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Útdráttur 
Flogaveiki er taugasjúkdómur sem veldur truflun á heilastarfsemi innan mismunandi 

heilasvæða, orsakar flog og almennar truflanir á daglegu lífi einstaklings. Á hverjum degi þjást 

á milli 50-70 milljónir einstaklinga af sjúkdómnum á heimsvísu. Hægt er að rekja rannsóknir á 

flogaveiki allt aftur til forngrikkja sem gefur til kynna að sjúkdómurinn hafi lengi valdið 

áhyggjum. Þá hefur eitt stærsta áhyggjuefnið verið flókið samspil svefns og flogaveiki. Það 

hefur leitt til þess að á síðustu árum hefur fjöldi rannsókna skoðað mikilvægi djúps svefns á 

hugræn ferli, færslu minninga í langtímaminni og áhrif á hæfni til að læra. Rannsóknir hafa sýnt 

fram á að svefntruflanir og raskanir, sem eru oft fjölkvillar hjá þeim sem þjást af flogaveiki, 

hafa áhrif á þessi mikilvægu ferli. Þessi rannsókn skoðaði hvort munur væri á djúpum svefni 

hjá heilbrigðum einstaklingum (N=6) og einstaklingum sem þjást af flogaveiki (N=6). Þá var 

heildartími einstaklings í djúpsvefni sem og hversu oft einstaklingur upplifði djúpsvefn skoðað 

sérstaklega og gögnin nýtt til að framkvæma sjálfstætt t-próf miðað við 95% öryggismörk. 

Þegar gögnin voru greind uppgötvaðist undantekning sem var fjarlægð frá gagnasettinu. 

Niðurstöður úr sjálfstæða t-prófinu (t(4.668)= -948; p= 0.020) sýndu fram á marktækann mun 

milli hópanna tveggja, þá voru einstaklingar með flogaveiki að eyða að meðaltali 45 mínútum 

í djúpsvefni, á meðan einstaklingar sem ekki hafa sjúkdóminn eyddu um 31 mínútu í djúpsvefni. 

Orsök þess að einstaklingar með flogaveiki eyða lengri tíma í djúpsvefni er ekki vituð eins og 

er. Það er þó mögulegt að einstaklingar sem þjást af flogum á næturnar þurfi á lengri djúpsvefni 

að halda til þess að líkaminn geti komið reglu á kerfi líkamans. Meðferðir gegn flogaveiki og 

svefntruflunum tengdum sjúkdómnum hafa haldist svipaðar í gegnum árin, þar eru flogaveikilyf 

eitt vinsælasta meðferðarformið. Flogaveikilyf eru þó umdeild þar sem erfitt reynist að nálgast 

þau í tekjulægri löndum, þrátt fyrir að tíðni flogaveiki sé hærri þar. Þá eru aukaverkanir lyfjanna 

einnig áhyggjuefni en rannsóknir hafa gefið til kynna að þau hafi neikvæð áhrif á svefntruflanir 

hjá einstaklingum með flogaveiki. 
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Abstract 

Between 50-70 million individuals worldwide are affected by epilepsy at any given time. 

Epilepsy is a neurological disorder that can affect almost all regions of the brain, causing 

seizures and disturbances to daily function. Research dating back to ancient Greek civilization 

indicates that epilepsy has been a concern for centuries, with one of the biggest worries being 

the complex interplay of sleep and epilepsy. Many studies have been conducted on the critical 

role of deep sleep (Non-REM sleep) in memory consolidation, learning and cognition in recent 

years. Studies have found that sleep disturbances and disorders are a common comorbid in 

epilepsy patients and affect these cognitive functions. This study examined the difference in the 

amount of deep sleep between individuals with (N= 6) and without epilepsy (N=6). The total 

time spent in deep-sleep as well as number of deep-sleep episodes were extracted. Time spent 

in deep-sleep was compared between groups by conducting an independent t-test according to 

a 95% confidence interval. During the analysis of the data, an outlier was discovered and 

removed from the dataset. Results from the independent t-test (t(4.668)= -948; p= 0.020) 

showed a significant difference between the two groups, with patients with epilepsy spending 

on average 45 minutes in deep sleep while individuals without epilepsy spent on average 31 

minutes in a deep sleep. The cause for why individuals with epilepsy spend more time in deep 

sleep is currently unknown although it is plausible that individuals who suffer from nocturnal 

seizures require additional time in deep sleep to help regulate systems within the body. 

Treatments of epilepsy and sleep disturbances within epilepsy remain similar, with antiepileptic 

drugs being the common form of treatment. Despite being the most common treatment, it is 

also highly debated for being hard to get in lower-income countries where the prevalence of 

epilepsy is the highest. Additionally, the side effects of antiepileptic drugs remain troubling, 

with many studies suggesting that they worsen sleep disturbances in epilepsy patients. 
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Introduction 
Despite the uncertainty surrounding why we sleep, it is recognized that sleep plays an integral 

part in our functional state (Fattinger et al., 2017). With little sleep, simple mental tasks become 

harder and require more energy (Fattinger et al., 2017). According to Fattinger et al. (2017), 

different sleep stages impact the brain in different ways. Deep sleep or non-rapid eye movement 

(NREM) is known to be involved in down-regulating synaptic strength, which plays an 

important role when taking in information from the environment while awake (Fattinger et al., 

2017). When an individual lacks sleep or does not get quality sleep throughout the night, the 

individual can lack motivation and have difficulty with memory. Some studies report that lack 

of sleep in children leads to attentional, cognitive, and other psychological problems as adults 

(Gibbon et al., 2018). Gibbon et al. (2018) discussed this issue in their paper on the relationship 

between sleep and epilepsy. According to them, 0.5%-1% of children have epilepsy, with many 

suffering from sleep-related epilepsy disorders. Children are not the only ones who suffer from 

sleep-related epilepsy, though, as it often starts in childhood and carries on throughout 

adulthood (Gibbon et al., 2018). Epilepsy by itself has over 30 seizure-related disorders, which 

all have a different diagnosis and corresponding brain regions (Gibbon et al., 2018). This study 

aims to answer the question of whether there is a difference in the amount of deep sleep between 

patients with and without epilepsy. 
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Epilepsy  
Epilepsy is a neurological disorder that affects around 50 million (WHO, 2019) to 70 

million (Thijs et al., 2019) people worldwide. Epilepsy is known to affect both females and 

males of all ages, although it is reported that epilepsy is slightly more prevalent in males (Beghi, 

2020). Even though people of all ages are affected by epilepsy, those who have suffered a 

stroke, had tumours or suffer from neurodegenerative diseases are at higher risk of suffering 

from epilepsy, leaving the elderly to be the primary group diagnosed with epilepsy (Beghi, 

2020). 

Brief history of epilepsy  

Epilepsy has fascinated people throughout the history of humanity; early texts regarding 

epilepsy can be traced back to Assyrian and Babylonian times nearly 2.000 years B.C. 

(Magiorkinis et al., 2014).  The most notable mention of epilepsy, however, comes from the 

medical texts of Hippocratic in ancient Greek, there the first mention of craniotomy is reported, 

which is a neurosurgical procedure that is performed at the opposite side of the brain from 

where a seizure occurs (Magiorkinis et al., 2014). However, despite these advances in ancient 

civilizations, epilepsy was rumoured to be the works of wrong-doing acting as a punishment or 

a possession by the devil until the 18th and 19th century where medical research on epilepsy 

picked up (Magiorkinis et al., 2014). The bases for epileptology for the different types of 

epilepsy were established by William Cullen and Samuel A. Tissot, which is still in use today 

(Magiorkinis et al., 2014).  

Diagnosing epilepsy  

Epilepsy is a disease that affects regions of the brain; it is characterized by seizures that can 

occur at any given time, even while the individual is asleep (Fisher et al., 2014; Beghi, 2020). 

Seizures are not specific to epilepsy, though, which is why the diagnosis of epilepsy usually 

relies on the definition that for an individual to be diagnosed with epilepsy, the individual must 

have experienced two or more unprovoked seizures at least 24 hours apart from each other 

(Fisher et al., 2014). However, there are exceptions for example an individual who has a stroke 

and a seizure a month later might be treated as having epilepsy due to higher risk of a recurrence 
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(Fisher et al., 2014). Another example of a deviation of this definition is based on individual 

circumstances, although rare a physician might make the diagnosis of epilepsy if information 

and circumstances of the previous unprovoked seizure indicates a higher likelihood of another 

seizure occurring (Fisher et al., 2014). This could be the case with seizures which occur during 

the night as seizures that happen during the night can go unnoticed but research has indicated 

that seizures occur more often in sleep (Fisher et al., 2014; Lanigar and Bandyopadhyay, 2017). 

Additionally, the risk of a recurrent seizure goes up by 60% after the first seizure, with the 

risk of another one occurring within the next 10 years being even higher (Fisher et al., 2014). 

If a seizure does however occur within the next 10 years of the first unprovoked seizure, the 

individual is diagnosed and treated for epilepsy (Fisher et al., 2014; Beghi, 2020). 

An individual can however be considered to have resolved epilepsy if they have been 

seizure-free for 10 years and without medication for 5 years, as well as if the epilepsy was 

considered to be age-dependent (Fisher et al., 2014). 

Epilepsy and seizure types 

Seizures are defined by one of four types of onset; focal, generalized, unknown or unclassifiable 

(Scheffer et al., 2017; Falco-Walter et al., 2018). When classifying which type of seizure onset 

a patient is displaying, it is crucial to map out what symptoms the patient is experiencing (Falco-

Walter et al., 2018).  

The international league against epilepsy (ILAE) handed out new guidelines on the 

classification of seizures (Scheffer et al., 2017), according to which, while classifying focal 

seizures, it must first be determined whether the seizures are classified as the patient being 

aware during the seizure or having impaired awareness. If the state of awareness is unknown, 

it should not be included in the classification. On the other hand, if it is known that the 

individual's awareness is impaired while experiencing a seizure it must be noted even if the 

individual displays awareness after the seizure (Fisher et al., 2017; Scheffer et al., 2017; Falco-

Walter et al., 2018). It is also essential to further define the type of the focal seizure by "motor" 

or "non-motor" seizures which can be further defined by what type of behaviour the individual 

displays during their seizure. Furthermore, the classification of focal to bilateral tonic-clonic 

seizure can be made (Fisher et al., 2017; Scheffer et al., 2017; Falco-Walter et al., 2018). 

According to the current ILAE opinion (Scheffer et al., 2017) focal to bilateral tonic-clonic 
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seizures, formerly known as secondarily generalized seizures, are seizures that start in one area 

of the brain, then spread to both sides of the brain. 

Generalized seizures of generalized onset do, however, go by a different classification 

process due to most generalized seizures exhibiting impaired awareness; thus, the classification 

of aware or impaired awareness is usually excluded (Falco-Walter et al., 2018). The 

classification of generalized onset seizures nonetheless uses the motor or non-motor criteria to 

further determine the motor function of generalized motor seizures into tonic-clonic or other 

motor seizures (Fisher et al., 2017; Falco-Walter et al., 2018). Likewise, unknown onset 

seizures use similar criteria to determine motor or non-motor seizures, which can be further 

classified into tonic-clonic or other motor seizure (Fisher et al., 2017; Falco-Walter et al., 2018). 

Further classifications, also known as expanded classifications, can be made based on the 

information gathered from the primary assessment (Fisher et al., 2017; Falco-Walter et al., 

2018). 

After classifying the type of seizure onset and fulfilling the diagnostic for epilepsy, the 

type of epilepsy or the epilepsy syndrome can be classified.  Epilepsy can be classified into one 

of four classifications, focal, generalized, combined generalized and focal or unknown 

(Scheffer et al., 2017; Falco-Walter et al., 2018). The epilepsy type and syndrome, however, 

usually use a mapping of information gathered from the seizure onset classification, EEG 

findings, triggers, age, age-dependent features, imaging findings, among other information 

(Falco-Walter et al., 2018). 

Role of genetics 

Genetics are considered to play a significant role in epilepsy and epileptic conditions such as 

generalized and focal epilepsies (Michelucci et al., 2012). Epilepsy that is believed to be caused 

by genetic factors is usually referred to as idiopathic epilepsy while those who are suspected of 

being the cause of epileptic symptoms are grouped together in a group called symptomatic 

(Steinlein, 2008). Recent studies however have shown that the distinction between the two 

groups might be unnecessary, this being due to further development in genetic testing 

(Steinlein, 2008). According to Steinlein (2008) around 50% of all genes are expressed in the 

brain during fetal development, making them a contender in seizure disorders such as epilepsy. 

Furthermore, findings such as the mutation of SCN1A genes in severe myoclonic epilepsy of 

infancy (SMEI) which used to be classified as a symptomatic epilepsy further demonstrates that 
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genetics might play a bigger role in the development of epilepsy than initially considered 

(Steinlein, 2008). 

The ILAE does however believe that idiopathic (genetic) etiologic of epilepsy should 

always take environmental factors such as those considered to be symptomatic into account as 

contributing factors when diagnosing epilepsy (Scheffer et al., 2017). It is worth noting that the 

use of the classification of symptomatic generalized epilepsies, has been stopped due to it 

applying to heterogenous group of epilepsy patients (Scheffer et al., 2017). Furthermore, it is 

suggested that genetic etiologic may be split between inherited factors where family history 

plays a key role and genes where there might not be any family history of epilepsy due to lack 

of genetic variation to affect family members. which implies that “genetic does not equate with 

inherited” (Scheffer et al., 2017, p. 517).  

Recently, patients have been expressing more of the de novo mutations which is a genetic 

mutation which happens within the individual that has not been associated with family history 

and is thus likely to be unrelated to inheritance (Scheffer et al., 2017). The de novo mutation 

has however been correlated to severe and mild epilepsy, as well as being thought to be the start 

of a form of inherited epilepsy. Individuals who have been diagnosed with de novo mutation as 

the probable cause of their epilepsy have a 50% chance of passing the genetic mutation onto 

their children, although the expression of the mutation in the child determines whether they will 

be influenced by it or not (Scheffer et al., 2017). 

Moreover, SCN1A research has shown that mutations of the mosaic type in individuals 

with epilepsy “have two populations of cells, with one population having the mutation and the 

other having the wild-type (normal) allele” (Scheffer et al., 2017, p 517)”. The mosaic mutation 

in return affects the severity of the epilepsy (Scheffer et al., 2017). 

 

The function of the electroencephalogram 

An electroencephalogram (EEG) is a non-invasive test used to examine the electrical activity 

of neurons within the brain (Tatum, 2018).  Electroencephalogram or EEG as it will be referred 

to from now on is a cap that is placed on the scalp of a patient; attached to the cap are electrodes 

that measure neuronal activity in different brain regions, which are measured in the form of 

waves such as alpha, delta, beta and theta (Tatum, 2018). The primary use of an EEG is to help 

diagnose epilepsy with patients who have experienced seizures by assessing what type of 
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seizure the individual is experiencing and assessing epilepsy syndrome to determine the correct 

diagnosis and treatment plan (Britton et al., 2016). 

 

Prevalence associated with risk factors  

Epilepsy is undoubtedly the most common neurological disease worldwide, with around 50 

(according to the WHO) to 70 million people worldwide having the diagnosis of epilepsy at 

any given moment (Banerjee et al., 2009; Thijs et al., 2019). Epilepsy can occur regardless of 

age, gender, ethnicity, or socioeconomic status; however, there are risk factors and 

environmental factors that can contribute to the likelihood of an individual having epilepsy 

(Beghi, 2020). Most notably, the prevalence of epilepsy seems to be higher in lower to middle-

income countries and higher in the lower socioeconomic classes of higher-income countries 

(Beghi, 2020). This is likely due to insufficient medical care leading to poor hygiene, lack of 

sanitation, which in return lead to more significant perinatal risk factors, higher chances of 

central nervous system infections and other infections as well as higher chances of traumatic 

brain injuries, which are all contributing factors in epilepsy (Beghi, 2020; Thijs et al., 2019).  

The prevalence of epilepsy is not only based on the potential impact that the 

socioeconomic status of an individual might have on the likelihood of them being diagnosed 

with epilepsy but other factors such as gender and age, which have also been associated with 

the prevalence of epilepsy (Beghi, 2020). Gender on its own does not seem to play a big part in 

whether an individual is at higher risk of developing epilepsy, although it is worth noting that 

the prevalence of epilepsy is slightly higher in men; the reason for this is unknown. However, 

some research indicates that the prevalence of other risk factors is higher in men leading them 

to be more perceptible for developing epilepsy (Beghi, 2020). 

Howbeit age seems to be a significant contributing risk factor when it comes to epilepsy, 

but the two main groups which are affected by epilepsy are infants under the age of 1 and elderly 

individuals over the age of 50, peaking at around 70 years of age (Thijs et al., 2019). According 

to Beghi (2020), an estimation of the incidence of epilepsy in infants during the first year is 86 

per 100,000, a trend that goes further down in the age group of 30-59 years of age or estimated 

to be between 23-31 per 100,000, which subsequently rises to the highest peak of incidences of 

epilepsy in the age group of 85 and over, estimating at 180 per 100,000. These results indicate 

a decline in prognosis after ten years of age in children into adulthood while subsequently 



 

 17 

indicating a further increase in older age groups, likely due to neurodegenerative reasons 

amongst other factors such as strokes and tumours (Beghi, 2020). 

Mortality  

The frequency of death in epilepsy has a low incident rate although not totally unheard of as up 

to a third of premature death can either directly or indirectly be associated with epilepsy (Thijs 

et al., 2019). The indirect causes of death by epilepsy are drowning, suicide, aspiration 

pneumonia, infections or other causes while the direct cause of death can be injuries, status 

epilepticus or the most concerning direct cause of death that is commonly referred to as a sudden 

unexpected death in epilepsy (SUDEP) (Thijs et al., 2019). The cause of SUDEP is unknown 

but it occurs most often during sleep, likely after a nocturnal seizure since individuals who have 

passed away from SUDEP are usually found in position indicating a recent seizure (Thijs et al., 

2019). Due to SUDEP usually occurring unexpectedly during sleep, it commonly goes 

unwitnessed but it is suggested that an individual experiences a nocturnal seizure causing a 

convulsion followed by apnoea leading to asystole causing the unexpected death (Thijs et.al., 

2019). Currently there is no preventive measure out there for SUDEP but nocturnal supervision, 

reducing convulsions and the frequency of seizures seems to be the best preventive measure a 

clinician can provide (Thijs et.al, 2019). 

The topic of mortality in epilepsy is however debated amongst researchers. A recent 

longitudinal study conducted by Granbichler et al. (2017), between 1970 and 2010, found that 

life expectancy was not substantially different between the general public and individuals in 

over half of their subgroups with epilepsy. The study also found an increase in life expectancy 

in recent years, in groups which had epilepsy thought to be caused by genetics (idiopathic) and 

those who had unknown causes (cryptogenic) (Granbichler et al., 2017). Life expectancy was 

however found to be reduced in individuals with symptomatic epilepsy, mostly during the first 

year of diagnosis (Granbichler et al., 2017). 

 

 

Treatment of epilepsy 

Treatment of epilepsy can depend on socioeconomic status of the country the patient needing 

treatment is from, in high-income countries the treatment starts immediately after diagnosis 

while those who are from lower-income countries might struggle to get sufficient medical care 
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(Beghi et al., 2015; Thijs et.al., 2019). Another factor which can contribute to likelihood of 

treatment is whether the epilepsy is caused by idiopathic (genetic) factors or symptomatic 

factors, as epilepsy with an underlying genetic cause has a better chance of remission (Beghi et 

al,. 2015). 

 Despite these hurdles, epilepsy can be treated using antiseizure medications (Thijs et 

al., 2019). Although taking antiseizure medication has its own obstacles both regarding side-

effects which can cause further discomfort for the individual if treatment isn’t started right away 

(Thijs et al., 2019). The antiseizure medication has been reported to be ineffective in some cases 

however, with only 66% of individuals in high-income countries reporting the effectiveness of 

the medication despite of the 25 different medications available worldwide (Thijs et al., 2019). 

Some individuals have however reported that a change of diet for example changing to a 

ketogenic diet has helped in the control of seizures (Thijs et al., 2019).  

Individuals with drug-resistant focal epilepsy have the option of having surgery to 

remove or disconnect certain brain regions responsible for their seizures in order to gain seizure-

control or in some cases become seizure free but the prevalence of becoming seizure free after 

surgery is only between 50-80% (Thijs et al., 2019). 
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Importance of sleep 

Sleep plays a vital role in a variety of functions within the human body though especially 

within the brain; it is theorized that sleep is necessary for restoring metabolic and neural 

homeostasis within the brain, which is essential for taking in information and learning (Fattinger 

et al., 2017).   

Attention is one of the cognitive components greatly affected by the amount of sleep an 

individual gets (Krause et al., 2017). As lack of sleep has been known to impact attention greatly 

as a result of little sleep, an individual might have difficulty maintaining attention on the task 

at hand, leading to microsleeps where the individual fails to respond to their surrounding or a 

stimulus (Krause et al., 2017).  

While some studies have shown a greater link between the necessity of sleep and regular 

system functions within the body such as cardiac function, respiratory, endocrine, memory 

consolidation, restorative functions, as well as being widely accepted for having a beneficial 

effect on all other system functions within the body (Jain and Glauser, 2013). 

Sleep stages  

Sleep is a state of reversible unresponsiveness where an individual is unaware of their 

environment and disconnected from their reality (Jain and Glauser, 2013). At its core, sleep is 

divided into two primary forms: sleep, rapid eye movement or REM and non-REM or NREM 

(Jain and Glauser, 2013). Non-REM sleep is then further split down into three different types 

of sleep; those are N1, N2 and N3, otherwise known as deep sleep (Jain and Glauser, 2013). 

REM sleep 

REM sleep is characterized by oculomotor muscular activity hence the name rapid eye 

movement (REM); in recent years, however, the characteristics of REM have been further 

defined by physiological and behavioural functions such as faster frequency and reduced 
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amplitude within the cerebrum, which can be seen in EEG testing (Peever and Fuller, 2017). 

The activity can easily be distinguished from non-REM sleep as it resembles states of being 

awake, with “high-amplitude theta waves in the hippocampal EEG, active suppression of 

skeletal muscle activity, intermittent muscle twitches, autonomic and respiratory activation, 

fluctuations in brain/body temperature, and elevated arousal threshold” (Peever and Fuller, 

2017, p. 1).  

REM sleep takes up only a tiny fraction of our sleep, with some research showing it 

takes up around 25% of our sleep cycle while the phases of non-REM sleep take up around 

70%, with the state of being awake taking up 5% (Jain and Glauser, 2013). That does, however, 

not downplay the importance of REM sleep as it plays a crucial role in nondeclarative, 

emotional, and the consolidation of memory (Jain and Glauser, 2013), (Peever and Fuller, 

2017). 

Non-REM sleep 

Non-REM sleep can be divided into three stages, N1, N2 and N3 sleep or deep sleep; N3 has 

also been split into stage 3-4 of sleep (De Andrés et al., 2011; Jain and Glauser, 2013). Non-

REM sleep takes up around 70% of the average sleep cycle consisting of 5% N1 sleep, 50% of 

N2 sleep and 15% of N3 sleep (Jain and Glauser, 2013). Non-REM sleep consists of slow 

synchronised patterned waves, particularly in stage N3 (deep sleep); these waves are within the 

delta frequency, which is a low frequency with high amplitudes between 0.5-4.0 Hz (De Andrés 

et al., 2011). The benefits of deep sleep vary between research as the function of sleep is highly 

debated; it is assumed that the different sleep stages all serve a different purpose, although it is 

generally accepted that sleep helps in the function of all systems within the body (Jain and 

Glauser, 2013). Deep sleep has recently been associated with the importance of memory 

consolidation, specifically with declarative memory, as well as playing a role in verbal memory 

and retention of information gathered during the day, which is both positively correlated to the 

Non-REM spindle and slow-wave density (Jain and Glauser, 2013). 
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The complex interplay of sleep and epilepsy 
The complex relationship between sleep and epilepsy has long been recognized, with 

transcripts dating back to the ancient civilization of Greek during the time of Aristotle (Lanigar 

and Bandyopadhyay, 2017). However, this complex relationship went misunderstood up until 

the 1800s when Gowers found that around 20% of epilepsy patients only experienced seizures 

in their sleep (Lanigar and Bandyopadhyay, 2017). Additionally, it was found that nocturnal 

seizures, otherwise known as seizures which only occur in the night, are predominant in 

generalized tonic-clonic seizures (Lanigar and Bandyopadhyay, 2017). Another interesting 

finding in Gowers research was that nocturnal seizures seemed to have two points in the night 

where they peaked, between 9 pm and 11 pm and another between 3 am and 5 am (Kotagal and 

Yardi, 2008). These findings could potentially be associated with research into focal epilepsy 

that occurs in childhood, as studies have shown that the patient will experience a seizure within 

the first 2 hours of sleep 80% of the time, with the chances of a seizure being significantly lower 

during naps and time spent awake indicating the probability of these occurring during the peak 

hours of the night are higher as suggested by Gowers (Kotagal and Yardi, 2008). In addition to 

this, an individual with secondary generalization or focal to bilateral tonic-clonic seizures of 

the temporal lobe has a 45% chance of experiencing a seizure during hours spent asleep as 

opposed to a 19% chance while awake (Kotagal and Yardi, 2008).  

Due to these types of research, it has become common knowledge that sleep disturbances 

and disorders are frequent in epilepsy patients (Jain and Glauser, 2013). However, the main 

issue with the fact that sleep disorders and epilepsy are comorbid in epilepsy patients is that 

both diseases negatively impact one another (Lima et al., 2021). This issue leads to inadequate 

sleep, which in return can worsen the control of seizures ending in a cycle of insufficient sleep 

due to a higher probability of having a seizure (Jain and Glauser, 2013). 

Sleep disorders in epilepsy  
Sleep disorders are categorized under a type of mental health disorders in the Diagnostic 

and Statistical Manual of Mental Health Disorders, fifth edition or DSM-V; in total, there are 

ten categories under the sleep disorder section in the DSM-V, each comprised of a variety of 

different sleep disorders and issues (Lima et al., 2021). Sleep disorders affect an individual's 

way of functioning by causing impairments to occupational and social functions by prohibiting 

the individuals' ability to adhere to a regular sleep cycle (Xie et al., 2017).  
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It is believed that sleep disorders and disturbances are more frequently found in individuals 

with epilepsy than those of a healthy control group within the general community (Gutter et al., 

2019). A recent study found that the prevalence of obstructive sleep apnoea syndrome (OSAS) 

in individuals with epilepsy was 63% while the prevalence of the individuals within the general 

community was only 13% (Gutter et al., 2019). Insomnia was also reported to occur in 20-52% 

of individuals with epilepsy (Gutter et al., 2019). Though the cause of higher frequency of 

insomnia in epilepsy patients is largely debated. Some believe it is due to seizures, others 

believe that syndromes such as restless legs syndrome or excessive daytime sleepiness which 

are commonly found in people with epilepsy are the cause, while other reports say that insomnia 

causes those types of syndromes leaving the individual unable to sleep (Lima et al., 2020).  

Parasomnia is another common sleep disturbance experienced in epilepsy, it causes 

undesirable physical and behavioural movement such as sleepwalking in non-REM sleep 

(Malow and Vaughn, 2002). The issue with epilepsy patients having parasomnia or nocturnal 

panic disorder is that these types of disturbances are not only taxing for the individual but can 

also resemble movements of an epileptic seizure causing serious concern for the person (Malow 

and Vaughn, 2002). 

 

Treatment of sleep problems in epilepsy 

The main treatment option for those who suffer from sleep disturbances in epilepsy are 

antiepileptic drugs (Malow and Vaughn, 2002). However, a frequent issue that occurs in the 

treatment of epilepsy with antiepileptic drugs is that they suppress epilepsy but also tend to 

trigger further sleep disturbances (Lima et.al, 2021). In some cases, individuals have even 

reported that the side effects of antiepileptic drugs have a great impact on their cognition, 

especially when it comes to learning (Gibbon et al., 2018). While others have reported 

fluctuation in their weight as well as time spent in non-REM sleep and REM sleep leading to 

issues with daytime sleepiness (Gibbon et al., 2018). Antiepileptic drugs have also been 

associated with increased risk of developing obstructive sleep apnoea, which has been reported 

to make epilepsy worse (Gibbon et al., 2018).  

There are however other treatments such as the ketogenic diet which is believed to 

improve nocturnal sleep giving better seizure control although that another form of treatment 

that is largely debated (Gibbon et al., 2018). Vagal nerve stimulation (VNS) is another option 

that can be used to treat refractory epilepsy, it is however believed that VNS further increases 
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the risk of obstructive sleep apnoea syndrome (OSAS) (Gibbon et al., 2018). Which only leaves 

the option of surgery which does improve seizure frequency in most cases but can be considered 

invasive, as well as being another risk factor for OSAS (Gibbon et al., 2018). Reduction in 

seizure frequency where obstructive sleep apnoea syndrome and epilepsy are prevalent have 

been positively correlated with the use of positive airway pressure therapy, although the use of 

this treatment method usually only applies to OSAS (Gibbon et al., 2018). 





 

 25 

Methods 

Objective  

The objective of this study was to compare the time spent in deep sleep between individuals 

with and without epilepsy. This study analysed EEG data from individuals (N=12) who sought 

treatment at the Epilepsy Monitoring Unit at the Department of Neurology, Christian Doppler 

Medical Center, Paracelsus Medical University in Austria. Those who participated either had 

previously been diagnosed with epilepsy (N=6) or were suspected to be experiencing epileptic 

seizures (N=6) but were discharged from the examinations without an epilepsy diagnosis 

(control group). The analysis of the data took place at the University of Akureyri.  

Participants 

The participants were all adults. The full dataset consisted of 106 participants in total between 

the ages of 18-75 years old. In this study, 12 participants were selected. The selection was semi-

random, as at first 6 patients with epilepsy were selected, and alongside with them 6 age-and 

gender matching participants without epilepsy. For example, Pat_13 is a 58-year-old male with 

epilepsy, which was paired with Pat_46, who is a 54-year-old male without epilepsy. 

Participants in this subsample were between the ages of 18-56 (mean= 33 years), with 8 

participants being male and 4 being female.  

Equipment  

An electroencephalogram (EEG) was used for epilepsy video-EEG. The data from the EEG 

was anonymized in Salzburg, the night files were extracted and concatenated and then imported 

into a program called BrainVision Analyzer (Brain Products) which allowed for scanning 

through the EEG and placing markers where there appeared to be deep-sleep segments in each 
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participant’s recording. Excel was used for storing information about each participant and SPSS 

was used to process the data. 

 

Research design 

The 106 individuals suspected of having epilepsy were monitored from Monday until Friday 

using an EEG and video recording, of which we use only the EEG data. The data was sent to 

the University of Akureyri in Iceland for research and analysing. Night 2 of each individual 

was chosen for analysis, where deep sleep segments were reviewed and marked by a researcher, 

supervised by an instructor. Time stamps of markers were exported to text files such that the 

duration of the deep sleep segments could be calculated. Excel was used in the calculation of 

minutes spent in deep sleep and SPSS data software was used in conducting an independent t-

test to see if a significance difference could be found between total amount of time spent in 

deep sleep between people with and without epilepsy according to a 95% confidence interval. 
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Results 
A table was created to compare each individual participant to one another (see table 1). The 

table includes details of each participant such as gender, age at testing, if the individual had 

epilepsy and if so, what type of epilepsy and age of onset.  

Most individuals that were currently diagnosed with epilepsy had focal epilepsy (N=5), 

pat_16 was the only participant diagnosed with epilepsy that was not classified (N=1) and the 

rest of the sample was determined to be non-epileptic (N=6). However, the majority of the 

sample had at some point been diagnosed with epilepsy (N=8), with the distribution of the age 

of onset varying greatly.  

 

Table 1 

Characteristics of participants. 

Patient ID Gender Age at 
testing 

Epilepsy  Type of 
epilepsy 

Age of 
onset 

Pat_13 Male 58 Yes Focal 6 weeks old 

Pat_46 Male 54 No Non epileptic NA 

Pat_14 Female 50 Yes Focal NA 

Pat_44 Female 46 No Non epileptic NA 

Pat_15 Male 32 Yes Focal 16 years old 

Pat_19 Male 27 No Non epileptic 27 years old 

Pat_16 Female 24 Yes Not classified 10 years old 

Pat_66 Female 18 No Non epileptic 14 years old 

Pat_29 Male 24 Yes Focal 21 years old 

Pat_24 Male 23 No Non epileptic NA 

Pat_26 Male 19 Yes Focal 13 years old 

Pat_25 Male 21 No Non epileptic 20 years old 

      

Note. Table 1 displays characteristics of each participant, showing gender, age at testing, 

whether the individual has epilepsy or not as well as epilepsy type and age of onset.  

 

Results from an independent t- test with 95% confidence interval comparing the mean of total 

time spent in deep sleep between individuals with epilepsy and without epilepsy showed that 

no significant difference was between the two groups (t(5.084)= -1.273 ; p=0.067). Therefore, 

the null hypothesis could not be rejected on the grounds that the data, that is, this research could 
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not show a significant difference in the average amount of time individuals with and without 

epilepsy spend in deep sleep. However, when inspecting the data (Figure 1) the means of the 

two groups seemed to differ, and, more importantly, the variance differed extensively. 

 

Figure 1 

Comparison of total time in deep sleep between groups. 

 
 

Note. This figure shows the average time spent in deep sleep between individuals with and 

without epilepsy before adjusting for outliers. The y-axis displays the total time in minutes and 

the x-axis displays the two groups, individuals with and without epilepsy. The average time 

spent in deep sleep by people without epilepsy was 31 minutes (SD= 10.2) while those with 

epilepsy spent on average 89 minutes (SD= 112) in deep sleep. In the upper right corner of this 

figure one can see a singular outlier which was removed in a second step (see figure 2). 
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Adjusting for outliers 

After further examination of the data, an outlier was discovered and removed from the database 

in order to conduct a second independent t-test of the more homogeneous dataset to test for 

significance.  

Analysis of data after adjusting for outliers showed that a significance difference was 

between the two groups in the total time spent in deep sleep according to 95% confidence 

interval (t(4.668)= -948 ; p= 0.020). In light of these results, the null hypothesis could be 

rejected due to a significance difference being found between the two groups with individuals 

with epilepsy spending on average 45 minutes (SD=32.4) in deep sleep while those without 

epilepsy spent on average 31 minutes (SD=10.2) in deep sleep (see figure 2). 
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Figure 2 

Comparison of total time in deep sleep between groups after adjusting for outliers. 

 
 

Note. This figure shows the average time spent in deep sleep between individuals with and 

without epilepsy after removal of one outlier. The y-axis displays the total time in minutes and 

the x-axis displays the two groups, individuals with and without epilepsy. Those with epilepsy 

spent on average 45 minutes (SD=32.4) in deep sleep while those without epilepsy spent on 

average 31 minutes (SD=10.2) in deep sleep. 

 

The number of deep sleep segments per participant were calculated in order to analyse the 

difference between those with and without epilepsy (see figure 3). The number of deep sleep 

segments varied between individuals, the highest frequency of deep sleep segments being 3 

segments throughout the night which 50% of the entire group (N=6) experienced. The minimum 

number of recorded deep sleep segments were 0, but pat_15 was the only one to have no deep 

sleep during the night (see figure 3). The maximum number of recorded deep sleep segments 
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were however 11 (see figure 3), only one participant had such a high number of recorded deep 

sleep segments, pat_26 (see figure 3). Additionally, pat_26 was the only one who experienced 

seizures during the night of the recording (See figure 4). In pat_26, seizures happened during 

deep sleep (Non-REM), possibly being the cause of to higher frequency in deep sleep segments 

for that individual. 

 

Figure 3 

Deep sleep segment per participant 

 

 

 

 

 

 

 

 

 

 

Note. Figure 3 displays the total amount of deep sleep segments between participants. The 

grey line shows the amount of deep sleep segments found for each participant while the orange 

and blue lines display whether the individual is from the healthy control group or the group of 

participants with epilepsy. 
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Figure 4 

Seizure in deep sleep 

 

Note. Figure 4 shows an EEG of a seizure occurring during deep sleep in pat_26. 

 

Whilst deep sleep (see figure 5) can be easily distinguished from REM sleep (see figure 6), 

there are cases where deep sleep can be difficult to spot due to other EEG artifacts (see figure 

7). This was the case for pat_19 (see figure 7) whose deep sleep segments were hidden behind 

artifacts, leading to increased risk of missed deep sleep segments. 
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Figure 5 

Deep sleep segment 

 

Note. Figure 5 shows an EEG of a deep sleep segment in pat_14. Deep sleep waves are in delta 

frequency, with a low frequency with high amplitudes between 0.5-4.0 Hz. 

Figure 6 

Light sleep segment 

 

Note. Figure 6 shows a light sleep (REM sleep) EEG segment from pat_14.  
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Figure 7 

 Hidden deep sleep segment 

 

Note. Figure 7 shows a hidden EEG deep sleep segment in pat_19.  

Other artifacts such as eye and muscle activity can easily be detected on EEGs (see figure 

8 and figure 9), although brain activity can differ between individuals, and make EEGs harder 

to read. Eye artifacts (blinking and movement of the eye) are artifacts detected in the frontal 

region of the brain with big slow waves. An example for an eye artifacts can be seen in figure 

8, where a comparison has been done between pat_16 (figure 8.A) and pat_24 (Figure 8.B). 

Pat_16 had large ocular activity with big amplitude slow waves while pat_24 has small hard to 

distinguish ocular movement, with little eye movement resembling light sleep.  

Muscle artifacts on EEGs can however differ largely between individuals and with respect 

to what type of movement the individual is making (see figure 9). When individuals move 

around, multiple electrodes are affected such that the EEG recording looks chaotic but is yet 

displaying “healthy” activity. In figure 9, a comparison has been made on different types of 

muscle activity. Artifact A in figure 9 displays activity from pat_14 and is likely showing the 

individual turning or sitting up. Artifact B, however, is from pat_16 and displays a chewing or 

biting artifact. 
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Figure 8 

EEG eye artifacts 

 

Note. Figure 8 displays two types of eye artifacts A and B. Artifact A is from pat_16 

showing big waves in the frontal region of the brain, while artifact B is an artifact from pat_14 

which shows smaller harder to distinguish waves. 
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Figure 9 

Different types of muscle activity 

 

Note. Figure 9 shows two different types of EEG artifacts. Artifact A is from pat_14, it 

shows a muscular activity which could be associated with turning over or moving around. 

Artifact B is from pat_16, is also a muscle artifact although it displays the action of chewing or 

biting down. 

Discussion 
One of the main concerns of epilepsy is the complex relationship between sleep and 

epilepsy, but recent studies have indicated that deep sleep disturbances in epilepsy have 

detrimental effects on the consolidation of memory and cognition (Jain and Glauser, 2013; 

Sarkis et al., 2016). In this study, a significant difference was found between the time spent in 

deep sleep between individuals with and without epilepsy, emphasizing that the relationship 

between deep sleep and epilepsy should be of great concern. 

Sleep disturbances and sleep disorders are commonly comorbid in epilepsy patients, 

leading to a lower quality of life due to insufficient sleep and irregular sleep cycles (Gutter et 

al., 2019). In addition, individuals with insufficient sleep have been known to struggle with 
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daily cognitive tasks such as learning, remembering, attention, among other social and 

occupational issues (Fattinger et al., 2017; Krause et al., 2017; Xie et al., 2017). Therefore, it is 

of interest studying the differences in sleep characteristics between patients with epilepsy and 

controls. 

Previous research 
 

Sleep disturbances in epilepsy patients are not entirely clear, but it is suspected that 

different components such as genetics, seizure type, epilepsy type, predisposition, as well as 

environmental factors are all potential contributing factors (Scheffer et al., 2017).  

The topic of genetics and environmental factors as contributors to the cause of epilepsy has 

been debated amongst researchers, in a study done by Steinlein (2008) it was suggested that a 

distinction should not be made between symptomatic and genetic causes in epilepsy, as genetic 

causes were likely to be the main reason for most types of epilepsy. However, Scheffer et al 

(2017) research indicates that it is important to consider environmental factors; such as stress, 

infections, illness and sleep deprivation and genetic factors together when looking for a cause 

in epilepsy as those factors are usually comorbid and there might not be one direct cause for 

seizures (Scheffer et al., 2017). 

 

Despite these differences in the matter of opinion, studies have found that the risk of 

seizures occurring during the night when an individual is asleep is significantly higher than 

during time awake, these results seem to be dependent on the seizure type though, indicating 

that the area of the brain that is affected by the seizures might play a bigger role in sleep 

disturbances (Lanigar and Bandyopadhyay, 2017; Kotagal and Yardi, 2008).  

In a review done by Halász et al. (2019) the relationship between non-REM sleep and 

epilepsy and their relation to brain plasticity was summarized as well as a closer look was taken 

at interictal epileptiform discharges (IEDs). Their summary suggests that the localization of 

sleep related epilepsy, is in areas of the brain involved in brain plasticity functions in non-REM 

sleep causing cognitive impairments. However, they found that only sleep related epilepsy was 

linked with cognitive impairment, concluding that cognitive impairments in epilepsy should not 

be a concern for all epilepsy types (Halász et al., 2019). 
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 Furthermore, Halász et al. (2019), discussed the concerning role of interictal 

epileptiform discharges (IED) in cognitive decline in epilepsy patients. IEDs cause a 

disturbance of NREM sleep through slow wave deprivation causing a threat to brain plasticity 

(Halász et al., 2019). Additionally, antiepileptic drugs have been found to not suppress IEDs 

leading to further interference with sleep and biological processes (Halász et al., 2019). 

 Minecan et al. (2002) conducted a cross-sectional research study where they examined 

if different sleep stages affected seizures in the same way interictal epileptiform discharges 

(IEDs) do. The research found that seizures and IEDs occur during non-REM sleep. With IEDs 

usually occurring during stage 3 and 4 of non-REM sleep while non-REM stages 1 and 2 are 

frequently found to stimulate seizures (Minecan et al., 2002). Additionally, the research found 

that only 5% of seizures occurred during REM sleep, with 20% occurring during stage 1 of 

non-REM sleep, 14% occurring in stage 3 and 4 of non-REM sleep and lastly 61% occurring 

in stage 2 of non-REM sleep (Minecan et al., 2002). Their proposed explanation for these results 

is that “arousals from sleep result in transitions to lighter sleep, followed by a return to deeper 

levels of sleep. On the descent back into deeper levels of sleep, seizures are more likely to 

occur.” (Minecan et al., 2002, p.60). 

The results of Minecan et al. (2002) are similar to those we found in this study. Their 

interpretation is that sleep disturbances in epilepsy cause the individual to transition between 

different levels of sleep causing seizures and ultimately higher frequency of deep sleep in 

epilepsy patients due to the natural response of the brain to get more rest. This quickly leads to 

a vicious cycle of insufficient sleep. 

 

 

Conflicts in treatment options 

Despite sleep disturbances being as prevalent as they are in epilepsy, the treatment methods 

remain similar between those with sleep issues and those without sleep issues in epilepsy, with 

the most common form of treatment being antiepileptic drugs (Malow and Vaughn, 2002).  The 

effects of antiepileptic drugs are largely debated among researchers mainly due to the difference 

in availability between middle-low income countries and high-income countries as well as the 

side effects of the medication being of concern (Beghi et al.,  2015; Thijs et al., 2019; Nadkarni 

and Devinsky, 2005).  
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In a review done by Nadkarni and Devinsky (2005), the effects of antiepileptic drugs were 

examined and compared. The antiepileptic drugs felbamate and lamotrigine were associated 

with anti-depressant properties as well as being attention-enhancing contradicting previous 

research that suggests otherwise (Nadkarni and Devinsky, 2005; Krause et al., 2017). The 

antiepileptic drugs valproic acid and carbamazepine were associated with impaired attention, 

fatigue and depression which are all well-known side effects of antiepileptic drugs (Nadkarni 

and Devinsky, 2005). However, felbamate and lamotrigine were also associated with negative 

effects such as insomnia, agitation, and anxiety which are common side effects of both epilepsy 

and antiepileptic medication as supported by studies conducted by Gutter et al. (2019) and Lima 

et al. (2020). In addition to this evidence, valproic acid and carbamazepine were found to be 

beneficial for sleep, a subject highly disputed when it comes to antiepileptic drugs (Nadkarni 

and Devinsky, 2005; Gibbon et al., 2018) as antiepileptic drugs have been associated with 

increased risk of sleep disturbances and lower quality of life (Gibbon et al., 2018). 

Despite these disputes antiepileptic drugs continue to be the best treatment option for 

epilepsy patients although like with most medication they seem to have vast effects on each 

individual leading to different results, effectiveness and possible side effects (Nadkarni and 

Devinsky, 2005). 

 

Limitations 

There were however a few limitations with this study. Due to limited time only a small 

sample size (N=12) was selected from the total sample of 106 participants, leading to little 

significance in comparison to other literature. In addition to a small sample size, only one night 

was analysed which does leave room for error, since some participants might have slept worse 

or better during one of the other nights. Another limitation which can be considered is that 

sleeping in an epilepsy monitoring unit might not be representative of a normal night for the 

individual as the environment is unfamiliar to them. Further limitations could include the 

analysis of data. The data was analysed and reviewed manually with markers being placed 

where deep sleep was clearly visible, but in some cases (see figure 7) it was hard to spot or 

differentiate where a deep sleep segment was and where it started and ended, which could 

contribute to overlooked data. 

It is also worth considering whether other contributing factors such as gender and age could 

have impacted the sleep of participants. 
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Conclusion 
Epilepsy affects the quality of life of millions worldwide, it can both affect the daily functions 

of an individual as well as impact their sleep. Sleep plays a vital role in system processes both 

of biological and cognitive nature. Deep sleep in particular is known for its role in memory and 

learning which is why it is necessary for an individual to get sufficient rest. In this study the 

amount of deep sleep between individuals with and without epilepsy was examined. 

The result of the study indicated a significant difference between the two groups, with 

patients with epilepsy spending on average more time in deep sleep. 

In conclusion, the significant difference in time spent in deep sleep between individuals with 

and without epilepsy shows that there is a relation between deep sleep and epilepsy. It is 

assumed that this difference might be caused by frequent nocturnal seizures and inter-ictal 

disturbances of sleep. 
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