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The understanding that sleep can give rise to, or exacerbate symptoms of attention-deficit/hyperactivity
disorder (ADHD), and that good sleep hygiene improves attention and concentration tasks has sparked
interest in the investigation of possible etiological relationships between sleep disorders and ADHD.

Studies indicate that 30% of children and 60e80% of adults with ADHD have symptoms of sleep
disorders such as daytime sleepiness, insomnia, delayed sleep phase syndrome, fractured sleep, restless
legs syndrome, and sleep disordered breathing. The range and diversity of findings by different
researchers have posed challenges in establishing whether sleep disturbances are intrinsic to ADHD or
whether disturbances occur due to co-morbid sleep disorders. As a result, understanding of the nature of
the relationship between sleep disturbances/disorders and ADHD remains unclear.

In this review, we present a comprehensive and critical account of the research that has been carried out
to investigate the association between sleep and ADHD, as well as discuss mechanisms that have been
proposed to account for the elusive relationship between sleep disturbances, sleep disorders, and ADHD.

� 2011 Elsevier Ltd. All rights reserved.
Introduction

Attention-deficit/hyperactivity disorder (ADHD) is character-
ized by inattention and/or impulsivity/hyperactivity.1 Accounts of
ADHD date back to the early 1900’s, when the disorder was not yet
defined and conditions such as ADHD, conduct disorders (CD), and
oppositional defiant disorder (ODD) were clumped together as
“moral imbecility”, in which individuals were described as having
an “.inability to display moral restraint and lawful behavior
(while) . being, in many cases, of normal or even superior
intelligence.”.2

Since then, considerable research has been carried out with
regards to ADHD. In the last fifteen years, evidence points to ADHD
as a pervasive condition that continues with some robustness into
adulthood in up to 60% of patients.3 With the advent of
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technologies such as fMRI, PET scanners, and advances in certain
facets of psychopharmacology, it is now understood that areas of
the brain involved with catecholamine signaling are affected in
ADHD.4,5 Additionally, more recent studies report that serotonergic
and cholinergic pathways are affected in ADHD, suggesting that
there is an intricate interplay of signaling pathways in the
pathology of ADHD.6,7

ADHD is categorized as three subtypes: ADHD of the primarily
inattentive subtype (ADHD-I), ADHD of the primarily hyper-
active/impulsive subtype (ADHD-HI), and ADHD of the combined
subtype (ADHD-C). ADHD is also associated with a slew of
co-morbidities, including depression, anxiety, behavioral disorders
such as CD and ODD, substance abuse disorders, and sleep
disorders.3,8e12

Sleep disorders are interesting in the context of ADHD. Twenty
five to fifty percent of children and more than half of adults with
ADHD reportedly suffer from sleep problems.13e15 Sleep plays
a pivotal role in cognitive function, learning, and memory consol-
idation.16,17 Sleep deprivation or disturbances can result in symp-
toms varying in severity, from unconscious deficits in cognitive
performance to disabling sleepiness and fatigue that noticeably
affect cognitive, emotional, and physical function, putatively giving
rise to, or exacerbating ADHD symptoms.18,19
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Abbreviations

ACTH adrenocorticotropic hormone
ADHD attention-deficit/hyperactivity disorder
ADHD-C ADHD of the combined subtype
ADHD-HI ADHD of the hyperactive/impulsive subtype
ADHD-I ADHD of the primarily inattentive subtype
AHI apnea hypo-apnea index
CAP cyclic alternating pattern
CD conduct disorder
DLMO dim light melatonin onset
EDS excessive daytime sleepiness
EEG electroencephalogram
fMRI functional magnetic resonance imaging

GH growth hormone
HPA hypothalamic-pituitary-adrenal
IQ intelligence quotient
LC locus coeruleus
ODD oppositional defiant disorder
OSA obstructive sleep apnea
PET positron emission tomography
PFC prefrontal cortex
PLMS periodic limb movement in sleep
PS primary snoring
PSG polysomnography
RDI respiratory disturbance index
RLS restless legs syndrome
SDB sleep disordered breathing
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Relatively extensive research has been carried out to investigate
the nature of sleep disturbances in ADHD. Nevertheless, the topic
remains obscure, and while researchers and clinicians sense that
there is a sleep problem in subjects with ADHD, the exact nature of
this association is not well understood. From an etiological
perspective, the distinction between sleep disorders and sleep
disturbances in ADHD is blurred, because it is currently not clear
whether sleep disturbances are intrinsic to ADHD; whether sleep
disturbances result due to co-morbid sleep disorder; or whether
sleep disorders cause ADHD-like symptoms and thus, result in
a misdiagnosis.

The aim of this review is to present a comprehensive and critical
account of the research that has been conducted on the relationship
between sleep disorders and ADHD. The literature review has been
organized into sections that address i) studies demonstrating that
ADHD-like symptoms canmanifest in patients with sleep disorders,
and ii) studies demonstrating that sleep disturbances can manifest
in patients with ADHD. An attempt at integrating these two lines of
evidence is then discussed, along with some putative involved
mechanisms.

ADHD-like symptoms in sleep disorders

Primary sleep disorders are associated with ADHD-like symp-
toms. Although whether the nature of such association is causative
is not known, sleep fragmentation may give rise to ADHD-like
symptoms. Indirectly, sleep deprivation due to sleep fragmenta-
tion may lead to excessive daytime sleepiness, which may in turn
interfere with sustained attention. Alternatively, direct changes in
sleep architecture due to sleep fragmentation may affect daytime
processes associated with mood, memory, and learning e all of
which are affected in ADHD. Studies inwhich ADHD-like symptoms
were investigated are discussed in the following sections.

Hypersomnia

Oosterloo and colleagues20 carried out a study comparing adults
with ADHD to adults with excessive daytime sleepiness (EDS) and
found that approximately 18% of EDS patients met DSM-IV criteria
for ADHD; while approximately 37% of ADHD patients met criteria
for EDS.20

Restless legs syndrome/periodic limb movement in sleep

ADHD-like symptoms have been documented in restless legs
syndrome (RLS) and Periodic Limb Movement in Sleep (PLMS). In
a retrospective clinical study, 93% of children with RLS met DSM-IV
criteria for ADHD.21 Although the high percentage is likely to be the
result of recruitment bias, as the clinic at which the study was
conducted specializes in ADHD and RLS, other groups have repor-
ted associations between ADHD symptoms and RLS in both chil-
dren and adults.22e24

Sleep disordered breathing

Sleep disordered breathing (SDB) is associated with inattentive
and hyperactive behavior in children.23,25 Children with primary
snoring (PS) suffer from more sleepiness, inattention, and hyper-
activity than healthy controls.26e29 Also, children with obstructive
sleep apnea (OSA) have problems with sustained attention and
verbal skills, while adults with OSA have attention problems.30,31

While these studies support an association between SDB and
ADHD symptoms, O’Brien and colleagues32 observed that while
children with SDB had lower attention and executive function, no
differences in ADHD-associated behavior were found between
children with SDB and healthy controls. Moreover, Chervin and
Archbold33 reported that while there are no associations between
hyperactivity and SDB, there was an association between PLMS
scores and hyperactive behavior when children had SDB, suggest-
ing an inter-relationship between SDB, PLMS, and hyperactive
behavior.

Sleep disorders in ADHD

In this section, studies designed to investigate the manifestation
of sleep disturbances/disorders in patients with ADHD are
discussed.

Sleep quality and sleep architecture

With the exception of three studies39,41,78 studies using
subjective methods reported sleep problems such as early and
middle insomnia, nocturnal awakenings, snoring, breathing prob-
lems, restless sleep, parasomnias, nightmares, short sleep time,
daytime sleepiness, and anxiety around bedtime in children with
ADHD (Table 1).27e37,40,42e47

The use of objective methods such as actigraphy and poly-
somnography (PSG) for the assessment of sleep in children with
ADHD resulted in variable findings (Table 2). Of note, increases in
sleep onset latency,14,64 daytime sleepiness,50,57 and REM sleep
latency49,50,54,55,69 were reported. There are, however, controver-
sies as to whether there are increases or decreases in REM sleep
percentage,54e57,60,67,69 or total sleep time60,63,67e69 in children
with ADHD.

In contrast, some studies found no abnormalities in sleep by
actigraphy51,62 or PSG53,61 in children with ADHD. Interestingly,



Table 1
Studies of sleep disturbances in children with ADHD with subjective methods.

Authors, year of
publication

Classification (sample size) Mean age
and/or
Age range

Medication status Co-morbidity Major findings Strengths (S) and/or weaknesses (W)

Ball et al., 199734 Medicated ADHD (28) vs.
non-medicated ADHD (74)
vs. controls (78)

9 (G2.7) As noted Not specified, but included
LD or other emotional
and/or behavioural problems

Medicated children reporte more
sleep problems and night a akenings
than controls. There were n
significant differences betw en
medicated and non-medica d
children with respect to rep rts of
sleep problems.

S: Medication status was accounted for
W: No specifications as to whether
children had any potentially
confounding co-morbidities, or types
and doses of medications used by
the medicated ADHD group.

Chervin et al., 199735 ADHD (27) vs. psychiatric
controls (43) vs. healthy controls

9 (�4.7)
2e18

44% of children
with ADHD were
taking stimulants

Not specified Subjects with ADHD had m e
habitual snoring than other
groups.

S: Since patients were consecutively
recruited, there was no recruitment
bias
W: Medication status or comorbidities
were not controlled

Marcotte et al., 199836 Clinical group consisting
of children with ADHD and/or
LD (77) vs. controls (71)

8.8 (�1.7) Not medicated LD and other psychiatric
or neurologic conditions,
although children with
psychiatric/neurologic
conditions were not included
in the final clinical group

The clinical group scored h her
on the sleep and breathing
problems scale and the
sleepiness scale.

W: Effect of LD cannot be ascertained
in this study as a result of grouping
of children with ADHD, children
with ADHD with LD, and children
with LD into the clinical group.

Ring et al., 199837 ADHD (13) vs. healthy siblings (16) 8.8 (�2.7)
5e13

All children had been
taking a fixed dose
of MPH for at least
4 weeks

All children with Axis I
disorder were excluded

Although the mean duratio
of sleep in ADHD children a d
their siblings did not differ
significantly, those with AD D
had higher rates of initial a
middle insomnia, as well as
nocturnal enuresis, and
sleepwalking

S: Use of siblings of children with
ADHD as controls to minimize
confounding errors.
W: The fact that mean duration of
sleep does not differ between groups,
while the rates of sleep disturbances
is higher in children with ADHD
reflects inaccuracies in parent reports
of either sleep duration, or sleep
complaints. Authors fail to discuss this
issue.

Corkum et al., 199938 Non clinical comparison
group (36) vs. unmedicated ADHD
(79) vs. medicated ADHD (22) vs.
clinical comparison group (35)

9.1
6e12

As noted Children with low IQ, PTSD,
anxiety, or autism were
excluded. Children included
in the study had comorbidities
with ODD, CD, GAD, SAD,
and DEP

Regression analysis reveale
that dyssomnias and
involuntary movements du ng
sleep in children had a stro ger
association with medication
status, comorbidity with OD ,
and separation anxiety than with
ADHD diagnosis.

S: Medicated and non-medicated
children were compared in different
groups. Proper control of confounding
factors such as medication status
and comorbidities.

Mick et al., 200039 ADHD (122) vs. controls (105) 15 (�3) Approximately half
of the ADHD group was
on stimulant medication

Mood disorders, anxiety,
CD/ODD

Although sleep difficulties were
associated with ADHD, regr ssion
analysis revealed that such
difficulties were associated ith the
use of stimulant medication and
comorbidity with anxiety d order.

S: Statistical analyses taking
medication status and co-morbidities
into account.

Owens et al., 200040 ADHD (46) vs. controls (46) 5e10 Not medicated ODD, CD, LD Children with ADHD had
increased rates of bedtime
resistance, sleep onset dela ,
night awakenings, parasom ias,
and daytime sleepiness;
and decreased sleep duratio .

W: Small sample size led to inability
to assess whether co-morbid
disorders in some of the children
with ADHD played a role in the
development of sleep problems.

(continued on next page)
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Table 1 (continued )

Authors, year of
publication

Classification (sample size) Mean age
and/or
Age range

Medication status Co-morbidity Major findings Strengths (S) and/or weaknesses (W)

Stein et al., 200241 Medicated ADHD (17) vs.
unmedicated ADHD (18) vs.
control (46) children

13e16 As noted Children with Axis I disorders
were excluded from the study.
However, children with CD,
ODD, and mild anxiety or
depression may have been
inadvertently included in
the study.

Medicated adolescents with ADHD
had increased rates of moderate to
severe sleep disturbances compared
to non-medicated adolescents with
ADHD and controls. However, sleep
disturbances in medicated
adolescents were associated with
depression, rather than with ADHD
diagnosis, while in the non-medicated
group, sleep disturbances were
associated with anxiety.

S: Medication status and confounding
effects of anxiety and depression
taken into account
W: Relatively small sample size

LeBourgeoi s
et al., 200442

ADHD-I (21) vs. ADHD-HI (24)
vs. ADHD-C (16) vs. controls (29)

6e16 Some children were
taking stimulant or
hypnotic medications

Children with learning
disabilities were excluded
from the study. Comorbidities
included depression, OCD,
ODD, and BD

A higher percentage of children
with ADHD suffered from
daytime sleepiness, poor sleep
quality, initial insomnia, and
trouble waking up in the
morning compared to controls.
Among subtypes, ADHD-HI
children snored more and
had a tendency towards more
trouble going to bed than their
ADHD-C counterparts. No other
differences were reported
between ADHD subtypes.

S: Comparison of ADHD subtypes
W: Presence and influence of
comorbidities and/or medication
status were not taken into account
in the data analysis

Gau et al., 200643 Children with T-score > 60 (414)
vs. T � 60 (2047) according to the
CPRS-R:S and T > 60 (318) vs. T � 60
(2145) according to the CTRS-R:S

11.6 (�2.6)
6e16

Not specified Not specified According to parental reports using
the CPRS-R:S, children with T-score
� 60 had more differences in bedtime
in weekdays and weekends, and more
sleep problems such as dyssomnia,
parasomnia, SDB, and inadvertent
daytime naps than children with
T-score > 60. According to teacher
reports using the CTRS-R:S, children
with T-score > 60 had later rise
times on weekdays, shorter sleep
time on weekends, and more sleep
problems such as dyssomnia, SDB,
and inadvertent daytime naps than
children with T-score � 60.

W: No information on medication
status or co-morbidities

Lim et al., 200844 ADHD (101) vs. controls (60) 5e13 Not clearly specified.
41/114 ADHD children
had been prescribed
medications, but only
the data for 101 children
were included in
the statistical analyses

Other than aggression
problems, externalizing
problems, and delinquent
behaviours in some of the
subjects in either group,
not specified

Subjects in the ADHD group
were reported to sleep less than
subjects in the control group

W: No information as to
comorbidities in subjects. Also,
although it is claimed by authors
that interviewed subjects did not
appear to have significant sleep
complaints as a result of medication,
medication status in the studied
groups not clearly specified.

Sung et al., 200845 ADHD (239) 11.7 (�3.2)
5e18

About 86% of the study
subjects were taking
medications (ADHD
meds, clonidine, and other)

LD, ODD, CD, depression
and/or anxiety, Asperger
disorder, other

About 30% of children with
ADHD had mild sleep problems
and about 45% had moderate
to severe sleep problems such
as trouble falling asleep, bedtime
resistance, difficulty getting up,
night awakenings, restless sleep,
breathing difficulty during sleep,
and tiredness on waking.

W: Effects of medication status
and co-morbidities not taken into
account in statistical analyses
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Hvolby et al., 200946 ADHD (45) vs. clinical control (64)
vs. healthy control (212)

5e11 No ODD, CD, emotional
disorders, other

No significant differences were
found between clinical controls
and healthy controls. On the
other hand, ADHD children were
found to have more sleep problems
such as bedtime resistance, difficulty
falling asleep, restless sleep, sleep
talking, teeth grinding, nightmares,
and difficulty waking in the
morning. Moreover, sleep onset
latency was higher in the ADHD
group in comparison to clinical
and healthy controls.

W: No comparisons made between
ADHD and clinical control, only
between clinical control and healthy
control. Thus, not a proper control
for psychiatric co-morbidities in
ADHD group.

Li et al., 200947 ADHD (853) vs. controls (19299) 9 (�1.6)
5e11

MPH Children with anxiety,
depression, or LD excluded
from study

A multiple regression model
controlled for age, gender, and
medication status revealed that
history of ADHD correlated
significantly with sleep problems
such as bedtime resistance, sleep
onset delay, sleep anxiety, night
awakenings, parasomnia, SDB,
and daytime sleepiness.

S: Medication status was controlled
for, and given exclusion of children
with co-morbid anxiety/depression/LD,
comorbidities were somewhat
controlled for.

Mayes et al., 200948 ADHD-C (271) vs. ADHD-I (144)
vs. ADHD-C with ODD (102)
vs. ADHD-C with anxiety or
depression (79) vs. ADHD-C with
ODD and anxiety or depression
(43) vs. ADHD-I with anxiety or
depression (42) vs. controls (135)

9 (SD2)
6e16

212 children treated with
medication

ODD, Anxiety disorder,
and depression

While ADHD-I children did not
differ from controls, ADHD-C
children had more sleep
problems than ADHD-I (trouble
falling asleep, restless sleep, night
awakenings) and control children
(trouble falling asleep, sleeping
less than normal).
Also, ADHD-I children had more
reports of daytime sleepiness.
In both the ADHD-I and ADHD-C
groups, comorbidity with anxiety
or depression was associated with
greater sleep problems (trouble
falling asleep, restless sleep, night
awakenings, sleep walking/talking,
early rise, and reduced sleep time).
Although medicated children had
higher T-scores on sleep problems,
medicated children also had more
severe ADHD. Moreover, in all the
children in the study, ADHD symptom
severity correlated with sleep problem
scores. With ADHD severity as a
covariate in statistical analyses, other
than greater difficulty falling asleep,
medication status was not found
to be associated with more sleep
problems.

S: Stratification of ADHD children
into ADHD subtypes and ADHD
subtypes with co-morbidities, as
well as medication status.
W: In determining correlations
between ADHD severity and T-scores
of sleep problems, authors did not
stratify data into subtypes.
Considering that ADHD severity is
determined by the addition of
scores on inattentive and
hyperactive/impulsive
symptomatology, it would have been
interesting to see whether the
correlation between ADHD severity
and sleep problems holds when
groups are stratified into ADHD
subtypes.

ADHD ¼ Attention-deficit/hyperactivity disorder, ADHD-C ¼ ADHD of the combined subtype, ADHD-H/I ¼ ADHD of the hyperactive/impulsive subtype, ADHD-I ¼ ADHD of the inattentive subtype, BD ¼ bipolar disorder,
CD ¼ conduct disorder, DEP ¼ major depressive episode, C(P/T)RS-R:S ¼ Conner’s (parent/teacher) rating scale-revised: short forms, GAD ¼ generalized anxiety disorder, IQ ¼ intelligence quotient, LD ¼ learning disability,
MPH ¼ methylphenidate, OCD ¼ obsessive compulsive disorder, ODD ¼ oppositional defiant disorder, PTSD ¼ post-traumatic stress disorder, SAD ¼ separation anxiety disorder, SD ¼ standard deviation.

S.Y.R.Yoon
et

al./
Sleep

M
edicine

Review
s
16

(2012)
371

e
388

375



Table 2
Studies of sleep disturbances in children with ADHD with objective methods.

Authors, year of
publication

Classification (sample
size)

Mean age
and/or
Age range

Medication status Co-morbidity Major findings Strengths (S) and/or weaknesses (W)

Busby et al., 198149 Hyperkinetic children
(11) vs. controls (11)

8e12 Not medicated Children with major
psychosis, overanxiety,
or unsocialized
aggressive behaviour
were excluded from the
study.

PSG, five nights: Increased REM sleep
latency in hyperkinetic group.

S: Multiple nights of PSG
W: Classification of hyperkinesis is likely to
be somewhat different from what ADHD is
defined as at present.

Palm et al., 199250 Children with deficits
in attention, motor
control, and perception
(DAMP) (9) vs.
controls (16)

9.3
6.3e12.3

Not medicated Children with severe
neurotic or psychotic
disorders were
excluded from the
study

PSG, two nights: On the second night of
recordings, DAMP children had small
increases in TSP, REM percentage, SOL, and
REM sleep latency; and a small decrease in
S1 sleep percentage. In three of the DAMP
children, SOL was decreased in MSLT,
suggesting daytime sleepiness.

S: Two nights of PSG
W: Small sample size

Gruber et al., 200013 ADHD (38) vs. control
children (64)

9 (�2)
6e14

Not Medicated Children with
behavioural problems
and LD were excluded
from the study

Actigraphy, five nights: While there were
no significant differences on SOT, sleep
duration, or true sleep between ADHD and
control groups, the standard deviations of
these parameters were significantly
different between groups, suggesting
increased night to night variability in
ADHD.

S: Interesting take, looking at night-to-night
variation rather than averaged outcomes
for the analysis of sleep parameters in the
studied groups
W: Study consisted of boys only

Corkum et al., 200151 ADHD (25) vs.
controls (25)

9 (G1.3)
7e11

Not medicated ODD, CD, GAD, SAD, MD Actigraphy, seven nights: Although parents
reported increases in sleep duration, SOL,
restless sleep, bedtime resistance, and
difficulties arising in the morning in ADHD,
actigraphy revealed no significant
differences between groups.

S: Eliminated possible confounding effect of
collapsing all the week data by stratifying
data into weekday and weekend variables
W: Co-morbidities were not controlled for,
which may have masked possible
differences between ADHD and controls

Konofal et al., 200152 ADHD (30) vs.
controls (30)

5e10 Not medicated Children with psychotic
disorders were
excluded from the
study

PSG and video recording, one night: No
significant differences between ADHD
children and controls, although video
recordings revealed more limb movements
in ADHD children.

W: Only one night of PSG.
S: Additional information gained from the
video recording, without which the
conclusion would have been that ADHD
children and controls do not differ in
variables of sleep.

Crabtree et al., 200353 ADHD (97) 8.3 (G3)
3e18

Stimulants, other
psychotropic agents,
and sleep promoting
agents

Non-specified co-
morbidities

PSG, one night in 69 children: 7% had SDB,
36% had PLMI>5, and 6% had sleep
fragmentation. No other abnormalities
found in the averaged means of sleep
variables.
Actigraphy, 14 days in 16 children:
Significant night to night variability.

W: This study was a chart review, thus,
medication status or comorbidities were
not properly controlled for. Also, only the
data for one night of PSG recordings were
available for each child.

O’Brien et al., 200354 Children with
significant ADHD
symptoms (44) vs.
children with mild
ADHD symptoms (27)
vs. controls (39)

5e7 Not specified, but likely
medication free

Children with
psychiatric diagnoses
were excluded from the
study

Subjective data: Children with significant
and mild ADHD symptoms had more
enuresis and snoring compared to controls.
Children with significant ADHD symptoms
had more restlessness, awakenings, talking,
teeth grinding, difficulties initiating sleep,
daytime sleepiness, and unwillingness to go
to sleep.
PSG, one night: Children with significant
ADHD symptoms had increased REM sleep
latency and decreased REM sleep
percentage compared to controls.

W: Only one night of PSG. Also,although it is
likely that children were medication free,
authors did not specify whether the study
subjects were taking medications or
whether they suffered from mild
comorbidities such as, among
others,depression or anxiety.
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O’Brien et al., 200355 Clinical sample of
children with ADHD
(ADHDcl) (47) vs.
community sample of
children with ADHD
(ADHDcom) (53) vs.
controls (49)

Clinical ADHD sample 8
(G1.6) Commu nity
ADHD sample 6.6
(G0.4) Controls 6.7
(0.4)

72% and 51% were
medicated in the
clinical and community
ADHD sample,
respectively

Children with
psychiatric diagnoses
were excluded from the
study

Subjective data: More difficulties initiating
sleep, restless sleep, nightmares, and EDS in
ADHDcl and ADHDcom; and increa d sleep
walking, enuresis, and stops in bre hing in
ADHDcl. PSG, one night: ADHDcl a
ADHDcom had increased REM slee atency
and decreased REM sleep percenta .
ADHDcl had increased SWS and PL I, and
decreased spontaneous arousal ind .

S: Comparison of clinical and community
ADHD samples to account for referral bias.
W: Only one night of PSG. Also, no control of
medication status

O’Brien et al., 200356 Medicated ADHD
(ADHDmed) (53) vs.
unmedicated ADHD
(ADHDnon) (34) vs.
controls (53)

3e11 As indicated. 60% of
ADHDmed were taking
MPH and 40% were
taking DEX

Not specified Subjective Data: ADHD children ha
nightmares and nocturnal enuresis
higher percentage of medicated ch ren
had restless sleep. PSG, one night: ildren
with ADHD had decreased REM sle
percentage in comparison to contr s. Also,
ADHDmed children had reduced T

W: No specification of comorbidities and
only one night of PSG

Golan et al., 200457 ADHD (34) vs.
controls (32)

12 (G3.6) Stimulant medication
free for 3 days prior to
study

Not specified PSG, one night: The ADHD group h
increases in REM sleep percentage rousal
index, RDI, number of children wit SDB,
and number of children with PLMD
compared to controls. MSLT reveal that
children with ADHD are sleepier th n
controls.

W: No specification of comorbidities and
only one night of PSG, which may not be
representative of habitual sleep patterns in
either the ADHD or control groups.

Gruber and Sadeh, 200458 ADHD (24) vs.
controls (25)

7e11 Not medicated No comorbidities Actigraphy, five days: Higher night o night
variability in variables such as slee onset
time, TST, and true sleep time in th ADHD
group.

W: Boys only

Huang et al., 200459 ADHD (88) vs.
controls (27)

9 Not specified, but most
likely not medicated

Exclusion of children
with a history of BD,
psychosis, anxiety,
seizure disorder,
substance abuse, or
mental retardation

PSG, one night: Children had incre ed S3
sleep percentage and AHI, and dec ased
mean saturated oxygen (SaO2).Clo r
inspection of AHI values revealed a igher
percentage of ADHD children with HI>1,
suggesting a higher prevalence of B in
these children. Also, a higher perce tage of
children with ADHD had PLMI>5 t n
controls.

W: Only one night of PSG.
S: Though not described in detail in this
table, stratification of data into ADHD
children with OSA and ADHD children
without ADHD revealed differences in sleep
variables REM and Stage 4 sleep percentage,
as well as in the incidence of PLMI>5, thus
shedding some light into the characteristics
of sleep variables in the two groups.

Kirov et al., 200460 ADHD (17) vs.
controls (17)

11 (G2)
8e14

Not medicated Dyslexia, CD, panic
disorder, nocturnal
enuresis

PSG, two nights: In comparison to ntrols,
children with ADHD had increases time
in bed, TST, REM sleep time, numb of
sleep cycles, and short movement- lated
epochs.

S: Two nights of PSG.
W: Relatively small sample sizes and no
control of co-morbidities.

Sangal et al., 200561 ADHD (40) 6e14 Not medicated Children with primary
sleep disorders or
psychiatric diagnosis
were excluded from the
study

PSG, one night: Values were found o be
within the normal range in sleep v iables

W: Only one night of PSG

Wiggs et al., 200562 ADHD-I (8) vs.
ADHDH/I (19) vs.
ADHD-C (23) vs.
controls (21)

3e15 Not medicated Antisocial behaviour,
emotional symptoms,
peer problems, CD,
autism

Actigraphy, five nights: Other than ome
discrepancies between subjective r orts of
parents and objective data obtaine from
actigraphies on SOT (parents of AD D-I
children reported earlier SOT than hat
was revealed by actigraphy), there ere no
significant differences between AD D
subtypes. SDB, sleeplessness as a r ult of
poor sleep hygiene, and RLS appea d to be
common in ADHD.

S: Stratification of ADHD into subtypes,
even though no differences were found
between subtypes.
W: Small sample sizes

(continued on next page)
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Table 2 (continued )

Authors, year of
publication

Classification (sample
size)

Mean age
and/or
Age range

Medication status Co-morbidity Major findings Strengths (S) and/or weaknesses (W)

Miano et al., 200663 ADHD (20) vs.
controls (20)

6e13 Not medicated LD, language disorders,
and mild neurologic
signs

PSG, two nights: In comparison controls,
the ADHD group had decreases time
spent in bed, sleep period time, T; and an
increase in stage shifts. Also, de ases in
CAP rate were found in stage 2 NREM
sleep.

S: Using micro-architecture variables of
sleep may be a new window for the
investigation of the sleep disturbances in
ADHD, which may explain contradictions
between subjective and objective data in
reports of sleep problems in subjects with
ADHD.
W: For the time being, however, the use of
micro-architecture variables of sleep is not
well established for investigating sleep
disturbances

Van der Heijden et al., 200664 ADHD with sleep onset
insomnia (SOI) vs.
ADHD without SOI (33)

6e12 Not medicated Disruptive behavioural
disorder, anxiety
disorder, and affective
disorder

Actigraphy, five days: Significan elays in
the SOI group with regards to D O time,
sleep latency, sleep onset, wake -, and get
up times.

S: Control for ADHD subtype and co-
morbidities in statistical analyses.
W: Although authors state that 87 ADHD-
SOI children were compared to 33 ADHD-
noSOI children, DLMO data were only
available for 78 out of 87 ADHD-SOI
children and 33 out of 33 ADHD-noSOI
children. Demographics for these new
groups may have been different from those
published in the paper, which may have
introduced confounding errors to the study.
Also, the sleep onset time used to define
sleep onset delay has been deemed too
early by other groups.

Silvestri et al., 200765 ADHD (42) 8.9 (G2.8) Not medicated ODD, dyslexia,
language disorder, tic
disorder, eating
disorder, dyspraxia

PSG, one night: Increased preva ce of
sleep disorders such as ictal and terictal
epileptiform discharges, RLS, sle related
movement disorders, arousals, SDB.

S: Use of Spearman correlation coefficients
to assess association between, among
others, comorbidities and variables of sleep
such as EEG and sleep efficiency.
W: Only one night of PSG.

Hvolvy et al., 200814 ADHD (45) vs.
psychiatric controls
(64) vs. healthy
controls (97)

6e11 Not medicated ODD, CD, emotional
disorders, other

Actigraphy, seven nights: Altho parents
of children with ADHD overesti ted SOL,
actigraphy revealed that these c dren had
the highest SOL in comparison
psychiatric and healthy control
Stratification into ADHD childre ith and
without ODD revealed that ODD not
associated with increases in SO ADHD.

S: Control for co-morbidities such as ODD
and anxiety.

Goraya et al., 200966 ADHD (33) 3e6 48% of children were on
stimulant medication

Not specified PSG, one night: Increases in aro l index,
wake after sleep onset, and day e
sleepiness; and decrease in slee fficiency
were observed in children with HD in
comparison to reference values so, with
a threshold value set at AHI> 1/ r, 64% of
children with ADHD met criteri r SDB.

S: Stratification of group into ADHD
children with and without SDB revealed
that ADHD children with SDB had increases
in SOL, REM latency, wake after sleep onset,
arousal index, and AHI; and decreases in
REM percentage, SE, and O2 saturation
W: One night of PSG. Also, neither co-
morbidities nor medication status were
controlled for.

Gruber et al., 200967 ADHD (15) vs.
controls (23)

7e11 Not medicated Children with any
psychiatric diagnosis
excluded from study

PSG, one night: Decreases in th DHD
group with respect to TST and R
percentage. According to paren reports,
children with ADHD had more p onset
delays and anxiety compared to ntrols.

W: Relatively small sample size, and only
one night of PSG
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however, two studies reported increased variability in the standard
deviations of sleep variables such as total sleep time and sleep
onset time in children with ADHD, suggesting that sleep in these
children is characterized by marked night-to-night instability.13,58

Although sleep studies in adult ADHD patients are scarce, it has
been reported that adults with ADHD report subjective sleep
problems such as non-restorative, poor sleep quality,72 initial/
middle insomnia,71,73 restless sleep72,73 and daytime sleepiness20,70

(Table 3).
As with childhood ADHD, objective methodologies have yielded

inconsistent findings in adult ADHD, and while one group reported
no difference between ADHD subjects and controls,76 other studies
reported increased movement index75; and decreases in sleep
onset latency,77 sleep efficiency,77,78 and REM sleep percentage
(Table 4).78

PLMS

A number of studies have provided evidence that suggests an
association between RLS/PLMS and ADHD in children. While two
studies reported no differences in the frequency of periodic limb
movement in ADHD compared to controls,35,61 five studies repor-
ted more frequent RLS, PLMS, or limb movement during sleep in
ADHD.52,57,79e81,92,93 In the adult population, there is only one
published study of an increased frequency of RLS in ADHD*.82

SDB

Children with ADHD have more habitual snoring,35 and
increased apnea hypo-apnea index (AHI)59 and respiratory distur-
bance index (RDI)57 values compared to healthy controls. Although
snoring has been reported in young adults with ADHD,71 SDB has
not been objectively assessed in adult ADHD*.

Circadian sleep disorders

The observation that sleep onset delays are common in subjects
with ADHD led to the observation by Van der Heijden and
colleagues64 that dim light melatonin onset (DLMO), a reliable
marker of circadian function,83 is delayed in children with ADHD.
Moreover Rybak and colleagues showed that in adults, the severity
of ADHD related deficits strongly correlates with later circadian
preference (evening types)84; and that morning bright light, which
has phase advancing effects and improves seasonal mood symp-
toms, improves neuropsychological symptoms of ADHD and
depression.85 These studies provide a preliminary indicator that
there may be a circadian sleep disorder in ADHD that is associated
with a phase delay.

Differences between ADHD subtypes

Differences in sleep disturbances have been found between
ADHD subtypes. LeBourgeois and colleagues compared subjective
measures of sleep in healthy pediatric controls and children of the
ADHD-I, ADHD-HI, and ADHD-C subtypes, and found that children
with ADHD were sleepier than children without ADHD. Although
no significant differences were found between subtypes, children
of the inattentive subtype had a tendency to be sleepier than
ADHD-HI and ADHD-C subtypes.42 In another study, Mayes and
colleagues found that ADHD-I children had increases in daytime
sleepiness and sleep duration compared to ADHD-C children, who
in turn had more sleep problems such as initial insomnia, rest-
lessness and waking during sleep, and nightmares.48 It should be
noted that the study by LeBourgeois, compared to the study by
Mayes, had a smaller sample size, whichmay account for the lack of



Table 3
Studies of sleep disturbances in adults with ADHD with subjective methods.

Authors, year of
publication

Classification (sample
size)

Mean age
and/or
Age range

Medication status Co-morbidity Major findings Strengths (S) and/or
weaknesses (W)

Sangal and
Sangal, 200470

ADHD (18) vs. subjects
with complaints of
snoring and
sleepiness (38)

48.7 (G15.5) for
sleep disorder patients
31.9 (G12.2) for ADHD

Not specified Not specified ADHD subjects had a significant lower ESS score than
sleep disordered subjects. With ean score of 8.3, ADHD
subjects did not meet criteria fo DS.
ESS score was not found to corre te with inattention or
hyperactivity/impulsiveness sco in ADHD subjects.

W: Relatively small
sample size

Oosterloo
et al., 200620

ADHD (61) vs.
narcolepsy (67) vs.
Idiopathic
Hypersomnia (IH) (7)

48.45 (G16.21) for
IH patients
34.98 (G10.28) for
ADHD patients

Not medicated at
the beginning
of the study

Not specified Approximately 38% of ADHD pat nts met criteria for
excessive daytime sleepiness (ED ), compared to 96%
in HI patients.

W: Co-morbidities and
medication status were not
clearly specified or
controlled for

Gau et al., 200771 ADHD-I, subdivided
into ADHD (53) vs.
probable ADHD (486)
vs. non- ADHD (1745);
and ADHD-HI,
subdivided into ADHD
(16) vs. probable ADHD
(130) vs. non- ADHD
(2138)

19.3 (G2.7) Not specified Not specified ADHD-I group: Differences repo d in sleep need and
number of sleep problems betwe ADHD, probable- ADHD
and non-ADHD subgroups, with HD subgroup having the
highest number of needed sleep urs and sleep problems,
both current and lifetime. Signifi nt sleep problems in
ADHD and probable-ADHD subg ups included early and
middle insomnia, sleep talking, n htmares, and snoring.
ADHD-HI group: Differences rep ted in the number of
sleep problems between ADHD, obable-ADHD, and
non- ADHD subgroups, with AD subgroup having the
highest number of sleep problem , both current and
lifetime. Significant sleep proble s in ADHD and
probable-ADHD subgroups inclu d early insomnia, sleep
terrors, and snoring.

W: Though compelling due
to the large sample size, the
analysis of data could have
yielded interesting results,
had it been stratified so as
to compare ADHD subtypes.
Also, neither medication
status nor co-morbidities
were specified or controlled
for in statistical analyses.

Schredl
et al., 200772

ADHD (120, out of
whom 61 were
medication or
co-morbidity free)
vs. controls (444)

34.78 (G10) for
medicate d ADHD
35.3 (G10.8) for
nonmedicate d ADHD
23.5 (G5.7) for controls

As noted. Medications included
MPH, reboxitine, serotonin
reuptake inhibitors,
venlafaxine, tricyclic
antidepressants and fenetyllin

As noted, including
depression
or dysthymia,
anxiety, tic
disorder, OCD, and
current
substance abuse

In comparison to controls, ADHD ubjects had lower sleep
quality, un-refreshing sleep, inso nia, increased SOL and
nocturnal awakenings, problems ith sleep quality and
sleep/wake patterns, nocturnal b athing disorders,
parasomnias, movement disorde , and felt more tired
during the day.
Of note, movement disorders, in mnia, problems with
sleep quality and sleep/wake dis ders, parasomnnias, and
tiredness during the day were fo d to be associated with
depression scales, rather than w ADHD scales; while
comorbidity with depression ap ared to be associated
with insomnia, poor sleep qualit and feeling un-refreshed
in the morning. Medication statu did not appear to affect
the presence or severity of sleep roblems.

S: Multiple statistical
analyses taking into
consideration
comorbidities, severity of
comorbidities, and
medication status.

Surman
et al., 200873

ADHD (182) vs.
controls (117)

18e55 Not specified MDD, mania,
separation
anxiety, agoraphobia,
panic disorder, OCD,
GAD, specific phobias,
PTSD, social phobia,
and substance use

Compared to controls, ADHD sub cts had more difficulties
going to sleep, waking up in the orning, restless sleep,
sleep talking, nightmares, and re titive actions in sleep;
and increases in sleep latency, n turnal awakenings, and
daytime sleepiness.
Controlling for medication status nd co-morbidities, it was
found that the associations betw n ADHD and sleep
disturbances still hold.

S: Co-morbidities and
medication status were
taken into consideration in
statistical analyses

Caci et al., 200974 ADHD (204) Adults 42.18 (G11.46)
Students 27.33 (G8.81)

Not specified Not specified A negative association was foun etween scores for the
CSM and inattention in the ASRS uggesting that there
may be ADHD subtype difference with respect to circadian
preference, with the inattentive btype being more of an
evening type.

W: No specification of
medication status or
co-morbidities

ADHD ¼ attention-deficit/hyperactivity disorder, ADHD-C ¼ ADHD of the combined subtype, ADHD-H/I ¼ ADHD of the hyperactive/impulsive subtype, ADHD-I ¼ ADH of the inattentive subtype, ASRS ¼ adult self report scale,
CSM ¼ composite scale of morningness, EDS ¼ excessive daytime sleepiness, ESS - Epworth sleepiness scale, IH ¼ idiopathic hypersomnia, GAD ¼ generaliz anxiety disorder, MDD ¼ major depressive disorder,
MPH ¼ methylphenidate, OCD ¼ obsessive compulsive disorder, PTSD ¼ post-traumatic stress disorder.
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Table 4
Studies of sleep disturbances in adults with ADHD with objective methods.

Authors, year of
publication

Classification
(sample size)

Mean age
and/or
Age range

Medication status Co-morbidity Major findings Strengths (S) and/or weaknesses (W)

Kooij et al., 200175 ADHD (8) vs.
controls (8)

21e44 All subjects started medication
free. Then, 7 patients were
treated with MPH, and one
patient was treated with DEX

Dependent personality
disorder, dysthymia, eating
disorder, borderline personality
disorder, MDD

Actigraphy, six nights: At baseline, ADHD
subjects had poorer sleep quality and
increased activity level and movement
index in comparison to controls. After three
weeks of medication, sleep quality
improved, and movement index decreased
in ADHD subjects.

W: Given the small sample size of this
study, it is difficult to ascertain what the
role of co-morbidities is in the sleep
disturbances. Also, the fact that the mean
activity level increased in the control group
after 3 weeks somewhat undermines the
significant differences found between
baseline and week 3 in the ADHD group. It
should be noted, however, that to account
for the small sample size of this study,
authors set the level of statistical
significance at 0.10.

Phillipsen et al., 200576 ADHD (20) vs.
controls (20)

33.45 (G8.94)
22e55

Not medicated Lifetime, but not current,
history of drug abuse, BRD,
MDD, agoraphobia, bulimia
nervosa

PSG, two nights: No differences between
ADHD and control subjects. Subjectively,
adults with ADHD reported poorer sleep
quality, lower restorative value of sleep,
worse mood in the evening, and more
fatigue and psychosomatic symptoms
during sleep onset.

S: The data for two nights of PSG were used
in statistical analysis to assess night
(adaptation and baseline) and group (ADHD
and controls) interactions.
W: Relatively small sample size.

Boonstra et al., 200777 ADHD (33) vs.
controls (39)

37 (G10) MPH for drug trial Depression and anxiety Actigraphy, seven nights: ADHD subjects
had lower SE and increased SOL compared
to controls. Effects of MPH treatment
included decreases in nocturnal
awakenings, time in bed, actual sleep;
increased sleep onset latency; and delayed
sleep bedtime. Correlation tests revealed no
associations between comorbidities and
sleep variables.

Sobanski et al., 200878 ADHD (34) vs.
controls (34)

35 (G9) 10 ADHD patients were treated
with MPH as part of the study

Combined motor and tic
disorder, social phobia, and
dysthymia, all mild forms

PSG, two nights: In comparison to controls,
all ADHD subjects had decreased SE and
REM sleep; and increased nocturnal
awakenings and stage 1 sleep percentage.
ADHD subjects free of comorbidities
exhibited lowered SE, duration of first REM
sleep period, and REM sleep percentage;
and higher nocturnal awakenings and
percentage of sleep in the wake state were
reported. After a four week treatment with
MPH, ADHD subjects showed
improvements in SE and decreased SOL.

S: The effects of medications and co-
morbidities on sleep disturbances and
complaints in ADHD were well controlled
for.

DEX ¼ dextro-amphetamine, BRD ¼ brief recurrent depression, MDD ¼ major depressive disorder, MPH ¼ methylphenidate, PSG ¼ polysomnography, REM ¼ rapid eye movement, SE ¼ sleep efficiency, SOL ¼ sleep onset
latency.
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significant differences between subtypes in LeBourgeois’ study.
Finally, in a PSG study in ADHD children and controls by Silvestri
and colleagues, stratification of data into ADHD-I and ADHD-HI/C
revealed that the latter have more periodic limb movements per
hour.69

There are no available data on sleep differences between adult
ADHD-I and ADHD-C subtypes. However, it has been reported that
sleepiness is associated with inattentiveness in young adults,71 and
that adult ADHD-I subtypes tend to have a later circadian prefer-
ence. These findings suggest a circadian phase delay in adults of the
inattentive subtypes.74

Discussion

The studies discussed in the previous sections provide evidence
that patients with sleep disorders can display ADHD-like symptoms
and, alternatively, that patients with ADHD can suffer from sleep
disturbances characteristic of sleep disorders. However, despite the
relative abundance of research in this area, there remain many
unanswered questions regarding sleep disturbances in ADHD.
Some issues include: i) whether there are objectively verifiable
sleep disturbances in ADHD; ii) whether sleep disturbances are
intrinsic to ADHD; and iii) if ADHD is co-morbid with a sleep
disorder, what biological/physiological mechanisms account for
such co-morbidity.

Are there sleep disturbances in ADHD?

As discussed in “Sleep disorders in ADHD”, there have been two
prominent issues with regards to sleep disturbances in ADHD: i)
subjective reports of sleep disturbances have not been consistently
verifiable by objective methods, and ii) there has been variability in
reports of objectively measured sleep variables.

Discrepancies between subjective and objective data
In children, the discrepancy has been suggested to be caused by

a possible tendency of parents/guardians of children with ADHD to
over-report problems, perhaps as a result of increased sensitivity to
behavioral problems in these children44,51,62; while in adults, it has
been proposed that subjects with ADHD may attribute daytime
sleepiness to poor sleep quality, which may not necessarily be the
case.76

While the discussion above suggests that subjective methods
may not be reliable tools for the detection of sleep problems, to
discard subjective data altogether would be to disregard the
experience of the patient. Objective methods are not without flaws
either. Changes in sleep architecture cannot be detected with
actigraphs, and PSGs can produce similar findings in normal
sleepers and in those who suffer from insomnia, whose complaints
of non-restorative and poor quality sleep are believed to be the
result of sleep fragmentation.86 By regular standards, sleep frag-
mentation is assessed by the presence of arousals. Parrino et al.
argued that the inability to detect differences between normal
sleepers and insomnia patients may stem from using only the
quantification of arousals as a rendition of fragmented sleep.87

While arousals are identified by a rapid shift towards more rapid
EEG frequencies; K-complexes, K-alpha complexes, and delta
bursts, are slow phasic activities that do not qualify as arousals, and
thus, are not reported by conventional PSG analyses.88 This is
important because the distribution of these activities, represented
by the cyclic alternating pattern (CAP) rates, is crucial to the
maintenance of sleep. In fact, it has been shown that while
the number of arousals is comparable in normal sleepers and
in patients with insomnia, CAP rates correlate with subjective
estimates of sleep in those complaining of insomnia.87 Thus,
Parrino et al. argue that micro-structure sleep variables of PSG such
as CAP rates may have higher validity than measurement of sleep
macro-structure variables (number of awakenings/arousals). In line
with this, it has been reported that while no differences are found
in sleep architecture by macro-structure standards between ADHD
and control groups, CAP rates are lower in the ADHD group, sug-
gesting a condition of hypo-arousal in ADHD.110

Another issue associated with PSG is the “first night effect”. The
use of numerous electrodes and wires in PSG studies produces an
unfamiliar sleep environment for the study subjects, which has
a distorting effect on sleep on the first night of recordings. This is
called the “first night effect”.89 To mitigate for this, many sleep
laboratories resort to using two or three nights of PSG recordings,
discarding the data from the first night, as subjects acclimatized to
their new surroundings would produce PSG recordings that are
more representative of their habitual sleep on the second and third
nights of recording.90 This emphasizes the importance of carrying
out at least two nights of PSG in research studies when sleep quality
is evaluated. However, only nine out of fourteen studies collected
PSG data from two or more nights of recordings,53e55,57,61,65e67,69

making it difficult to interpret the findings (Tables 2 and 4).

Discrepancies between objective studies of sleep in ADHD
In both childhood and adult studies, the fact that different

groups have reported different sleep disturbances has made the
understanding of the relationship between sleep disorders and
ADHDmore difficult. In studies of childhood ADHD, the discordance
is partly due to flaws in research methodology. Factors related to
statistical power, differences in inclusion/exclusion criteria, differ-
ences in subjective (different questionnaires) and objective (actig-
raphy vs. PSG) methods used, or the number of nights of recordings,
and unsatisfactory control of confounding variables such as age, co-
morbidity, and medication status have made it difficult to make
comparisons between studies so as to draw conclusions about the
relationship between sleep disorders and ADHD39,68,91e93 (see
Table 1, 2, 3, and 4 for detailed descriptions of study designs).

Specific to the adult population, the scarcity of published data
has been a central issue. While insomnia, changes in sleep archi-
tecture, EDS, PLMS, SDB, and delayed sleep phase syndrome (DSPS)
have been reported in children with ADHD, it is currently not
known whether there are similar sleep problems in adults. If the
reports of childhood ADHD are any indication, however, adult
ADHD is expected to be associated with as much diversity in the
reports of sleep disturbances/disorders as childhood ADHD.

The diversity of reports, however, also reflects the complexity of
ADHD. That ADHD is associated with multiple sleep disturbances,
multiple co-morbidities, and multiple symptoms, suggests that
ADHD may in fact encompass a number of disorders. Just as ADHD,
CD, and ODD were once clumped together under the rubric of
“moral imbecility”, perhaps ADHD as we know it today is the
composite of a number of disorders. As such, the disparity of
reports of sleep disturbances in ADHD may reflect the fact that
a patient who presents with, for example, ADHD and RLS has a form
of ADHD that is etiologically different from a patient that presents
with ADHD and decreased REM sleep. The idea that ADHD is
a common denominator for a number of related disorders may be
manifest in the fact that ADHD is sub-classified as ADHD-I, ADHD-
HI, and ADHD-C. The subtypes are known to differ, not only in the
presentation of symptoms, but also in the presentation of co-
morbidities. As such, it has been reported that individuals with
ADHD-C are more prone to develop co-morbidities such as anxiety,
depression, and drug addiction.78,94,95,97 Differences in cognitive
performance have also been documented, as children with ADHD-I
are associated with slower cognitive tempo, under-arousal, and
under-activity.96 As such, it has been proposed that ADHD-I may be
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associated with neurophysiologic under-arousal, while the ADHD-
HI/C may be associated with overactive neurophysiologic
processes.42,48

The observation that the ADHD-I subtype is associated with
under-arousal, and the ADHD-HI/C subtype is associated with
higher levels of energy is interesting in the context of sleep disor-
ders, because arousal levels may directly relate to sleep disorders.34

As such, it has been proposed that a problem of under-arousal in
ADHD-I may be accountable for the excessive daytime sleepiness
and hypersomnia seen in childrenwith ADHD-I, whereas a problem
of over-arousal in ADHD-HI/C may be accountable for difficulties
initiating/maintaining sleep, and RLS seen in children with ADHD-
HI/C.42,48,69

Are sleep disturbances intrinsic to ADHD?

Some investigators have argued that sleep disturbances are not
intrinsic to ADHD, and that they only occur in the presence of co-
morbidities such as ODD, depression or anxiety, as a result of an
underlying primary sleep disorder, or as a result of stimulant
medication use.

While reports that stimulant medications affect sleep
latency, sleep quality, and total sleep time38,39,41,98e101 can under-
mine the results of some of the studies described
above,20,35,42e45,53,54,66,69e71,74 it shouldbenoted thatwell-controlled
studies have demonstrated that sleep problems exist in medication-
free ADHD patients,13,14,34,40,47,48,58,60,63,64,68,72,73,75,78 which
suggests that sleep disorders are not exclusively associated with the
use of stimulant medication. Moreover, there have been reports of
improvements in sleep quality in medicated ADHD patients.75,78

The issue of co-morbidities is controversial as it has been
proposed that sleep disturbances in ADHD are attributed to co-
morbid mood disorders such as ODD, anxiety, and depres-
sion.38,39,41,48 The link between mood disorders and sleep distur-
bances has had a long standing history of research. Total REM sleep,
for instance, has been reported to be increased in depressed
patients102; and either total or REM sleep deprivation have been
reported to result in acute antidepressant effects.103 Circadian cycles
are also reported to be affected in depressed patients, for whom
elevated nocturnal body temperature, dysregulation of the hypo-
thalamic-pituitary-adrenal (HPA) axis, and lower blood levels of
melatonin have been reported.104,105

While the link between mood disorders and sleep disturbances
is undisputed, mood disorders are also well known to be common
co-morbidities of ADHD.8,9,39 Studies have shown that 20e37% of
subjects with ADHD suffer from co-morbid depression, and 32%
suffer from co-morbid anxiety disorders.106 The extent to which
mood disorders can be separated from ADHD, however, is not clear.
For instance, serotonergic pathways are altered in ADHD,7 which
may account for the high incidence of depression in ADHD. From an
etiological viewpoint, it is difficult to determinewhether symptoms
of depression and anxiety are part of the ADHD symptomatology, or
whether mood disorders are co-morbidities of ADHD. If mood
disorders are part of the ADHD symptomatology, the sleep distur-
bances associated with mood disorders could be argued to be
intrinsic to ADHD as well.

As mentioned earlier, arguments have also been put forward that
sleep disturbances are not intrinsic to ADHD, but the result of an
underlying sleep disorder. If there is an underlying sleep disorder in
ADHD that accounts for the sleep disturbances, the possibility exists
that such sleep disorder may also account for some ADHD-like
symptoms. The array of studies discussed in “ADHD-like symptoms
in sleep disorders”, documenting the manifestation of ADHD-like
symptoms in patients with primary sleep disorders, suggests that in
a proportion of patients diagnosed with ADHD, misdiagnosis may be
an issue. The similarity in the presentation of symptoms between
ADHD and sleep disorders can make it difficult to discriminate one
condition from the other. That misdiagnosis can occur is best illus-
trated by the studies of Walters et al.107 and Huang et al.108 Walters
et al.107 reported thatoutof 7 childrenwithADHDandco-morbidRLS,
3 no longermet criteria for ADHD after RLSwas treated;while Huang
et al. reported that in ADHD children with mild OSA (1 > AHI>5),
tonsillectomy led to more improvements in attention span and
impulse control than treatment with methylphenidate.108 Also,
studies have shown that adenoidectomy and tonsillectomy in chil-
dren with obstructive breathing problems in sleep result in signifi-
cant improvements on measures of attention and behavioral
problems suchas aggression andhyperactivity109,110, and a case study
on misdiagnosis of OSA for ADHD in adults has been published.111

While the overlap of symptoms in sleep disorders and ADHD
may give rise to problems with misdiagnosis, it also highlights the
importance of sleep in ADHD. As mentioned earlier, sleep plays
a pivotal role in cognitive function. For instance, the process of
long-termmemory consolidation is compromised in the absence of
sleep, and higher order executive functions that require impulse
control have been reported to be profoundly affected by sleep
deprivation. Given that ADHD is characterized by deficits in
cognitive functions such as attention and impulse control, there is
a possibility that sleep disorders may exacerbate the symptoms of
ADHD. However, given the lack of studies comparing tasks of
cognitive function in ADHD patients with sleep disorders and
ADHD patients without sleep disorders, it is difficult to determine
the extent to which sleep disturbances can affect ADHD symptoms.
There are some data, however, that suggest that the cognitive
deficits seen in ADHD may occur independent of sleep problems.
For instance, in the study by Gruber and Sadeh,58 ADHD patients
and healthy controls were assessed on variables of sleep such as
quantity, quality, and variability with actigraphy; and on neuro-
behavioral function on simple and complicated tasks. While neu-
robehavioral function was lower in the ADHD group, a canonical
correlation analysis revealed that the deficit was not associated
with sleep. On the other hand, in the control group, neuro-
behavioral function for complicated tasks was directly associated
with sleep variables, suggesting that the relation between sleep
fragmentation and cognitive function is different in ADHD patients
and healthy controls.58 Moreover, as discussed in “Hypersomnia” in
the section “ADHD-like symptoms in sleep disorders”, Oosterloo
and colleagues compared daytime sleepiness and ADHD symptoms
in patients with ADHD and in patients with EDS and found that
patients with ADHD met criteria for EDS, while patients with EDS
met criteria for ADHD.20 Interestingly, an association was found
between inattention scores and ESS measures in patients with EDS,
but no such correlation was found in patients with ADHD, sug-
gesting that although the two patient groups share common
characteristics such as sleepiness and inattention, the mechanisms
underlying the manifestations of such symptoms may differ
between the two groups.20

While the studies described above suggest that the cognitive
deficits in ADHD occur independent of sleep problems, given the
paucity of studies specifically investigating cognitive performance
as a function of sleep in ADHD, it should not be concluded that sleep
deficits have no effect on ADHD symptomatology.

If ADHD is co-morbid with a sleep disorder, is there a mechanism
accountable for such co-morbidity?

ADHD and sleep disorders are two conditions for which differ-
ential diagnosis is complex when patients with ADHD also display
symptoms of a sleep disorder. The overlap of symptoms in sleep
disorders and ADHD highlights the possibility that common
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mechanisms may exist that give rise to both sleep disorders and
ADHD. From a structural point of view, some areas of the brain that
are affected inADHDare the very same structures that are involved in
the regulation of sleep. Activation of areas of the cortex by the
midbrain and locus coeruleus (LC) is required for sustained attention,
alertness, and discrimination of salient features.4,6,112 Attention and
alertness, in turn are properties that define the wake state. Cycling
through thewake state and sleep state is an autonomically governed
process that reflects changes in brain arousal.113 In ADHD, subjects
appear to have problems with arousal; and deficits in cortical func-
tioning have been reported.114 Thus, in ADHD, it has been proposed
that problemswith attention and alertness, and problemswith sleep
such as insomnia or hypersomnia, may be the results of abnormal
cortex arousal function.34,114 In this respect, it could be argued that
sleep disturbances are part of the ADHD symptomatology.

Proposals have also been put forward, attempting to explain the
co-morbidity of ADHD with primary sleep disorders such as SDB
and RLS/PLMS. In SDB, it has been proposed that in addition to sleep
fragmentation, alveolar hypoventilation and intermittent hypoxia
affect catecholamine and glutamate signaling pathways in the
prefrontal cortex (PFC).115e117 Some of these respiratory disorders
may cause irreversible changes that affect cognition even after the
respiratory disorder has resolved, and may contribute to ADHD
pathology. The permanent deleterious effects of intermittent
hypoxia on measures of development such as intelligence quotient
(IQ) and vocabulary have been excellently reviewed elsewhere.118

With respect to PLMS in RLS, initial interest in the RLS co-
morbidity with ADHD developed because the two disorders are
characterized by iron deficiency in some individuals. The nature of
the deficit, however, differs between the two disorders. In RLS,
dopaminergic deficiency is caused by inadequate dopamine
synthesis, evidenced by the effectiveness of dopamine precursor L-
Dopa and dopamine receptor agonists in ameliorating the
disorder.119 In ADHD, dopaminergic deficiency is thought to be
caused by increased clearance of the neurotransmitter and
abnormal signaling of the dopamine receptor. This is supported by
the observed effectiveness of drugs such as methylphenidate and
dextro-amphetamine, both of which act by inhibiting the reuptake
of dopamine, thus prolonging the time that dopamine remains at
the synapse.120

Recently, some groups have focused on iron, as it affects both
dopamine synthesis and dopaminergic signaling. Both RLS/PLMS
and ADHD have been reported to be associated with lower ferritin
levels.81 Ferritin is a protein that carries iron inside the cell, and
thus, is a measure of intracellular iron levels. Low iron levels may
result in reduced dopamine synthesis and abnormal dopaminergic
signaling, thus resulting in RLS/PLMS and ADHD comorbidity.81 In
line with this hypothesis, it has been reported that ADHD children
with low serum ferritin levels (<45 mg/l) present with more severe
ADHD symptoms and problems with sleep-wake transitions.121

Moreover, iron supplementation reportedly results in significant
improvement in ADHD symptoms.122

Although circadian sleep disorders have not been investigated
extensively in ADHD (see “Circadian sleep disorders” in the section
“Sleep disorders in ADHD”), there is evidence to suggest that
subjects with ADHD may have a sleep phase delay. This is relevant
in ADHD because proper alignment of the circadian cycle is crucial
for proper executive function. For instance, being awake during the
biological night is believed to have deleterious effects on alertness,
mood, and performance. Moreover, sleep inertia, described as
impaired cognitive performance immediately upon awaking, is 3.6
times larger during the biological night123. Interestingly, diurnal
cortisol secretion has been reported to be abnormal in over half
of the participants in a study investigating HPA axis function in
children with ADHD.124 Given the importance of diurnal cortisol
secretion inmaintainingwakefulness and alertness, and the studies
described in “Circadian sleep disorders” in the section “Sleep
disorders in ADHD”; the issue of circadian sleep disorders in ADHD
merits further research.

Sleep disorders and ADHD e clinical implications

Given the poor understanding of the relationship between sleep
and ADHD, it is difficult to determine the extent to which sleep
disturbances are accountable for the core symptoms of ADHD,
namely, the cognitive deficits exclusively associated with ADHD.
ADHD, however, is a condition that is closely associated with
problems in lifestyle management, in which sleep plays a central
role because a bulk of the associated symptoms of ADHD such as
procrastination, and problems with mood, motivation, and energy
may be traced back to sleep problems. For instance, sleep affects
mood, whichmay in turn affect attention andmotivation. Sleep can
also affect energy, which may in turn affect, not only motivation,
but also performance at school or in theworkplace. Moreover, sleep
problems are in many cases the result of procrastination, where the
ADHD patient’s poor time management problems lead to the
extension of work hours into the sleep hours, thus perpetuating the
chronic symptoms of mood and sleep history.

The management of sleep problems in the ADHD patient is thus
desirable and it should begin with the patient’s commitment to
change a life of bad habits. Good sleep hygiene practices such as
turning off stimuli like TVs or computers at least an hour prior to
bedtime, and the adoption of a regular bedtime routine that allows
the patient to “wind down” should be encouraged. These practices
may be complemented with sleep diaries to keep track of bedtimes
and rising times, as well as logs of activities done prior to bedtime.

When sleep problems persist in the face of good sleep hygiene
practices, it is recommended that the patient be referred to do
a PSG, and if the patient is afflicted by ADHD-sleep disorder co-
morbidity, that open communication be maintained with a sleep
specialist to tailor a treatment plan appropriate for the patient.
Given the possibility that sleep disorders may give rise to- or
exacerbate ADHD symptoms, it may be beneficial to first attempt to
treat the sleep disorder and assess whether such route of action
leads to any improvements in daytime function. This will not only
minimize the chance of misdiagnosis, but may also aid in the dose-
optimization of ADHD medications.

As a final note, it is important to remind the readers that,
although not extensively discussed in this review, the possibility
exists that ADHD medications may exacerbate some of the sleep
problems in ADHD. For such cases, options for long-acting medi-
cations exist, with different time release profiles - the physician
may need to explore these options, as well as conduct a thorough
assessment of the patient’s timetables and lifestyle, and construct
a treatment plan accordingly.

The future of research in sleep disorders and ADHD

Sleep disorders have clinical implications in ADHD because the
two disorders may be misdiagnosed, may exacerbate the symptom
characteristics of the other condition, and/or may have common
underlyingneurologicalmechanisms. Currently, the researchof sleep
disorders in ADHD is not advanced, and amid research of variable
quality, more research needs to be done. The following are some
suggestions as to what direction should be taken in future research.

A “holistic” approach to the study of sleep in ADHD

The field of sleep research is relatively new, and our under-
standing of sleep e its role, architecture, physiological changes,



Practice points

1) Subjects who suffer from sleep disorders such as

excessive daytime sleepiness, restless legs syndrome,

periodic limb movement in sleep, sleep disordered

breathing, and obstructive sleep apnea have been

reported to exhibit symptoms of attention-deficit/

hyperactivity disorder.

2) Alternatively, studies have shown that both children and

adults with ADHD exhibit symptoms of periodic limb

movements in sleep, and sleep disordered breathing.

Also, children and adultswith ADHDhave been reported

to suffer from initial and middle insomnia, fractured

and/or shortened sleep, and altered sleep architecture.

3) Although most studies have revealed sleep problems

exist in ADHD, different studies have yielded different

findings. As a result, determining the nature of the sleep

disturbances in ADHD e and the relationship between

sleep disorders and ADHD e has been difficult.

4) The similarity of symptoms in sleep disorders and

ADHD suggests that: i) Misdiagnosis may be common,

ii) different forms of ADHD may exist.

i) Misdiagnosis: Given that sleep disorders and ADHD

can give rise to similar symptoms, it is possible that

patients with sleep disorders may be misdiagnosed

with ADHD and vice-versa. This possibility raises

questions about the effectiveness of diagnostic tools

for differentiating sleep disorders fromADHD and vice

versa.

ii) Different forms of ADHD: Although misdiagnosis may

be an issue, the similarity of symptoms between sleep

disorders and ADHD is suggestive of underlying

mechanisms that may link sleep to ADHD. As such,

mechanisms have been proposed to account for co-

morbid ADHD and restless legs syndrome, ADHD

and sleep disordered breathing, and ADHD and

delayed sleep onset. The possibility that such mech-

anisms may exist is indicative of the complexity of the

etiology of ADHD, as a number of factors may

contribute to the manifestation of different forms of

ADHD. As such, the classification e and treatment e
of ADHD, may be dependent on the kind of sleep

disorder it is associated with.
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neurochemical pathways involved e is only partially known. Thus,
the understanding necessary to objectively discriminate important
from unimportant sleep variables is poor and the validity of using
only one objective tool can be questionable given the complexity of
sleep. Although PSGs are reportedly the gold standard in assessing
sleep architecture, they are not without flaws see “Discrepancies
between subjective and objective data”. Most importantly,
processes occur during sleep, which are not detected by PSG or
actigraphy. Such processes include, among others, changes in levels
of hormones such as growth hormone (GH), cortisol, and ACTH,
changes in core body temperature and temperature regulation, and
the activation of different brain structures125. As a result, when
sleep is investigated, a more “holistic” approach - collection of
information on sleep measures related to changes in body
temperature, and sleep-wake cycle hormone levels and their rela-
tion to circadian cycles may be key in better understanding sleep
disturbances associated with ADHD.

Stardardized inclusion/exclusion criteria across all new research
studies

The diversity of published results suggests that studies need to
be carried out with well-controlled, well defined groups of
comparison. Factors such as medication status, co-morbidities,
ADHD subtype, and circadian preference need to be taken into
account. Moreover, it is important to determine the role that these
confounding factors play on the development of sleep disturbances
in ADHD. For instance, in light of the growing body of evidence on
differences between ADHD subtypes, it seems necessary to conduct
studies investigating sleep differences between ADHD subtype by
objective methodologies in both children and adults. Also, inves-
tigating the role of co-morbidities such as anxiety and mood
disorders in the development of sleep disturbances is important.
This may be achieved by means of studies designed to better
characterize symptoms exclusively associated with ADHD, symp-
toms exclusively associated with anxiety or mood disorders, and
symptoms exclusively associated with co-morbid ADHD and
anxiety or mood disorders. In conducting such studies, collabora-
tions between groups specializing in different aspects of disease e

that is, clinical, behavioural, and molecular e may be beneficial in
the interpretation of results.

An approach to better characterize and differentiate ADHD from co-
morbidities

Since the problem of misdiagnosis stems from an overlap of
symptoms in sleep disorders and ADHD, research studies designed
to investigate the differences between sleep disturbances in ADHD
and sleep disorders is necessary. Studies should be designed to
compare ADHD, sleep disorders, and sleep disturbances in ADHD,
so that the exclusiveness of symptoms to each condition may be
elucidated. In a study adopting such approach, Huang et al.59

compared children with ADHD to children with ADHD and OSA
co-morbidity and reported differences such as decreased REM sleep
and increased stage 4 sleep in ADHD children with OSA co-
morbidity. This kind of approach is helpful not only in character-
izing each condition: ADHD, sleep disorders, and sleep distur-
bances in ADHD; but also in investigating the ways in which sleep
disturbances affect cognitive functioning in ADHD patients.
Although it has been reported that there is an association between
ADHD severity and severity of sleep disturbances,22,28 it is not clear
whether sleep disturbances negatively affect ADHD symptoms, or
whether sleep disturbances only appear in more severe cases of
ADHD. As such, studies designed to investigate the contribution of
sleep disturbances to the cognitive deficits seen in ADHD will be
beneficial in assessing possible etiological factors contributing to
the severity and symptomatology of ADHD.
Conclusion

The ADHD population appears to be a heterogeneous mixture of
patients with: i) sleep disturbances, ii) patients without sleep
disturbances, and iii) patients who have been misdiagnosed as
having ADHD when the primary problem is a sleep disorder. Our
understanding of sleep disturbances/disorders in ADHD is far from
comprehensive. In this review, we have discussed some issues
regarding the complexities of ADHD and sleep disorders. Most
importantly, problems still remain as to how to differentiate sleep
disorders from sleep disturbances in ADHD, and before the research
of sleep disturbances/disorders in ADHD can progress, the nature of
sleep disturbances needs to be characterized and well defined.
Research methodologies that are based on careful inspection of
symptoms exclusively associatedwith each conditionwill enable us
to discriminate sleep disorders from ADHD. Only then, can possible
neurological mechanisms underlying sleep disturbances in ADHD
be explored.



S.Y.R. Yoon et al. / Sleep Medicine Reviews 16 (2012) 371e388386
Acknowledgements

The authors would like to thank the members of the Morning
Research Rounds at the Sleep and Alertness Clinic - especially Dr
Sharon Chung - for providing insight and guidance in writing this
manuscript. Also, wewould like to thank the Ontario Mental Health
Foundation for their continuing support of scientific research
through financial aids for students and new investigators.
References

1. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. Text Revision (DSM-IV-TR). 4th ed. Washington, DC:
American Psychiatric Association; 2000.

2. Rafalovich A. Framing ADHD children: a critical examination of the history,
discourse, and everyday experience of attention deficit/hyperactivity disorder.
Maryland, USA: Lexington Books; 2004.

3. Weiss G, Milroy T, Perlman T. Psychiatric status of hyperactive adults:
a controlled perspective 15-year follow up of 63 hyperactive children. J Am
Acad Child Adolesc Psychiatry 1985;24:211e20.

4. Arnsten AFT. Fundamental of attention deficit hyperactivity disorder:
circuits and pathways. J Clin Psychiatry 2006;679:7e12.

5. Curatolo P, Paloscia C, D’Agati E, Maovero R, Pasini A. The neurobiology of
attention deficit hyperactivity disorder. Eur J Paedriatr Neurol 2009;
13:299e304.

6. Potter AS, Newhouse PA, Bucci DJ. Central nicotinic cholinergic systems:
a role in the cognitive dysfunction in attention deficit hyperactivity
disorder. Behav Brain Res 2006;175:201e11.

7. Muller DJ, Mandelli L, Serretti A, DeYoung CG, De Luca V, Sicard T, et al.
Serotonin transporter gene and adverse events in adult ADHD. Am J Med
Genet B Neuropsychiatr Genet 2008;147B:1461e9.

8. Milberger S, Biederman J, Faraone SV, Murphy J, Tsuang MT. Attention
deficit hyperactivity disorder and comorbid disorders: issues of over-
lapping symptoms. Am J Psychiatry 1995;152:1793e9.

9. Jensen PS, Martin D, Cantwell DP. Comorbidity in ADHD: implications for
research, practice, and DSM-V. J Am Acad Child Adolesc Psychiatry
1997;36:1065e79.

10. Sachs GS, Baldassano CF, Truman CJ, Guille C. Comorbidity of ADHD with
early- and late- onset bipolar disorder. Am J Psychiatry 2000;157:466e8.

11. Spencer T, Biederman J, Coffey B, Geller D, Faraone S, Wilens T. Tourette
disorder and ADHD. Adv Neurol 2001;85:57e77.

12. McGrath LM, Hutaff-Lee C, Scott A, Boada R, Shriberg LD, Pennington BF.
Children with comorbid speech sound disorder and specific language
impairment are at increased risk for attention-deficit/hyperactivity
disorder. J Abnorm Child Psychol 2008;36:151e63.

13. Gruber R, Sadeh A, Raviv A. Instability of sleep patterns in children with
attention deficit hyperactivity disorder. J Am Acad Child Adolesc Psychiatry
2000;39:495e501.

14. Hvolby A, Jorgensen J, Bilenberg N. Actigraphic and parental reports of
sleep difficulties in children with attention-deficit/hyperactivity disorder.
Arch Pediatr Adolesc Med 2008;162:323e9.

15. Dobson WW, Zhang Y. Sleep disturbances associated with adult ADHD. In:
New Research Program and Abstracts of the 152nd Annual Meeting of the
American Psychiatric Association; May 18, 1999. Washington, DC. Abstract
NR216:124.

16. Stickgold R, Hobson JA, Fosse R, Fosse M. Sleep, learning, memory and
dreams: off-line memory reprocessing. Science 2001;294:1052e7.

17. Siegel J. The REM sleep-memory consolidation hypothesis. Science
2001;294:1058e63.

18. Gross DW, Goltman J. Correlation of high-frequency oscillations with the
sleep-wake cycle and cognitive activity in humans. Neuroscience
1999;94:1005e18.

19. Van Dongen HPA, Maislin G, Mullington JM, Dinges DF. The cumulative cost
of additional wakefulness: dose-response effects on neurobehavioral
functions and sleep physiology from chronic sleep restriction and total
sleep deprivation. Sleep 2003;26:117e26.

20. Oosterloo M, LAmmers GJ, Overeem S, de Noord I, Kooij JJ. Possible
confusion between primary hypersomnia and adult attention deficit
hyperactivity disorder. Psychiatry Res 2006;143:293e7.

21. Picchietti DL, Walters AS. Moderate to severe periodic limb movement
disorder in childhood and adolescence. Sleep 1999;22:297e300.

22. Chervin RD, Archbold KH, Dillon JE, Pituch KJ, Panahi P, Dahl RE, et al.
Associations between symptoms of inattention, hyperactivity, restless legs,
and periodic leg movements. Sleep 2002;25:213e8.

23. Gaultney JF, Terrel DF, Gingras JL. Parent reported periodic limb movement,
sleep disordered breathing, bedtime resistance behaviors, and ADHD.
Behav Sleep Med 2005;3:32e43.
* The most important references are denoted by an asterisk.
24. Wagner ML, Walters AS, Fischer BC. Symptoms of attention deficit hyper-
activity disorder in adults with restless legs syndrome. Sleep
2004;27:1499e504.

25. Melendres MCS, Lutz JM, Rubin ED, Marcus CL. Daytime sleepiness and
hyperactivity in children with suspected sleep-disordered breathing.
Pediatrics 2004;114:768e75.

26. Ali NJ, Pitson DJ, Stradling JR. Sleep disordered breathing: effects of ade-
notonsillectomy on behavior and psychological functioning. Eur J Pediatr
1996;155:56e62.

27. Chervin RD, Archbold KH. Hyperactivity and polysomnographic findings
in children evaluated for sleep disordered breathing. Sleep 2001;
24:313e20.

28. Chervin RD, Archbold KH, Dillon JE, Panahi P, Pituch KJ, Dahl RE, et al.
Inattention, hyperactivity, and symptoms of sleep disordered breathing.
Pediatrics 2002;109:449e56.

29. Urschitz MS, Guenther A, Eggebrecht E, Wolff J, Urschitz-Duprat PL,
Schlaud M, et al. Snoring, intermittent hypoxia and academic performance
in primary school children. Am J Respir Crit Care Med 2003;168:464e8.

30. Lewin DS, Rosen RC, England SJ, Dahl RE. Preliminary evidence of behav-
ioral and cognitive sequelae of obstructive sleep apnea in children. Sleep
Med 2002;3:5e13.

31. Mazza S, Pepin JL, Naegele B, Plante J, Deschaux C, Levy P. Most obstructive
sleep apnoea patients exhibit vigilance and attention deficits on an
extended battery of tests. Eur Respir J 2005;25:75e80.

32. O’Brien LM, Holbrook CR, Mervis CB, Klaus CJ, Bruner JL, Raffield TJ, et al.
Sleep and neurobehavioral characteristics of 5- to 7- year-old children with
parentally reported symptoms of attention deficit hyperactivity disorder.
Pediatrics 2003;111:554e63.

33. Chervin RD, Archbold KH. Hyperactivity and polysomnographic findings in
children evaluated for sleep disordered breathing. Sleep 2001;24:313e20.

34. Ball JD, Tiernan M, Janusz J, Furr A. Sleep patterns among children with
attention deficit hyperactivity disorder: a reexamination of parent
perceptions. J Pediatr Psychol 1997;22:389e98.

35. Chervin RD, Dillon JE, Bassetti C, Ganoczy DA, Pituch KJ. Symptoms of sleep
disorders, inattention, andhyperactivity in children. Sleep1997;20:1185e92.

36. Marcotte AC, Thacher PV, Butters M, Bortz J, Acebo C, Carskadon MA.
Parental report of sleep problems in children with attentional and learning
disorders. J Dev Behav Pediatr 1998;19:178e86.

37. Ring A, Stein D, Barak Y, Teicher A, Hadjez J, Elizur A, et al. Sleep distur-
bances in children with attention deficit hyperactivity disorder: a compar-
ative study with healthy siblings. J Learn Disabil 1998;31:572e8.

38. Corkum P, Moldofsky H, Hogg-Johnson S, Humphries T, Tannock R. Sleep
problems in children with attention deficit hyperactivity disorder: impact
of subtype, comorbidity, and stimulant medication. J Am Acad Child Adolesc
Psychiatry 1999;38:1285e93.

39. Mick E, Biederman J, Jetton J, Faraone SV. Sleep disturbances associated with
attention hyperactivity disorder: the impact of psychiatric comorbidity and
pharmacotherapy. J Child Adolesc Psychopharmacol 2000;10:223e31.

40. Owens JA, Maxim R, Nobile C, McGuinn M, Msall M. Parental and self-
report of sleep in children with attention deficit hyperactivity disorder.
Arch Pediatr Adolesc Med 2000;154:549e55.

41. Stein D, Pat-Horenczyk R, Blank S, Dagan Y, Barak Y, Gumpel TP. Sleep
disturbances in adolescents with symptoms of attention deficit hyperac-
tivity disorder. J Learn Disabil 2002;35:268e75.

42. LeBourgeois MK, Avis K, Mixon M, Olmi J, Harsh J. Snoring, sleep quality, an
sleepiness across attention deficit hyperactivity disorder subtypes. Sleep
2004;27:520e5.

43. Gau SSF. Prevalence of sleep problems and their association with inattention/
hyperactivityamongchildrenaged6-15 inTaiwan. J SleepRes2006;15:403e14.

44. Lim CG, Ooi YP, Fung DSS, Mahendran R, Kaur A. Sleep disturbances in
Singaporean children with attention deficit hyperactivity disorder. Ann
Acad Med Singapore 2008;37:655e61.

45. Sung V, Hiscock H, Sciberras E, Efron D. Sleep problems in children with
attention-deficit/hyperactivity disorder: prevalence and the effect on the
child and family. Arch Pediatr Adolesc Med 2008;162:336e42.

46. Hvolby A, Jorgensen J, Bilenberg N. Parental rating of sleep in children with
attention deficit/hyperactivity disorder. Eur Child Adolesc Psychiatry
2009;18:429e38.

47. Li S, Jin X, Yan C,Wu S, Jiang F, Shen X. Sleep problems in Chinese school-aged
childrenwithaparent-reportedhistoryofADHD. J AttenDisord2009;13:18e26.

48. Mayes SD, Calhoun SL, Bixler EO, Vgontzas AN, Mahr F, Hilwig-Garcia J,
et al. ADHD subtypes and comorbid anxiety, depression, and oppositional
defiant disorder: differences in sleep problems. J Pediatr Psychol
2009;34:328e37.

49. Busby K, Firestone P, Pivik RT. Sleep patterns in hyperkinetic and normal
children. Sleep 1981;4:366e83.

50. Palm L, Persson E, Bjerre I, Elmqvist D, Blennow G. Sleep and wakefulness
in preadolescent children with deficits in attention, motor control and
perception. Acta Paediatr 1992;81:618e24.

51. Corkum P, Tannock R, Moldefsky H, Hogg-Johnson S, Humphries T. Actig-
raphy and parental ratings of sleep in children with attention deficit
hyperactivity disorder. Sleep 2001;24:303e12.

*52. Konofal E, Lecendreux M, Bouvard MP, Mouren-Simeoni MC. High levels of
nocturnal activity in children with attention deficit hyperactivity disorder:
a video analysis. Psychiatry Clin Neurosci 2001;55:97e103.



S.Y.R. Yoon et al. / Sleep Medicine Reviews 16 (2012) 371e388 387
53. Crabtree VM, Ivanenko A, Gozal D. Clinical and parental assessment of
sleep in children with attention deficit hyperactivity disorder referred to
a pediatric sleep medicine center. Clin Pediatr 2003;42:807e13.

54. O’Brien LM, Holbrook CR, Mervis CB, Klaus CJ, Bruner JL, Raffield TJ,
Rutherford J, Mehl RC, Wang M, Tuell A, Hume BC, Gozal D. Sleep and neu-
robehavioral characteristics of 5- to 7- year-old children with parentally
reported symptoms of attention deficit hyperactivity disorder. Pediatrics
2003;111:554e63.

55. O’Brien LM, Ivanenko A, Crabtree VM, Holbrook CR, Bruner JL, Klaus CJ,
et al. Sleep disturbances in children with attention deficit hyperactivity
disorder. Pediatr Res 2003;54:237e43.

56. O’Brien LM, Ivanenko A, Crabtree VM, Holbrook CR, Bruner JL, Klaus CJ,
et al. The effects of stimulants on sleep characteristics in children with
attention deficit hyperactivity disorder. Sleep Med 2003;4:309e16.

57. Golan N, Shahar E, Ravid S, Pillar G. Sleep disorders and daytime sleepiness
in children with attention deficit hyperactivity disorder. Sleep
2004;27:262e6.

58. Gruber R, Sadeh A. Sleep and neurobehavioral functioning in boys with
attention deficit hyperactivity disorder and no reported breathing prob-
lems. Sleep 2004;27:267e73.

*59. Huang YS, Chen NH, Li HY, Wu YY, Chao CC, Guillerminault C. Sleep
disorders in Taiwanese children with attention deficit hyperactivity
disorder. J Sleep Res 2004;13:269e77.

60. Kirov R, Kinkelbur J, Heipke S, Kostanecka-Endress T, Westhoff M, Cohrs S,
et al. Is there a specific polysomnographic sleep pattern in children with
attention deficit hyperactivity disorder? J Sleep Res 2004;13:87e93.

61. Sangal RB, Owens J, Sangal J. Patients with attention deficit hyperactivity
disorder without observed apneic episodes in sleep or daytime sleepiness
have normal sleep on polysomnography. Sleep 2005;28:1143e8.

62. Wiggs L, Montgomery P, Stores G. Actigraphic and parent reports of sleep
patterns and sleep disorders in childrenwith attention deficit hyperactivity
disorder. Sleep 2005;28:1437e45.

*63. Miano S, Donfrancesco R, Bruni O, Ferri R, Galiffa S, Pagani J, et al. NREM
Sleep instability is reduced in children with attention deficit hyperactivity
disorder. Sleep 2006;29:797e803.

*64. Van derHeijdenmKB, SmitsMG, Van Someren EJW,GunningWB. Idiopathic
chronic sleep onset insomnia in attention-deficit/hyperactivity disorder:
a circadian rhythm sleep disorder. Chronobiol Int 2005;22:559e70.

65. Silvestri R, Gagliano A, Calarese T, Arico I, Cedro C, Condurso R, et al. Ictal
and interictal EEG abnormalities in ADHD children recorder over night by
video-polysomnography. Epilepsy Res 2007;75:130e7.

*66. Goraya JS, Cruz M, Valencia I, Kaleyias J, Khurana DS, Hardison HH, et al.
Sleep study abnormalities in children with attention deficit hyperactivity
disorder. Pediatr Neurol 2009;40:42e6.

67. Gruber R, Xi T, Frenette S, Robert M, Vannasinh P, Carrier J. Sleep distur-
bances in prepubertal children with attention deficit hyperactivity
disorder: a home polysomnographic study. Sleep 2009;32:343e50.

*68. Owens J, Sangal RB, Sutton VK, Bakken R, Allen AJ, Kelsey D. Subjective and
objective measures of sleep in children with attention-deficit/hyperactivity
disorder. Sleep Med 2009;10:446e56.

69. Silvestri R, Gagliano A, Arico I, Calarese T, Cedro C, Bruni O, et al. Sleep
disorders in children with attention-deficit/hyperactivity disorder (ADHD)
recorded overnight by video-polysomnography. SleepMed 2009;10:1132e8.

70. Sangal RB, Sangal JM. Rating scales for inattention and sleepiness are
correlated in adults with symptoms of sleep disordered breathing
syndrome, but not in adults with symptoms of attention-deficit/
hyperactivity disorder. Sleep Med 2004;5:133e5.

71. Gau SSF, Kessler RC, Tseng WL, Wu YY, Chiu YN, Yeh CB, et al. Association
between sleep problems and symptoms of attention deficit hyperactivity
disorder in young adults. Sleep 2007;30:195e201.

72. Schredl M, Alm B, Sobanski E. Sleep quality in adult patients with attention
deficit hyperactivity disorder. Eur Arch Psychiatry Clin Neurosci
2007;257:164e8.

73. Surman CBH. Adults with ADHD and sleep complaints, A pilot study
identifying sleep-disordered breathing using polysomnography and sleep
quality assessment. J Att Dis 2006;9:550e5.

74. Caci H, Bouchez J, Bayle FJ. Inattentive symptoms of ADHD are related to
evening orientation. J Atte Disord 2009;13:36e41.

75. Kooij JJS, Middelkoop HAM, van Gils K, Buitelaar JK. The effect of stimulants
on nocturnal motor activity and sleep quality in adults with ADHD: an
open label case control study. J Clin Psychiatry 2001;62:952e6.

*76. Philipsen A, Feige B, Hesslinger B, Ebert D, Carl C, Hornyak M, et al. Sleep in
adults with attention deficit hyperactivity disorder: a controlled poly-
somnographic study including spectral analysis of the sleep EEG. Sleep
2005;28:877e84.

*77. Boonstra AM, Kooij JJS, Oosterlaan J, Sergeant JA, Buitelaar JK, van
Someren EJW. Hyperactive day and night? Actigraphy studies in adult ADHD:
a baseline comparison and the effect of methylphenidate. Sleep
2007;30:433e42.

*78. Sobanski E, SchredlM, Kettler N, Alm B. Sleep in adults with attention deficit
hyperactivity disorder (ADHD) before and during treatment with methyl-
phenidate: a controlled polysomnographic study. Sleep 2008;31:375e81.

79. Picchietti DL, England SJ, Walters AS, Willis K, Verrico T. Periodic limb
movement disorder and restless legs syndrome in children with attention
deficit hyperactivity disorder. J Child Neurol 1998;13:588e94.
80. Picchietti DL, Underwood DJ, Farris WA, Walters AS, Shah MM, Dahl RE,
et al. Further studies on periodic limb movement disorder and restless legs
syndrome in children with attention deficit hyperactivity disorder. Mov
Disord 1999;14:1000e7.

81. Oner P, Dirik EB, Taner Y, Caykoylu A, Anlar O. Tohoku. Association between
low serum ferritin and restless legs syndrome in patients with attention
deficit hyperactivity disorder. J Exp Med 2007;213:269e76.

82. Zak R, Fisher B, Couvadelli BV, Moss NM, Walters AS. Preliminary study of
the prevalence of restless legs syndrome in adults with attention deficit
hyperactivity disorder. Percept Mot Skills 2009;108:759e63.

83. Rahman SA, Kayumov L, Tchmoutina EA, Shapiro CM. Clinical efficacy of
dim light melatonin onset test in diagnosing delayed sleep phase
syndrome. Sleep Med 2009;10:549e55.

84. Rybak YE, McNeely HE, Mackenzie BE, Jain UR, Levitan RD. An open trial of
light therapy in adult attention-deficit/hyperactivity disorder. J Clin
Psychiatry 2006;67:1527e35.

85. Rybak YE, McNeely HE, Mackenzie BE, Jain UR, Levitan RD. Seasonality and
circadian preference in adult attention-deficit/hyperactivity disorder: clin-
ical and neuropsychological correlates. Compr Psychiatry 2007;48:562e71.

86. Rosa RR, Bonnet MH. Reported chronic insomnia is independent of poor
sleep as measured by electroencephalography. Psychosom Med
2000;62:474e82.

87. Parrino L, Ferrillo F, Smerieri A, Spaggiari MC, Palomba V, Rossi M, et al. Is
insomnia a neurophysiological disorder? The role of sleep EEG micro-
structure. Brain Res Bull 2004;63:377e83.

88. American Sleep Disorders Association. Diagnostic classification steering
committee. International classification of sleep disorders: diagnostic and
coding manual, ICSD-R. Westchester, IL: American Academy of Sleep
Medicine; 2005.

89. Riedel BW, Winfield CF, Lichstein KL. First night effect and reverse first
night effect in older adults with primary insomnia: does anxiety play
a role? Sleep Med 2001;2:125e33.

90. Ahmadi N, Shapiro GK, Chung SA, Shapiro CM. Clinical diagnosis of sleep
apnea based on single night of polysomnography vs. two nights of poly-
somnography. Sleep Breath 2009;13:221e6.

91. Corkum P, Tannock R, Moldofsky H. Sleep disturbances in children with
attention deficit hyperactivity disorder. J Am Acad Child Adolesc Psychiatry
1998;37:637e46.

92. Sadeh A, Pergamin L, Bar-Haim Y. Sleep in children with attention deficit
hyperactivity disorder: a meta-analysis of polysomnographic studies. Sleep
Med Rev 2006;10:381e98.

93. Cortese S, Faraone SV, Konofal E, Lecendreaux M. Sleep in children with
attention deficit hyperactivity disorder: meta-analysis of subjective and
objective studies. J Am Acad Child Adolesc Psychiatry 2009;48:894e908.

94. Lalonde J, Turgay A, Hudson JI. Attention deficit hyperactivity disorder
subtypes and comorbid disruptive behaviour disorders in a child and
adolescent mental health clinic. Can J Psychiatry 1998;43:623e8.

95. Sprafkin J, Gadow K, Weiss MD, Schneider J, Nolan EE. Psychiatric comor-
bidity in ADHD symptom subtypes in clinic and community adults. J Att Dis
2007;11:114e24.

96. Querne L, Berquin P. Distinct response time distributions in attention
deficit hyperactivity disorder subtypes. J Atten Disord 2009;13:66e77.

97. Sobanski E, Bruggemann D, Alm B, Kern S, Philipsen A, Schmalzried J, et al.
Subtype differences in adults with attention deficit hyperactivity disorder
(ADHD) with regard to ADHD-symptoms, psychiatric comorbidity and
psychosocial adjustment. Eur Psychiatry 2008;23:142e9.

98. Schwartz G, Amor LB, Grizenko N, Lageix P, Baron C, Boivin DB, et al.
Actigraphic monitoring during sleep of children with ADHD on methyl-
phenidate and placebo. J Am Acad Child Adolesc Psychiatry
2004;43:1276e82.

99. Barkley RA, McMurray MB, Edelbrock CS, Robbins K. Side effects of
methylphenidate in children with attention deficit hyperactivity disorder:
a systemic, placebo-controlled evaluation. Pediatrics 1990;86:184e92.

100. Corkum P, Panton R, Ironside S, MacPherson M, Williams T. Acute impact of
immediate release methylphenidate administered three times a day on
sleep in children with attention-deficit/hyperactivity disorder. J Pediatr
Psychol 2008;33:368e79.

101. Efron D, Jarman F, Barker M. Side effects of methylphenidate and dex-
amphetamine in children with attention deficit hyperactivity disorder:
a double-blind, crossover trial. Pediatrics 1997;100:662e6.

102. Thase ME, Carpenter L, Kupfer DJ, Frank E. Clinical significance of reversed
vegetative subtypes of major depression. Psychopharmacol Bull
1991;27:17e22.

103. Borbely AA, Wirz-Justice A. Sleep, sleep deprivation and depression. A
hypothesis derived model of sleep regulation. Hum Neurobiol
1982;1:205e10.

104. Claustrat B, ChazotG, Brun J, JordanD, Sassolas G. A chronobiological studyof
melatonin and cortisol secretion in depressed subjects: plasma melatonin,
a biochemical marker in major depression. Biol Psychitry 1984;19:1215e28.

105. Duncan Jr WC. Circadian rhythms and the pharmacology of affective illness.
Pharmacol Ther 1996;71:253e312.

106. Murphy K, Barkley RA. Attention deficit hyperactivity disorder in adults:
comorbidities and adaptive impairments.Compr Psychiatry1996;37:393e401.

107. Walters AS, Medelbaum DE, Lewis DS, Kugler S, England SJ, Miller M.
Dopaminergic Therapy Study Group. Dopaminergic therapy in children



S.Y.R. Yoon et al. / Sleep Medicine Reviews 16 (2012) 371e388388
with restless legs/periodic limb movements in sleep and ADHD. Pediatr
Neurol 2000;22:182e6.

108. Huang YS, Guillerminault C, Li HY, Yang CM, Wu YY, Chen NH. Attention-
deficit/hyperactivity disorder with obstructive sleep apnea: a treatment
outcome study. Sleep Med 2007;1:18e30.

109. Avior G, Fishman G, Leor A, Sivan Y, Kaysar N, Derowe A. The effect of tonsil-
lectomy and adenoidectomy on inattention and impulsivity as measured by
the Test of Varibles of Attention (TOVA) in children with obstructive sleep
apnea syndrome. Otolaryngol Head Neck Surg 2004;131:367e71.

110. Dillon JE, Blunden S, Ruzicka DL, Guire KE, Champine D, Weatherly RA, et al.
DSM-IV diagnoses and obstructive sleep apnea in children before and 1
year after adenotonsillectomy. J Am Acad Child Adolesc Psychiatry
2007;46:1425e36.

111. Naseem S, Chaudhary B, Collop N. Attention deficit hyperactivity disorder in
adults and obstructive sleep apnea. Chest 2001;119:294e6.

112. Berridge CW, Waterhouse BD. The locus-coeruleus-noradrenergic system:
modulation of behavioral state and state-dependent cognitive processes.
Brain Res Rev 2003;42:33e84.

113. Muzur A, Pace-Scott EF, Hobson JA. The prefrontal cortex in sleep. Trends
Cogn Sci 2002;6:475e81.

114. Zametkin AJ, Nodah TE, Gross M, King AC, Semple WE, Rumsey J, et al.
Cerebral glucose metabolism in adults with hyperactivity of childhood
onset. New Engl J Med 1990;26:676e86.

115. O’Brien LM, Mervis CB, Holbrook CR, Bruner JL, Klaus CK, Rutherford J, et al.
Neurobehavioral implications of habitual snoring in children. Pediatrics
2004;114:44e9.

116. Singer LP, Saenger P. Complications of pediatric obstructive sleep apnea.
Otolaryngol Clin North Am 1990;23:665e76.
117. Gozal D, Pope Jr DW. Snoring during early childhood and academic
performance at ages thirteen to fourteen years. Pediatrics 2001;107:
1394e9.

118. Bass JL, Corwin M, Gozal D, Moore C, Nishida H, Parker S, et al. The effect of
chronic or intermittent hypoxia on cognition in childhood: a review of the
evidence. Pediatrics 2004;114:805e16.

119. Ondo W, Romanyshyn J, Vuong KD, Lai D. Long term treatment of restless
legs syndrome with dopamine agonists. Arch Neurol 2004;61:1393e7.

120. Volkow ND, Wang GJ, Fowler JS, Logan J, Franceschi D, Maynard L, et al.
Relationship between blockade of dopamine transporters by oral methyl-
phenidate and the increases in extracellular dopamine: therapeutic
implications. Synapse 2002;43:181e7.

121. Cortese S, Konofal E, Bernardina BD, Mouren MC, Lecendreaux M. Sleep
disturbances and serum ferritin levels in children with attention-deficit/
hyperactivity disorder. Eur Child Adolesc Psychiatry 2009;18:393e9.

122. Konofal E, Lecendreux M, Deron J, Marchand M, Cortese S, Zaim M, et al.
Effects of iron supplementation on attention deficit hyperactivity disorder
in children. Pediatr Neurol 2008;38:20e6.

123. Scheer FAJL, Shea TJ, Hilton MF, Shea SA. An endogenous circadian rhythm
in sleep inertia results in greatest cognitive impairment upon awakening
during the biological night. J Biol Rhythms 2008;23:353e61.

124. Kaneko M, Hoshino Y, Hashimoto S, Okano T, Kumashiro H. Hypothalamic-
pituitary-adrenal axis function in children with attention-deficit hyperac-
tivity disorder. J Autism Dev Disord 1993;23:59e65.

125. Kalus S, Kneib T, Steiger A, Holsboer F, Yassouridis A. A new strategy to
analyze possible association structures between dynamic nocturnal
hormone activities and sleep alteration in humans. Am J Physiol Integr Comp
Physiol 2009;296:R1216e27.


	Sleep in attention-deficit/hyperactivity disorder in children and adults: Past, present, and future
	Introduction
	ADHD-like symptoms in sleep disorders
	Hypersomnia
	Restless legs syndrome/periodic limb movement in sleep
	Sleep disordered breathing

	Sleep disorders in ADHD
	Sleep quality and sleep architecture
	PLMS
	SDB
	Circadian sleep disorders
	Differences between ADHD subtypes

	Discussion
	Are there sleep disturbances in ADHD?
	Discrepancies between subjective and objective data
	Discrepancies between objective studies of sleep in ADHD

	Are sleep disturbances intrinsic to ADHD?
	If ADHD is co-morbid with a sleep disorder, is there a mechanism accountable for such co-morbidity?

	Sleep disorders and ADHD – clinical implications
	The future of research in sleep disorders and ADHD
	A “holistic” approach to the study of sleep in ADHD
	Stardardized inclusion/exclusion criteria across all new research studies
	An approach to better characterize and differentiate ADHD from co-morbidities

	Conclusion
	Acknowledgements
	References


