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Attention deficit hyperactivity disorder (ADHD) is the most commonly diagnosed
neurodevelopmental disorder in childhood. It is a heterogeneous disorder in terms of
clinical presentation that is probably due to the frequent occurrence of comorbidity.
Children with ADHD more frequently report sleep disorders (notably delayed sleep phase
syndrome) and excessive daytime sleepiness (EDS) than typically developing children. The
aim of this article is to propose a narrative review of the assessment of EDS in the context
of ADHD with first a summary of the subjective and objective tools used to measure it.
Secondly, perspectives in terms of electroencephalogram (EEG) markers and
neurofeedback are proposed. Then, possibilities for new kinds of evaluation are
discussed (virtual reality, ecological momentary assessment, etc.). Lastly, we discuss
specific clinical situations with EDS in the context of ADHD as links with narcolepsy, the
comorbidity with other psychiatric disorders, and the context of sluggish cognitive tempo.

Keywords: attention deficit hyperactivity disorder (ADHD), Children, excessive daytime sleepiness (EDS),
assessment, neuropsychological markers
INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is the most commonly diagnosed
neurodevelopmental disorder in childhood with a worldwide estimated prevalence of about 5%
(1). It is characterized by inappropriate levels of inattention, impulsivity, and hyperactivity (2).
Follow-up studies have documented the persistence of ADHD into adulthood in 50% to 65% of
cases (3).

Sleep disorders have been extensively investigated in patients with ADHD, and their prevalence
is reported to be in the range of 25–55% (4–6). Children with ADHD commonly exhibit additional
mental health and neurodevelopmental comorbidities (7). Taurines R (8) introduces the notion of
“developmental comorbidity” to highlight the importance of considering the age- and development-
dependent occurrence of comorbidity in this disorder. Concerning the chronological order of
occurrence, he posits that psychiatric conditions may be present before the appearance of first
definite ADHD symptoms (“pre-comorbidity,” such as temperament factors, sleep disturbance,
autism spectrum disorders, and atopic eczema). This work underlines the importance of sleep in the
context of ADHD.
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The most dominant sleep disturbance observed in patients
with ADHD is delayed sleep phase syndrome (DSPS) associated
with difficulties in falling asleep, difficulties in awakening, and/or
excessive daytime sleepiness (EDS), characterized by difficulties
in maintaining adequate alertness for daily activities with sleep
occurring unintentionally or at inappropriate times almost daily.

Children with ADHD report EDS and more sleep problems
than typically developing children (9). Other studies confirmed
this subjective EDS (10–12) and notably described insufficient
sleep on school days and during weekends and a higher level of
EDS (13). Contrary to subjective data, there is significantly less
evidence supporting group differences in objective measures of
sleepiness (major findings in Table 1). Moreover, both meta-
analyses of Cortese in 2006 and 2009 (9, 19) demonstrated that
children with ADHD showed a tendency to be sleepier than
controls during the daytime but without reaching pathological
levels. Thus, while all these data point to the existence of
objective EDS, the nature of this EDS remains to be
determined. It might be a primary disorder or the consequence
of other sleep disorders. Indeed, most studies with objective
measures using the maintenance sleep latency test (MSLT)
excluded patients with primary sleep disorders. An exception is
the study by Prihodova (17), where 10 patients presented sleep-
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disordered breathing and 9 had periodic limb movements
(PLMD) when asleep. Furthermore, the methodology used for
the MSLT differed from one study to another (see Table 1). The
mean age of the patients must also be taken into account, with
younger patients in the work by Lecendreux (15) and older ones
in the study by Golan (16). Indeed, a decrease in mean sleep
latency with Tanner stages has been reported in healthy subjects.
Moreover, even though patients were free of treatment and had
stopped treatment at least 2 days before the test, there may have
been an “after-effect” on sleepiness assessment. Since ADHD is a
heterogeneous disorder, identification of its phenotypes would
allow better understanding of its clinical diversity. Sleep and EDS
are dimensions that may be involved in specific phenotypes.

The aim of this article is to propose a narrative review of the
assessment of EDS in the context of ADHD with first a summary
of the subjective and objective tools used to measure it. Secondly,
perspectives in terms of electroencephalogram (EEG) markers
and neurofeedback are proposed. Then, possibilities for new
kinds of evaluation are discussed [virtual reality, ecological
momentary assessment (EMA), etc.]. Lastly, we discuss specific
clinical situations with EDS in the context of ADHD as links with
narcolepsy, the comorbidity with other psychiatric disorders, and
the context of sluggish cognitive tempo (SCT).
METHODS

We used the following search strategy. We considered papers
examining the assessment of EDS in ADHD children. Only data
published in English were included. We conducted a narrative
review using the PubMed database up to June 2019 with the
following keywords combination: “ADHD children” and
(“s leepiness” or “excess ive dayt ime sleepiness” or
“hypoarousal”) and “assessment”. For perspectives, the search
in PubMed used the following keywords: “ADHD children” and
(“sleepiness” or “excessive daytime sleepiness” or “hypoarousal”
or “EEG” or “arousal” or “vigilance”) or “neurofeedback”.
ASSESSMENT OF SLEEPINESS
IN CHILDREN

Clinical Assessment
The clinical expression of EDS in children is very variable and
differs from that exhibited by adults. Sleepiness can occur
intermittently, often during passive activities such as reading
and watching TV. At first, sleepy children may exhibit
inattention, hyperactivity, or behavioral problems. This clinical
presentation may mimic a patient with ADHD, which raises the
issue of the differential diagnosis.

Clinical History
A clinical detailed history is crucial for the initial evaluation of a
child with EDS (20, 21). First, the sleep history should include a
review of the child’s wake/sleep schedule on weekdays, weekends,
and during summer. It is important to report the child’s sleep
TABLE 1 | Major findings of MSLT in studies with ADHD children compared to
control children.

Authors Population MSLT Results

Palm et al.
(14)

10 children with
DAMP (deficit in
attention, motor
control, and
perception) 18 control
children 6–12 years

4X 30
min 10
am, 12
am, 2
pm, and
4 pm

Mean sleep latency DAMP vs.
controls: 24.8 vs. 26.5 min (NS)

Lecendreux
et al. (15)

26 ADHD children
(DSM IV) 21 control
children 5–10 years
Medication free

4X 20
min 10
am, 12
am, 2
pm, and
4 pm

Mean sleep latency ADHD vs.
controls: 16.7+/−5.4 min vs.
18.9+/− 3 (NS) Significant
differences between groups for
MSLT at 10 am, 12 am, and 2
pm

Golan et al.
(16)

32 ADHD children
(DSM IV), mean age:
12.4+/−4.6 years 29
control children, mean
age: 12.0+/−3.6 years
Medication free

5X 30
min 8
am, 10
am, 12
am, 2
am, and
4 pm

Mean sleep latency ADHD vs.
controls: 21.9+/−2.6 min vs.
27.9+/− 1.85 min (p < .005)
Significant differences between
groups for MSLT at 8 am, 10
am, 2 am, and 4 pm

Prihodova
et al. (17)

26 ADHD children
(DSM IV) 26 control
children 6–12 years
Medication free

5X 20
min 10
am, 12
am, 2
am, 4
pm, and
6 pm

Mean sleep latency ADHD vs.
controls: 16.1+/−3.4 min vs.
17.1+/− 2.4 min (NS) No
significant difference between
groups for MSLT

Wiebe et al.
(18)

26 ADHD children
(DSM IV) 56 control
children 7–11 years

4X 20
min 10
am, 12
am, 2
pm, and
4 pm

Mean sleep latency ADHD vs.
controls: 18.4+/−2.2 min vs.
17.5+/− 3.5 min (NS) No
significant difference between
groups for MSLT
MSLT, maintenance sleep latency test; DSM IV, Diagnostic and Statistical Manual of Mental
Disorders version IV; ADHD, attention deficit hyperactivity disorder; NS, not significant.
February 2020 | Volume 11 | Article 3

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Bioulac et al. Children With ADHD and Sleepiness
habits and estimate his/her sleep quantity (total daily 24 h sleep
time with naps), which may be compared and interpreted with
the norms for age and overall level development (21). Secondly,
the clinical presentation frequently provides enough data to
suggest a sleep disorder. Symptoms should be screened for
sleep-disordered breathing, circadian disorder, PLMD,
narcolepsy symptoms, and medical causes of EDS (21). Finally,
a detailed sleep diary recording at least 2 weeks of the child’s
wake/sleep schedule confirms the information provided by the
parents and the child. It is also important to probe the use of
caffeine or other stimulants, and whether the child is taking a
sedative. Sedentary habits such as watching TV, playing video
games, and/or excessive snacking must be explored.

In the event of ADHD, it is important to explore the clinical
history of the sleep symptoms and compare it with the
prescription of stimulants. In fact, stimulants can induce
insomnia but also can improve sleep disorders in the context
of ADHD. Moreover, in a subgroup of children with ADHD
taking methylphenidate, EDS increased a few hours after taking
it. The study by Cockcroft K (22) showed that children with
ADHD treated by methylphenidate demonstrated significantly
higher levels of subjectively EDS 6 h after taking their stimulants
both in the morning and in the afternoon.

Physical Examination
The physical examination is often normal in children with EDS.
This examination can provide indications on sleep disorders
such as sleep-disordered breathing in children, as in those with
adenoid facies.

Subjective Evaluation Tools
There is no specific questionnaire to assess sleepiness for
children with ADHD. The questionnaires adapted for children
can be used in patients with ADHD.

Self-Reported Sleepiness Questionnaires
Even if EDS is a frequent symptom in sleep disorders, validated
tools in pediatric populations are lacking. Three clinical rating
scales have been used to assess sleepiness specifically: the
Stanford Sleepiness Scale (23), the Epworth Sleepiness Scale
(ESS) (24), and the Pediatric Sleepiness Scale (11). The recent
review by Benmedjahed (25) on the evaluation of sleepiness in
children concluded that the ESS (24) or ESS versions modified
for pediatric populations was the most frequently used measure
of EDS. The ESS is the most commonly used measure of EDS.
The eight questions assess sleep propensity in eight different
daily-life activities. This questionnaire was validated in a
population of adults with narcolepsy (26). Various modified
versions of the EES are currently in use in pediatric
populations with situations adapted to children. Melendres et
al. (27) proposed a modified ESS (two items modified from the
adult version to be more applicable to children), and Johns (28)
proposed another modified version of this scale for children and
adolescents called the ESS-CHAD. Scores range from 0 to 32. A
score > 10 indicates the need for further evaluation.

The Pediatric Daytime Sleepiness Scale (PDSS) is a validated
measure for assessing daytime sleepiness in children. It was
Frontiers in Psychiatry | www.frontiersin.org 3
developed to assess EDS in young school-age populations. It is
an eight-item questionnaire evaluating subjective experiences of
daytime sleepiness (items are scored from 0 to 4). Scores range
from 0 to 32 (normal score <15, cutoff for sleepiness >20).

The Teacher’s Daytime Sleepiness Questionnaire (TSDQ)
(29) is a teacher-reported measure. It is a six-item
questionnaire rated on a three-point scale.

Self-Reported Sleep Questionnaires for Children
There are other questionnaires that assess sleep in children. In
these questionnaires, some questions concern sleepiness. The
most frequently used questionnaires are the following: the Sleep
Disturbances Scale for children (30) (with the subscale excessive
somnolence), the Sleep Disorder Inventory for children and
adolescents (31), the Cleveland Adolescent Sleepiness
Questionnaire (32), the Children’s Sleep Habits Questionnaire,
and the Pediatric Sleep Questionnaire (PSQ) (12). The reviews by
Moreira GA (33) and Benmedjahed (25) confirm the dearth of
avai lable val idated measures for assess ing EDS in
pediatric populations.

Objective Measures
Multiple Sleep Latency Test
The Multiple Sleep Latency Test (MSLT) is the recommended test
to assess objective sleepiness both adults and children (32). This test
assesses the time it takes to fall asleep (objective by the first epoch
scored as sleep) during the daytime. The MSLT instructs the subject
to fall asleep (protocol defined in AASM Practice Parameters for
Clinical Use of MSLT, 2005) (34) while lying in bed in a dark and
quiet room for five 20 min periods spaced at 2 h intervals. It is
technically feasible and provides clear results in developmentally
normal children aged 5 years and older (35–37), which showed that
average MSLT sleep latency of 10 min or less is statistically
significant for healthy children 5–16 years of age on bedtime and
rise time schedules that allow at least 10 h of sleep per night.

As stated in these guidelines (36): “The MSLT, preceded by
nocturnal PSG, is indicated in children suspected of having
hypersomnia from causes other than narcolepsy to assess
excessive sleepiness and to aid in differentiation from
narcolepsy” (option level). Indeed, normative data indicate that
children who were prepubertal or at early pubertal stages were less
likely to fall asleep during the MSLT than older adolescents. These
data suggest that the standard protocol may underestimate mild
degrees of sleepiness (36). Thus, some researchers have modified
the standard protocol by using 30 min nap opportunities instead
of 20 min for prepubertal children, but more research is needed to
confirm the impact of this increased time for nap opportunities
(38, 39). In children with narcolepsy, the standard MSLT protocol
appears adapted. The recent work from Pizza (40) exhibited that a
mean sleep latency ≤8.2 min at the MSLT are valid and reliable
markers for pediatric NT1 diagnosis. Nevertheless, no normative
data for sleep latency have been found in the preschool population
in whom daytime napping is customary.

Actigraphy
Actigraphy monitors rest/activity cycle by integrating the
occurrence and degree of arm movement activity over time. It
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provides information about daytime activity, night/sleep activity
(sleep patterns estimated by scoring algorithms) and activity
circadian rhythm. This information can be useful in assessing
sleep problems in adolescents with ADHD, especially to
determine sufficient and insufficient sleep duration or stability
or variability in sleep/wake patterns (41, 42). Martin-Martinez
(43) propose a novel methodology for the automatic diagnosis of
the combined type of ADHD based on nonlinear signal
processing of actigraphy by combining a feature from the 24 h
analysis, with features from the first part of sleep and the
afternoon activity interval. Actigraphy cannot measure daytime
sleepiness. The AASM recommendations suggest using
actigraphy to assess pediatric patients with circadian rhythm
sleep/wake disorder, to monitor total sleep time prior to testing
with MSLT in pediatric patients with suspected central disorders
of hypersomnolence and to estimate total sleep time in “adult”
patients with suspected insufficient sleep syndrome. As it has
been shown that children, especially boys, move during sleep
more often than adults, actigraphy should be used with caution
with the understanding that actigraphy has both strengths
(multiday assessment, ability to detect sleep) and limitations
(overestimation of wake during the sleep period) (44).
PERSPECTIVES IN TERMS
OF EVALUATION OF SLEEPINESS
WITH EEG CHARACTERISTICS
AND RELATED TREATMENT

EEG Characteristics
Sleepiness can be evaluated objectively by power density of
waking EEG. The sleepier the subject, the more alpha (8–12
Hz) (45) and/or theta (4–8 Hz) (45, 46) EEG activity with eyes
open will be evident, thus giving objective information about
sleepiness. The evolution of theta/alpha power (6.25–9 Hz) of
waking EEG across the 24 h day reflects the sleep homeostatic
process (evolution of sleep pressure during 24 h) (47).

In children and adolescents with ADHD, the most dominant
waking EEG features are increased power of slow waves and/or
decreased power of fast waves recorded in resting state and over
the fronto-central region in comparison with healthy children/
adolescents [reviewed in (48–50)]. These EEG abnormalities
could represent a cortical “slowing,” characterized by an
increase in theta band activity (4–7 Hz) and by an increase in
delta band activity (0–4 Hz) coupled with a decrease in beta band
activity (14–30 Hz) [reviewed in (48–50)]. In adults with ADHD,
the cortical “slowing” was maintained and was characterized by
an increase in theta band activity in comparison with healthy
adults (50).

This increase in theta band activity can reflect sleepiness (51)
and/or cortical hypoarousal (52–54) both in children/adolescents
and adults with ADHD, thereby confirming the hypoarousal
model described above (55, 56). However, using the skin
conductance level (SCL) as an unusual marker of drowsiness,
Barry (57) suggested that alpha activity is the major band
Frontiers in Psychiatry | www.frontiersin.org 4
associated with arousal and not theta or beta activity in
patients with ADHD. Clarke et al. (58) demonstrated that a
subgroup with excess beta activity was not hyperaroused
(assessed by SCL) and that the theta-to-beta ratio (TBR) was
not associated with arousal.

Other studies have investigated the TBR [ratio of theta band
(4–7 Hz) power divided by beta band (13–30 Hz) power
[reviewed by (48, 49)]. In children/adolescents with ADHD,
this ratio is abnormally higher than in healthy subjects. The
meta-analysis of Snyder (59) demonstrated that TBR is
remarkably robust with an effect size of 3.08 and a sensitivity
and specificity greater than 90%. In view of these results, the
Food and Drug Administration (FDA) approved the
Neuropsychiatric EEG-Based Assessment Aid (NEBA) System
(using a single electrode recording from central-midline location
(Cz) and a ground electrode at the frontal-midline location (Fz)
with eyes closed to obtain the TBR) as a diagnostic biomarker of
ADHD in 2013. Recent studies did not confirm elevated TBR in
adults with ADHD (60, 61) and suggest that it is age-
dependent (50).

The review by Newson (50), which identified 65 studies in
children and adults with ADHD, showed that the results differ
greatly depending on the EEG power used (relative or absolute)
and the recording conditions used (eyes open or closed).
Consistency and validation scores in children were better in
the eyes-closed condition with than with eyes open. Moreover,
the studies analyzed absolute or relative power band, but the
mean effect size was better with relative band than with absolute
band (62, 63). Bussalb et al. (63) proposed a standardized
method for calculating the TBR.

The heterogeneity in the EEG characteristics of these children
could be related especially with the heterogeneity of the clinical
profiles of ADHD. Already in 1996, Chabot and Serfontein (64)
demonstrated three different EEG profiles in children with
ADHD: one with a generalized increase in theta/alpha activity,
another with an increase in alpha activity, and a third small
group with an increase in beta activity.

Clarke et al. (65) identified three subgroups: the cortical
hypoarousal group with elevated theta waves and decreased
beta waves was coupled with symptoms of delinquent
behaviors, the maturational lag group with elevated slow-wave
(delta and theta) activity and decreased alpha waves, and the
hyperarousal group with excessive beta activity was coupled with
markers of ritualistic obsessive behaviors. These three subgroups
were replicated, and an additional group was subsequently added
(increased alpha and beta band power) (66).

Loo et al. (67), in a large sample of children, identified five
subgroups of children with ADHD according to their resting
EEG characteristics. Those with elevated slow-wave activity
(delta and theta band) had higher levels of externalizing
behaviors and cognitive deficits. Latent subgroups with
elevated alpha and beta power had higher levels of
internalizing behaviors, emotion dysregulation, and intact
cognitive functioning. They demonstrated that there was no
resting EEG abnormality that specifically characterizes children
with ADHD or without ADHD and that there are age and gender
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https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Bioulac et al. Children With ADHD and Sleepiness
differences in resting EEG characteristics (68). Boys with the
combined subtype had higher theta power and lower alpha
power than those with the inattentive type (68). Loo et al. (51)
reported that the TBR was higher in the combined subtype than
in the attentive subtype. Recently, Bussalb et al. (63)
demonstrated two distinct subgroups in 363 children: one
characterized by an elevated TBR and the other with a
normal TBR.

The results analyzing resting state cortical activity in patients
with ADHD are very heterogeneous, and the identification of
distinct EEG subgroups is not consensual. Nevertheless, since
EEG analysis is considered to be the gold standard to quantify
sleepiness, evidence is accumulating of a subgroup of patients
characterized by cortical hypoarousal.

In a different approach, the group of Hegerl (69, 70) using an
automatic resting EEG classification of sleepiness [Vigilance
Algorithm Leipzig software (VIGALL, seven EEG-vigilance
stages)] demonstrated unstable arousal regulation in children
and adults with ADHD. This arousal instability was
characterized by a faster decline to the low EEG-vigilance stages
and more fluctuations in their stages of vigilance, i.e., higher
number of stage switches. A vigilant state instability [unstable
vigilant state that fluctuates (71)] is observed in healthy sleep-
deprived subjects: increasing sleep drive brings about escalating
state instability in attention (the effort to recover and maintain
attention increases), making neurobehavioral performance
increasingly variable. This state instability could explain the
higher sleepiness observed in patients with ADHD.

Despite years of research and the identification of clusters,
quantitative EEG is not helpful in classifying ADHD patients and
cannot be considered as a diagnostic biomarker for ADHD.
However, the identification of EEG subgroups may help to
optimize treatments (stimulant and non-stimulant treatment,
neurofeedback, exercise, and dietary intervention) and/or measure
the response to them. Indeed, stimulant treatment was more
efficient in the hypoarousal subgroup [for review, see Kirkland
(72)] or unstable alertness (70) and was not efficient in ADHD
patients with a slowed individual alpha peak frequency (73).

Treatment With Neurofeedback
Neurofeedback training (NFT) analyzes EEG activity and
transforms it into instant feedback (visual and/or auditory
signal) received by the user. By learning, the user self-regulates
the amplitude of specific EEG activity. Neurofeedback is
considered a non-pharmacological treatment option for
ADHD [for review, see van Doren (74)].

The efficacy of NFB for children with ADHD is controversial.
Meta-analyses published in the past decade have been
contradictory (i.e., 75–78). For some authors like Thibault (75),
the mechanisms involved raise questions. They suggest that
neurofeedback could be an especially powerful form of placebo
intervention, a kind of “superplacebo.” The most common NFT
protocols in the treatment of ADHD are theta/beta training, and
sensorimotor rhythm (SMR, increase activation at 12–15 Hz) and
slow cortical potential (SCP) protocols. SCP neurofeedback has
been compared to alpha-enhancement neurofeedback. Theta/beta
training aims at reinforcing reductions in theta activity and
Frontiers in Psychiatry | www.frontiersin.org 5
increases in beta activity and could be more appropriate and
efficient in the hypoarousal subgroup of patients with ADHD (76).
SMR aims to decrease delta and beta activity. In light of the
hyperarousal theory of insomnia, SMR reduces the symptoms of
insomnia, especially the hyperarousal. SMR could be more
appropriate and efficient in the hyperarousal subgroup of
patients with ADHD. Bussalb et al. (63), who, in analyzing TBR,
differentiated two distinct subgroups of ADHD patients, consider
that neurofeedback should be divided into two subgroups: TBR
downward and SMR upward. In all cases (diagnostic biomarker,
prognostic biomarker, and/or biomarker of therapeutic response),
more research is needed before EEG activity can be applied in
clinical settings.
NEUROPSYCHOLOGICAL MARKERS:
LINKS BETWEEN ATTENTION
AND SLEEPINESS

Attentional Process and Arousal Level
Arousal and attention are heterogeneous processes that interact
with each other (77).

On one hand, attention corresponds to the appropriate
allocation of processing resources to relevant stimuli. Attention
is sub-divided into: (a) attentional orientation (the simple
direction of attention to a particular stimulus); (b) selective (or
focused) attention (giving attentional priority to one stimulus
instead of another); (c) divided attention (dividing attention
between two or more different stimuli); and (d) sustained
attention (attending to one stimulus over an increasing period
of time). On the other hand, arousal can be defined as the state of
physiological reactivity, ranging on a continuum from sleep to
alert wakefulness. Sleepiness increases the probability of the
transition from wakefulness to sleep.

The arousal level controlled by homeostatic sleep pressure
and the waking systems has repercussions on the attentional
system, which modulates cognitive components such as
executive functioning. The fundamental biological rhythm of
sleep/wakefulness controlling the level of arousal is essential for
maintaining optimal brain functions. Normal sleep ensures alert
wakefulness, which is essential for appropriate decision-making
and optimal adaptation to the environment, and is beneficial for
global cognition (78).

The level of arousal can have an impact on cognitive
functioning, in particular on attention and executive functions,
via the modulation of the level of vigilance. Vigilance is a state of
high efficiency of the central nervous system and is considered in
a behavioral perspective as sufficient preparedness to detect and
respond to critical events that occur rarely, and which are
difficult to discriminate in extremely monotonous situations
(e.g., detection tasks) (79). Vigilance could be the behavioral
correlate of physiological alertness.

Links With Executive Functions
This hypothesis echoes the model of attention proposed by Van
Zomeren and Brouwer (80), which is widely used in
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neuropsychology and distinguishes an “intensity” component
(vigilance/alert) and a “selectivity” component (selective attention
and divided). In this model, the alert component refers to the ability
to respond quickly and appropriately to the demands of the
environment. It can be linked with the mobilization of energy so
that the nervous system responds better. Tonic alert corresponds to
a general state of arousal, which varies during the day. Phasic alert
relates to the voluntary capacity to rapidly increase the general level
of attention to anticipate an expected event. This vigilance/alert
componentmodulates attention, which is a prerequisite to any other
cognitive function. Thus, the influence of arousal level on cognitive
functioning operates through the influence of the intensity
component on component selectivity. This vigilance/alert
component via modulation of attention also impacts executive
functions. Executive functions govern all cognitive functions
necessary to control and execute complex non-routine activities
(81). Executive functions are a set of processes involving flexibility,
decision-making, inhibition, planning, coordination, and control of
thoughts and actions. Their main function is to facilitate the
adaptation of the subject to the requirements and sudden
fluctuations of the environment, especially when faced with new
situations for which the action routines are no longer sufficient.
Impairment of executive functioning results in disturbances in the
complex activities of daily living.

New Dimensional Tools to Assess
the Impact of Sleepiness
on Cognitive Functions
Impairments in sleep and alertness frequently occur in children
with ADHD (19). Moreover, children and adolescents with
ADHD often exhibit symptoms of inattention. Cognitive
disorders affecting vigilance, attention, cognitive control, and
executive functions are usually observed (82–85), leading to
difficulties in performing complex daily life activities (86).
Daily life is punctuated by a variety of complex activities
related to different areas for children and adolescents
(education, pedestrian safety), which all require adequate levels
of alertness and attention.

Therefore, the clinical evaluation of sleepiness in ADHD
could be achieved in the future by measuring the influence of
arousal level on cognitive functioning (vigilance, attention,
executive functions), including by measuring these functions
when performing complex activities of daily living. The
measurement of the level of sleepiness could be considered
from a physiological to a psychological–behavioral sphere.

Neuropsychological assessment, notably involving vigilance,
could be informative about the level of sleepiness. Calhoun,
Fernandez-Mendoza, et al. (87) showed, in a large general
population of young children, that parent-reported EDS was
associated with impairment in cognitive and behavioral
functioning. The Continuous Performance Test (CPT) is the
most widely used task to assess vigilance, attention and
impulsivity in children with ADHD (88). The KITAP
(Attention Assessment Battery—Child Version) allows
assessment of the attentional and executive performance of
school-age children with validated standardized tests. The tests
Frontiers in Psychiatry | www.frontiersin.org 6
allow the evaluation of the “intensity” component of attention
such as alertness and sustained attention, and the “selectivity”
component such as selective attention and divided attention, as
well as executive functions such as mental flexibility
or inhibition.

An innovative approach could be to use the technology of
virtual reality to determine the level of sleepiness as a function of
cognitive alteration in ADHD children and adolescents
immersed in the ecological tasks of everyday life. A study using
a simulated driving task showed that not only the objective level
of alertness but also inhibitory control deficits contribute
independently to highway driving impairment in adults with
ADHD (86). Virtual reality simulation is a technology that could
allow the influence of arousal level on cognitive functioning
(attention and executive functions) to be measured through
vigilance and its impact on complex activities of daily life. In
parallel, the monitoring of eyelid frequency and pupil diameter
(eye-tracking system) or facial dynamic changes (89) could be
promising (90).

Another innovative approach could be the use of EMA to
evaluate daily and diurnal variations in sleepiness and
repercussions on daily life such as in the emotional, cognitive,
behavioral, social, and physical domains (91, 92) in ADHD.
EXCESSIVE DAYTIME SLEEPINESS
IN CHILDREN WITH ADHD

The links between ADHD and sleep disorders remain unclear.
While specific sleep disorders are a frequent comorbid condition
associated with ADHD according to a categorical approach, they
can also induce ADHD-like symptoms if considered
dimensionally and are thought to be the consequence of EDS.
Given the complexity of the interaction between ADHD and
sleep, the team of Miano (93–95) identified five sleep phenotypes
in ADHD: a sleep phenotype characterized by a hypo-arousal
state “narcolepsy-like,” another associated with delayed sleep
onset latency, a phenotype related with sleep-disordered
breathing, another associated with restless legs syndrome and/
or PLMD, and a phenotype related to epilepsy/or EEG
interictal discharges.

Links With Narcolepsy
Narcolepsy, which is characterized by EDS and abnormal REM
sleep, is a chronic sleep disorder caused by a deficiency of
hypocretin/orexin-producing neurons within the lateral
hypothalamus (type 1 narcolepsy with cataplexy). In type 2
narcolepsy, where cataplexy is absent and orexin levels normal,
the physiopathology is unknown. The “narcolepsy-like”
phenotype (ADHD and hypersomnia) described by Miano
could be part of a subtype of type 2 narcolepsy (96). A body of
evidence reinforces the links between ADHD and narcolepsy,
and ADHD symptoms are more frequent in children (97) or
adults (98) with narcolepsy than in control subjects. A systematic
review demonstrated that the prevalence of ADHD symptoms in
narcolepsy was >30% (99).
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In addition, adult narcoleptics present more childhood
ADHD than controls (100, 101). Using MSLT or EEG features,
some authors have hypothesized the existence of a dysfunction in
arousal in the pathophysiology in ADHD (15, 65, 100). A
physiopathological model for ADHD involves a deficit in
arousal (hypo-arousal model). Children with ADHD have
greater difficulty in falling asleep, awakening, and/or
maintaining adequate daytime alertness than control children,
and use hyperactivity as a strategy to stay awake and alert in
order to counteract the tendency to fall asleep (55, 56).

Moreover, high levels of EDS and shorter REM latency are
classically both potential signs of narcolepsy (102). In the study by
Diaz-Roman (10), polysomnographic recordings showed that
children with ADHD presented significantly greater general sleep
problems than control subjects and shorter REM latency in the
ADHD group. Nevertheless, other studies failed to find differences
in REM latency between children with and without ADHD in
polysomnography (PSG) (9, 103). A recent study found that serum
orexin A levels were significantly lower in drug-naive children with
ADHD, especially in the attention deficit dominant subgroup (104).
As suggested by Cortese (105), orexin neurons located in the
perifornical and dorsomedial hypothalamic areas (implicated in
arousal) could be hypoactivated, while those located in the lateral
hypothalamus (involved in reward processing, stimulating feeding,
and other reward-seeking behaviors) could be overactivated in
patients with ADHD.

Specific Clinical Situations
“Sluggish cognitive tempo” (SCT) is a behavioral construct
characterized by a set of symptoms as sluggish, under-motivated,
lethargic, slowed, and/or forgetful behavior (106, 107). This
condition is strongly associated with ADHD (notably with the
inattentive subtype), although the meta-analysis by Becker et al.
(106) identified SCT symptoms that were distinguishable from
ADHD inattentive symptoms. Some authors hypothesized that
SCT symptoms are specifically related with sleep problems and
EDS (106, 108, 109). SCT symptoms were found to overlap with
EDS in patients with ADHD but were distinct from sleep problems.
Objective assessments of EDS may help to better phenotype these
subjects and to propose other therapeutic strategies, to the extent
that this condition predicts non-response or poorer response to
methylphenidate in children with ADHD (110). Pharmacological
treatment such as wakefulness drugs might be more indicated in
this subgroup of patients.
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Comorbidity
Moreover, SCT is strongly associated with internalizing
symptoms, especially depressive symptoms. It is important to
evaluate sleep in the context of comorbidity (internalizing and
externalizing disorders), as mentioned by Spruyt (111) and by
Diaz-Roman (10). Comorbid conditions may also play a role in
EDS in children. Diaz-Roman (10) found significant correlations
between psychopathology and sleep measures with a significant
correlation between scores on the Child Behavior Checklist (a
questionnaire completed by the parents which evaluates
internalizing and externalizing problems) and EDS and general
sleep problems. This finding was in line with previous data
supporting the link between sleep problems and children with
ADHD with comorbid anxiety and depression (112), and with a
study by Mulraney M et al. (113) who reported links between
emotional problems and sleep disturbances in ADHD. When
assessing sleep in children with ADHD, it is also necessary to
evaluate other psychiatric comorbidities, notably internalizing
problems such as depression and anxiety that seem to play a role
in the expression of EDS in these children.

In conclusion, ADHD is a heterogeneous disorder in terms of its
clinical presentation and underlying physiopathological
mechanisms. EDS, a usual complaint in children with ADHD,
seems to be a pertinent clinical dimension. Thus, the identification
of a specific “sleepy ADHD” phenotype appears to be both a clinical
and objective maker. The identification of EEG subgroups would
help in defining various phenotypes and optimizing treatments.
More studies are needed in children with ADHD to assess EDS. The
interactions between EDS and the attentional process and executive
functions should also be probed.
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