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SUMMARY

Background and methods: We present the preliminary results of a prospective case–con-

trol sleep study in children with a diagnosis of attention-deficit hyperactivity disorder

(ADHD). A deep sleep assessment including sleep questionnaires, sleep habits, a video-poly-

somnographic recording with full high-density electroencephalography (EEG) and car-

diorespiratory polygraphy, multiple sleep latency test, and 1-week actigraphic recording

were performed to verify whether children with ADHDmay be classified into one of the fol-

lowing five phenotypes: (1) hypoarousal state, resembling narcolepsy, which may be con-

sidered a “primary” form of ADHD; (2) delayed sleep onset insomnia; (3) sleep-disordered

breathing; (4) restless legs syndrome and/or periodic limb movements; and (5) sleep epi-

lepsy and/or EEG interictal epileptiform discharges. Results: Fifteen consecutive outpa-

tients with ADHD were recruited (two female, mean age 10.6 � 2.2, age range 8–13.7

years) over 6 months. The narcolepsy-like sleep phenotype was observed in three children,

the sleep onset insomnia phenotype was observed in one child, mild obstructive sleep apnea

was observed in three children, sleep hyperkinesia and/or PLMs were observed in five chil-

dren, while IEDs and or nocturnal epilepsy were observed in three children. Depending on

the sleep phenotype, children received melatonin, iron supplementation, antiepileptic

drugs, or stimulants. Conclusions: Our study further highlights the need to design an effi-

cient sleep diagnostic algorithm for children with ADHD, thereby more accurately identify-

ing cases in which a full sleep assessment is indicated.

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is one of the

early childhood neuropsychiatric conditions with the highest

prevalence and longest duration, with an onset at around

3/4 years of age, although it is identified at school age, with peak

referrals between 6/10 years of age [1–3]. The diagnostic criteria

for ADHD are based on clinical observations and include two sets

of symptoms: difficulty in maintaining attention and hyperactive-

impulsive behavior (Diagnostic and Statistical Manual for Mental

Disorders—5th edition; DSM–V; American Psychiatric Associa-

tion, 2013) [4]. Children with ADHD display a high rate of psychi-

atric comorbidities, such as mood disorders (depressive disorder

and pediatric bipolar disorder), oppositional defiant disorder, con-

duct disorder, and learning disabilities [5]. Although the patho-

genesis of ADHD is still unclear, there is solid evidence supporting

a genetic predisposition in ADHD: dopaminergic receptor genes as

well as dopamine transporter genes appear to be implicated [2,6].

Brain imaging studies have demonstrated a dysfunction of the

dopamine and noradrenergic pathways involved in attention,

executive function, motivation, and reward [7]. Hypoactivation

has been observed in systems involved in executive function

(frontoparietal network) and attention (ventral attentional net-

work), while hyperactivation has been observed in the default,

ventral attention (involving the midcingulate cortex), and

somatomotor networks [7].

Sleep deprivation is widely known to affect various aspects of

diurnal performance, reducing attention, vigilance, decision-mak-

ing ability, and memory functions [8]. Sleep disturbances are so

intrinsically linked to ADHD as to be included in the diagnostic

criteria for ADHD in the DSM—third edition [9]. Approximately

25–50% of children and adolescents with ADHD experience sleep

problems [10]. Sleep disturbances can lead to behavioral and cog-

nitive consequences that may mimic ADHD and may even
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originate from the same biochemical dysfunctions responsible for

deficits in executive function and attention [11]. Neuroimaging

and EEG studies in children with ADHD have demonstrated a low

degree of arousability in frontal, central, and midline regions

[10,12]. Cognitive impairment and performance deficits induced

by sleep disorders may reflect the occurrence of cortical and sub-

cortical local “islands of sleep” in subjects who are behaviorally

fully awake (so-called local sleep). The existence of these “islands

of sleep” during wakefulness in ADHD is supported by both EEG

and neuroimaging studies. Abnormal electrocortical high slow

oscillatory activity (i.e., theta) and reduced fast oscillatory activity

(i.e., alpha and beta) during the resting wake state, as well

hypoactivation of systems involved in executive function (fron-

toparietal network) and attention (ventral attentional network),

as detected by functional MRI, have been observed in ADHD

patients [13].

According to the literature, the overall complexity of the rela-

tionship between ADHD and sleep has been summed up in five

sleep phenotypes associated with either an increased or decreased

level of arousal [13].

The first sleep phenotype is characterized by a hypoarousal state

that may be considered a “primary” form of ADHD (i.e., without

the interference of other sleep disorders). According to this theory,

the motor hyperactivity observed in children with ADHD, who

are significantly sleepier than healthy subjects during the day,

may be considered an attempt to counteract a primary form of

hypersomnolence, as happens in children with narcolepsy

[14,15]. An arousal mechanism dysfunction, consisting mainly of

a reduction in the arousal slow components, has been demon-

strated during non rapid eye movement sleep in adults and chil-

dren with narcolepsy [16,17]. The same dysfunction was found in

a cohort of children with ADHD whose inclusion was based on the

absence of other sleep disorders and who were considered to be

affected by a “primary form of ADHD” [18].

The second ADHD-related sleep phenotype is linked to the

delayed sleep phase syndrome, which is one of the circadian disor-

ders. Indeed, sleep onset insomnia is the most common sleep dis-

order in children with ADHD (approx. 30% of cases). The

difficulty in falling asleep that characterizes this syndrome appears

to reflect a delayed sleep–wake cycle as opposed to a simple disor-

der related to initiating and maintaining sleep [19]. The difficulty

in regulating and organizing the sleep–wake rhythms in this phe-

notype might determine the aforementioned irregularity of the

arousal levels [20].

The third phenotype is related to sleep-disordered breathing

(SDB), from snoring to obstructive sleep apnea (OSA). Children

with ADHD may indeed have a mild form of SDB, disclosed by

polysomnography, while children with SDB may have diurnal

neurobehavioral problems that resemble those that occur in

ADHD [21]. The neurocognitive phenotype of pediatric OSA may

reflect a dysfunction in the prefrontal cortex (PFC), whose sever-

ity is related to the degree of intermittent hypoxia and sleep frag-

mentation sustained as a result of the higher number of arousals

[22–24]. A recent meta-analysis demonstrated that ADHD symp-

toms improve after adenotonsillectomy in children with OSA

[22].

The fourth phenotype postulates a relationship between rest-

less legs syndrome (RLS) and/or periodic limb movements

(PLMs) and ADHD. Children with PLMs and/or RLS, like those

with OSA, suffer from daytime inattention, hyperactivity, and a

low school performance. A comorbidity with RLS/PLMs has

been reported in approximately 12% of children with ADHD,

with a positive correlation emerging between RLS/PLMs and

hyperactivity/opposition scores [25]. PLMS are associated with a

greater sympathetic influence and increased sleep arousability

[26,27].

The last phenotype consists of the association between ADHD

and sleep epilepsy and/or EEG interictal epileptic discharges. A

robust body of evidence in the literature points to a pathogenetic

relationship between interictal epileptiform discharges (IEDs) dur-

ing sleep and neuropsychological dysfunctions in children with

ADHD. When explored by means of prolonged sleep and sleep-

deprived recordings [25,28], the prevalence of IEDs and seizures

rises to 50% in children with ADHD, whose EEG features contain

IEDs that resemble those observed in benign centro-temporal

spike epilepsy (BCTE). Interestingly, a reduced arousability similar

to that found in primary ADHD and in narcolepsy has been

reported in children with BCTE [29].

Here, we present the preliminary data of a cross-sectional case–

control study conducted on children with ADHD. All the subjects

underwent a complete sleep assessment to verify whether it may

be possible to classify children with ADHD according to the five

aforementioned sleep phenotypes.

Materials and Methods

Fifteen consecutive outpatients with ADHD were recruited at

the local Paediatric Department (two females, mean age

10.6 � 2.2, age range 8–13.7 years) from April 2015 to October

2015. Children were referred to the Paediatric Department for

suspected ADHD by pediatricians and teachers. The diagnosis of

ADHD was based on the DSM-V criteria [4]. Both children and

parents separately received a semi-structured psychiatric inter-

view, that is, the Schedule for Affective Disorders and

Schizophrenia for School-Age Children—Present and Lifetime

Version (K-SADS-PL) [30]. The K-SADS-PL is a structured

interview designed to explore the presence of cardinal symp-

toms of a number of psychiatric syndromes. The ADHD-Rating

Scale (ADHD-RS), adapted for the Italian population [31], was

filled out by parents and school teachers. The neurocognitive

assessment was performed by means of the Wechsler Intelli-

gence Scale for Children-Revised (WISC-R) [32] (all children

with an intelligence quotient (IQ) <70 were excluded); lastly,

the standardized neuropsychological battery for children was

administered (NEPSY-II) [33]. Medical history and neurological

and physical examinations were used to exclude comorbid med-

ical and neurological conditions. The assessment of familial psy-

chiatric disorders was based on careful historical information

provided by both parents.

Any children with a comorbid diagnosis of autistic spectrum dis-

order or who had previously been treated with stimulants or other

drugs for ADHD were excluded. The local ethics committee

approved the study protocol and all the children’s parents gave

their informed consent to the procedures.

Children underwent a complete sleep assessment at the Sleep

Centre of our Neurological Department, which included
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standardized sleep questionnaires and scales, a wrist actigraphic

recording for 1 week, an attended nocturnal video-polysomno-

graphic recording (PSG), and a multiple sleep latency test (MSLT)

the day after the PSG.

Sleep Questionnaires and Scales

Parents filled out the Children’s Sleep Habits Questionnaire [34]

and the sleep clinical record for the screening of SDB [35]; there-

after, each child was interviewed by the principal investigator

(SM), who also filled out the pediatric daytime sleepiness scale

[36]. The sleep questionnaires and scales were administered on

the day of the MSLT recording.

Wrist Actigraphic Recording for One Week

The sleep–wake cycle was continuously recorded by a wrist

accelerometer (actigraph), which was worn on the nondomi-

nant hand throughout the week (except during bathing or

swimming), to collect information regarding the duration and

quality of sleep and the level of physical activity. A sleep diary

was kept by the parents throughout the week. The actigraphic

recoding was performed either the week before or after the PSG

and MSLT.

Nocturnal Video-Polysomnographic Recording

Each participant underwent one full-night video-PSG performed

in a standard sleep laboratory with attenuated sound (noise level

to a maximum of 30 dB). Light-out time was calculated according

to the sleep log and reflected each child’s habitual sleep onset.

Children were allowed to sleep until they awoke spontaneously in

the morning.

Recordings included high-density scalp EEG (up to 256), elec-

tro-oculogram (electrodes placed 1 cm above the right outer can-

tus and 1 cm below the left outer cantus and referred to A1),

submental electromyogram (EMG), electrocardiogram (one

derivation), EMG of the right and left tibialis anterior muscles.

Chest and abdomen movements were measured by strain gauges,

while oronasal airflow was recorded by means of both thermistor

and nasal cannula pressure. Arterial oxygen saturation was moni-

tored using a digital pulse oximeter, while a microphone was used

to detect snoring and other sounds. Sleep was subdivided into 30-

s epochs, and sleep stages, leg movements, arousals, and respira-

tory parameters were scored according to standardized guidelines

[37].

After the PSG study, all the children underwent a MSLT, which

consists of the recordings of five naps scheduled at 2-h intervals

starting at 09:00 h. Sleep was recorded and scored according to

standard methods [37].

Diagnostic Criteria for Sleep Phenotypes

1. Primary hypoarousal state: excessive daytime sleepiness was

diagnosed according to the international criteria for central

disorders of hypersomnolence [38]. In particular, narcolepsy

may be suspected if the MSLT detects a mean sleep latency

of ≤8 min and two or more sleep onset REM periods

(SOREMPs). A SOREMP within 15 min of sleep onset on the

preceding nocturnal polysomnogram may replace one of the

SOREMPs in the MSLT.

2. Sleep onset delay insomnia/advanced sleep phase disorder:

delayed sleep phase syndrome was diagnosed according to

international criteria on the basis of the anamnestic and acti-

graphic data [38].

3. Central, obstructive, and mixed apnea and limb movement

events were assessed according to the criteria of the Ameri-

can Academy of Sleep Medicine [37,38]. The apnea/hypop-

nea index (AHI) is defined as the average number of apneas,

hypopneas per hour. The diagnosis of OSA is confirmed

when the PSG reveals an obstructive AHI >1, or primary

snoring is diagnosed in children with a history of habitual

snoring, an AHI <1 and microphone-detected snoring.

4. Periodic limb movements were identified as sequences of

four or more LMs, lasting from 0.5 to 10 seconds in duration

and separated by at least 5 seconds but no more than 90 sec-

onds. A PLM index (number of PLMs per hour of sleep)

higher than five was considered as clinically significant [39].

Restless legs syndrome was diagnosed according to interna-

tional criteria [40].

5. The presence of spikes (transient, clearly distinguishable from

background activity, lasting 20–70 ms) and sharp waves

(same as spikes, but lasting 70–200 ms), either alone or

accompanied by slow waves (the slow wave being of a

higher amplitude than the spike or the sharp wave) occur-

ring in isolation or in bursts, was considered representative

of IEDs, according to the definitions of the International Fed-

eration of Societies for Clinical Neurophysiology [41].

When more than one sleep disorder was diagnosed in a child,

the most evident disorder was used to classify each sleep pheno-

type.

Results

To date, 15 children have been recruited with a diagnosis of ADHD

(10 with combined type, 4 inattentive type, 1 hyperactive type).

Table 1 shows the demographic and clinical data, Table 2 shows

the sleep questionnaires and actigraphic data, Table 3 shows the

sleep polysomnographic and MSLT results, while Table 4 shows

the final classification according to each sleep phenotype.

After all the sleep objective and subjective measures and clinical

data were considered, children were included in one of the five

sleep phenotypes and received melatonin, iron supplementation,

antiepileptic drugs, or stimulants accordingly (see Table 4). The

narcolepsy-like sleep phenotype was observed in three children,

the sleep onset insomnia phenotype was observed in one child,

mild OSA was observed in three children, sleep hyperkinesia and/

or PLMs were observed in five children, while IEDs and/or noctur-

nal epilepsy were observed in three children. Table 4 also shows

other sleep phenotypes associated with the most clinically rele-

vant signs.

The actigraphic recording revealed a low sleep efficiency

(<90%) in all the children, with sleep onset delay being found in

eight children (sleep latency longer than 30 min), multiple night

awakenings and sleep hyperkinesias in nine, and a reduced time
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in bed (less than 9 h) in five. The polysomnographic recording

revealed SDB (from mild-to-moderate OSA) in five children, pri-

mary insomnia in one child (who displayed sleep hyperkinesia at

the actigraphic recording), and a mild form of PLMs in two chil-

dren. Sleep IEDs without nocturnal seizures were found in four

children, subcontinuous centro-temporal IEDs or continuous

spike and waves during sleep in two children, and nocturnal epi-

lepsy with temporal or fronto-temporal IEDs in two children (in

one of whom the diagnosis was “probable”). More than three

SOREMPs were found in three children (with a mean MSLT of

13.2 min, 10.6 min, 8.1 min, respectively), although only one

met the criteria for a strong suspicion of narcolepsy (three SOR-

EMPS and a mean sleep latency of 8.1 min).

A comorbid diagnosis of oppositional defiant disorder (ODD)

was established in one child and of learning disabilities in eight

children. One patient had displayed sleep IEDs over the centro-

temporal regions in a standard sleep electroencephalographic

recording at preschool age, while none had previously received a

past diagnosis of epilepsy or had had seizures. After a complete

neuropsychological evaluation, a further two children received a

comorbid diagnosis of ODD, while learning disability (LD) was

confirmed in three children. Seven children were found to have a

past history of snoring, one child had sleep apnea, three children

had a history of sleep onset insomnia, while six children had sleep

hyperkinesias (see Table 1).

The neurological examination revealed minimal neurological

signs and dyspraxia or oculomotor dyspraxia in the majority of

children. A familial history of learning disabilities, sleep disorders,

psychiatric disorder, and epilepsy was also found. A blood sample

showed a low serum ferritin level in most of the children, with fer-

ritin levels below 20 lg/L in four children. All the children scored

higher than 41 (which is considered a cutoff for sleep disorders) at

the CSHQ, while a pediatric daytime sleepiness scale (PDSS) score

over 20 (indicating severe daytime sleepiness) was observed in

three children, and a SCR score over 6.25 was found in eight chil-

dren (Table 2).

Discussion

The study presents the preliminary results of a thorough investiga-

tion of sleep and sleep disorders in a sample of consecutively

recruited drug-free children with ADHD. Notwithstanding, the

limited number of children recruited so far, this preliminary study

confirms the validity of a sleep phenotype classification of ADHD

[13]. According to the sleep phenotypes of ADHD, treatment for

each underlying sleep disorder (primary form, sleep onset insom-

nia, RLS, and/or PLMs during sleep, OSA, continuous spikes and

waves during slow-wave sleep, or nocturnal epilepsy) should be

tailored so as to improve alertness during daytime and reduce the

interference of sleep disorders on the severity of ADHD.

One of the most surprising findings that emerges from this study

is the association between ADHD and IEDs, either with or without

nocturnal seizures, which confirms that epilepsy and IEDs are fre-

quent in ADHD and may have an impact on sleep structure,

potentially interfering with the attention network [42]. Our study

confirms previous reports of a frequent association between the

occurrence of IEDs during sleep (prevalently frontal, centro-tem-

poral, and rolandic spikes) and neuropsychological dysfunctionsT
a
b
le

2
S
le
e
p
q
u
e
st
io
n
n
a
ir
e
a
n
d
sc
a
le
,
a
n
d
a
ct
ig
ra
p
h
ic

p
a
ra
m
e
te
rs

C
a
se

A
g
e
,
y
e
a
rs

S
e
x

C
S
H
Q

P
D
S
S

S
C
R

T
im

e
in

b
e
d

T
im

e
lig
h
t
o
u
t

S
le
e
p
la
te
n
cy
,
m
in

T
im

e
lig
h
t
o
n

T
o
ta
l
sl
e
e
p
ti
m
e

S
le
e
p
e
ffi
ci
e
n
cy
,
%

A
ct
ig
ra
p
h
ic

d
ia
g
n
o
si
s*

1
1
2
.1

M
4
2

8
3

9
h
4
3
m
in

2
2
h
1
5
m
in

1
1
.3
1

7
h
5
7
m
in

7
h
2
5
m
in

7
5
.6
8

2

2
8
.3

M
5
0

1
4

1
0

1
0
h
1
6
m
in

2
1
h
0
6
m
in

4
8
.4
3

7
h
2
3
m
in

6
h
1
0
m
in

6
0
.1
3

1
,2

3
1
1
.5

F
5
5

1
7

8
9
h
2
7
m
in

2
3
h
0
9
m
in

7
.8
6

8
h
3
6
m
in

8
h
2
7
m
in

8
9
.4

0

4
8

M
4
9

5
7

1
0
h
2
1
m
in

2
1
h
1
0
m
in

3
6
.7
9

7
h
3
1
m
in

8
h
1
7
m
in

8
0
.1

0

5
8
.1

M
6
1

1
5

1
3

9
h
4
3
m
in

2
2
h
0
1
m
in

4
.7
5

7
h
4
3
m
in

7
h
5
4
m
in

8
1
.4
5

2

6
8
.9

M
5
3

6
5

1
0
h
4
1
m
in

2
0
h
2
5
m
in

4
6
.0
7

7
h
0
7
m
in

8
h
0
4
m
in

7
5
.6
5

1

7
8
.1

M
5
3

2
5

6
9
h
5
1
m
in

2
1
h
1
5
m
in

2
2
.3
1

7
h
0
6
m
in

7
h
5
0
m
in

7
9
.7
1

1
,2

8
1
3
.5

M
4
6

1
6

7
8
h
4
4
m
in

2
2
h
2
5
m
in

3
0
.4
4

7
h
1
0
m
in

7
h
0
5
m
in

8
1
.1
2

1
,5

9
9
.2

M
6
5

2
2

5
1
0
h
2
1
m
in

2
1
h
3
6
m
in

1
1
.9
3

7
h
5
7
m
in

8
h
3
8
m
in

8
3
.1
5

0

1
0

1
0
.5

M
5
6

2
9

8
h
0
5
m
in

2
1
h
5
5
m
in

3
8
.5
7

5
h
5
9
m
in

6
h
4
4
m
in

8
3
.6
7

1
,2
,5

1
1

8
.5

M
4
8

1
6

4
1
0
h
2
6
m
in

2
2
h
0
3
m
in

1
5

8
h
2
8
m
in

7
h
4
3
m
in

7
4
.3
2

2
,5

1
2

1
2
.4

M
4
7

9
6

8
h
5
5
m
in

2
1
h
5
0
m
in

3
0
.8
8

6
h
4
6
m
in

7
h
3
6
m
in

8
5
.2
6

1
,3
,5

1
3

1
3
.8

M
6
0

2
2

7
8
h
2
6
m
in

2
3
h
3
0
m
in

1
1
.9

7
h
5
7
m
in

7
h
0
6
m
in

8
4
.8
2

1
,2
,3
,5

1
4

1
3
.7

F
4
3

8
4

9
h
0
4
m
in

2
2
h
0
7
m
in

3
2
.0
6

7
h
1
2
m
in

7
h
2
3
m
in

8
1
.6
6

2

1
5

1
2
.1

F
4
8

9
9

9
h
0
5
m
in

2
2
h
1
2
m
in

2
0
.8
6

7
h
1
7
m
in

7
h
4
3
m
in

8
4
.9
3

1
,2

C
S
H
Q
,
C
h
ild
re
n
’s

S
le
e
p
H
a
b
it
s
Q
u
e
st
io
n
n
a
ir
e
,
P
D
S
S
,
p
e
d
ia
tr
ic

d
a
y
ti
m
e
sl
e
e
p
in
e
ss

sc
a
le
,
S
C
R
,
sl
e
e
p
cl
in
ic
a
l
re
co

rd
,
S
O
D
,
sl
e
e
p
o
n
se
t
in
so
m
n
ia
,
M
N
A
,
m
u
lt
ip
le

n
ig
h
t
a
w
a
ke
n
in
g
s,

D
,
d
iu
rn
a
l,
E
T
IB
,

e
x
ce
ss
iv
e
ti
m
e
in

b
e
d
,
R
T
IB
,
re
d
u
ce
d
ti
m
e
in

b
e
d
,
*a
ct
ig
ra
p
h
ic

d
ia
g
n
o
si
s
S
O
D
=
1
,
M
N
A
=
2
,
D
N
A
P
S
=
3
,
E
T
IB

=
4
,
R
T
IB

=
5
,
n
o
rm

a
l
=
0
.

910 CNS Neuroscience & Therapeutics 22 (2016) 906–914 ª 2016 John Wiley & Sons Ltd

Sleep in Attention-Deficit Hyperactivity Disorder S. Miano et al.



T
a
b
le

3
S
le
e
p
p
a
ra
m
e
te
rs

a
n
d
d
ia
g
n
o
si
s

C
a
se

T
o
ta
l
sl
e
e
p

ti
m
e
,
m
in

S
le
e
p

p
e
ri
o
d

ti
m
e
,
m
in

S
le
e
p

e
ffi
ci
e
n
cy

S
le
e
p

la
te
n
cy
,

m
in

R
E
M

la
te
n
cy
,

m
in

N
1
,
%

N
2
,
%

N
3
,
%

R
E
M
,
%

W
A
S
O
,
%

W
A
S
O
,

m
in

A
w
a
ke

in
d
e
x
,

n
/h

A
ro
u
sa
l

in
d
e
x
,
n
/h

1
2
2
4

4
3
6
.6

4
4

7
2

2
5
0

1
8
.3

1
5
.6

5
2
.7

1
3
.4

4
8
.7

2
1
2
.6

1
9

8
.8

2
4
6
4
.7

4
7
1
.7

8
5
.9

6
9

7
4

3
.7

4
2
.6

2
4
.6

2
9
.1

1
.5

7
6

7
.8

3
4
5
8
.5

4
6
6
.8

9
6
.2

9
.7

6
7

4
.6

4
5

4
0
.7

9
.7

1
.8

8
.3

9
4
.7

4
3
3
9

4
7
6
.6

6
7
.7

2
3
.9

8
8
.5

1
1
.8

3
3
.9

3
8
.3

1
5
.9

2
8
.9

1
3
7
.6

7
1
9

5
3
9
2
.3

4
0
8
.3

7
3
.5

1
2
5
.5

1
1
0
.5

3
.6

5
4
.5

2
3
.4

1
8
.5

3
.9

1
6

8
3
.8

6
4
5
8
.6

4
8
1
.1

9
0
.5

2
5
.5

8
2

9
.2

4
7
.7

2
8
.1

1
5

4
.7

2
2
.5

5
1
0
.6

7
4
9
5
.5

4
9
8
.2

8
9
.7

5
4

2
3
.1

4
4
2
.6

3
0
.3

2
3
.1

0
.5

2
.7

2
7
.5

8
4
5
0
.5

4
5
8
.3

9
1
.9

3
2
.1

9
6
.5

6
.9

5
0
.7

2
7
.5

1
4
.9

1
.7

7
.8

8
6
.4

9
4
7
0

4
8
0
.2

9
1
.4

3
4
.2

1
2
4
.5

4
.6

4
6
.7

2
5
.9

2
2
.9

2
.1

1
0
.2

3
8
.6

1
0

4
1
7
.9

4
8
0
.4

7
9
.5

4
5
.2

1
4
8
.5

1
2
.7

3
8
.6

3
0

1
8
.6

1
3

6
2
.5

1
2

4
.5

1
1

4
3
5
.5

4
5
8
.7

7
9
.2

9
1
.5

8
9

1
0
.6

4
2
.3

3
1
.2

1
6

5
.1

2
3
.2

6
6
.8

1
2

3
8
7
.5

5
0
8
.3

7
1

3
7
.6

1
6
3

3
.7

5
0
.7

2
9
.5

1
6

2
3
.8

1
2
0
.8

1
2

4
.6

1
3

4
6
9
.5

4
7
4
.2

9
7
.7

6
.5

6
8
.5

4
.7

5
5
.3

3
0
.9

9
.2

1
4
.7

2
2
.8

1
4

4
5
1
.5

4
7
7
.4

9
1
.6

1
5
.2

1
6
8

6
.8

3
7
.7

2
8
.7

2
6
.9

5
.4

2
5
.9

9
1
3
.2

1
5

4
5
4
.3

4
5
8
.8

8
2
.9

8
9

8
8

3
.4

5
0
.6

1
9
.4

2
6
.6

1
4
.5

4
5

C
a
se

A
p
n
e
a

h
y
p
o
p
n
e
a

in
d
e
x

(A
H
I
n
/h
)

A
H
I

su
p
in
e
,

n
/h

A
H
I

R
E
M

n
/h

M
e
a
n

S
a
O
2

M
in
im

a
l

S
a
O
2

O
D
I

O
D
I

su
p
in
e

LM
s

in
d
e
x

n
/h

P
LM

s

in
d
e
x

n
/h

S
u
p
in
e
%

M
S
LT

m
e
a
n

la
te
n
cy

S
O
R
E
M
p
,

n

P
S
G

d
ia
g
n
o
si
s

1
3
.5

3
.5

6
9
6
.3

9
0

1
.3

3
.8

1
2
.9

0
.8

1
0
0

1
1

0
3

2
3
.2

4
.2

6
.7

9
6
.3

8
2

1
.2

0
.6

1
2
.3

3
.1

1
2
.9

1
1
,5
,6

3
2
.8

1
.4

1
.3

9
8
.1

9
5

0
.1

0
.4

1
.4

0
6
7

1
6
.2

1
1
,4

4
6
.9

2
.1

5
.6

9
6
.6

9
3

0
.4

0
1
2
.1

2
.8

1
6
.8

2
0

0
1
,
2

5
1
.2

2
.4

0
.8

9
7
.8

9
4

0
.6

0
4
.1

0
1
9
.3

1
5
.8

0
1

6
4
.7

7
.6

1
.1

9
7
.5

9
0

0
.7

0
.8

1
1
.5

3
3
2
.7

2
0

0
1

7
1
.2

0
0
.5

9
7
.1

9
0

0
.4

4
.5

1
2
.8

2
.9

1
6
.2

1
3
.2

3
2

8
3
.7

2
.6

2
.7

9
8
.4

9
1

0
.7

1
.4

1
3
.5

5
.2

5
7
.1

1
2
.5

1
7

9
0
.3

1
1

1
0
.1

0
0

2
0

0
5

1
0

2
.3

1
.5

5
.4

9
6
.9

9
4

0
0
.5

1
4
.5

6
.2

2
8

1
2
.5

0
7

1
1

3
.1

3
.1

1
3
.3

9
7
.3

9
2

0
.7

1
.8

7
.3

0
5
3
.8

1
6
.1

0
1

1
2

1
.1

0
.8

1
9
6
.3

9
0

1
.4

0
.8

1
5
.5

6
.7

1
9

1
9
.9

0
2
,7

1
3

1
.3

0
2
.8

9
8
.4

0
0

0
7
.7

1
.8

0
1
2
.2

1
4

1
4

2
.8

3
.1

5
.5

9
7
.8

9
4

0
0
.4

4
.9

0
3
4
.4

1
0
.6

3
0

1
5

0
.3

1
1

9
8

8
9

0
.1

1
0
.5

9
.9

0
.9

8
.1

3
2
,8

P
S
G
d
ia
g
n
o
si
s:

1
=
o
b
st
ru
ct
iv
e
sl
e
e
p
a
p
n
e
a
,
2
=
in
te
ri
ct
a
l
e
p
ile
p
ti
fo
rm

d
is
ch
a
rg
e
s
(I
E
D
s)
,
3
=
p
ri
m
a
ry

in
so
m
n
ia
,
4
=
co

n
ti
n
u
o
u
s
sp
ik
e
a
n
d
w
a
v
e
s
d
u
ri
n
g
sl
e
e
p
o
r
fo
ca
l
su
b
co

n
ti
n
u
o
u
s
IE
D
s,

5
=
n
o
c-

tu
rn
a
l
e
p
ile
p
sy
,
6
=
a
ro
u
sa
l
d
is
o
rd
e
r,

7
=
p
e
ri
o
d
ic

lim
b
m
o
v
e
m
e
n
ts

(P
LM

s)
,
8
=
b
ru
x
is
m

0
=
n
o
rm

a
l,
O
D
I,
o
x
y
g
e
n
d
e
sa
tu
ra
ti
o
n
in
d
e
x
,
S
a
O
2
,
o
v
e
rn
ig
h
t
o
x
y
g
e
n
sa
tu
ra
ti
o
n
,
S
O
R
E
M
p
,
sl
e
e
p

o
n
se
t

R
E
M

sl
e
e
p
p
e
ri
o
d
.

ª 2016 John Wiley & Sons Ltd CNS Neuroscience & Therapeutics 22 (2016) 906–914 911

S. Miano et al. Sleep in Attention-Deficit Hyperactivity Disorder



in children with ADHD [25]. The prevalence of interictal or ictal

IEDs is known to be higher in children with ADHD if evaluated

via sleep and sleep-deprived recordings [27], with values rising to

as much as 53% when children are evaluated by means of a full-

night video-PSG [24]. Furthermore, video-PSG allows nocturnal

seizures, which may escape detection, to be diagnosed [25].

Although the prevalence of ADHD in childhood epilepsy is

between 12 and 17% [43], the literature available on the relation-

ship between these two disorders is limited, with few uncontrolled

studies, conducted on small samples of children with ADHD and

IEDs, reporting a positive effect of antiepileptic drugs on sleep

quality [44,45]. Almost 40% of children with epilepsy also present

behavioral deficits, including ADHD, autism, anxiety, as well as

general learning and memory impairment. However, the precise

role of IEDs in cognition remains unclear [46]. The association

between frequently generalized early life seizures and hippocam-

pal-dependent cognition has been thoroughly investigated in

studies on rodent models, which support the theory that epileptic

discharges disrupt the normal development of hippocampal net-

works [47]. In addition, many children with epilepsy might rarely

experience seizures despite the occurrence of frequent focal neo-

cortical interictal spikes associated with serious cognitive and

behavioral impairments, for example, children with continuous

spike-waves during sleep [46]. A recent study analyzed the effects

of microinjections of bicuculline, a competitive GABA-A antago-

nist, in the PFC to induce an inhibitory/excitatory network imbal-

ance leading to focal IEDs in adolescent rats. The results of that

study showed that prefrontal IEDs during development are associ-

ated with both long-lasting alterations in short-term synaptic plas-

ticity and deficits in attention and sociability in rodents [46]. The

body of literature investigating whether PFC damage induced by

IEDs is reversible, or is irreversible and consequently causes high

cognitive dysfunction (such as attention, learning, and working

memory process impairments), in this sleep phenotype of ADHD

is still small but is growing. With the exception of cognitive

disabilities, children in our sample did not display any risk factors

suggesting sleep IEDs or epilepsy. Moreover, the data that

emerged from the anamnestic clinical reports and questionnaires

revealed unspecific sleep disorders related to initiating and main-

taining sleep, or snoring and witnessed apnea, although no other

signs that might raise suspicions. Although the majority of the

children were placed on antiepileptic therapy after the study

ended, the efficacy of this treatment still needs to be followed up.

For all these reasons, prospective studies based on larger sample

sizes as well as neuroimaging are warranted to ascertain the clini-

cal benefits of antiepileptic drugs in this category of patients [45].

As shown in Table 4, three cases belonged to the first sleep phe-

notype, which is considered “a primary form of ADHD” that

resembles narcolepsy. Three SOREMPs were detected at the MSLT

in these children; moreover, their results at the mean sleep

latency test were borderline, with only one satisfying the criteria

for strong suspicion of narcolepsy (three SOREMPS and a mean

sleep latency of 8.1 min). These children received treatment with

methylphenidate or atomoxetine. We are not yet able to deter-

mine whether they suffer from narcolepsy or a primary form of

hypersomnia, although a more thorough diagnostic characteriza-

tion is expected in the future follow-up examinations. A recent

retrospective study found that a positive history of childhood

ADHD symptomatology was common in adult narcoleptic

patients, particularly among those with a lower MSLT score.

Future research is warranted on adult narcoleptics to verify this

relationship [48]. To investigate ADHD symptoms in pediatric nar-

colepsy, one study gathered cross-sectional data from a large

cohort of children and adolescents with type 1 and 2 narcolepsy,

nearly all whom were receiving modafinil; additional treatments

included methylphenidate in approximately 50% of the subjects

[49]. The authors found that pediatric patients with narcolepsy

display approximately twice as many ADHD symptoms as controls

and that ADHD symptoms, unlike narcolepsy symptoms, are lar-

gely unresponsive to psychostimulant therapy [49].

Table 4 Final diagnosis of sleep phenotypes (bold indicate the most relevant values) and comorbidity

Case Age, years Sex Comorbidity Therapy

Sleep phenotype: 1 = narcoleptic

type, 2 = SOI, 3 = OSA, 4 = PLMs

and or sleep hyperkinesia, 5:

sleep IEDs, epilepsy

1 12.1 M None Atomoxetine, iron supplementation 4

2 8.3 M None Lamotrigine 3, 5

3 11.5 F None Lamotrigine 3, 5

4 8 M Oppositional defiant disorder (ODD) No 3

5 8.1 M ODD, arousal disorder Iron supplementation 3,4

6 8.9 M Learning disability (LD), tics No 3

7 8.1 M None Methylphenidate 1,2

8 13.5 M ODD Iron supplementation 4

9 9.2 M None Melatonin 2, 4, 5

10 10.5 M LD Iron supplementation 4

11 8.5 M None None 3

12 12.4 M LD Lamotrigine 5

13 13.8 M None Iron supplementation 4

14 13.7 F ODD Methylphenidate, iron supplementation 1,4

15 12.4 F None Atomoxetine, melatonin 1,2,5
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A low level of serum ferritin was found in most of our sample,

in whom it was associated with sleep hyperkinesias and/or PLMs

during sleep. These patients received oral iron supplementation.

Sleep hyperkinesias remained an unspecific symptom and sign,

not associated with clear criteria for a diagnosis of pediatric RLS.

The role of iron deficiency in ADHD remains unclear. A systematic

review [50] reported that one MRI study detected significantly

lower thalamic iron indices in ADHD than in control subjects; two

trials, one of which was open-label and the other a pilot random-

ized placebo-controlled study, found that ADHD symptoms

improved following iron supplementation; three studies showed

that children with ADHD plus sleep disorders, and in particular

RLS, are at risk of iron deficiency; lastly, two studies suggested

that iron deficiency might decrease the effectiveness of psychos-

timulant treatment.

Actigraphic recordings help to discriminate children with pure

sleep onset insomnia, with restricted time in bed and consequent

sleep deprivation, from children with sleep fragmentation and

sleep maintenance insomnia, which are more likely to be related

to a major sleep disorder. The actigraphic recording could not

obviously help to discriminate children with IEDs or nocturnal

epilepsy from children with other sleep disorders. These children

received melatonin at an appropriate hour on the basis of the acti-

graphic recording [51].

Our preliminary results confirm the high prevalence of SDB in

children with ADHD. Interestingly, the children in our sample

had a mild form of OSA, a past history of snoring, sleep apnea,

and adenotonsillar hypertrophy, and displayed craniofacial risk

factors, as demonstrated by the sleep clinical record. In keeping

with data in the literature, according to which children with

ADHD usually have a mild form of OSA [22], our results might be

influenced by the age at which the children are investigated: bear-

ing in mind that that the onset of pediatric OSA peaks at the pre-

school age, school-aged children with ADHD may come to the

pediatrician’s attention many years after the onset of OSA, which

might by then have been treated or have spontaneously improved

[22,52].

Our study highlights the need to establish a structured sleep

diagnostic algorithm in children with ADHD, particularly in view

of the considerable cost of a complete instrumental sleep assess-

ment. We suggest that sleep disorders in ADHD children be

screened by means of sleep questionnaire scales and actigraphic

recordings. The aim of the preliminary screening is to identify

those children that are likely to benefit from a full V-PSG record-

ing with large EEG montage, and in particular in children with

suspected OSA. In the remaining children, we strongly recom-

mend a standard sleep EEG as a screening tool to detect IEDs or

seizures in “asymptomatic” children with ADHD. A diagnosis of

nocturnal epilepsy or of sleep IEDs is important not only to pre-

scribe the most appropriate treatment, but also to make an accu-

rate prognosis. We should bear in mind that active sleep IEDs

might reflect an epileptic encephalopathy due to focal cortical dys-

plasia in frontal and extra-frontal nocturnal epilepsy [53].
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