37 t = �0.79; P = 0.44 t = 2.1; P = 0.043

Q1: ‘My child often wakes up
during the night’

3.7 (1.1): 3.8 (1.5) 3.8 (1.3): 3.4 (1.3) 3.7 (1.4): 4.5 (0.8) 4.3 (0.9): 3.3 (1.4)
t = �0.21; P = 0.83 t = 0.91; P = 0.37 t = �1.5; P = 0.14 t = 2.8; P = 0.008

Q2: ‘When my child wakes up
during night, s/he often takes
a long time to go back to sleep’

3.3 (1.0): 3.5 (1.1) 3.5 (1.1): 2.9 (0.7) 3.6 (1.1): 3.4 (1.1) 3.7 (0.9): 3.1 (1.1)
t = �0.75; P = 0.46 t = 1.7; P = 0.10 t = 0.57; P = 0.58 t = 1.73; P = 0.92

Q3: ‘My child sleeps less than
his/her peers’

3.4 (1.4): 3.7 (1.5) 3.6 (1.4): 3.6 (1.3) 3.3 (1.6): 4.0 (1.4) 3.8 (1.4): 3.4 (1.4)
t = �0.54; P = 0.65 t = �0.01; P = 0.92 t = �1.0; P = 0.31 t = 0.96; P = 0.34

ADHD, attention deficit hyperactivity disorder; SD, standard deviation; SDQ, Strengths and Difficulties Questionnaire.
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with AS may need less sleep or are unable to obtain
enough sleep.

Overall, the data supported our hypothesis of a link
between hyperactivity and early epilepsy. An
association between early epilepsy onset and poorer
developmental outcome has been reported in diverse
epilepsy populations (Ma et al. 2015; Capal
et al. 2017). Also, in a previous study in this
population, age of epilepsy onset was found to
correlate significantly with higher rates of autistic
symptoms (Bakke et al. 2018). Nevertheless, it is
difficult to determine whether such associations are
caused by encephalopathic effects or whether early
epilepsy and developmental outcomes are caused by
the same underlying biology (Korman et al. 2013;
Curatolo et al. 2016). Our previous study supported
the notion of an independent effect of seizures, and
we speculate whether the significant correlation
between ‘age of epilepsy onset’ and ‘hyperactivity’ in
this study might also be due to an encephalopathic
effect (Bakke et al. 2018).

Successful treatment of sleep problems in people
with severe ID is challenging, and in this study,
individuals who received sleep medications were rated
as being more likely to wake during the night This is
similar to the finding of Trickett et al. (2018) who
found that children with autism spectrum disorder
who took sleep medications had higher night waking
scores than those not receiving medication. This
suggests that commonly prescribed medications may
be inadequate for managing sleep problems in
developmental disorders such as AS, and although
melatonin is effective for some individuals with AS, it
appears to be ineffective for others (Wheeler
et al. 2017). It should, however, be noted that there
were insufficient data on medication doses in the
present study and on whether melatonin was given in
slow or immediate release forms. Moreover, it may be
that individuals who were prescribed medication had
particularly poor sleep and thus might have scored
even higher on sleep problems had they not been
taking medication.

The nature of the relationship between sleep
difficulties, epilepsy onset and hyperactivity is clearly
highly complex and difficult to disentangle. While
early seizures may have an encephalopathic effect on
brain development and increase the risk of
hyperactivity, inadequate sleep also has the potential
to affect brain plasticity (Dumoulin Bridi et al. 2015;

Dan 2018; Barone et al. 2019) and hence symptoms of
hyperactivity. Moreover, it is difficult to determine
the direction of the relationship between sleep
problems and hyperactivity both in this study and in
studies of sleep disorders and ADHD (Bijlenga
et al. 2019). However, the findings that ‘age of
epilepsy onset’ was related to ‘hyperactivity’ but not to
‘total sleep problems’ and both ‘age of epilepsy onset’
and ‘total sleep problems’ made marginally
independent contributions in the regression model
suggest that both age of epilepsy onset and current
sleep problems were independently associated with
more hyperactivity.

There are a number of limitations to the study that
must be taken into account in the interpretation of the
data. Firstly, the use of unstandardised questionnaire
data to assess hyperactivity and sleep problems is a
key limitation; however, to our knowledge, there are
no generally accepted procedures of how to measure
hyperactivity in disorders associated with severe ID.
Secondly, sample size was small, and the age range of
participants was very wide. Nevertheless, sample size
must be considered in light of the very low prevalence
rate of this disorder and the small number of cases,
particularly older people, registered in Norway.
Thirdly, the participation rate was relatively low (49%
of those invited to take part).

Nevertheless, the results of this study may have
potentially important implications for understanding
the complex links between hyperactivity, sleep
problems and early epilepsy in AS. Our findings
suggest that symptoms of hyperactivity, which are
often prominent and severe in AS, should be
addressed in conjunction with the systematic
assessment of sleep in order to improve functional
outcomes. The findings also point to the possibility
that successful treatment of sleep problems could
reduce hyperactivity in individuals with AS, and
although successful intervention of sleep problems
in AS is challenging, targeted treatments might
emerge in the future (Heussler 2016). Moreover, it
may be that regular physical exercise has the
potential to reduce both sleep and hyperactivity
problems in AS, as has been shown in other patient
populations (Kredlow et al. 2015; Den Heijer
et al. 2017). Previous research has also highlighted
the possible effects of early epilepsy on brain
development in AS (Bakke et al. 2018). Although
AS is very rare, it can be an important model
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disorder in the study of sleep and circadian rhythm
in individuals with severe ID (Barone et al. 2019).
Further study of issues related to sleep and
hyperactivity in AS may lead to increased
understanding of the complexity of sleep disruptions
and behavioural symptoms that are exceedingly
common in both this and many other
neurodevelopmental disorders (Heussler 2016).

Acknowledgements

We are thankful to the participants in the study and
the Norwegian Angelman Society. We are also
thankful to Frambu Resource Centre for Rare
Disorders and to Terje Nærland (NevSom,
Department of Rare Disorders, Oslo University
Hospital).

Source of Funding

The study was funded by NevSom, Department of
Rare Disorders, Oslo University Hospital.

Conflict of Interest

The authors have no conflicts of interest to declare.

Data Availability Statement

The datasets used and analysed during the current
study are available from the corresponding author on
reasonable request.

References

Algorta G. P., Dodd A. L., Stringaris A. & Youngstrom E.
A. (2016) Diagnostic efficiency of the SDQ for parents to
identify ADHD in the UK: a ROC analysis. European
Child and Adolescent Psychiatry 25, 949–57.

Bakke K. A., Howlin P., Retterstol L., Kanavin O. J.,
Heiberg A. & Naerland T. (2018) Effect of epilepsy on
autism symptoms in Angelman syndrome. Molecular
Autism 9, 2.

Barone I., Hawks-Mayer H. & Lipton J. O. (2019)
Mechanisms of sleep and circadian ontogeny through the
lens of neurodevelopmental disorders. Neurobiology of
Learning and Memory 160, 160–72.

Benjamini Y. & Hochberg Y. (1995) Controlling the false
discovery rate: a practical and powerful approach to
multiple testing. Journal of the Royal Statistical Society:
Series B (Methodological) 57, 289–300.

Berg A. T. (2011) Epilepsy, cognition, and behavior: the
clinical picture. Epilepsia 52, 7–12.

Berry R. J., Leitner R. P., Clarke A. R. & Einfeld S. L.
(2005) Behavioral aspects of Angelman syndrome: a case
control study. American Journal of Medical Genetics Part A
132a, 8–12.

Bijlenga D., Vollebregt M. A., Kooij J. J. S. & Arns M.
(2019) The role of the circadian system in the etiology and
pathophysiology of ADHD: time to redefine ADHD?
Atten Defic Hyperact Disord 11, 5–19.

Brooks-Kayal A. (2011) Molecular mechanisms of cognitive
and behavioral comorbidities of epilepsy in children.
Epilepsia 52, 13–20.

Brun Gasca C., Obiols J. E., Bonillo A., Artigas J., Lorente
I., Gabau E. et al. (2010) Adaptive behaviour in Angelman
syndrome: its profile and relationship to age. Journal of
Intellectual Disability Research 54, 1024–9.

Bruni O., Ottaviano S., Guidetti V., Romoli M., Innocenzi
M., Cortesi F. et al. (1996) The Sleep Disturbance
Scale for Children (SDSC). Construction and validation
of an instrument to evaluate sleep disturbances in
childhood and adolescence. Journal of Sleep Research 5,
251–61.

Buiting K., Williams C. & Horsthemke B. (2016) Angelman
syndrome – insights into a rare neurogenetic disorder.
Nature Reviews. Neurology 12, 584–93.

Capal J. K., Bernardino-Cuesta B., Horn P. S., Murray D.,
Byars A. W., Bing N. M. et al. (2017) Influence of seizures
on early development in tuberous sclerosis complex.
Epilepsy & Behavior 70, 245–52.

Cuffe S. P., Moore C. G. & Mckeown R. E. (2005)
Prevalence and correlates of ADHD symptoms in the
national health interview survey. Journal of Attention
Disorders 9, 392–401.

Curatolo P., Aronica E., Jansen A., Jansen F., Kotulska K.,
Lagae L. et al. (2016) Early onset epileptic encephalopathy
or genetically determined encephalopathy with early onset
epilepsy? Lessons learned from TSC. European Journal of
Paediatric Neurology 20, 203–11.

Dan B. (2018) Sleep as therapy in neurodevelopmental
disorders. Developmental Medicine and Child Neurology
60, 434.

Den Heijer A. E., Groen Y., Tucha L., Fuermaier A. B.,
Koerts J., Lange K. W. et al. (2017) Sweat it out? The
effects of physical exercise on cognition and behavior in
children and adults with ADHD: a systematic
literature review. Journal of Neural Transmission (Vienna)
124, 3–26.

Dumoulin Bridi M. C., Aton S. J., Seibt J., Renouard L.,
Coleman T. & Frank M. G. (2015) Rapid eye movement
sleep promotes cortical plasticity in the developing brain.
Science Advances 1, e1500105.

Emerson E., Einfeld S. & Stancliffe R. J. (2010) The mental
health of young children with intellectual disabilities or
borderline intellectual functioning. Social Psychiatry and
Psychiatric Epidemiology 45, 579–87.

673
Journal of Intellectual Disability Research VOLUME 65 PART 7 JULY 2021

K. A. Bakke, P. Howlin & S. B. Helverschou • Hyperactivity and sleep in Angelman syndrome

© 2021 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the

Scientific Study of Intellectual and Developmental Disabilities and John Wiley & Sons Ltd.



Fiumara A., Pittalà A., Cocuzza M. & Sorge G. (2010)
Epilepsy in patients with Angelman syndrome. Italian
Journal of Pediatrics 36, 31.

Gentile J. K., Tan W. H., Horowitz L. T., Bacino C. A.,
Skinner S. A., Barbieri-Welge R. et al. (2010) A
neurodevelopmental survey of Angelman syndrome with
genotype-phenotype correlations. Journal of Developmental
and Behavioral Pediatrics 31, 592–601.

Goldman S. E., Bichell T. J., Surdyka K. & Malow B. A.
(2012) Sleep in children and adolescents with Angelman
syndrome: association with parent sleep and stress. Journal
of Intellectual Disability Research 56, 600–8.

Goodman R. (1997) The Strengths and Difficulties
Questionnaire: a research note. Journal of Child Psychology
and Psychiatry 38, 581–6.

Heussler H. S. (2016) Management of sleep disorders in
neurodevelopmental disorders and genetic syndromes.
Current Opinion in Psychiatry 29, 138–43.

Jensen F. E. (2011) Epilepsy as a spectrum disorder:
implications from novel clinical and basic neuroscience.
Epilepsia 52, 1–6.

Jeste S. S. & Tuchman R. (2015) Autism spectrum disorder
and epilepsy: two sides of the same coin? Journal of Child
Neurology 30, 1963–71.

Korman B., Krsek P., Duchowny M., Maton B., Pacheco-
Jacome E. & Rey G. (2013) Early seizure onset and
dysplastic lesion extent independently disrupt cognitive
networks. Neurology 81, 745–51.

Kredlow M. A., Capozzoli M. C., Hearon B. A., Calkins A.
W. & Otto M.W. (2015) The effects of physical activity on
sleep: a meta-analytic review. Journal of Behavioral
Medicine 38, 427–49.

Lowe C. J., Safati A. & Hall P. A. (2017) The neurocognitive
consequences of sleep restriction: a meta-analytic review.
Neuroscience and Biobehavioral Reviews 80, 586–604.

Ma Y., Chen G., Wang Y. & Xu K. (2015) Language
dysfunction is associated with age of onset of benign
epilepsy with centrotemporal spikes in children. European
Neurology 73, 179–83.

National Institute for Health and Care Excellence (2016).
Mental health problems in people with learning
disabilities: prevention, assessment and management.
NICE guideline [NG54].

Oliver C., Adams D., Allen D., Crawford H., Heald M.,
Moss J. et al. (2020) The behaviour and wellbeing of
children and adults with severe intellectual disability and
complex needs: the Be-Well checklist for carers and
professionals. Paediatrics and Child Health 30, 416–24.

Pelc K., Cheron G., Boyd S. G. & Dan B. (2008a) Are there
distinctive sleep problems in Angelman syndrome? Sleep
Medicine 9, 434–41.

Pelc K., Cheron G. & Dan B. (2008b) Behavior and
neuropsychiatric manifestations in Angelman syndrome.
Neuropsychiatric Disease and Treatment 4, 577–84.

Robertson J., Hatton C., Emerson E. & Baines S. (2015)
Prevalence of epilepsy among people with intellectual
disabilities: a systematic review. Seizure 29, 46–62.

Sueri C., Ferlazzo E., Elia M., Bonanni P., Randazzo G.,
Gasparini S. et al. (2017) Epilepsy and sleep disorders
improve in adolescents and adults with Angelman
syndrome: a multicenter study on 46 patients. Epilepsy and
Behavior 75, 225–9.

Thapar A. (2017) Intellectual disability and attention-deficit/
hyperactivity disorder: what does the clinical and genetic
overlap mean for practice and research? Journal of the
American Academy of Child and Adolescent Psychiatry 56,
105–6.

Thibert R. L., Larson A. M., Hsieh D. T., Raby A. R. &
Thiele E. A. (2013) Neurologic manifestations of
Angelman syndrome. Pediatric Neurology 48, 271–9.

Trickett J., Heald M. & Oliver C. (2017) Sleep in children
with Angelman syndrome: parental concerns and
priorities. Research in Developmental Disabilities 69, 105–15.

Trickett J., Heald M., Oliver C. & Richards C. (2018) A
cross-syndrome cohort comparison of sleep disturbance in
children with Smith-Magenis syndrome, Angelman
syndrome, autism spectrum disorder and tuberous
sclerosis complex. Journal of Neurodevelopmental Disorders
10, 9.

Wheeler A. C., Sacco P. & Cabo R. (2017) Unmet clinical
needs and burden in Angelman syndrome: a review of the
literature. Orphanet Journal of Rare Diseases 12, 164.

Accepted 31 March 2021

674
Journal of Intellectual Disability Research VOLUME 65 PART 7 JULY 2021

K. A. Bakke, P. Howlin & S. B. Helverschou • Hyperactivity and sleep in Angelman syndrome

© 2021 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the

Scientific Study of Intellectual and Developmental Disabilities and John Wiley & Sons Ltd.


