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Abstract Attention deficit hyperactivity disorder (ADHD)
affects approximately 5 % of children and adolescents, and
sleep problems are common in these patients. There is grow-
ing evidence informing the significant importance of sleep
problems in youth with ADHD. The sleep problems in chil-
dren with ADHD include specific sleep disorders and sleep
disturbances due to comorbid psychiatric disorders or ADHD
medications. The specific sleep disorders of ADHD children
include behaviorally based insomnia, sleep-disordered breath-
ing, and restless legs syndrome/periodic limb movement dis-
order. Current practices on the management of sleep problems
for ADHD children are based mostly on expert consensus,
whereas more evidence-based literature can be found only
recently. Assessment of the sleep conditions in ADHD chil-
dren before initiation of pharmacotherapy is the currently rec-
ommended guideline, and good sleep hygiene can be consid-
ered as the first-line treatment option. In addition to modifying
the dose regimens, formulation, or alternative stimulants when
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sleep problems are encountered in ADHD children,
atomoxetine, once daily guanfacine extended release, and
melatonin are potential choices for ADHD children with more
severe sleep problems. In this review, we aimed to provide the
most updated information, preferably based on meta-analyses,
systemic review, and randomized controlled trials published in
the latest 3 years, in order to be clinically useful for practi-
tioners and clinicians.
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Introduction

Attention deficit/hyperactivity disorder (ADHD) and sleep
disorders can have similar symptoms and influence on daily
functioning, social attendance, and quality of life, and these
two problems can affect each other [1, 2¢, 3]. Sleep disorders
are ubiquitous among children and adolescents with ADHD,
probably due to the shared neurobiological pathways involv-
ing areas of the cortex responsible for regulation and arousal,
the medication effects of stimulants for ADHD, and presence
of comorbid mental health disorders [2e, 4, 5]. ADHD-
associated disrupted behaviors may influence nighttime sleep
with symptoms of insomnia, bedtime struggles, poor sleep
quality, or insufficient sleep duration [2e, 4]. Conversely, pri-
mary sleep disorders, such as obstructive sleep apnea (OSA),
restless legs syndrome (RLS), and periodic limb movement
disorder (PLMD), cause daytime neurobehavioral problems
which resemble those of ADHD, especially in children.

This article aims to review new developments and present a
useful updated overview of the most relevant studies on the
prevalence, etiologies, pathophysiology, and treatment strate-
gies of sleep problems in children with ADHD. Furthermore,
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we aimed to provide evidence- or consensus-based recom-
mendations concerning the assessment and management of
sleep problems in pediatric ADHD patients.

Relationship of Sleep Disorders and ADHD

The prevalence of ADHD is reported to be around 3.5-7.1 %
of children and adolescents [6—8] and persists into adulthood
in approximately two thirds of patients [9, 10]. Inattention,
hyperactivity, and impulsiveness are the major ADHD symp-
toms based on the diagnostic criteria of Diagnostic and
Statistical Manual of Mental Disorders (DSM), Fifth Edition
(American Psychiatric Association) [11] and International
Classification of Diseases and Related Health Problems,
10th Revision (ICD-10) (World Health Organization). The
prevalence of sleep disturbances in individuals with ADHD
is reported to be in the range of 35-70 % and differs as a
function of gender, age, ADHD subtype, psychiatric comor-
bidities, and medication use [1, 5, 8, 12—15].

The relationship between sleep problems and ADHD is
multifaceted and complex. Sleep problems in children and
adolescents with ADHD include specific sleep disorders,
ADHD mediation-related, and those related to comorbid psy-
chiatric disorders. Sleep disturbances may aggravate ADHD
symptoms and also mimic ADHD in individuals referred for
ADHD-like symptoms [16], that is, potentially resulting in
misdiagnosis [17]. Around 55-87 % of children or adoles-
cents with ADHD have at least one comorbidity and up to
20 % have three or more comorbid conditions, including
Tourette syndrome, bipolar disorder, depression, autism, con-
ductive disorder, post-traumatic stress disorder, and obsessive
compulsive disorder [18-20]. These comorbidities are often
associated with sleep problems [21]. Furthermore, ADHD
children are prescribed psychostimulant medications, which
impair sleep in these patients and may further complicate the
interrelationship with sleep problems [21, 22+, 23]. It is im-
portant to consider the interactions of psychiatric comorbidi-
ties, ADHD medications, and sleep problems together when
managing patients.

Treatment Strategies for Specific Sleep Disorders
in Children With ADHD

Insomnia

Behavioral interventions are the major non-medical methods
for ADHD children with insomnia and include sleep hygiene
and cognitive behavioral therapy [24, 25]. The effectiveness
of cognitive behavioral therapy for insomnia in both young
children and adolescents with ADHD has been evaluated [16,
26]. Sleep hygiene includes establishment of consistent be-
havior surrounding bedtime to promote productive and restful
sleep, a stable bedtime, and regular wake time [26]. Cognitive
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behavioral therapy includes a combination of relaxation train-
ing, stimulus control therapy, sleep restriction, and cognitive
therapies [26]. Cortese et al. recommended behavioral inter-
ventions as the first-line treatment for children with ADHD
and insomnia in a critical review in 2013, even if the sleep
complaints are thought to be medication-related, but pointed
to the need for more research [2¢, 27]. In 2015, a randomized
controlled trial demonstrated that a brief behavioral sleep in-
tervention modestly improves the severity of ADHD symp-
toms, leads to substantial benefits for their families, and also
improves the children’s sleep, quality of life, and functioning,
with most benefits sustained to 6 months post-intervention
[28e¢]. For children who are in pharmacological treatment
but still had persistent symptoms, Vidal et al. demonstrated
the efficacy of group cognitive behavioral therapy in reducing
ADHD symptoms and functional impairment in another ran-
domized controlled trial [29+¢]. However, follow-up study is
still warranted to determine long-term benefits and healthcare
costs or savings.

Re-evaluating ADHD medications is an important step in
managing ADHD-associated insomnia. Because higher stim-
ulant dose is usually associated with reduced sleep duration
and later sleep start time [30¢], the relative impacts of different
medications on specific aspects of sleep should be considered
on an individual basis. If both sleep hygiene and cognitive
behavioral therapy do not work after some weeks, during
which time the negative effect of medication on sleep may
be spontaneously decrease, alternative dosages, adjusting
dose regimen, formulations, or alternative ADHD medica-
tions are recommended [2¢, 22¢, 31].

For children without improvement after both behavior-
al interventions and adjusting primary ADHD medica-
tions, the use of a sleep-promoting medication could be
considered. Approximately one in five children with
ADHD take sleep medications [15], most common being
melatonin and clonidine [32]. However, neither are ap-
proved by the American Food and Drug Administration
(FDA). Melatonin has been increasingly used for ADHD
children in recent years [33, 34], and about half of the
young children stay on melatonin treatment for several
years [33], because a previous study showed that children
with ADHD and sleep-onset insomnia exhibit a delayed
evening increase in endogenous melatonin levels and mel-
atonin is effective in advancing the sleep-wake rhythm
[35, 36]. Current data suggest that melatonin is a well-
tolerated and efficacious treatment option for pediatric
patients with chronic sleep-onset insomnia and ADHD
[32, 37]. However, melatonin is found to be associated
with earlier waking times in a randomized, double masked
placebo-controlled trial [38]. In a long-term follow-up
study, discontinuation of melatonin treatment usually
leads to a relapse of sleep-onset insomnia and in resuming
melatonin treatment [39].
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Clonidine is an FDA-approved, effective, and safe mono-
therapy or adjunctive treatment to psychostimulants in the
management of ADHD in children and adolescents [40].
The use of clonidine in the treatment of ADHD-related sleep
disturbances has been investigated since more than two de-
cades ago [41, 42], which showed adequate efficacy and safe-
ty. An increased percentage of children with ADHD, regard-
less of whether they are receiving stimulants, are treated fre-
quently with clonidine in an off-label manner [43, 44].
Somnolence and/or related symptoms, such as fatigue, seda-
tion, and hypersomnia, are the most commonly reported ad-
verse events [43]. Zolpidem, another commonly prescribed
medication for the treatment of insomnia, failed to reduce
the latency to persistent sleep in 6- to 17-year-old ADHD
children and produced significant adverse events of dizziness
and headache at a dose of 0.25 mg/kg/day [44].

In conclusion, behavioral strategies are highly recommend-
ed as the first-line therapy for ADHD children with sleep-
onset insomnia, and adjustments of stimulants for ADHD
should be considered simultaneously. If both are ineffective,
the sleep-promoting agents, including melatonin and «2-
adrenoceptor agonists, can be considered as the alternative
choice.

Sleep-Disordered Breathing

Sleep-disordered breathing (SDB) includes a wide spectrum
of upper airway resistance syndrome, obstructive
hypoventilation, and the most severe OSA. An elevated inci-
dence of SDB was reported recently, ranging from 25 to 57 %
among children and adolescents with ADHD [45, 46, 47¢].
The relative higher hypercapnia, hypoxia, and increased pro-
duction of free radicals, inflammatory cytokines, and oxida-
tive stress in SDB patients may cause neurological dysfunc-
tion, which consequently lead to inattention, hyperactivity, or
impulsivity symptoms [48]. Removal of the hypertrophic
adenotonsillar tissues, the most common cause of OSA, can
cause symptom resolution in more than 85 % of children with
OSA [49¢]. Therefore, adenotonsillectomy can result in a sig-
nificant decrease of the ADHD symptoms [49e, 50, 51]. In a
recent meta-analysis, a medium relationship between ADHD
and SDB was noted, and a medium improvement in ADHD
symptoms following adenotonsillectomy (ES =0.43) was
concluded [51].

Restless Legs Syndrome and Periodic Limb Movement
Disorder

Pediatric RLS occurs in only 1.9 % of the general population
between 8 and 18 years of age [52], but a reported prevalence
of 33-52 % is noted in children and adolescents with ADHD
[53, 54]. RLS is characterized by unpleasant sensations main-
ly in the lower limbs between the ankle and the knee [55].

PLMD is a frequent comorbid diagnosis in RLS. The non-
pharmacologic management of patients with RLS can be used
alone or combined with pharmacologic options [56]. In mild
cases of RLS, good sleep hygiene, a regular sleep schedule,
mentally alerting activities, physical exercise, and avoiding
alcohol or certain medications (e.g., neuroleptics, antihista-
mines, or selective serotonin reuptake inhibitors) are benefi-
cial [57].

The pharmacological treatments for RLS/PLMD include
non-ergot dopaminergic agonist, calcium channel «-2-9 li-
gand, iron supplementation, high-potency opioids, or a com-
bination of the above medications [57, 58]. Weinstock et al.
reported that 43 % of RLS-associated conditions are associat-
ed with systemic iron deficiency [59]. A recent meta-analysis
identified an increased prevalence of RLS only in iron defi-
ciency and kidney disease [60+]. Although the underlying
mechanism between iron deficiency and RLS remains unclear,
both oral and intravenous iron supplementation (ferric
carboxymaltose or iron sucrose) have been proven effective
and safe in childhood-onset RLS, as well as in pregnant wom-
en with RLS [61-64]. Low iron stores contribute to ADHD
symptoms [65]; however, only one small clinical trial has
documented the effectiveness of oral iron treatment (ferrous
sulfate) for RLS in children with ADHD [66].

Levodopa, a dopaminergic agent, can effectively reduce
the symptoms of RLS/PLMD in children [67] but not signif-
icantly modify the leg movement time structure during sleep
[68]. Although RLS is significantly common in children and
adolescents with ADHD, only a few studies reported the ef-
fectiveness of other dopaminergic agents, including pergolide,
ropinirole, and levetiracetam, for treatment of children with
ADHD and RLS [69-71]. Long-term treatment (more than
6 months) options which have been established as effective
for RLS include pregabalin (up to 1 year), pramipexole, and
rotigotine (up to 6 months) and gabapentin enacarbil,
pramipexole, and ropinirole (ranging from 1 to 5 years) [72].
However, long-term treatment with dopaminergic agents may
be complicated by the development of reversed increase in the
severity and frequency of RLS/PLMD and loss of efficacy
[58]. There are no data regarding the long-term use of these
medications for children with ADHD and RLS/PLMD and
deserve further investigation in the future.

Management of Sleep Problems in Children With ADHD
and Comorbid Psychiatric Disorders

Most children with ADHD have psychiatric comorbidities,
including conduct disorder, oppositional defiant disorder
(ODD), anxiety, and/or depression [73]. The sleep problems
in these children are strongly associated with the psychiatric
comorbidities. Becker et al. found sleep problems significant-
ly predicted greater ODD symptoms, general externalizing
behavior problems, and depressive symptoms in a 1-year
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follow-up study of 81 ADHD children [74¢]. In turn, an in-
crease in sleep problems over time can also be predicated by a
diagnostic cluster that includes ODD, generalized anxiety dis-
order, and depression [75¢].

For the treatment of sleep problems in ADHD children
with comorbid psychiatric disorders, the expert consensus
from a recent review suggests to review the medications,
which may be the potential cause of sleep disorder and prior-
itize whether this drug should be used for the psychiatric dis-
order, or modified because of severe sleep problems [76°].
The alternative options are behavioral interventions, including
good sleep hygiene and cognitive behavioral therapy [28ee,
77, 78]. In cases of poor response to the above interventions,
the clinicians can try sleep-promoting medications, such as
melatonin, antihistamine, clonidine, benzodiazes, or trazo-
done [76¢].

Management of the Sleep Problems due to Adverse Effects
of ADHD Medications

Effects of ADHD Medications on Sleep

Psychostimulants are the drug most often prescribed to treat
children and adolescents with ADHD but, despite the emer-
gence of newly developed drugs, they are associated with
adverse events of sleep problems [79¢e, 80+]. The first-line
FDA-approved medications, including methylphenidate, am-
phetamine, dextroamphetamine, and pemoline, are known to
cause sleep problems in short- or long-term clinical trials [23,
81-83]. Difficulty falling asleep, night awakenings, shorter
sleep duration, sleep-onset delay, and difficulty getting up in
the morning are the commonly reported adverse effects [84].
The impact of ADHD medications on sleep varies and differs
depending on the age, gender, dosage, presence of comorbid-
ity, whether stimulant naive, and duration of treatment [83,
85-88]. Sleep disturbance in children with ADHD may also
occur during the psychostimulant titration stage (i.e., increase
over baseline values in ADHD symptoms when the medica-
tion wears off) [76+, 84], and dopamine-releasing agents, e.g.,
amphetamine, are reported to have rebound hypersomnolence
in the first few hours following wake [89]. A recently ap-
proved drug in Europe, lisdexamfetamine, although well tol-
erated in children and adolescents with ADHD and seems
better response than methylphenidate, is found to have similar
or even higher rate of sleep disturbance (e.g., insomnia) or
headache in children and adolescents with ADHD [90, 91,
92e].

The common adverse event of insomnia caused by
psychostimulants can be solved by switching to non-
stimulant medications, such as atomoxetine [93], which has
been reported to have better quality of sleep than methylphe-
nidate [94]. In a recent meta-analysis of double-blind random-
ized controlled trials for atomoxetine treatment in pediatric
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ADHD [95¢], Schwartz et al. found sleep-onset insomnia
was not significantly higher in children treated with
atomoxetine compared to placebo and rarely caused discon-
tinuation of treatment. Other non-CNS stimulants, including
guanfacine extended release and clonidine extended release,
are found to have effective effects on ADHD core symptoms
and well-tolerated adverse effects of sleep in recent clinical
trials and meta-analyses [96, 97+, 98—100].

Management of Sleep Problems Caused by ADHD
Medications

Since children with ADHD may have sleep disturbance due to
ADHD medications or ADHD per se, a baseline assessment of
sleep conditions should be done before initiation of ADHD
medications, as the European ADHD Guidelines Group
(EAGQ) has suggested [101]. The baseline children’s Sleep
Habits Questionnaire (CHSQ) [102], as well as a sleep diary
completed by parents or adolescent patients, is suggested as
the basic screening tool. Baseline polysomnography is the
choice of objective screening tool for sleep-breathing disorder,
episodic nocturnal phenomena, RLS, or limb movements
[84].

Clinical experience suggests that ADHD medications neg-
atively impact sleep, but the effects vary considerably from
one patient to another. Therefore, reviewing the nature and
effects of ADHD medications when sleep problems are en-
countered in ADHD children is recommended. For treatment
of medication-related sleep disturbance in ADHD children,
sleep hygiene is recommended as the first-line option by
Cortese et al. [76¢] and has been proven as effective and safe
treatment when combined with melatonin for initial insomnia
in a subgroup of ADHD children on stimulants [103]. In a
recent randomized controlled trial, Hiscock et al. found brief
behavioral sleep intervention modestly improves the severity
of ADHD symptoms, as well as improved sleep conditions in
a community sample of children with ADHD, most of whom
were taking stimulant medications [28¢¢]. While sleep hygiene
is in progress, the clinicians may consider decreasing the med-
ication on sleep simultaneously.

The European ADHD Guidelines Group for the manage-
ment of adverse events during treatment with ADHD drugs
recommends adding small (5 mg) doses of methylphenidate
intermediate release in the evening if rebound effect with
psychostimulants is documented [101, 104]. If
psychostimulant is the current treatment and sleep-onset dif-
ficulty is not related to rebound effect, we may consider re-
ducing the total dose, changing the dose regimen or formula-
tion of the stimulants [76+, 101, 104]. For example, osmotic-
release oral system methylphenidate (OROS-MPH) was
found to have a low proportion of adverse events of insomnia
(only 7.7 to 18 %) [105], a decrease in the number of night-
time awakenings, and an increase in the percentage of stage 2
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sleep, compared with pretreatment baseline [106]. Otherwise,
an option is to consider switching to a different stimulant (e.g.,
use methylphenidate from amphetamine or vice versa).

Switching to a non-stimulant (e.g., atomoxetine,
guanfacine extended release, or bupropion) and adding an
«2 agonist are the alternative choices [76°, 101, 104].
Guanfacine extended release has been found effective whether
administered in the morning or evening as once daily mono-
therapy for ADHD [107, 108]. The treatment-related adverse
events are only mild or moderate in severity [107, 108].
Another placebo-controlled trial found the somnolence ad-
verse events of guanfacine extended release emerged within
the first 2 weeks of dosing and generally resolved later [109].
We may consider giving atomoxetine once daily in the eve-
ning because this schedule is less associated with somnolence
than morning dosing [110]. Furthermore, in cases of sleep-
onset delay, atomoxetine should be considered since it is more
commonly associated with somnolence rather than insomnia
[I11, 112]. Administration of melatonin along with methyl-
phenidate was found to partially improve symptoms of sleep
disturbance in a recent randomized controlled trial [113].
Adding an antihistamine has been tried in some studies with
appropriate effects solving the sleep-onset insomnia in chil-
dren with ADHD [84, 114].

Conclusion

We have presented and discussed the most updated, peer-
reviewed clinical trials or meta-analyses regarding the com-
mon adverse events of sleep in children and adolescents with
ADHD, due to ADHD medications, the associated comorbid-
ities of ADHD, or ADHD per se, which we hope will be
helpful for clinicians.

In conclusion, optimized managements of sleep prob-
lems in ADHD children include reviewing the ADHD
medications and ruling out differential diagnosis accord-
ing to baseline screening of initial sleep conditions, accu-
rate identification of ADHD-related specific sleep disor-
ders, and comorbid psychiatric disorders. Initiating good
sleep hygiene and behavioral therapy remain the first-line
therapy, and adjusting the ADHD medications, including
decreasing the dose regimens and switching to other for-
mulation, another stimulants, non-stimulants, «2-
adrenergic agonists, or antihistamine, can be the alterna-
tive choice. The available evidence-based pieces of infor-
mation regarding both non-pharmacological and pharma-
cological treatment for sleep problems of ADHD children,
while on ADHD medications, are still limited by small
size and short duration. Therefore, further randomized
controlled trials are urgently needed to investigate the
optimized treatment strategies for ADHD patients with
sleep disorders.
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