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ARTICLE INFO ABSTRACT

Handling Editor: A. Verloes Early onset sleep problems and disorders are very common in individuals with Phelan-McDermid Syndrome
(PMS) with rates of up to 90%. These sleep problems and disorders cannot be taken lightly. Not only do they have

Keywords: a major impact on the health, behaviour, functioning and learning opportunities of affected individuals, they can

Phelan-McDermid syndrome also have detrimental effects on the well-being and resilience of parents and caregivers, ultimately affecting the
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physical health, mental health and well-being of the whole social system.

In this review we aim to understand the types and frequencies of sleeping problems in PMS as the basis for
recommendations on their management and treatment and to provide general guidelines for clinicians and
practitioners. We conducted an in-depth literature search, summarised findings, and participated in a series of
consensus meetings with other consortium members - experts on PMS and stakeholders - to agree on guidelines
and recommendations. In parallel, a world-wide survey was created and distributed amongst parents to include
their perspective.

Our literature search found only four articles specifically focused on sleeping problems in PMS, although some
other articles mentioned prevalence and associated factors. Country-specific prevalence rates ranged between
24% and 46%, whereas our parental survey reported 59%. The main problems reported involved difficulty falling
asleep and numerous night awakenings, with being restless in sleep, night-time incontinence, and tooth grinding
also commonly reported. Only a small number of individuals had undergone a sleep study monitored by a
specialist. Bedtime resistance normally decreases with age, but sleep-onset delay, sleep anxiety, parasomnias,
problems falling and remaining asleep remain throughout lifespan, with total sleep time improving during
adulthood. However, this improvement was also accompanied by a substantial increase in parasomnias. Ulti-
mately, an increase in sleep disorders in children correlates with increased sleep disorders and daytime sleepiness
in parents/caregivers.

No study to date has focused on the underlying causes of sleeping problems in PMS, but comorbid mental
health conditions, somatic causes, or (poly)pharmacy have been proposed as triggers for sleeping disturbances.
Currently there is no PMS-specific treatment for sleeping problems, and current recommendations are mostly
based on individuals with intellectual disability and/or neurodevelopmental conditions.

1. Introduction syndrome (PMS) is part of a series of studies that together form the
European Consensus Guideline for PMS (Schon et al., 2023, this issue).
This study on sleep problems and disorders in Phelan-McDermid PMS, previously known as 22q13.3 deletion syndrome, is a rare
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neurodevelopmental condition characterised by a heterogeneous array
of clinical features that include hypotonia, absent or delayed speech, and
in the vast majority of cases, intellectual disability (96%). Additionally,
approximately 65% of individuals with PMS are also diagnosed with
Autism Spectrum Disorder (ASD; Levy et al., 2022; Phelan, 2008; Schon
et al., 2023, this issue). PMS can be caused by a deletion in 22q13.3
containing the SHANK3 gene or by a pathogenic variant in SHANK3
(Koza et al., 2023; Vitrac et al., 2022; both this issue). Currently, there is
some debate as to whether haploinsufficiency (functional copy number
loss) of SHANKS3 is the only genetic cause for the manifestation of this
syndrome, but for this review, we consider PMS to be caused by a
SHANKS3 haploinsufficiency through either a deletion of the region
22q13.2-33 or a pathogenic variant in SHANK3 (for further information,
see Schon et al., 2023, this issue). Similarly, following recent nomen-
clatures, we refer to PMS individuals as those with a PMS-SHANK3
related syndrome (Phelan et al., 2022). The findings of this review may,
however, also be in part applicable to SHANK3-unrelated PMS.

Sleep problems are very common in individuals with PMS, as they
are reported in up to 90% of individuals (Bro et al., 2017), and can be
present from early childhood (Ingiosi et al., 2019). A biological
connection between SHANK3 and sleep has been established.
Pre-clinical studies showed SHANKS3 playing a role in the regulation of
transcription factors for circadian rhythms, unarguably connecting pa-
tients with SHANKS3 deletions and sleep problems (Ingiosi et al., 2019).
However, sleep is a complex process that can be affected by psycho-
logical, physiological, and/or environmental events, leading to dis-
rupted sleep initiation and patterns or to inadequate sleep efficiency. It
is important to define whether problems occur at sleep onset, or in the
maintenance of sleep, or in both. A sleep problem is considered a sleep
disorder when sleep alterations, or poor sleep, occur at least 3 times a
week and alter good functioning during the day, provoking fatigue,
sleepiness, irritability, and/or reduced concentration and performance.
Sleep problems are associated with somatic problems such as back or
stomach pain, nausea, or chest pains (Nordin et al., 2021). The Inter-
national Classification of Sleep Disorders 3rd edition (American Acad-
emy of Sleep Medicine, 2014) classified sleep disorders into six main
categories: 1) insomnia (persistent sleep difficulty despite adequate sleep
opportunity, and associated daytime dysfunction), 2) sleep-related
breathing disorders (abnormal respiration during sleep), 3) central disor-
ders of hypersomnolence (excessive sleepiness not caused by poor sleep or
circadian rhythm misalignment), 4) circadian rhythm sleep-wake disorders
(misalignment of the timing of sleep-wake propensity and the external
environment), 5) parasomnias (physical events during sleep or on the
transition to/from sleep), and 6) sleep-related movement disorders
(movements that prevent or disrupt sleep). In this paper we use the term
“sleep problems” to describe conditions that may not fit the full defini-
tion of a disorder but do encompass problematic behaviour that may
affect the daily functioning of affected individual or others, such as a
child insisting on sleeping in the same bed as the parent or following
specific rituals to fall asleep. We do use the term “sleep disorders” when
referring to literature or studies specifically on sleeping disorders.

The presentation of sleep problems in neurotypical development can
vary at different stages of brain development. Young babies, for
instance, in whom circadian rhythms have not yet developed, will be
expected to spend most of the day sleeping. Around 10-12 weeks of age,
when the circadian rhythm starts to function, the child’s sleep will
naturally become more nocturnal. Until the age of 4, day napping will
occur to achieve the needed sleep time. By the age of 5, as day napping
decreases, night-time sleeping begins to decrease as well. For further
information on how sleep times change during development, see e.g.
Galland et al. (2012).

Sleeping problems are common in children and adults with neuro-
logical or medical conditions, including epilepsy and vision disorders,
but also in people with (genetically-related) intellectual disabilities (ID)
and neurodevelopmental disorders (NDDs) such as PMS (Gregory and
Sadeh, 2016; Shelton et al., 2020; Spruyt and Curfs, 2015). Depending
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Table 1
Terms used for the searches in Pubmed and Embase.

Pubmed:

((“telomeric 22q13 monosomy syndrome"[Supplementary Concept]) OR “shank3 protein,
human"[Supplementary Concept] OR “chromosome 22 ring"[Supplementary Concept]
OR (ring 22[tiab]) OR Phelan-McDermid[tiab] OR (((22q[tiab] AND terminal[tiab])
OR 22q13[tiab] OR SHANK3(tiab]) AND (deletion[tiab] OR monosomy[tiab] OR
syndrome[tiab])))

Embase,

((‘phelan-mcdermid syndrome’/exp OR ‘ring chromosome 22’:ab,ti OR ‘phelan mcdermid’:
ab,ti OR ((“22q terminal’:ab,ti OR 22q13:ab,ti OR shank3:ab,ti) AND (deletion:ab,ti OR
monosomy:ab,ti OR syndrome:ab,ti))) AND [embase]/lim).

on the study design and definitions, reported prevalence rates for
sleeping problems vary from 24% to 86% in ID and NDDs (Richdale and
Baker, 2014), and severe sleep disorders may occur in up to 9.2% of
individuals (van de Wouw et al., 2012). In ID, factors associated with
sleep problems during adulthood involve challenging behaviours, the
use of certain medications (or health factors in general), and comorbid
psychiatric conditions (such as bipolar disorder, mania, or depression).
However, there is some evidence that behavioural and environmental
adjustments can be efficient approaches to improving sleep quality
(Maaskant, van de Wouw, van Wijck, Evenhuis and Echteld, 2013; van
de Wouw et al., 2012). Bedtime resistance is one of the most common
issues described by parents of children with ID (Kose et al., 2017), but
problems identifying sleeping problems or not seeking help have also
been described (Robinson and Richdale, 2004), making early identifi-
cation and treatment in this population challenging.

Sleeping problems and disorders cannot be taken lightly because
they not only have a major impact on the health, behaviour, functioning,
and learning opportunities of affected individuals, they can also have
detrimental effects on the well-being and resilience of their parents and
caregivers, ultimately affecting the whole family’s physical and mental
health and well-being. This wider effect has also been reported for in-
dividuals with ID or NDDs, including those with PMS (e.g., Bro et al.,
2017). A recent study by Ingiosi et al. (2019) in individuals with PMS
showed much higher rates of sleep disturbances across a much wider
range of ages when compared to typical development, and, as the chil-
dren grew, greater than that seen in ASD. Furthermore, in a world-wide
survey of 587 parents of individuals with PMS, parents reported sleep
disturbances in 58% of their offspring, mostly in individuals older than
18 years (73%). When asked about factors contributing to parental
stress, 29.8% of parents experienced the sleep deprivation as extremely
stressful (Landlust et al., 2023, this issue).

Considering the gravity and impact that sleep problems have on
people with PMS and their families, this paper compiles the efforts of a
group of experts cooperating in the European Consensus Guidelines for
PMS to review the existing literature on sleeping problems and disorders
in PMS. The main goal of this review is to better understand the type and
frequency of problems and to use them as a basis for creating guidelines
and recommendations for treatment.

2. Methods

Following the initiative of a group of Dutch experts, who created a
Dutch PMS guideline in 2018 (https://nvavg.nl/wp-content/uploads/
2018/12/RL-22q13DS-geautoriseerd-oktober-2018.pdf), a consortium
of European experts in the field (including paediatricians, psychiatrists,
psychologists, neurologists, speech and language therapists, patient
representatives, etc.) was formed in late 2020 to develop the European
PMS guidelines. These experts were divided into different working
groups according to their area of expertise in order to address the bot-
tlenecks (both from existing literature and from a patient representative
digital survey) previously identified in the Dutch guideline. All groups
conducted an in-depth literature search in Pubmed and Embase
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following the same terms used in the Dutch guideline (see Table 1) and
then summarised the findings focused on their assigned topic. Con-
sortium members attended a series of regular consensus meetings to
comment on the progress of their work and that of the other working
groups and, ultimately, to agree on guidelines and recommendations for
all chapters. In parallel, to capture the views of family members across
the globe, a dedicated working group comprised mainly of experts and
patients’ representatives created a parental survey that was distributed
world-wide via different PMS organisations. The survey consisted of 35
questions divided into four sections (general, diagnosis, clinical features,
and support) together with the Genetic Syndrome Stressors Scale on
parental stress (Griffith et al., 2011). For further information on the
parental survey, see Landlust et al. (2023) in this issue.

For sleep disorders, a subgroup of experts in the field of sleep dis-
orders, as well as a parent representative, met to explore the type of
sleep disorders that occur in PMS and their prevalence. The subgroup
also explored how sleep problems in PMS can be managed and treated.
In February 2021, a general literature search was performed in Pubmed
and Embase using the predefined general terms, yielding 936 articles. A
second key-term search was then conducted using EndNote® software
by entering the term “sleep*” in all fields (e.g., key words, title, ab-
stract), which yielded 37 articles. We then excluded articles on animal
models, articles not related specifically to PMS, case studies, non-
scientific publications (e.g., letters to the editors, editorials, confer-
ence abstracts), and articles not in English. We did include additional
studies not captured in the primary search that were identified when
reviewing the primary articles if they were relevant to answer the
questions in our aims and met the criteria mentioned above. Overall,
articles of interest were those that aided a better understanding of the
type and frequency of sleeping problems in PMS and could inform rec-
ommendations on treatment. To ensure the quality of the work, we used
the AGREE II instrument (Appraisal of Guidelines for Research & Eval-
uation II; Brouwers et al., 2010; www.agreetrust.org), an internationally
accepted tool that is considered the most useful instrument for guideline
development for rare disorders (Pavan et al., 2017). Recommendations
were formulated to the extent to which scientific evidence was available,
and these recommendations were presented to the full consortium to
reach wider consensus in a hybrid meeting (both in-person and online
for members who could not be present in person) in June 2022. All
recommendations were presented individually, and consortium mem-
bers then agreed or suggested changes. If changes were proposed, the
modified recommendation was presented again for voting. The recom-
mendations we present here thus reflect 100% agreement amongst all
members of the consortium.

3. Review of the literature
3.1. Prevalence and types of sleep problems in PMS

Sleep problems are common in individuals with PMS and also affect
other household members (Bro et al., 2017). The consortium guideline
survey amongst parents of children with PMS (n = 587) showed a
general prevalence of sleep problems of 58% (Landlust et al., 2023, this
issue). The ontogenetic reason for these high rates is still not known,
with recent studies reporting diverse results. For instance, Nevado et al.
(2022) found sleep disorders in 24% of individuals with microdeletions,
as compared to 58% of individuals with SHANK3 variants. Diving
further into these results, the authors then performed sub-analyses and
reported significant average differences between individuals with de-
letions greater than 0.25 Mb, those with SHANK3 variants, and those
with additional rearrangements (size 2.99 + 2.26 Mb), although the
authors failed to specify the direction of these differences. By contrast,
Moffitt et al. (2022) showed similar rates for individuals with deletions
(72%) and those with pathogenic variants (85%).

Overall, early studies of PMS reported very frequent sleep problems
(in 6 out of 8 children) that presented as early as 4-5 months of age
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(Philippe et al., 2008). More recent studies that looked at a wider range
of ages report that problems persist into adulthood (Ingiosi et al., 2019;
Verhoeven et al., 2020). However, studies focusing specifically on sleep
problems in PMS are few, and most either focus on broad questions that
lack the rigour to further investigate the specific nature of the distur-
bances or are based on small samples, thus it is not surprising to find a
wide range in reported rates. For instance, reported sleep disturbance
rates were 24% in a recent Chinese cohort (Xu et al., 2020), 33% in an
adult Dutch cohort (Verhoeven et al., 2020), 39% in a Brazilian cohort
(Samogy-Costa et al., 2019), and 41% and 46% in two US cohorts
(Soorya et al., 2013 and Sarasua et al., 2014, respectively). However,
none of these studies reported the type of sleep difficulties, all used
different assessments (e.g., some used parental or clinical judgement,
whereas others used standardised tools), and all the samples had fewer
than 40 individuals, which limits the generalisability and interpret-
ability of results.

Only four studies to date have presented data for large samples
generated using caregiver-reported standardised questionnaires to un-
derstand, not only the rates, but the type of presented difficulties (i.e.,
Bro et al., 2017; Ingiosi et al., 2019; Moffitt et al., 2022, Smith-Hicks
et al., 2021). The first, by Bro et al. (2017), used the Children’s Sleep
Habits Questionnaire (CSHQ; Owens et al., 2000). The authors contacted
all the families in the international family registry of the USA
Phelan-McDermid Syndrome Foundation (https://pmsf.org/) encour-
aging them to answer the questionnaire whether or not their child
presented with sleep problems. This resulted in a large sample of 193
individuals (median age 8 years, range from <1 to >40 years). In this
study, the authors reported that a striking 90% of individuals had a sleep
disorder. About half of these individuals (40%) were described as having
difficulty falling asleep, often requiring a parent to be present while
falling asleep. Furthermore, most (60%) did not fall asleep within 20
minutes of going to bed. Individuals were often reported to be restless in
their sleep (70%), incontinent at night (67%), awake for more than 15
minutes in the night (59%) or grinding their teeth (54%). These rates are
remarkably high given that the prevalence of difficulties around sleep is
15-30% in typical 2-5 years-olds and 11-15% in typical school age
children (Sammer and Sammer, 2020). Despite these high rates, only
22% of individuals in the Bro et al. (2017) sample had undergone a
specific sleep study (i.e. overnight monitoring by a sleep specialist), of
which 82% were then formally diagnosed with a sleep disorder. Of those
with a formal diagnosis, 63% had sleep apnoea, 19% presented with
insomnia, 9% reported restless leg syndrome, 6% had a periodic limb
movement disorder, and 3% had narcolepsy. In the long term,
sleep-onset delay, sleep anxiety, parasomnias, and other difficulties
seem to persist over time, although bedtime resistance did decrease with
age. Furthermore, an increase in sleep disorders in children correlates
with an increase in sleep disorders and daytime sleepiness in paren-
ts/caregivers (measured with the Parents’ Sleep Habits Questionnaire of
Boergers et al., 2007), highlighting how sleep difficulties can extend to
other family members. Despite this, of the parents who reported getting
6 hours of sleep or less (40%), only a small proportion received over-
night childcare support (8.3%). Altogether, these results may be taken
with caution since the questionnaires were sent to all families in the
family registry (1035 members), but only 19% (193) returned the
questionnaire. This response rate might have resulted in several biases.
It is possible that only the parents of those with the most severe prob-
lems responded. On the other hand, this could also indicate that parents
do not sufficiently recognise sleep problems but do report the difficulties
encountered in routines and behaviour related to sleep when using an
exhaustive questionnaire.

Sleeping problems reported in individuals with PMS also exceed
those reported for their unaffected siblings. A study by Smith-Hicks et al.
(2021) using the same standardised questionnaire used by Bro et al.
reported a sample of 47 individuals from 1 to 46 years of age with PMS,
together with a sample of 61 unaffected siblings (ages 1 to 17) recruited
from several clinics in Texas, USA. When comparing both groups, PMS
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Fig. 1. Increased incidence of sleep problems re-
ported in individuals with Phelan-McDermid syn-
drome (PMS) compared to typically developing (TD)
individuals. Dashed lines indicate median incidence
observed in TD (white marker) and ASD (black
marker) populations computed from reviews of the
existing literature. Difficulty falling asleep = more
than 1 h to fall asleep. Multiple night awakenings =
more than two awakenings. Reduced sleep time = less
than 6 h per night. Parasomnias = abnormal move-
ments, behaviours, emotions, perceptions, and
dreams that occur while falling asleep or sleeping.
Sleep apnoea = clinical diagnosis of sleep apnoea.
(From Ingiosi et al., 2019Y).
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individuals scored significantly higher on all subscales except for anxi-
ety around sleep and daytime sleepiness. When the group was divided by
age (under 11 and 11 or older), the differences largely remained for the
older group. However, for the under-11s, differences were reported only
for night awakenings, parasomnias, and disordered breathing.

Ingiosi et al. (2019) used a pool of 176 individuals with a SHANK3
deletion, also from the Phelan-McDermid Syndrome Foundation inter-
national registry (ages 1 to 39, 78 males and 98 females), although on
this occasion, the authors used the customised questions from the reg-
istry around sleep. Starting at the age of 5, individuals with PMS pre-
sented with trouble falling asleep and experienced multiple night
awakenings. Difficulties around sleep translated into reduced time
asleep, particularly during adolescence. Similar to the results of Bro
et al. (2017), problems falling and remaining asleep seemed to continue
across lifespan, although total sleep time improved during adulthood.
However, this improvement was also accompanied by a substantial in-
crease in parasomnias. Furthermore, and overall, sleeping problems
were more common than in typical development across ages, but some
problems also more often persisted throughout development in PMS as
compared to individuals with ASD alone. The Ingiosi et al. (2019)
findings are detailed in Fig. 1. Using the same questionnaire from the
PMS Foundation international registry, Moffitt et al. (2022) included all
individuals with sleep data regardless of type of mutation, ending with
an impressive sample of 384 individuals. The authors divided this
sample into toddlers (ages 0-3), children (ages 4-10), adolescents (ages
11-17), and adults (age 18 and above). In the overall sample, difficulty
falling asleep, multiple night awakenings, and difficulties falling back
asleep were the most common problems, regardless of sex. When the
sample was split into age groups, sleep difficulties increased with age,
from a rate of 53% in toddlers to 90% in adulthood. It was also common
for individuals to present with more than one sleep disturbance. Sleep
apnoea was present in 11% of the sample, with no average significant

! published under the Creative Commons Attribution 4.0 International Public
License (CC-BY 4.0) with permission form the authors and editors. No changes
to the figure have been made but the text has been adapted to suit this publi-
cation. For further information, refer to https://creativecommons.org/licenses
/by/4.0/.
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differences for sex, age, or type of mutation.
3.2. Sleep problems and other co-occurring conditions

In typical development, sleep problems are often (and mainly)
caused by an inadequate sleep hygiene that is maintained long enough
to cause long-term disruptions in sleep. However, in many situations,
sleep disorders and problems are also caused by other co-occurring,
often organic, conditions. For example, a study of comorbidities in
rare epilepsies found that out of 795 patients with epilepsy, 29 (3.6%)
had PMS. Of those individuals with PMS, 71% (20 patients) had sleep
problems, with frequent night-time awakenings being the most promi-
nent (85%, 17 patients; Ho et al., 2018). Another small study of six in-
dividuals with PMS (median age 19.5, range 11-20 years) used EEG to
study patterns during waking and falling asleep. Three subjects had mild
myoclonic or tonic-clonic seizures and paroxysmal EEG abnormalities,
especially fronto-temporal anomalies, that increased during sleep (Fig-
ura et al., 2014). In our parental survey, carried out by this consortium,
we found a significant association between epilepsy and sleeping
problems: 73% of individuals with epilepsy had sleeping problems
compared to 54% of individuals without epilepsy (p < .001; Landlust
et al., 2023, this issue).

Specific somatic conditions like reflux, diabetes, asthma, or rheu-
matic disorders have been associated with sleep problems in the general
population (Lazaratou et al., 2012). However, it is also important to
screen for mental health problems that can influence or cause disrupted
sleep patterns. For instance, sleep problems are often a precursor of
manic episodes (Gregory and Sadeh, 2016), and early identification
combined with appropriate treatment could prevent a full-blown manic
episode. As such, sleep problems have been described in patients with
PMS and bipolar disorder, manic episodes, or mood dysregulation
(Kohlenberg et al., 2020; Kolevzon et al., 2019), and sleep problems can
also be a precursor symptom of such conditions in individuals with
developmental delays (e.g., Kleefstra Syndrome; Vermeulen et al.,
2017). However, sleeping problems could also be the consequence of
another, more prominent, condition. For instance, one study reported
insomnia in five of their individuals together with psychosis, catatonia,
and depression. In three of these individuals, the sleeping problems were
the consequence of a psychiatric episode, while the other two were
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Fig. 2. Proposed path to treat sleeping problems in PMS. Note that although working on behavioural modifications and exploring neurophysiological causes are
shown in parallel, careful step-by-step examination should be made to investigate possible underlying causes.

reported after significant viral infections that led into developmental
regression (Kohlenberg et al., 2020). Similarly, some pharmacological
interventions to treat these or other comorbid conditions can also trigger
or enhance sleep problems, and close monitoring should be applied in
those cases. For more information on how to manage mental health
problems that may be related to sleep disorders, see the paper on mental
health in PMS in this issue (van Balkom et al., 2023).

3.3. Treatment and guidance for sleep problems in individuals with PMS

Sleep problems in PMS should always be carefully assessed, with a
focus on the possible underlying causes. While increasing activity levels
are a common target in treatment of sleep disorders, their effect on the
sleep quality of individuals with PMS is not known, therefore changing
these levels is not a common recommendation. Sleep problems are
mainly/often caused by environmental factors, but mental factors
(psychosis, hyperarousal related to stress, a stimulus processing disor-
der, depression, etc.) and somatic factors (constipation, reflux, pain,
respiratory symptoms, etc.) or even the use of certain medications (in-
dividual medical treatment or polypharmacy) also need to be explored.
Implementing adequate sleep hygiene is normally the first course of
action, but co-treatment with pharmacological management is also
common. Bro et al. (2017) found that approximately 1/3 of children
receive sleep medication, with melatonin (76%) and clonidine (18%)
more frequently used, although their efficacy was not reported. To date,
no specific behavioural or pharmacological treatments have been
defined specifically for PMS, but the experts’ consensus of this guideline
points to first excluding somatic causes that may underlie sleep distur-
bances, together with trying to improve the sleep hygiene, and only then
moving to the use of pharmacological treatment under the guidance of a
sleep specialist. It is common for parents to start working on sleep hy-
giene and behavioural modifications as a first point of action. However,
it is important to also rule out possible somatic causes. When investi-
gating the latter, we recommend briefly pausing behavioural modifica-
tions to avoid cross-contamination of results. Fig. 2 shows a proposed
flow-chart for dealing with on-going sleeping problems in PMS.

Families should start by keeping a sleep diary for a minimum of 2
weeks to help identify and detail the problems and to ensure more
focused professional advice. Additionally, although it has not been
validated specifically for PMS, the studies mentioned previously have
used the Children’s Sleep Habits Questionnaire (Owens et al., 2000),
which has been validated for children of up to 11 years of age, or the
Sleep Disturbances Scale for Children (Bruni et al., 1996), which has
been validated for children 6-15 years of age. If available in the family’s
language, these tools could help clinicians evaluate the type and severity
of the sleep disturbance at young ages. While these instruments are also
recommended for children by the WHO, the recommendations for adults
who have a verbal ability are based on the use of sleep diaries, or just
asking general questions around sleep such as “Are you satisfied with
your sleep?, “Do you feel alert most of the day?“, or “Do you feel

refreshed by your sleep?” (World Health Organization, June 2004). Due
to the lack of specific advice for PMS, the following recommendations
are mostly based on studies of individuals with NDDs (e.g., Blackmer
and Feinstein, 2016; Bruni et al., 2019). Specialised sleep centres in your
area may also help in the implementation of some of these
recommendations.

4. Environmental, sensory, and behavioural modifications

Sometimes, sleep problems may resolve with a few adjustments to
the environment. The role of the parents/caregivers is very important
here. These are some techniques for clinicians and practitioners to
recommend to families. Although some of these techniques have been
developed with young infants in mind, they still can be useful for older
individuals with ID. These include:

e Creating a consistent bedtime routine appropriate to the develop-
mental age and skills of the person, comprising only a limited
number of activities (i.e., avoid creating long routines). A good
routine is to have an active, varied day with sufficient daylight, to
phase out mental and physical activities in the evening, and to have a
recognisable bed routine, with all parts in line with the individual’s
emotional level of functioning. Bedtimes should always be appro-
priate for the person’s age. Keeping regular bedtimes and meals can
also help in establishing routines. Additionally, having a bedtime
visual schedule that always uses the same objects, photos, or pic-
tures, so that it can be learnt easily, and rewarding its correct use,
may help the individual to settle down for bedtime.

Use of fixed and appropriate bedtimes (also in relation to age),
having a soothing routine before bed, and reducing caffeine or
caffeinated drinks and stimulating activities before bedtime. Con-
trolling noise/sounds/smells, ambient light, room temperature,
mattress, bed linens, and using a dark, quiet (turn off unnecessary
equipment that may create noise), non-stimulating sleeping envi-
ronment with a dimmed nightlight. If possible, parents are encour-
aged to help their child use a relaxation technique such as deep
breathing or picturing a calm, relaxing scene.

Light therapy (minimum 3000 lux, minimum 15 minutes) can be
used to influence the body’s own melatonin production, which can
be shifted forward or backward. Circadian alignment can be helped
by exposure to natural light. When it is still dark outside, light
therapy lamps can help regulate and reinforce this alignment.
Encouraging behaviours that avoid the child leaving the bed. For
example, a bedtime pass is a card given to the child at bedtime in
exchange for one ‘free’ trip out of bed or one parent visit after
bedtime. After the pass has been used, the parent should take the
child back to bed with minimal possible attention. Alternatively,
parents or caregivers can use graduated extinction. That is, try to
ignore negative behaviours for 2 minutes before checking on the
child, and increase this time gradually to 4 and then finally 6 minutes
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in the same night. The parent can provide reassurance through their
presence for a brief time but should keep interaction to a minimum.
Additionally, and when possible, the parent should encourage self-
soothing skills that allow their child to manage nocturnal awaken-
ings. A similar technique is gradual distancing (or gradual with-
drawal). For this technique, the parent can sit near the child, even
touching the child occasionally if needed. The distance between the
parent and the child increases every couple of nights. Occasional
soothing sounds can be used, always maintaining the distance.

If the person has difficulties falling asleep, parents/caregivers may
use bedtime fading. This technique is based on gradually closing the
gap between current bedtime and target bedtime in steps of 15-30
minutes a day. Further information on this technique can be found
easily online (e.g., https://parentingscience.com/bedtime-fading/).
In some cases, white noise (for example, a whirring fan or radio or
television static) may be helpful to induce sleep and can stay on
throughout the night. When possible, parents should try to avoid
letting their child go to bed earlier to make up for lost sleep.

When the person suffers from tooth grinding, a dental night guard is
recommended to avoid muscular problems and/or headaches during
daytime.

5. Investigate possible (neuro)physiological reasons

Medication for somatic or psychiatric comorbidities can often cause
or enhance sleep problems. Furthermore, combinations of medications
can trigger sleep problems that may not be indicated if taken individu-
ally. Therefore, interaction of medications should be carefully moni-
tored. Some checks to investigate for possible (neuro)physiological
origins involve:

e Ruling out somatic causes, as treating these conditions may ease
sleep problems. These somatic causes include pulmonary problems
(coughing, obstructive sleep apnoea, asthma, interstitial lung dis-
ease, obstructive pulmonary disease, hyperventilation disorders,
etc.), cardiovascular diseases (heart failure, coronary artery disease,
arrythmias, hypertension, etc.), endocrine diseases (diabetes melli-
tus, diseases of the thyroid, acromegaly, polycystic ovarian syn-
drome), cancer, chronic fatigue, pain syndromes, nocturia,
(subclinical) epilepsy, spasticity, pain, spasms, hip dislocation, con-
stipation, enuresis, allergies, postural restrictions, reflux, etc.
Anecdotal evidence shows that some children with PMS suffer from
restless legs syndrome. In this case, if there is also sleep disturbance,
serum ferritin levels should be checked. Serum ferritin levels that are
too low (<50 ng/ml), while not indicative of significant anaemia,
should be treated with iron supplementation for at least 3 months
(Silber et al., 2004).

Some epileptiform discharges that may only happen at night may be
confused with parasomnias. For these cases, an overnight video-EEG
is recommended.

Investigate whether there is a disruption of the circadian melatonin
rhythm (endogenous melatonin production can be measured at
various times by means of saliva tests).

6. Investigate possible mental health issues

Last, but not least, mental health disturbances should be explored
(see also, van Balkom et al., 2023, in this issue).

e Rule out psychiatric causes like manic episodes or hyperactive
catatonia that may be preceded by sleep disturbances. If sleep
problems are a consequence of these conditions, treating the specific
symptoms of each may alleviate sleep difficulties.

¢ Investigate changes in mood, such as anxieties, depression, etc.
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e In case of ASD or other comorbid mental health conditions such as
attention deficit hyperativity disorder (ADHD), take care of tension
and stress in daily life.

Although some adjustments are easy to achieve without professional
help, techniques such as bedtime fading, extinction, and gradual
distancing may be applied with professional care (for example, in a sleep
centre) with the support of an experienced behavioural expert, who may
also use sleep diaries or video recordings. These techniques are proven
evidence-based treatments for people with ID (Richdale and Wiggs,
2005). If sleep does not improve, it is important to also consider a centre
of expertise in sleep.

6.1. Pharmacological treatment

Pharmacological support is only indicated as a temporary support to
allow the above interventions to take effect, or if the above steps have
been taken and the problem remains and continues to interfere with
daily life. In this case, medical treatment should always be assisted by an
experienced clinician and should only be recommended if it fits the
hypothesis about the nature of what disturbs sleep. Pharmacological
options to treat sleep conditions have not yet been systematically tested
in PMS, and the side effects are, therefore, unknown in this population.
Current pharmacological options in PMS are based on underlying factors
and mostly informed by what is known in ID and/or NDDs. Some fam-
ilies provide anecdotal reports of successfully using over-the-counter
cannabidiol oil (CBD). However, the scientific evidence is inconclu-
sive, and experts do not specifically recommend it. Indeed, a recent
systematic review of clinical and pre-clinical studies concluded that
there is insufficient evidence to support the use of CBD for sleep disor-
ders due to lack of published studies and significant bias associated with
the studies published to date (Suraev et al., 2020).

Aside from sleep problems related to psychotic disorders, one study
of PMS individuals found that melatonin is the most common course of
action (Bro et al., 2017). Melatonin is generally the most frequently
prescribed sleep medication in this group, although its efficacy has not
yet been systematically investigated in PMS specifically. In people with
NDDs, the scientific evidence suggests that the use of melatonin is safe
(that is, no medication-related serious adverse events have been re-
ported) and that it improved total sleep time and sleep-onset latency
compared to placebo in individuals with NDDs (see meta-analysis by
Abdelgadir et al., 2018). However, although it has been deemed safe for
long-term use in adults, there is still little information about its safety
with long-term use in children and adolescents (Andersen et al., 2016).
Studies of individuals with ASD show that the amount of endogenous
melatonin is inversely correlated to sleep duration (Leu et al., 2011), and
some clinical trials generally report improvement in reducing the
sleep-onset latency but with no effect on nocturnal or early waking (e.g.,
Abdelgadir et al., 2018; Halstead et al., 2021). Taking all this into
consideration, it remains unclear whether elevating melatonin is always
helpful, what is the optimal dose, and whether some types work better
than others (e.g., immediate versus delayed release). It also remains
unanswered as to whether positive results in studies are a consequence
of a zeitgeber (an environmental cue that acts as a trigger for the sleep
cycle), a strengthened or corrected circadian rhythm, or a placebo effect.
Furthermore, melatonin is a hormone with many other effects in addi-
tion to sleep-promotion, and professionals are increasingly becoming
more reserved and critical about its use.

Other treatments prescribed by a healthcare professional may consist
of clonidine, sedating antidepressants, atypical neuroleptics, or anti-
histamines. However, these medications also come with secondary ef-
fects that need to be taken into consideration by the expert before
recommending one. These treatments always need to be considered as a
short-term solution, starting at low doses and increasing them slowly
only if needed (“Go low, go slow”). Here, we present a summary of the
pharmacological recommendations (not following order of priority) of
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Bruni et al. (2019) gathered from studies with persons with NDDs.

e Antihistamines are used to relieve symptoms of allergies (e.g., hay
fever, hives, conjunctivitis, or reactions to insect bites or stings).
They are well tolerated and are the most prescribed and over-the-
counter treatment for childhood insomnia. Diphenhydramine is
the most used antihistaminic due its strong sedative effects, although
it has only been approved for patients aged 16 or older, and parents
should be informed of off-label use and potential dependency effects.
Hydroxyzine seems to be effective at 0.5 mg/kg in young people.
Trimeprazine moderately improves night awakenings in children.
Niaprazine can help reduce sleep-onset latency and increase sleep
duration even when compared to benzodiazepines. However, anti-
histamines must be used with caution as properly controlled studies
have not yet been conducted.

Clonidine is used to decrease blood pressure but also produces
sedation and increases deep sleep. Moderate-to-high doses of cloni-
dine (0.1-0.3 mg) may result in increased deep sleep latency, slow-
wave, and stage 2 sleep. Since it has only been approved for pa-
tients aged 18 and older, off-label use is indicated for younger ages.
Guanfacine is used to treat ADHD and high blood pressure. It can be
prescribed off-label to treat childhood insomnia. However, it is less
sedating than clonidine and may shorten sleeping times.
Benzodiazepines are efficient for individuals with anxieties and/or
catatonia, seizures, and insomnia. Due to the potential risk of de-
pendency, cognitive impairment, and the lack of scientific evidence
for efficacy in children, short-term or when-needed administration is
usually preferred.

Gabapentin is approved for the treatment of restless legs syndrome,
with positive effects on sleep. It is well tolerated and safe to treat
sleep onset and sleep maintenance insomnia in children. In a child-
hood study where 87% had NDDs, 78% of children showed
improvement in their sleep (Robinson and Malow, 2013).

Orexin antagonists are usually used to treat insomnia as they have
few interactions with other drugs often used in children with NDDs.
In adults, they can reduce symptoms of insomnia and increase total
sleep time.

Antidepressants are commonly used to treat depression, anxieties,
and some chronic pain conditions and to help manage some addic-
tions. Tricyclic (amitriptyline, trimipramine and doxepin) and
atypical antidepressants (mirtazapine, nefazodone, and trazodone)
are also commonly prescribed in clinical practice to treat insomnia in
adults and children. Amitriptyline and trimipramine are used in
adults due to their sedative effects but are also frequently used in
children with NDDs. Doxepin is a very powerful antidepressant that
can improve overall sleep maintenance and decrease early morning
awakenings in adults, at low doses. However, this drug has not yet
been approved for children younger than 12, and off-label use must
be informed and agreed by parents. Low doses of mirtazapine can
decrease sleep-onset latency and increment sedation, increase sleep
duration, and reduce waking after sleep onset, with little interference
in deep sleep. A study in children with ASD and other NDDs also
suggests some reduction of insomnia (Posey et al., 2001). Trazo-
done, although it is often prescribed to treat anxiety and mood dis-
orders in children, helps to decrease deep sleep while increasing
slow-wave sleep.

Atypical antipsychotics are usually prescribed to treat schizophrenia
or bipolar disorder, although off-label use to treat insomnia in chil-
dren with psychiatric or developmental disorders is increasing.
Atypical antipsychotics come with an increased risk of car-
diometabolic complications, or even death in those patients with
cardiovascular problems. These risks should always be discussed
with parents before starting any treatment. Risperidone and
Olanzapine are used to treat a comorbid condition (aggressive, self-
injurious behaviours in children with ASD) but are often considered
to treat sleep difficulties in children when other treatment types have
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Table 2
Conclusions from the literature review.

Sleep problems occur in a substantial percentage of individuals with PMS. Most
commonly reported sleep problems involve difficulties falling asleep and multiple
night awakenings, which occur from childhood throughout lifespan. There is some
evidence that parasomnias increase drastically with age, and have been reported in
up to 63% of individuals. Overall, sleep problems in PMS persist and increase in
adulthood, and multiple sleep problems can occur simultaneously.

On occasions, sleep problems are secondary or preliminary to other mental health
conditions, or other possible physiological causes, and these also need to be
explored.

The most crucial elements of counselling/treatment are: exploring other possible
somatic problems, good sleep hygiene, treating behavioural problems (possibly with
the help of a sleep centre), and, if necessary, pharmacological intervention under
the guidance of an expert.

If sleep pathology or persistent sleep problems are suspected, further exploration in a
specialised sleep centre is recommended.

Overall, there are currently no specific pharmacological treatments for sleep problems
in PMS, and most evidence is based on treatment in individuals with intellectual
disability and/or neurodevelopmental conditions. Melatonin and clonidine are
currently the most prescribed treatments in PMS, but there is a lack of scientific
evidence about their efficacy.

failed. However, a common side effect is weight gain, and they are
therefore not recommended when sleep-disordered breathing is
present. They should also be used carefully in certain NDDs (Down
Syndrome or Prader-Willi syndrome) where hyperglycaemia or
hyperprolactinemia may be a problem.

o Supplements are the alternative to prescription medicines and are
easy to access (over-the-counter). Tryptophan/5-hydroxy-
tryptophan (5-HTP) is a plant-derived product that does not have
opioid-like effects and therefore does not impact cognitive perfor-
mance. However, there is little evidence for its use for insomnia and
none on children with NDDs, but it is sometimes used due to its few
side effects and users rarely develop tolerance. Iron: Low serum
ferritin levels are well known to be associated with the restless legs
syndrome seen in children with ADHD or ASD, and iron supplements
are often used in NDDs, but this is driven more by clinical experience
than based on sound scientific support. If prescribed, the doctor
should determine whether higher than normal doses are needed. In
that case, we recommend that doctors first perform a blood serum
test to avoid the risk of constipation due to high iron levels, which
could worsen sleeping problems. Vitamin D: Low vitamin D may
impact sleep via increased pain, myopathy, immune dysregulation,
and cardiovascular disease and may be associated with short sleep
duration and poor sleep quality in adults (Kordas et al., 2009).

Conclusions from the literature reviewed here are presented in
Table 2.

7. Discussion

Sleep problems have a major impact on the health, behaviour, and
functioning of individuals with PMS and their families. Sleep problems
can have devastating effects both for the person with PMS and for par-
ents and caregivers, ultimately affecting overall quality of life for all.
Sleep problems occur in a very high percentage of individuals with PMS,
more so than in other NDDs, and these problems remain or worsen as the
child grows (Ingiosi et al., 2019). Accurate diagnosis and treatment of
sleep problems and disorders are of foremost importance and should be
the foremost focus of attention. Possible somatic causes (including epi-
lepsy) and pharmacological causes should be examined and treated.
Interacting mental health issues (e.g., depression, anxiety, psychosis)
should also be examined and treated. Sleep hygiene and behavioural
interventions are important and effective in the treatment of sleep
problems. Melatonin is widely used in the treatment of sleep problems
and is proven to generally be a safe medication. However, it should
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Table 3
Recommendations agreed upon by the European Phelan-McDermid syndrome
consortium.

Every individual with PMS and sleep problems should be evaluated for somatic and/or
environmental and/or neuropsychiatric causes.

Mental health conditions co-occurring with sleep problems in individuals with PMS
need to be investigated and treated.

In individuals with PMS with sleep problems, sleep hygiene should be evaluated, and
caregivers should be supported in establishing a structured approach (behavioural
interventions).

If sleep problems persist despite appropriate interventions, the individual with PMS
should be referred to a specialist experienced in sleep problems or a specialist sleep
centre.”

@ To find specific information about help in your country, visit the European
Sleep Research Society https://esrs.eu/about/associate-national-sleep-socie
ties/affiliated-national-sleep-societies-map/or your Affiliated National Sleep
Society http://esrs.eu/national-sleep-society/.

always be used with caution due to the lack of general understanding of
its mechanistic pathways. If used, it is preferable to have it prescribed by
doctors with experience in treating sleep problems (paediatricians spe-
cialising in heritable and congenital disorders, intellectual disability
physicians, psychiatrists, etc.) and with careful clinical monitoring
(multidisciplinary, if needed). Other pharmacological treatments have
shown positive results in children with ID and/or NDD conditions, but
their long-term effect is yet to be understood.

Literature review and the experts’ opinions from a series of meetings
carried out by the members of the consortium resulted in the recom-
mendations on sleep problems and disorders in PMS in Table 3.

For information on the use of melatonin, see https://www.nccih.nih.
gov/health/melatonin-what-you-need-to-know  or  https://www.
sleepfoundation.org/melatonin. For an alternative guide on handling
sleep problems in PMS, please see the ECHO project (USA) at htt
ps://pmsf.org/wp-content/uploads/2021,/04/PMS-NCG-Combined-Re
commendations-1.pdf.
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