
https://research.stmarys.ac.uk/

TITLE
Phenotyping sleep disturbances in ADHD and identifying harmonised outcome measures: Aperson-
alised precision medicine approach to disruptive behaviours.

AUTHOR
Ipsiroglu, Osman S.; Klösch, Gerhard; Stein, Mark; et al.

JOURNAL
Somnologie

DATE DEPOSITED
23 September 2024

This version available at
https://research.stmarys.ac.uk/id/eprint/6496/

COPYRIGHT AND REUSE
Open Research Archive makes this work available, in accordance with publisher policies, for research purposes.

VERSIONS
The version presented here may differ from the published version. For citation purposes, please consult the published
version for pagination, volume/issue and date of publication.

https://research.stmarys.ac.uk/
https://research.stmarys.ac.uk/id/eprint/6496/


Somnologie
Somnology – Current Sleep Research and Concepts

Reviews

Somnologie
https://doi.org/10.1007/s11818-024-00473-4
Accepted: 6 May 2024

© The Author(s) 2024

Phenotyping sleep disturbances
in ADHD and identifying
harmonised outcomemeasures
A personalised precision medicine approach to disruptive
behaviours

Osman S. Ipsiroglu1,2,3 · Gerhard Klösch3,4 · Mark Stein5 · Sarah Blunden6 ·
Serge Brand7,8,9,10,11,12 · Stefan Clemens13 · Samuele Cortese14,15,16,17,18 · Alexander Dück19 ·
Thomas Dye20 · Paul Gringras21 · Hans-Jürgen Kühle22 · Kate Lawrence23 ·
Michel Lecendreux24 · Silvia Miano25 · Julian Mollin26 · Lino Nobili27 · Judy Owens28 ·
Parveer Kaur Pandher1 · Dena Sadeghi-Bahmani29 · Angelika Anita Schlarb30 ·
Barbara Schneider31 · Rosalia Silvestri32 · Susan Smith33 · Karen Spruyt34 ·
Margaret Danielle Weiss35

Extended author information available on the
lastpageof thearticle.

ScanQRcode&readarticleonline

Abstract

Attention deficit hyperactivity disorder (ADHD) is a widespread neurodevelopmental
disorder. Currently, the diagnosis and treatment of ADHD in children and adolescents is
primarily centred on daytime functioning and the associated impairment of academic
performance, although disrupted and restless sleep have been frequently reported in
individuals with ADHD. Further, it has been recognised that sleep disorders not only
intensify existing ADHD symptoms but in some cases can also mimic ADHD symptoms
in the paediatric population with primary sleep disorders. Under the title ‘The blind
spot: sleep as a child’s right issue?’, professionals from diverse disciplines, including
medicine and social sciences as well as individuals with an interest in ADHD and sleep
medicine, including laypeople, have initiated a unifying discourse. The objective of
this discourse is to improve our understanding of the diagnosis and treatment of
ADHD and disruptive behaviours and to develop personalised and precision medicine.
Research has shown that the existing, primarily descriptive and categorical diagnostic
systems do not capture the heterogeneous nature of youth with attentional and
behavioural difficulties and the phenotypic expressions thereof, including nighttime
behaviours and sleep. New strategies for clinical phenotyping and the exploration of
patient-reported behaviours are necessary to expand our understanding and develop
personalised treatment approaches. In this position paper, we outline gaps in the
clinical care of ADHD and related sleep disturbances, review strategies for closing these
gaps to meet the needs of individuals with ADHD, and suggest a roadmap for escaping
the one-size-fits-all approach that has characterised ADHD treatment algorithms to
date.

Keywords
Behavioural medicine · Restless legs syndrome · Periodic limb movements in sleep · Vigilance ·
Sleep disordered breathing

Introduction

Sleep is a complex neurophysiologic func-
tion that involves almost all organ sys-
tems and affects both physical and psy-
chological development, including cogni-

tion, emotion, behaviour, and social health
[31, 60]. The processes of sleep are still
not fully understood and are the subject
of ongoing research, continually relativis-
ing the value of our gold standards with
each investigation [7, 17] and highlighting

Somnologie 1

https://doi.org/10.1007/s11818-024-00473-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s11818-024-00473-4&domain=pdf


Reviews

the value of environmental factors for per-
ceptions and lifestyle situations [8]. Over
the past three decades, multiple studies
have highlighted the importance of sleep
and have improved our understanding of
physiological and clinical aspects on an
ongoing basis. Additionally, many studies
have demonstrated the intrinsic and bidi-
rectional relationship of attention deficit
hyperactivity disorder (ADHD) with sleep
disturbances [43, 60]. Sleep disorders not
only exacerbate existing ADHD symptoms
butalsomimicADHDsymptomsinchildren
with primary sleep disorders. Implemen-
tation of sleep health measures, includ-
ing a review of physical activity and di-
etary intake, are the very first steps before
sleep disorders are investigated [36]. It is
nowwell established that ADHD and sleep
have a complex, close, and intertwined re-
lationship, which impacts functional im-
pairment and reveals ADHD to be a 24-
hour disorder, with interventions aimed
at children’s sleep behaviour improving
both sleep and ADHD-related symptoms
[15, 58, 64, 71, 72]. Sleep disorders that
are associated with ADHD include restless
legs syndrome (RLS), restless sleep disor-
der (RSD), periodic/aperiodic movements
of the limbs during sleep (PLMS), insom-
nia, and circadian sleep–wake rhythm dis-
orders [43]. A strong clinical overlap ex-
ists between ADHD and RLS, with both
following a circadian profile and present-
ing lower ferritin levels in affected per-
sons. In line with this, experimental stud-
ieshavedemonstratedthemodulatingrole
of inflammation on iron homeostasis and
dopamine transmission [59]. Further, re-
cent descriptions of ADHD-related sleep
disorders and sleep phenotypes (e.g. nar-
colepsy, obstructive sleep apnoea, peri-
odic limb movements in sleep, and dif-
ficulty falling asleep/insomnia subtypes)
prompt a reassessment of the role of sleep
disturbances in ADHD [45]. This initi-
ates a discussion on considering individual
genetic variability, environmental factors,
and lifestyle, i.e., the factors which de-
fine the pillars of precision medicine, as
precision medicine offers complementary
and/or alternative treatment options for
affected children, adolescents, and adults.
Personalised (older terminology) or preci-
sion medicine (newer terminology) is the
description of ‘. . . a medical model us-

ing characterisation of individuals’ phe-
notypes and genotypes (e.g. molecular
profiling, medical imaging, lifestyle data)
for tailoring the right therapeutic strategy
fortherightpersonattherighttime, and/or
to determine the predisposition to disease
and/or to deliver timely and targeted pre-
vention’ [19]. In the present manuscript,
we use the term personalised precision
medicine (PPM).

ADHD is a widespread disorder with
increasing prevalence [1]. Evidence-based
therapies include behavioural and phar-
macological interventions. Numerous
stimulant and nonstimulant medications
have been approved, and their use is
increasing [65]. However, there are con-
cerns about inappropriate use, diversion,
and abuse as well as marked variability
in access, acceptability, and availability
within regions and across countries. Com-
parisons between medication prescription
recommendations in the United Kingdom
(2014) and North America (USA) show
that despite many similarities, European
(and UK) guidelines are generally more
conservative in their medication recom-
mendations [46] but also that clinical
practice varies across and within exam-
ined states or jurisdictions [57]. The
effects of culture or lifestyle need to be
acknowledged, not only with regard to
the prescription practices of professionals
but also considering other factors such
as the amount of physical activity of af-
fected individuals. The area of empirical
investigation of sleep health procedures
has only recently been subject to rigorous
randomised clinical trials, showing that
low-cost sleep-health-focused interven-
tions delivered at the community level can
be very effective for improving sleep dis-
turbances among individuals with ADHD
[11, 16, 22, 23, 66]. However, there are
marked differences between and within
jurisdictions in terms of the approaches
to sleep disorders and access to common
treatments such as melatonin or sleep
hygiene.

This narrative review is thebasis of apo-
sitionpaper that aims to develop a consen-
sus approach to ADHD and to how sleep
disorders should be investigated before
the final diagnosis of ADHD is reached.
We analyse the framework in which clini-
cal work and research are conducted, and

we explore the extent to which we may
be able to overcome the gap between
empirical and evidence-based knowledge
and bridge the time gap until evidence-
based knowledge is implemented in clin-
ical practice.

Methods

‘The blind spot: sleep as a child’s right is-
sue?’ discourse (byOSI, SB, GK and BC) [55,
56] framed thegoal of this narrative review
to develop a shared understanding for the
creation of an ADHD and SLEEP protocol
(OI and MS) [26]. To support this goal, we
invited a number of experts to develop
a course (OSI, TD, GK, KS, RS and SS) and
two 90-minute sessions (OSI, MS, AD, SCl,
TD, ML, JM, KL, SM and AAS) to be pre-
sented at the International Pediatric Sleep
Association (IPSA) congress in Glasgow in
April 2024. Further, we invited discussants
with an arms’ length distance to the pre-
sentations to give feedback and review the
presented concept and suggestions from
an ADHD and sleep protocol perspective
(SB, SCo, PG, LN, JO, DSB and MDW). This
manuscript is based on extensive discus-
sions of all listed coauthors. Due to time
restrictions, there were changes in the fi-
nal course and scientific session schedules
and listed presenters. However, in order
to achieve our shared goal, the initiated
academic discussion continued. Further,
at a pre-conference think-tank meeting in
April 2024 the implementation of knowl-
edge listed in the environmental scan for
a stepped-care model was discussed in
more detail, with additional co-authors
who contributed conceptually to this pa-
per joining the discussion (PG, HJK and
PP).

The final version of the paper was writ-
ten in Google Docs. The link was shared
with all of the authors, thereby enabling
them to edit and comment, and all authors
engaged in the discussion based on the
provided comments and critiques. The
motto and aim of this collaborative ef-
fort were to develop a mutually shared
language and to ultimately reach a con-
sensus on the presented content in the
article. This process helped to present the
challenges experienced in clinical practice
from the perspective of the two differ-
ent academic communities—the ‘pheno-

2 Somnologie



typers’ and the ‘interventionists’—using
simplified language that is understandable
and supportive for decision making by in-
terested third-party persons. All coauthors
reviewed the manuscript and signed the
conflict of interest form for thepublication.

Environmental scan

Positioning paediatric sleep
medicine?

In the past, paediatric sleep medicine was
longconsidered sub-specialist knowledge,
with methodological dominance stem-
ming from adult sleep medicine topics.
Today, paediatric sleep medicine is cur-
rently at the interface between preventive
medicine (public health), caremedicine (in
clinical practice), and various paediatric
subspecialties such as developmental
paediatrics, paediatric neurology, child
and adolescent psychiatry, psychology
and psychotherapy, health sciences, and
organ-related paediatric sleep medicine.
In contrast, the importance of sleep for the
cognitive, emotional, and social develop-
ment of the child is still underestimated,
both in medical practice and in the minds
of parents. Despite the efforts of sleep
physicians to counteract such common
practices and mindsets through publi-
cations, the paediatric sleep medicine
community remains small, with the effect
of it taking a long time to implement
knowledge and establish structures for
efficient patient care. The recognition
of sleep disturbances in individuals with
ADHD serves as an excellent example for
this situation. Despite early recognition
of the role of sleep disturbances in psy-
chosocial development and despite the
fact that some of the ADHD questions
in ADHD questionnaires read like a de-
scription of RLS or RSD, sleep disorders as
an entity were removed from the ADHD
diagnostic criteria within the third edition
of the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM) in 1987,
as evidence was not proven [3, 12]. In
the meantime, European and American
consensus guidelines recommend exclud-
ing sleep disturbances before diagnosing
ADHD [2, 4]. However, there is a lack of
guidance on how to do this, which has
led to an increased reliance on referral

medicine. Professionals direct patients to
sleep centres, which results in waitlists of
up to 1 year or more, depending on the
capacity of the centre.

Advances in medicine

The COVID-19 pandemic has exposed
multiple gaps in our existing healthcare
systems, emphasising the importance of
adopting a more holistic approach to
the physical and psychological health of
children and adolescents [41, 47]. From
a behavioural perspective, the pandemic
highlighted the need to develop more
efficient structures for primary prevention
and timely care in order to avoid sec-
ondary damage resulting from the ‘blind
spots’ caused by missing knowledge dis-
semination [41, 51, 52]. Hence, such blind
spots of professionals require a review of
our knowledge-dissemination concepts.
The question of where to place paedi-
atric sleep medicine (e.g. in neurology,
respirology or general paediatrics), re-
flects the confusion experienced by many
professionals and health care managers.
Sleep is a core physiological function and
teaching paediatrics without integrating
sleep into the curriculum can be con-
sidered as a failure to provide evidence-
based treatment pervasive enough to be
considered as a violation of the right to
best practice health care for children.

Knowledge exchange and the role
of professional societies

The rapid exchange of information, which
has been accelerated by new digital me-
dia in the 21st century, has led to an in-
crease in knowledge amongst all involved
parties. However, knowledge alone is not
enough: understanding facts and connec-
tions has become more important than
ever. Therefore, it is imperative to es-
tablish connections between information
from various disciplines; to engage in crit-
ical questioning as clinicians, researchers,
affected individuals, and advocates; and
to appropriately apply these insights in
the best interests of the patients. The role
of professional societies in collaboration
with affected individuals and their advo-
cacy groups becomes crucial for speeding
up the dissemination process and imple-

menting new knowledge to improve the
day-to-day management of patients, in-
cluding the transition processes to adult-
hood [48].

The consequences

The exclusion of sleep disorders from di-
agnostic interventions has resulted in the
absence of a framework—a binding stan-
dard that is evaluated and improved step
by step. In consequence, this indetermi-
nate state has resulted in the fact that the
methods used in the literature to record
sleep disorders in patients with ADHD are
variable. Therefore, due to a lack of crite-
ria [43] along with the overlap between
ADHD, RLS, RSD, and PLMS and com-
plaints related to insomnia, sleep distur-
bances or disorders are approached in-
completely or unsystematically [60, 70].
An example is that some medication trials
involving stimulants do not account for
possible underlying sleep disorders [74].
Even in the diagnosis of sleep-disordered
breathing, a prevalent public health issue,
a significantportionof individuals affected
by sleep-disordered breathing remain un-
diagnosed or are misdiagnosed, despite
the rising interest in sleep and aware-
ness of sleep disorders, sleep research,
and diagnostic practices [38]. There are
many reasons for such blind spots ex-
isting in mainstream medicine; however,
from a sleep-as-a-child’s-right-issue per-
spective, the interpretation is that experts
in professional societies discuss patient-
related challenges without direct input or
representation of the patients. When ex-
plored in an appropriate way, paediatric
patients can express, articulate, and/or de-
pict their discomforts and the dimensions
of their suffering in an exemplary way
through drawings illustrating sensations
of restless legs. The lighthouse paper by
Picchietti and colleagues [49] highlights
this fact with quotations:

A 7-year-old boy: “They (my legs) like feelweird,
and they want to kick.”
An 8-year-old boy: “It’s like my legs are wiggly
and like (inaudible).”
A 9-year-old boy: “It’s going to be hard to tell
that this is like a bruise. I’m trying to stretch my
legs out, my thighs out right here, so I’m going
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Fig. 18 Sleep andwake behaviours are influencedby various factors.a The causality-focused logicmodel reviewing the in-
terconnections between sleep andwakebehaviours [62] has been adapted in a synthesisedwheelmodel, allowingmedical
symptoms to be approached frommultiple perspectives [8].The positions of the circles are variable relative to eachother.By
rotating each circle, segments can show the interactions and therapeutic effects that correspond to the individual case.The
first three circles represent categorical diagnoses (first circle; e.g.possible neurodevelopmental, internalising, externalising,
and sleep disorders), functional diagnoses (second circle; e.g. special diets or eating behaviour disorders), and root causes
(third circle; e.g. iron deficiency) thatmay aggravate or alleviate clinical symptoms.b The social-emotional wellbeingmodel
as appliedby Indigenouspeoples allows for the screeningofpredictiveandperpetuating factors andpredispositions through
different cultural perspectives [8]

like this. I’m like trying to stretchmy legs out but
at the same time it’s sort of hurting.” . . .
A 15-year-old female: “My bed, and my pillow,
and (inaudible). My head is usually somewhere
around here. Sometimes at night I just have to
flip my whole body around or else it just bugs
me. So then I just sleep at the bottom of the
bed for like a week, and then I can go back
to sleeping like I’m supposed to. Feeling tired;
(inaudible) blue eyes, and they’re bloodshot be-
cause I didn’t get any sleep; (inaudible) all over
them. And my legs, they’re like tingly, (inaudi-
ble) wavy. And my arms kind of do the same
thing. So I just have to keep moving them, or
else it just bugs me all night long, and then
I definitely don’t get any sleep.”

Consideringthatwearediscussingdiscom-
fort up to a pain-related condition and the
impact of insufficient sleep on the cogni-
tive, emotional, behavioural, and social
development of an individual, we need to
discuss how to target theseblind spots and
(a)howtoexploreourpatientsbetter for in-
creasing their involvement and (b) how to
introduce a transdiagnostic and transdisci-

plinary screening and diagnostic concept
thatmight solve the currently experienced
challenges.

The new perspective

A transdiagnostic and transdis-
ciplinary prevention-focused
approach

The traditional approach of referring all
patients with ADHD to paediatric sleep
medicine for evaluation is not very use-
ful due to the low density of diagnostic
sleep medicine centres. An environmen-
tal scan conducted among pan-Canadian
sleep labs unveiled extended wait times
of up to 1 year, even in metropolitan areas
[73]. Therefore, as a clinical and research
community, aside from enhancing train-
ing and promoting sleep medicine, we
must agree on a step-by-step screening
concept focused on the prevention-based
aspect. This basic knowledge needs to
be part of the foundational knowledge
of all professionals dealing with children,

adolescents, and young adults—including
medical doctors, psychologists, therapists,
social workers, social educators working
in the community, and educational staff
such as teachers at kindergarten, primary
school, middle school, and high school. It
should also extend to children and their
families. While a critical review of cur-
ricula is one step, immediate measures
should involve a consensus on human,
particularly child-rights-based basics. This
involves tailoring medicine to the specific
needs of each individual and treating indi-
vidual people rather than one categorical
diagnosis.

Environmental factors or lifestyle

In order to understand the connection
between ADHD and the factors that cause
or influence ADHD—much like sleep,
physical activity, and diet—and to en-
able a meaningful screening process, we
need to review life circumstances. Sleep
and wake behaviours are influenced by
various factors. . Figure 1 [8] proposes
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Table 1 An example for sleep health recommendations (adapted from Jan et al. [35]) at the community level of the suggestedmultilevel pyramidal
servicemodel. The focus is on promoting healthy living, and the condensed universal knowledge is disseminated in amanner that allows for unselec-
tive screening and review of first-linemeasureswithout overwhelming the addressee.This is achieved through the three options (“Yes, we already do
this!”, “Yes,we think thiswouldhelp!”, and “Not right now . . . Thiswon’twork!”),which are disseminatedas universal knowledge (e.g. implementationof
sleephealthmeasures, reviewofphysical activity).Note, the recommendationswere reworkedusingplain, everydaywords and short, simple sentences
appropriate for a general public audience at grade six to eight reading level (‘plain language’)
In the list below, check off which habits you have andwhich ones you would like to have. In addition, check which habits you consider to be a challenge and therefore do not
want to focus on at this time.

Sleep health habits �
Yes, we already
do this!

��
Yes, we think
this would help!

�
Not right
now . . .
This won’t
work!

Your child is exposed to sunshine (bright light) during the day.
Exposing children to sunshine during the day, particularly in themorning, may help them to sleep better at night. Bright
light helps the body to produce melatonin (a natural sleep hormone) that promotes better sleep andmood

◻ ◻ ◻

Your child’s day has a balance of activity and rest.
The planning of daily activities is important. Children benefit from routine structures and well-balanced patterns of
both activity and rest during the day and night. Recognizing the contribution of daytime activities to sleep promotion is
important

◻ ◻ ◻

Your child only takes short naps in the early afternoon.
Daytime naps should be geared to the child’s age and development. We recommend that a nap should never be taken
after 3:00pm

◻ ◻ ◻

As a general rule, your child engages is quiet activities only in the last hour prior to going to bed.
Calming activities include well-structured routine behaviours such as quiet bath and listening to stories or lullabies.
Vigorous activitiesmay stimulate the child. It can take several hours for the child to relax. During a bath prior to bedtime,
when the light is too bright, or too many toys are in the water, bathingmay become exciting rather than calming. Playing
together with siblings may be overly exciting. Story-telling should have a calming influence, but unfamiliar stories or
books with the sounds of animalsmay be stimulating

◻ ◻ ◻

Your child eats/drinks only light healthy foods/beverages before going to bed. Your child does not eat food during the night.
Overeating before bedtime can interferewith your child’s sleep. Light healthy snacks such as apples, bananas, cheese or
oatmeal are recommended. Avoid food and drinks with caffeine (hot chocolate, chocolate cookies, energy drinks, cola,
etc.) 4 to 6 h before falling asleep. Allowing regular nightmealtimes quickly teaches the body to wake up during the
night because it “needs to be fed”. If required, they may drink water

◻ ◻ ◻

You have a regular bedtime routine with your child including story time (see also social stories).
A series of regular activities carried out in the same sequence (e.g. changing into pyjamas, brushing teeth, going to the
toilette and turning off the lights) allows the body to prepare for going to sleep. Your bedtime routines should not be
longer than 30min. Encourage your child to complete part of the bedtime routine independently, e.g. let your child turn
off the lights. This strengthens their sense of control and independence

◻ ◻ ◻

Your child’s TV, DVD computer game (screen) time is limited.
Screen time creates an excess of stimuli and should be avoided at night. However, a favourite and familiar DVD following
dinnermay be calming for some, but it could also result in overstimulation for others

◻ ◻ ◻

You recognise your child’s cue for tiredness.
Once your child becomes tired close to bedtime, they follow their (abbreviated) bedtime routine. Even slightly dozing off
in the late afternoon or at nighttime can affect the quality of sleep

◻ ◻ ◻

You put your child to bed while drowsy but still awake in the same place where they sleep all night.
Take your child to bed when they are awake and then leave the room before they fall asleep. Otherwise, your child will
constantly associate falling asleep with your presence

◻ ◻ ◻

Your child is in bed by 7:00/8:00/9:00pmdepending on their age and needs ◻ ◻ ◻

Your child’s bed is ONLY used for sleeping. You NEVER send your child to bed as punishment.
This prevents the bed from becoming associated with thoughts and activities (e.g. homework and school) that prevent
sleep. This only causes your child to associate the bed and the act of going to bed with punishment

◻ ◻ ◻

You let your child turn off the lights.
Let your child turn off the lights by themselves. This strengthens their sense of control and independence

◻ ◻ ◻

You do not turn on a bright light if you console your child at night or if your child gets out of bed.
A bright light tends to cause your child’s body to wake up and influences thier inner clock. Additionally, your child may
learn to associate light with comfort and consolation, and darkness with solitude and distress. The bedroom should be
totally dark; however, some anxious children with fears of the dark might benefit from a dim night light. Try not to turn
on any lights in your child’s bedroom at night and try to eliminate all noise sources.
Bright light= time to wake up
Dark= time to sleep

◻ ◻ ◻

Do not smoke in your home because smoking disrupts your child’s sleep ◻ ◻ ◻
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a dynamic checklist model for review-
ing the complexity of systems before
arriving at a diagnosis of challenging or
disruptive behaviours, such as ADHD, and
starting medication-based therapeutic
interventions [8, 31, 62]. The positions
of the circles are variable relative to each
other. By rotating each one, circle seg-
ments can show the interactions and
therapeutic effects that correspond to
the individual case. In the first circle,
categorical diagnoses are listed, i.e. the
possible neurodevelopmental, internalis-
ing, externalising, and sleep disorders. In
the second circle containing functional
diagnoses, functional disorders that are
common are listed in the foreground
(e.g. special diets or eating behaviour
disorders). These may be strengthened
or stabilised by triggers presented in the
third circle, which contains root causes
such as iron deficiency. This framework
extends beyond the traditional cause–con
sequence interconnection of western med
icine and allows a more holistic appro-
ach akin to the perspectives suggested by I
ndigenous communities [8, 14, 33]. The
beauty of this model lies in its ackno-
wledgement of the patients’ personal per
spective and individual explanatory mod
els, enabling all professions involved to r
eview thepatient in a patient-centredman
ner from multiple perspectives.

From an individual daytime to
a systemic day- and nighttime
approach

Sleep health
In order to not miss the opportunity for
early-onset interventions, screening for
sleep disturbances and potential sleep
disorders should ideally be offered at the
community level (e.g. in clinical practice).
Any child with a sleep disturbance and/or
potential sleep disorder who is seen by
a healthcare professional has the right to
a clinical examination; however, before the
examination, basic sleep health recom-
mendations shouldbe reviewed inorder to
avoid medicalisation of a lifestyle-induced
sleep disturbance (see . Table 1, which
shows sleep health recommendations for
children with neurodevelopmental dis-
orders [35]). Not only sleep disorders
but also poor sleep health—a reduced

amount of sleep and/or non-restorative
sleep—affects cognitive, emotional, be-
havioural, and social development, but
the interpretation of “poor” depends on
the cultural context. For example, is the
afternoon nap (“siesta”) of a 5 or 6-year-
old appropriate or an expression of non-
restorative sleep or a reduced amount of
sleep? Therefore, the current medicalised
approach to sleep health (e.g. afternoon
naps are expressions of non-restorative or
not enough sleep) needs to be reviewed
from a social ecological perspective and
cannot be informed by standards from
countries which conduct their research in
different ecological settings.

Behaviours
The understanding as explained above un-
der ‘Sleep health’ proposes the integration
of poor sleep health into the evaluation of
ADHD-associated behaviours. However,
what are ADHD-associated behaviours,
and what is the relationship between
ADHD symptoms and sleep? ADHD is
the result of complex neurological, psy-
chiatric, and interactional dysfunctions,
and the processes of ADHD are the sub-
ject of ongoing research, as they are
still not fully understood. Hyperkinesia,
hypermotor restlessness, and/or hyper- or
hypo-arousability (H-behaviours) can be
interpreted as behaviours associated with
ADHD or ADHD-like traits [5, 10, 18, 34,
53, 54, 61, 63, 67, 75] or, depending on
one’s training background, as indicators
of irritability [18]. Further, from a sleep
medicine perspective, the main differ-
ential diagnoses of ADHD are RLS and
RSD, all presenting with H-behaviours,
which have been associated with iron
deficiency in human studies and in imag-
ing and animal studies with central iron
deficiency leading to restlessness [13, 42].
Despite this strong evidence of possible
shared common biological roots, there is
a general paucity of ADHD animal models
that incorporate iron deficiency from RLS
models [40, 59]. Therefore, we suggest
a purely descriptive approach to ADHD-
associated daytime behaviours using the
concept of vigilance [30, 37] and H-be-
haviours [29, 32, 42, 60]. Vigilance is
the ability of an individual to respond
appropriately to environmental stimuli
to ensure survival. The groundbreaking

use of this concept was introduced by
the British neurologist, Henry Head, in
1923 [21]. In the wild and typically for
our ancestors, reduced vigilance led to
being hunted by a predator, while, on
the contrary, shifting attention swiftly
from one stimulus to another enhanced
the odds of detecting different predators
in a timely and life-saving fashion. In
humans, reduced vigilance can lead to
ADHD-like behaviours, which have been
perceived as inappropriate or challenging
as they may lead to occupational injuries.
In the school setting, both impaired vig-
ilance and inappropriate responses to
environmental stimuli (including inter-
actions with teachers or peers) are of
concern and are associated with non-
anaemic iron deficiency, mainly central
iron deficiency, allowing restlessness to
be included as a 24/7 core characteristic
[59].

Breathing
Sleep apnoea is observed in 1–10% of
children with ADHD. Sleep-disordered
breathing represents a spectrum that
includes snoring, upper airway resis-
tance syndrome, obstructive hypopneas,
and obstructive (and central) apnoeas
[44]. Epidemiological studies have shown
significant differences in the factors of
socioeconomic status, weight, and ab-
normalities in the area of the upper
airways (nasal tract and pharynx area);
however, sleep medicine studies using
polysomnography for snoring or upper
airway resistance syndrome provide few
significant results for the benefit of the
individual [68]. This suggests that either
the outcome measures were not individ-
ualised and, thus, were too broad, and/or
that higher education might result in
better prevention and, consequently, in
better health. Most importantly, today
we know that sleep-related breathing
disorders can cause chronic inflammation
and lead to organ dysfunction, which sig-
nificantly impairs the general condition
of the affected individual [20, 24].

From screening to diagnosis—how
to operationalise?

Our suggestion for phenotyping sleep dis-
turbances in ADHD and identifying har-
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Fig. 28 Visualisation of the suggestedmultilevel pyramidal servicemodel.At the community level, the focus is on pattern
recognitionasanunselective screeningconceptandreviewoffirst-linemeasures,whicharedisseminatedasuniversal knowl-
edge(e.g. implementationofsleephealthmeasuresandreviewofphysicalactivity).At the levelofcommunity-basedservices,
the focus is on selective screening andon an intervention in the case of a positive screening result (e.g. cognitive behavioural
intervention for insomnia or iron supplementation for restlessness).At the specialist level, the focus is on the structured ex-
ploration of sleep–wake behaviours anddifferential diagnostic considerations aswell as their potential causes, while at the
sub-specialist level of sleepmedicine, further investigations are conducted.The implementation of the suggested processes
and the differentiation between universal and advanced knowledgewill be the subject of the consensus discussions

monised outcome measures starts with
general basic knowledge on sleep health
and continues with a non-diagnostic de-
scription of functioning, restlessness, and
breathing. This informationprevents a cat-
egorical diagnosis of ADHD, before a com-
pletedescriptionand reviewof sleepdisor-
derswhichmaycontribute to anADHD-like
presentation and/or mimic ADHD. Alert-
ing keywords in all three domains prompt
screening questions and inform about the
next steps. While vigilance prompts the
question about the amount of sleep and
restlessness before falling asleep and/or
the question about non-restorative rest-
less sleep, restlessness per se will lead
to exploration of physical activity, diet,
and investigation of biochemical imbal-
ances (including iron, magnesium, essen-
tial fatty acids, and vitamin D status). First,
this approach enhances the role of com-
prehensive bloodwork investigations for
excluding RLS or RSD. Second, breath-
ing-related symptoms such as snoring or
heavy breathing and associated risk fac-
tors, such as allergies, which might affect
sleep quality have to be reviewed and
excluded before a primary ADHD diagno-

sis is made (. Fig. 1). The advantage of
this suggestion is the diagnosis of possi-
ble causes of ADHD-like behaviours and
avoidance of the diagnosis of secondary
ADHD due to sleep disorders. The nov-
elty of this suggestion is that the knowl-
edge dissemination to parents and pro-
fessionals working in the community with
children, adolescents and/or young adults
with ADHD will be structured by peer-re-
viewed informationaboutpotential causes
and/or aggravating factors of ADHD. Such
an approach has the potential to move
the field away from a trial-and-error ap-
proachand towardsaPPMapproach, while
also providing opportunities for preven-
tion and informing treatment algorithms
for combining and sequencing interven-
tions throughout the lifespan. As initially
stated, such an approach has been sug-
gested by international bodies for some
years [2, 4], but due to knowledge gaps
and blind spots, a rounded protocol has
not yet been worked out.

Discussion

A comprehensive approach to measuring
improvement is central for assessing the
effective outcome of any therapeutic in-
tervention. Given the paucity of validated
assessmenttools, thismaybeadifficultand
challenging process [43]. Moreover, ADHD
symptoms and sleep-related perceptions
are extremely variable in their clinical pre-
sentation and also etiologically heteroge-
neous; therefore, their change over time
might be overlooked due to the missing
involvement of the affected child or ad-
olescent and/or due to parental fatigue
and burn-out [39]. To set the stage for
a constructive transdisciplinary and trans-
diagnostic approach which respects the
significant impact of multiple factors, we
have recently suggested a logic model [8,
62] and have adapted this logic model for
transcultural application in various pro-
fessional and lay settings (. Fig. 1). This
approach enables participatory research
and patient-oriented communication, as
it broadens the assessment and allows
screening of most common causes and/or
aggravating factors, such as poor sleep,
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lower physical activity patterns, and poor
diet to name but a few, and this approach
helps to conduct individualised precision
medicine. On theflip side, sucha thorough
assessment might cause a major financial
burden in terms of healthcare costs [6].
Consequently, the question arises of how
to operationalise PPMwithout further lim-
iting access to care or increasing the costs.

The in-depth characterisation of ADHD
sleep phenotypes [45], the exploration of
RLS from a patient perspective [9, 27, 50],
and the familial dimension of iron defi-
ciency and RLS-induced insomnia [27, 69]
have opened up a new perspective on
ADHD-associated challenging and/or dis-
ruptive behaviours and a window of op-
portunity for integrating sleep disorders
in a structured manner. Are RLS or RSD
comorbidities or, as suggested by Miano
and colleagues, are they ADHD pheno-
types [45]? Further, is treating a patient
with ADHD with medication, without any
exploration of triggering factors, appro-
priate? Can early-onset RLS mimic early-
onset ADHD? Considering that the diag-
nosis of RLS and particularly painful RLS is
also a blind spot in paediatric sleep–wake
medicine, the treatment of children at the
age of 3 or 4 years with stimulants and/or
antipsychotics without an in-depth sleep
investigation has to be viewed through
a critical lens [25, 28].

The ideal global ADHD and sleep pro-
tocol consists of standardised and indi-
vidualised behavioural outcomemeasures
in an n= 1 study setting. Standardisa-
tion means harmonisation and aims for all
ADHD trials to follow a consensus-based
standard for making core outcome mea-
sures comparable. The main principle of
an n= 1 approach is a protocol-based ob-
servation where the individual of interest
is their own control. Single n or n= 1 ex-
ceeds the classic concept of case report or
simple observation before and after the
study but rather utilises rigorous clinical
trial methodology. As soon as multiple
numbers of patients are enrolled in the
same n of 1 trial protocol, it may be possi-
bletousemeta-analysis togenerategroup-
level estimates of treatment effectiveness,
thus opening up a PPM approach to cer-
tain ADHD sleep phenotypes. Therefore,
n= 1 studies can provide robust evidence,
e.g. for a new intervention, in a timely

fashion to inform care for an individual
patient. Further, embedding n= 1 trials in
patient registries that follow the principles
of registryscience(e.g. near-completecase
coverage and standardised measurement
of outcomes) opens up thepotential for ef-
ficient implementationof high-qualitynof
1 trials. The advantages of suchnof 1 trials
over observational before vs. after designs
or case reports include (1) randomisation
to multiple rounds of intervention/control
conditions in order to monitor for tempo-
ral confounding; (2) the ability to launch
placebo-controlled or comparative effec-
tiveness trials with blinding of participants
and outcome assessors where this is ap-
propriate; and (3) prospective definition
of standardised individual outcomes and
theirmeasurement, whichontheonehand
reduces the burden of an RCT and, most
importantly, (4) increases the diversity of
includedcases. Themainchallengeand fo-
cus of ourworkinggroup consistingof clin-
icians, scientists and affected laypersons is
agreeing on the different information lay-
ers. . Figure 2 suggests a structured ap-
proach to screening, clinical assessment,
and diagnosis as well as to knowledge
dissemination. The aim of the pyramidal
concept (broad basic information at the
bottom and highly sub-specialised knowl-
edge at the top) is to reduce inconsisten-
cies in categorical diagnostic approaches
and knowledge dissemination, which in-
forms the public and broader professional
opinion.

Conclusion

The suggested framework focuses on the
recognition of poor sleep health via vig-
ilance, restlessness at day and nighttime,
and difficulty breathing as common symp-
toms of sleep disorders in individuals with
ADHDorADHD-likepresentations. Thisap-
proach allows us to review variable insuffi-
cient or inadequate sleep in an individual
at any age, without medicalising sleep per
se but also without overseeing sleep dis-
orders. The novelty of the suggested pre-
vention-focused concept lies in reviewing
symptoms of concern step by step from
a sleep health perspective and propos-
ing a systematic approach to investigating
not only sleep disturbances but also sleep
disorders. This approach involves break-

ing down the review process into multi-
ple small, circumscribed steps involving
the patient, their parents and caregivers,
and the expertise of various profession-
als. Again, given that sleep is a complex
neurophysiological function that involves
almost all organ systems, before sleep dis-
orders are investigated, it is crucial to con-
duct differential diagnostic considerations
at multiple levels to ensure that physio-
logical interconnections are not missed.
The ChildRight2Sleep context enables us
to adapt and apply this transdiagnostic
and transdisciplinary needs-oriented con-
cept depending on the local, regional, or
national healthcare framework inaflexible
way. It also involves reviewing knowledge
dissemination based on the target audi-
ence and discerning what is universal and
what is advanced knowledge. How we
apply this knowledge will be outlined by
this working group as the next step.
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Zusammenfassung

Phänotypisierung von Schlafstörungen bei ADHS und Identifizierung
harmonisierter Behandlungsziele. Verhaltensstörungen und
Präzisionsmedizin

Die Aufmerksamkeitsdefizit-Hyperaktivitätsstörung (ADHS) ist eine weit verbreitete
Entwicklungsstörung. Ihre Diagnose und Behandlung konzentrierte sich bisher
weitgehend auf die Tagessymptomatik. Das Schlafverhalten blieb dabei weitgehend
unberücksichtigt, obwohl Betroffene immer wieder über Unruhe und nicht erholsamen
Schlaf klagten. Allerdings wurde in Studien nachgewiesen, dass Schlafstörungen, in
Verbindung mit einem bestimmten Lebensstil, bestehende ADHS-Symptome nicht nur
intensivieren, sondern auch bei Kindern mit primären Schlafstörungen sogar ADHS-
Symptome imitieren können. Unter dem Titel „Der blinde Fleck: Schlaf als Kinderrecht?“
haben Fachleute aus unterschiedlichen Disziplinen von der Humanmedizin bis hin
zu den Sozialwissenschaften sowie Personen mit Interesse an ADHS eine Diskussion
initiiert, um die Lücken in unserem Verständnis von ADHS und deren Behandlung
aufzuzeigen und im Sinne einer personalisierten Medizin zu schließen. Es wurde
gezeigt, dass die aktuellen kategorialen Diagnosen von Verhaltensstörungen die
enorme Fülle phänotypischer Ausprägungen nicht berücksichtigen, wodurch eine
Beurteilung der diagnostischen Genauigkeit und die Wirksamkeit therapeutischer
Ansätze erschwert werden. Um eine personalisierte Medizin bei der Diagnose und
Therapie des ADHS zu gewährleisten, sind neue Ansätze im Rahmen der klinischen
Phänotypisierung und bei der Beurteilung des Patientenverhaltens dringend
notwendig. In diesem Positionspapier werden die Lücken in der klinischen Versorgung
von ADHS-Patienten dargestellt und auf die Notwendigkeit der Berücksichtigung
von Schlafstörungen hingewiesen, um in weiterer Folge Strategien zur Schließung
der Lücken zwischen den Bedürfnissen von Personen mit ADHS und den aktuellen
Behandlungsansätzen aufzuzeigen.
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