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Abstract

ABBREVIATIONS

AE: Absence Epilepsy; ADHD: Attention Deficit/Hyperactivity
Disorder; AED: Anti-Epileptic Drugs; BMI: Body Mass Index; SD:
Sleep Disorders; SDSC: Sleep Disturbance Scale for Children

INTRODUCTION

Sleep disorder and epilepsy are very common conditions in
children and their comorbidity and mutual influence has been
observed [1]; the presence of both of these conditions lead to
a worse quality of life and it could interfere with the control of
seizures [2]. In literature many authors attributed sleep structure
alterations to epileptic activities [3,4]. The most reported
disturbances are longer sleep onset latency, increased frequency
and duration of awakenings after sleep, shorter sleep time and
lower sleep efficiency, reduced or abnormal K complexes and
sleep spindles, reduced or instability of REM sleep and increased
stage shifts [3].

In literature, it is known that sleep pathologies and some

This study investigated sleep disorders (SD) and Attention Deficit/Hyperactivity Disorder (ADHD) symptoms in children with absence epilepsy (AE). Parents
completed questionnaires on sleep disturbance, Anti-Epileptic Drugs (AED) side effects, and ADHD symptoms. Seventy children with absence seizures included
in this study have been compared to a healthy sample matched on sex, age and body mass index. In the AE group, 59% were controlled by AED, 25% had
ADHD clinical diagnosis, 15% had AED adverse effects. Considering the whole epileptic group, 17% had pathological scores on ADHD Rating scale and 21%
reported excessive daytime sleepiness. Inattention, excessive somnolence and sleep breathing disturbance have been more frequently found in children with
AE than in healthy controls. The children with AED adverse effects had higher ADHD scorers and more complaints of excessive daytime sleepiness. This study
incites to control for SD and ADHD before and after AED treatment in AE children.

epileptic seizures can be associated with Attention Deficit/
Hyperactivity Disorder (ADHD). Absence seizures are brief
(4-20 s) and frequent (ten per days) epileptic attacks with
abrupt and severe loss of consciousness. The ictal EEG show
generalized discharges of high-amplitude spike at around 3 Hz
with gradual and regular slowdown. The seizures appear during
wakefulness in children with normal neurological examination
and development.

Children presenting absence epilepsy (AE) seem inattentive
if the seizures are not controlled by treatment; therefore it’s
important to evaluate the presence of sleep disorders and
epileptics seizures in children with ADHD [5]. Similarly, some
authors reported that a child presenting epilepsy at the disease
onset and ADHD symptoms should be carefully examined
before the beginning of the treatment, in order to obtain a
better therapeutic management of the double symptomatology.
A correct identification and treatment of the common sleep
disorders could represent an essential component of the analysis
and management of these patients [6].
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Several studies on sleep disorders in children with epilepsy
used parent questionnaires. Stores et al. showed a lower sleep
quality and a higher anxiety regarding sleep in 79 children
presenting epilepsy compared with a control group [7]. Other
authors have utilized the Sleep Behavior Questionnaire (SBQ), an
instrument that presents a total score and different items on sleep
onset latency difficulties, parent-child interaction during the
night, sleep fragmentation, parasomnia and diurnal sleepiness.
Patients with epilepsy had more sleep difficulties than controls
[8,9].

In literature, to our knowledge, there are no systematic
studies of ADHD and SD in AE. The objective of this study is to
investigate the presence of SD and ADHD symptoms in children
presenting AE, and thus to improve the management of these
children.

MATERIALS AND METHODS

This study is an observational survey. It has been conducted
during an internship at the service Epilepsie, Sommeilet
Exploration Fonctionelles Neuropédiatriques, Femme-Meére-
Enfant Hospital, Lyon, France, and continued at the Complex
Unit of Infantile Neuropsychiatry, S. Orsola Malpighi Hospital,
Bologna, Italia, in a period between October 2015 and July 2016.
The inclusion criteria of the study were: 5 -16 year-old children
with confirmed diagnosis of AE according to International
League against Epilepsy classification [5]; normal neurological
examination. Our protocol has been approved by ethics
committee of Femme-Mére-Enfant Hospital. All parents signed a
parental consent form.

The parents of the patients presenting AE completed
the Sleep Disturbance Sleep for Children (SDSC) divided in
5 subscales (difficulty in initiating and maintaining sleep,
sleep breathing disorders, disorders of excessive somnolence,
parasomnias and non-restorative sleep) [10-12], and the ADHD
rating scale divided in inattention and hyperactivity subscales
[13]. They also answered the questions about the adverse effects
of antiepileptic drugs (AED) during the last four weeks before
the last clinical examination slowing down of thought, memory
difficulty, confusion, impaired schoolchildren results, reduced
concentration, instability, altered coordination, falls, change
of personality, vertigo, headache, increase or loss of appetite,
increase or loss of weight. These questions have been asked
systematically during the medical examination and in some cases
the questionnaires have been sent to patients’ home by postal
service.

Anamnestic data about epilepsy features and therapy were
collected at the last examination and/or in the medical report.

The AE sample was matched with healthy children from the
study on the French validation of the SDSC [12]. These children
were matched with sex ratio, age and body mass index (BMI).
The control sample included 43 children. T-test were used to
compare AE and healthy group. The statistical significance was
considered for p <.05.

Spearman correlation between SDSC subscales, ADHD
rating subscales and AED adverse effects were computed with
Bonferroni correction (statistical significance was considered for
p <.0005).

RESULTS

The AE sample was composed of 70 children, M: F ratio was
1:1. The epileptic syndromes were distributed as follows: 42
(60%) children reported Childhood Absence Epilepsy, 11(16%)
Juvenile Absence Epilepsy, 9 (13%) Early Onset Absence Epilepsy,
6 (8%) with Eyelid Myoclonia with Absences and 2 (3%) with
Myoclonic Absence Epilepsy. Ten children had manifested
febrile seizures and 18 generalized tonic-clonic seizures during
their history. The mean age of onset was 6 years and 4 months
(range 9 months-12 years 11 months). The mean age at the last
examination was 10 years and 4 months (5-16 years). All children
received a pharmacological treatment. Fifty-nine % of the sample
(41/70) did not present anymore seizures during the six months
before the last examination (Table 1).

The most frequent side effects of the drugs were fatigue (n=12,
17%), reduced concentration (n=12, 17%), attention problems
(n=11, 15%) and poor performance in school (n=7, 10%). In
the AE children, the ADHD rating scale score was abnormal for
inattention in 37%, for hyperactivity 26%, subtype mixed 23%.
Despite the fact that 76% of parents did not report issues related
to their children’ sleep, only 57% of the questionnaires regarding
these disorders had normal scores: in fact, 43% of the sample
reported at least one pathological result. The main disorders,
isolated or associated to other sleep problems were subdivided
as follows: 21% excessive diurnal sleepiness, 14% breathing
related sleep disorders, 11% insomnia, 7% parasomnia (sleep
talking, bruxism, periodic limb movements during sleep), and 5%
not restoring sleep.

Table 1: Epileptic characteristics of our AE sample.

Age at epilepsy onset (average/years) 6.4 (0.9-12.11)

Seizures frequency in the last 6 months N %

0 41 59%
<5 19 27%
<10 4 6%
>10 6 8%
Generalized tonic-clonic seizures 18 26%
Pharmacological treatment distribution-

Molecule

VPA 29 41%
VPA+ETS 8 11%
VPA+LMT 8 11%
LMT 7 10%
ETS 5 7%
LEV 5 7%
VPA+LEV 3 4%
ETS+LEV 1 1%
LMT+CNZ 1 1%
VPA+AZM 1 1%
VPA+TPM 1 1%
ZNS 1 1%
Abbreviations: AZM: Acethazolamide; CNZ: Clonazepam; ESM:
Ethosuximide; LEV: Levetiracetam; LTG: Lamotrigine; TPM:

Topiramate; VPA: Valproic Acid; ZNS: Zonisamide
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When we matched on sex ratio, age and body mass index
(BMI), 43 children were included and were compared to 43
AE children. 27 AE children were not included in this analysis
because they had not matched healthy children. T-test analysis
revealed a significant statistical difference between epileptic
and healthy children for the SDSC total score (43 versus 38;
t=2.2, p=.003), excessive somnolence (4 versus 3; t=2.9, p=.003),
sleep breathing disturbance (8,5 versus 7; t=2.3 p=.02), the
ADHD rating scale total score (17 versus 11.8; t=2.54, p=.01)
and ADHD inattention score (9.4 versus 6; t=2.82, p=.005). No
significant differences were found for insomnia, parasomnia,
non-restorative sleep and hyperactivity. Children presenting
pathological excessive sleepiness were more frequently found in
the AE group than in the healthy group (21% versus 5%; t=2.8,
p=.006), the sleep breathing score have been considered in this
analysis. There were marginally more epileptic children with
pathological sleep breathing disturbance than healthy children
(14% versus 6%; t=1.9, p=.06).

We have found a significant correlation between AED side
effects and excessive somnolence (r=.43, p < 0.0005) and non-
restorative sleep (r=.54, p < 0.0005) [14,15].

DISCUSSION

Inattention, excessive somnolence and sleep breathing
disturbances were more frequently found in children with AE
than for healthy controls. Children presenting epilepsy were
more likely to have a sleep disorder. In literature, the impact of
epilepsy on sleep has been evaluated in many studies [1,2]. Some
authors have reported that its effect on sleep depends on the
type of crisis [16] and others have affirmed that patients with
Childhood Absence Epilepsy and Myoclonic Absence Epilepsy do
not present sleep disorders [17]. Contrary to others, in this study,
we found a significant difference between epileptic children and
healthy controls for sleep disorders, especially for excessive
somnolence, but not for insomnia and parasomnia; this last
result could be explained by the fact that the severity of nocturnal
epileptic seizures in AE is lower than in other forms of epilepsy.

One hypothesis could be that epilepsy itself could facilitate
the development of excessive sleepiness in these patients. Indeed,
some authors reported that epilepsy per se and/or seizures
themselves promote sleep disruption and significantly affect
both the quality, and the architecture of sleep [15] however these
data are limited by the fact that it refers to the epilepsy more
broadly and not to a specific type. Moreover, during sleep, the
absence type spike wave discharges are associated with phasic
arousals without awakening and could be implicated in the non-
restorative effect of sleep in this disease [18].

Another hypothesis could be that the excessive somnolence
is due to the secondary effects of drugs. Indeed, we found that AE
children with AED side effects had more complaints on excessive
daytime sleepiness. In literature, it was described that Valproic
Acid and Ethosuximide could induce sleepiness with the increase
of NREM1 [14] while Levetiracetam and Lamotrigine have less
effect on sleep [15]. There are discrepancies in the results on
the side effects of antiepileptic drugs on sleep [16]. In our study,
33% of the sample was treated with a bitherapy and this makes
difficult to determine the impact of each drug on clinical outcome.

The high heterogeneity regarding the dosage has also to be
considered.

AE sample had more signs of respiratory disorders than the
control sample even if they were matched on BMI. However, BMI
could be as less accurate indicator than umbilical circumference
to evaluate obesity [19]. At this point, we can hypothesis that the
higher breathing disturbance score may be attributable to AE
or AED [20]. 64% of the AE group received VPA that is known
to induce an increase of weight. In another hand, respiratory
disorders could induce hypoxia and facilitate excessive sleepiness
and epileptic seizure. One limitation of this study is the absence
of objective measure of Apnea-Hypopnea Index to confirm sleep
breathing disorder (Table 2).

We have also found a significant correlation between AED
side effects and ADHD (r=.51, p < 0.0005). The epilepsy children
have a higher rate of ADHD symptoms, and these results could be
associated with the AED side effects; moreover, these symptoms
are also described as important predictors of SD in children [21].
In literature, it is reported that there are more ADHD symptoms
in patients with AE treated with VPA rather than with ESM or LTG
[22], however the VPA effect size in deficit attention was limited
and many children probably had blood drug concentrations
above the upper limit of the reference range [23]. A negative
effect on behavior was also found in children treated with LEV
[24]. These behavior side effects could also be related to sleep
disturbances and excessive daytime sleepiness.

There are also several limitations in this study. First, it
was difficult to quantify the pharmacological influence on
behavior since the 33% of cases received a bitherapy with

Table 2: Age, BMI and sex matching comparison between AE and
healthy children on ADHD rating scale and SDSC (* <.05).

AE children E;:;::::n
N 43 43
Age 8.4 (1.6) 8.8(1.5)
BMI 17.7 (3.1) 17.8 (3.6)
ADHD - Total score 16.9(10.2) 11.8(8)"
ADHD - Inattention 9.3(6.4) 5.9(4.4)
ADHD - Hyperactivity 7.5(5.2) 5.6(4.2)
SDSC Total score 43.4(10.9) 38.4(10.3)
SDSC - Insomnia 12.6 (5) 11.3(3.8)
SDSC - Breathing disturbance 8.5(3.1) 7 (2.4)
SDSC - Somnolence 4 (1.6) 3.2(0.6)
SDSC - Parasomnia 12 (3.5) 11 (3.6)
SDSC - Non restorative sleep 5.9(2.6) 5.7(2.6)
Pathological AHDH 18.7% (39) 7% (26)
Pathological SDSC - Insomnia 11.7% (33) 47% (21)
Ziasttl:lilt())ag:lccael SDSC - Breathing 219 (41) 7% (25)°
Pathological SDSC - Sleepiness 21% (41) 2,4% (15)
Pathological SDSC - Parasomnia 9.4% (29) 7% (25)
:le;tehpological SDSC - Non restorative 7% (26) 7% (25)
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a high heterogeneity regarding the dosage. Secondly, the
sample compared to healthy children in our study is small (43
participants), however we carefully matched the control group
with sex, age and body mass index. In the future, it would be
important to consider a largest group to confirm our data.

CONCLUSION

The findings of this observational study show that there is
most likely a link between the epilepsy with absence seizures
and sleep disorder in children, especially in the presence of
inattention, excessive somnolence and breathing disturbance
during sleep. In everyday clinical practice we advise a methodic
investigation of children with this type of epilepsy, using
validated questionnaires on sleep disorders and the ADHD
rating scale, as soon as possible at diagnosis of the epilepsy,
before treatment. A systematic follow-up at 6 months, adding
also an evaluation of AED adverse effects, would then allow early
detection of eventual comorbidities and appropriate adjustment
of the therapeutic strategies. Regarding the AED side effects and
the clinical signs presented by children with absence seizures the
parents’ opinions play an important role according to the patient
empowerment model [25].
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