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Effects of  antiepileptic drugs on sleep architecture parameters in 
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ABSTRACT
Objectives: Physiological and restorative sleep is fundamental for physical and mental well-being. 
Polysomnography parameters are objective methods to access sleep structure. Antiepileptic drugs 
(AEDs) are a group of  drugs whose interference in the sleep structure is still not well known, 
especially in what concern the new ones. We did a systematic review of  the literature to compare 
the effect of  classic and newer AEDs on sleep architecture. Material and Methods: A search 
was performed in PubMed and Scopus, using keywords “sleep” and “antiepileptics”, and each 
AED combined with “sleep”. Only studies concerning objective measures were selected. Results: 
63 articles were included, only 21 were randomized, controlled and double-blinded. Studies not 
only in epilepsy, but also in restless leg syndrome, bruxism, insomnia, fibromyalgia and obstructive 
sleep apnea were found. Among classic AEDs, carbamazepine has a negative effect on sleep while 
phenobarbitone has a slightly dose-dependent interference and is also the only one to reduce N3 
stage. Valproic acid has little to no effect while clobazam and clonazepam have a positive effect. 
No conclusion can be drawn about phenytoin. All of  them reduce REM stage. In the newer AEDs 
group gabapentine, lamotrigine, perampanel, pregabaline and tiagabine increase N3 sleep in best 
evidence. Lacosamide and zonisamide appear to be innocent while levetiracetam reduces REM 
sleep. Conclusion: Studies found used different methodologies not always addressing the analysis 
on the same parameters. In spite of  these, newer AEDs have less effects on sleep structure when 
compared with classic AEDs but furthermore robust evidence is needed.
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INTRODUCTION
A good night of  sleep is recognized as essential to optimal 

physical and mental health. The impact of  sleep in the immune 
system functioning and cognition has already been described1. A 
recommendation of  the American Academy of  Sleep Medicine 
(AASM) and the Sleep Research Society is, for adults up to 60 
years of  age, to sleep seven or more hours on a regular basis2. 
Sleep impairment may lead to excessive daytime sleepiness (EDS), 
with drowsiness occurring in situations in which an individual is 
expected to be alert and vigilant1. Concomitantly, EDS can also 
be seen when the total sleep time (TST) is within normal range, 
particularly when there is a sleep fragmentation, defined by 
recurrent arousals and/or stage shifts3. Early detection of  sleep 
disorders is important, mainly due to its impact on general public 
health, contributing to an overall increase in the population’s 
morbidity, mortality and decreased work productivity. A correct 
diagnosis and management are usually possible and may improve 
health and quality of  life of  patient with sleep disorders2,4.

Sleep disruption can be suspected by assessing self-
reported sleepiness quantification scales, such as the extensively 
used Epworth sleepiness scale or the Stanford sleepiness scale. 
These two subjective methods are considered to be more 
inaccurate in their correlation with sleep structure and, therefore, 
objective methods are preferred1. To the date, traditional in-lab 
polysomnography (PSG) is still the gold standard for objective 
assessment of  sleep structure4-6. Actigraphy, maintenance of  
wakefulness test (MWT) and multiple sleep latency test (MSLT) 
are also objective methods used for determining the treatment 
effects on sleeping and daytime sleepiness2,4-6.

Through a standardized PSG exam, sleep can be 
divided into two main cycles: rapid-eye movement (REM) and 
non-rapid eye movement (NREM) sleep cycles. Up to 2007, 
Rechshaffen and Kales classification stratified NREM sleep 
in four stages NREM - S1, S2, S3, and S47,8. Because frequent 
difficulties to classify and split S3 from S4 a task force from 
the American Academy of  Sleep Medicine adopt the proposal 
from Silber et al. (2007)10 and merge S3 and S4 into a unique 
stage NREM N3 that define the slow wave sleep9,10. In addition 
to the sleep stages, there are other sleep parameters that can 
also be assessed such as arousals, sleep efficiency (SE), sleep 
latency (SL), awakenings and wake after sleep onset (WASO)3. 
Although most changes in sleep structure caused by AEDs 
have been considered negatives, there are some which are seen 
as improvements, such as a decreased number of  arousals 
and/or N1 stage and an increased SWS or REM sleep6. During 
NREM1 to NREM3 some individuals present a prolonged 
cyclic alternation of  high voltage slow waves and low-voltage 
irregular activity. This can be described as cyclic alternating 
patterns (CAP) and this sleep microstructure alteration has been 
considered an EEG marker of  unstable sleep11.

Antiepileptic drugs (AEDs) are a heterogeneous class 
of  drugs used worldwide, mainly in epilepsy as antiseizure 
medication. These can be classified according to their mechanism 
of  action or in classic AEDs and newer ones. In theory, the new 
AEDs have fewer side effects. AEDs are not used exclusively 

in epilepsy, in fact, its use has been expanded to treat other 
pathologies, such as neuropathic pain12, fibromyalgia13, mood 
disorders14, bruxism15, restless leg syndrome (RLS)14 or periodic 
limb movement disorder16, pathologies that disturb sleep 
and sleep structure. The current knowledge is that all AEDs 
can influence sleep architecture, but there may be a positive 
or a negative impact caused by the drug per se or by the type 
of  epilepsy17. Sleep disturbances can also exacerbate the 
drowsiness and memory dysfunction, common in patients with 
epilepsy (PWE), and be a factor itself  of  difficulty in controlling 
seizures18,19. According to the reported literature, most of  the 
classic AEDs have some detrimental effect on sleep. New 
AEDs do not seem to affect nocturnal sleep in the same way but 
the literature is scarce in relation to objective analysis of  sleep20. 
However, sleep disturbances may be not only related with 
the AEDs but also may be a consequence of  seizures itself21. 
Polytherapy is also another independent risk factor for excessive 
daytime somnolence (EDS), with patients taking more than one 
AED being at a higher risk than those on monotherapy22,23. But 
again, the reason for such EDS is not always a linear relationship 
found between the pharmacological AEDs characteristics.

It is known that sleep disturbances are associated with 
decreased quality of  life in chronic diseases such as epilepsy5. In 
PWE, a group with a particularly high incidence of  sleep-related 
complaints, sleep disorders represent an increased risk in seizures 
control4,6. PWE have a higher frequency of  arousals, awakenings 
and phase shifts compared to the general population, even when 
they are controlled or without AEDs treatment19. These three 
transitional phase events create conditions of  brain network 
instability and increase ictal and interictal epileptic phenomena, 
which can also alter the sleep-waking cycle and sleep architecture6,24. 
New evidence in this field is a much needed area of  research as 
the most recent systematic review on the impact of  epilepsy per 
se in sleep parameter by Sudbrack-Oliveira et al. (2019)25 only 
established conclusions about an increase in WASO in temporal 
lobe epilepsy. Precluding conclusions on other subgroups of  
PWE due to study heterogenicity.

Despite their extensive use, objective influence of  AEDs 
on sleep is not yet full perceived21. Since drowsiness is one of  
the most common reported AEDs side effects, some direct 
influence may indeed be suggested6. Maestri et al. (2013)26 in the 
novo untreated PWE have already concluded that there were no 
significant differences regarding sleep parameters compared to 
the control group and, thus, EDS may be due to a factor other 
than epilepsy per se. Larger studies are needed to confirm this 
conclusion, but this is a challenging task, as testing the long-term 
effect of  most AEDs in individuals without epilepsy is unethical, 
preventing the formation of  larger control groups, and it is 
dangerous and incorrect to switch off  the AEDs in PWE just 
to control these confounding factors27. There is also not enough 
research with focus on non-benzodiazepine drugs to conclude its 
usefulness and safety in insomnia’s treatment, because designing 
large trials without bias is complicated and expensive28.

The aim of  this review is to collect all the evidence 
available in common databases about the direct influence of  
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the newer AEDs on sleep architecture, as well as to compare 
such parameters with the classic AEDs. With this, we intend to 
understand better the effect of  AEDs not only in the treatment 
of  epilepsy but also in other pathologies in which AEDs are used.

MATERIAL AND METHODS
Our research was carried out, from March 1st to April 1st 

2020, in PubMed and Scopus databases, using the MESH-terms 
“antiepileptic drugs” and “sleep” as keywords. Only clinical 
trials with individuals treated with acute or chronic AEDs and 
written in English were selected.

In this review, we included trials studying the effects of  
AEDs in subjects not only with epilepsy, but also with other 

disorders and in healthy adult volunteers. Trials involving 
children or concerning non-pharmacological treatments of  
epilepsy, such as vagus nerve stimulation or surgery, were 
excluded. The search conducted in the aforementioned 
databases also combined individual AED names with “sleep” 
(for example “carbamazepine AND sleep”). After removing all 
duplicated articles, the results were added to the first search, as 
shown in Figure 1. For analysis, we divided AEDs in classic and 
newer ones. We considered classic AED’s the older ones, that 
came out before the early eighties. The classic AED searched 
were carbamazepine, clobazam, clonazepam, ethosuximide, 
phenobarbital, phenytoin and valproic acid. The newer AED 
searched included brivaracetam, eslicarbazepine acetate, 

Figure 1. Diagram with screening selection methodology. Adapted from PRISMA. From: Moher et al. (2009)29.



Sleep Sci. 2022;15(2):224-244

225 Antiepileptic drugs and sleep architecture

felbamate, gabapentin, lacosamide, lamotrigine, levetiracetam, 
oxcarbazepine, perampanel, pregabalin, rufinamide, stiripentol, 
sulthiame, tiagabine, topiramate, vigabatrin and zonisamide. 
Multiple articles concerning BZDs were obtained, however, 
in our review, we only focused on clonazepam and clobazam, 
because these are also used as AEDs. Other trials including 
BZD were excluded.

The articles selected for qualitative review included 
only the ones that assessed objective sleep outcomes. Articles 
concerning only subjective sleep outcomes were excluded. 
The objective sleep outcomes considered were the PSG 
measurements previously described, such as sleep stages and 
other sleep parameters. Articles reporting MLST results were 
also included, as this is a validated objective parameter. In this 
review, studies considering the old classification of  stages N3 
and N4 were reported here as slow wave sleep (SWS). The class 
of  evidence was based on the recommendations from American 
Academy of  Neurology30.

RESULTS
After the bibliographic search, summarized in Figure 1, 

sixty-four articles were selected to qualitative analysis. Of  these, 
only ten articles were published in the last 5 years. Eighteen 
focused only on classic AEDs, Thirty-nine focused exclusively 
on one of  the newer AEDs and seven assessed more than one 
AED simultaneously. Tables 1, 2 and 3 summarize the significant 
results reported in the articles selected for analysis.

We found twenty-one randomized, double-blind studies, 
placebo-controlled (class I evidence), nine class II studies, 
thirty-one class III and two class IV considering the effects of  
AEDs with objective measure of  sleep architecture parameters.

Classic antiepileptic drugs

Carbamazepine

Seven studies were obtained concerning carbamazepine 
(CBZ), with the best evidence being a class II trial in borderline 
personality disorder31 and the rest were all class III of  evidence. 
This AED was primarily associated with a significative increase 
in SWS and a concomitant decrease in the REM stage in a class 
III study performed in healthy volunteers32. Subsequent trials 
confirmed this by using CBZ in acute treatment of  patients 
with focal epilepsy33,34, in psychiatric disorders31, and in healthy 
volunteers35. In a smaller study, conducted in healthy individuals, 
CBZ also appeared to improve sleep continuity and efficiency36. 
Another longitudinal trial reported an increase in SWS after using 
CBZ in PWE, but without significant differences concerning 
the REM stage37. Gann et al. (1994)35 described a higher SE and 
a decrease in N2 stage.

The impact of  chronic CBZ treatment in sleep 
parameters was assessed by Manni et al. (1990)33 on one 
observational, small sample, non-controlled study in focal 
epilepsy subjects. These authors found an overall decrease in 
the latency and percentage of  REM stage, a reduction in sleep 
stability, with a greater number of  stage shifts, and a reduction in 

the number of  awakenings. However, it is necessary to consider 
that unstable sleep patterns and REM decrease more frequent 
in the subgroup of  patients with poor seizure control so that 
sleep unstability seems to be related more to seizures than to 
CBZ in itself33. In the opposite, Legros et al. (2003)38 reported a 
non-significant decrease in REM sleep and supported the idea 
that chronically administered CBZ does not significantly affect 
sleep of  focal epilepsy patients.

In most recent articles, some sleep parameters, such 
as higher cyclic alternating pattern rates during NREM and 
arousals, appear to be worse than in drug-naïve individuals. 
Therefore, the authors concluded that CBZ negatively affects 
sleep quality in this subgroup of  epileptic patients. Since drug 
exposure was not controlled, it is not possible to conclude 
whether sleep changes are caused by the underlying disease or 
by exposure to CBZ39.

Although CBZ initially has a deleterious effect on sleep, 
namely through the reduction of  REM sleep, in the long-term, it 
does not seem to significantly modify this parameter. The authors 
suggest that those effects may only be acute and temporary34,38,40.

Despite of  CBZ being extensively used in neuropathic 
pain such as trigeminal neuralgia, we have not found trials 
concerning these patients’ group.

The low level of  evidence, due to the lack of  class I 
studies, prevents definitive conclusions about the impact of  CBZ 
on sleep structure. However, in acute therapy, most articles seem 
to point to an increase in SWS and a decrease in the REM stage. 
In chronic intake, there is less evidence of  sleep disturbances but 
the majority of  the evidence point towards an innocent profile.

Clobazam

Most clinical trials studying the influence of  clobazam 
(CLB) on sleep were done in children and, therefore, these articles 
could not be included in this review.

Being mainly used as a sedative or a hypnotic drug it is 
a surprise that the evidence available in adults comes out from 
only one class I, randomized, double-blind study in healthy 
volunteers performed by Nicholson et al. (1977)41; the authors 
compared doses of  10mg and 20mg of  CLB. In both doses, this 
benzodiazepine drug reduces SL and improves SE but the lower 
dose decreased the percentage of  stage N1 and SL compared 
to placebo. With the higher dose, the effects on stage N1 and 
SL were more pronounced, with the authors also describing a 
decrease in stage N3 and SWS and noting an increase in stage 
N2. No changes in REM sleep was noted in this study41.

Clonazepam

Although clonazepam (CLN) is extensively used in sleep 
disorders, the available literature on its impact on sleep structure is 
scarce42. Only five articles were found, four of  which class III and 
only Sakai et al. (2017)43 present a class I study. They reported non-
significant changes in patients with sleep bruxism undergoing CNZ 
compared to placebo. This remains the highest quality evidence on 
CLN although we can consider that the crossover with clonidine 
can be a confounding factor for the results presented.
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Drake et al. (1990)44 were the first authors to study 
CLN’s influence on sleep. This trial was conducted in healthy 
adult volunteers and they found a reduction in SL and REM 
latency. Saletu et al. (2010)45 described a relatively positive sleep 
profile with 1mg of  CLN compared to placebo in patients with 
sleep bruxism45; these patients suffered from fewer awakenings, 
longer TST, reduced WASO, greater SE, less stage shifts and an 
increase in stage N3, while stage N1 decreased.

In an observational study conducted in patients with 
idiopathic REM sleep behavior disorder (iREMSBD), the 
authors described the lack of  objective effects of  CNZ in REM 
sleep parameters, but evidence of  NREM sleep disturbance was 
found in a group of  these patients on chronic use of  CNZ. 
The retrospective design, the heterogeneity of  sample size and 
disease’s duration of  the study decreases its level of  evidence. 
Nonetheless, after 2,5 years of  follow-up, they concluded that 
CLN decreases NREM sleep instability, increases N2 stage and 
decreases WASO relative to baseline42. The author confirmed 
these findings with a new longitudinal study also in iREMSDB 
patients, but no significant results were found in those 
undergoing acute monotherapy46.

Ethosuximide

The only article found on ethosuximide was an 
observational class III study conducted in PWE, with absence 
seizures, by Wolf  et al. (1984)47; they found a significant increase 
in N1 sleep and a concomitant reduction in SWS.

Phenobarbital

Phenobarbital (PB) is a sedative agent, sometimes used 
as an hypnotic drug. For this reason, evident changes in sleep 
architecture were expected48. Four articles on PB were found, 
of  which only one was class I and the others were only class III 
of  evidence.

The best evidence comes from a study performed by 
Karacan et al. (1981)49 in healthy individuals that found a dose-
dependent reduction in REM sleep, the main change of  PB in 
sleep architecture. The authors also reported a reduction in stage 
shifts and number of  awakenings and an increase in SL and N2 
stage. Also, in healthy individuals, Prinz et al. (1981)50 found 
no differences in immediate acute monotherapy compared to 
placebo. However, after one month taking PB, a significant 
reduction in SL and SWS was observed50.

On PWE, Wolf  et al. (1984)51 found remarkable acute 
changes in PSG compared to baseline. In generalized epilepsy, 
PB diminished REM interruptions and showed a tendency 
to decrease SWS. On MSLT, Manni et al. (1990)52 reported a 
greater propensity to daytime sleep in generalized epilepsy 
treated with PB compared to focal epilepsy treated with CBZ 
or healthy controls. However, no changes in sleep architecture 
were found in PSG sleep variables.

In summary, the most evident impact of  PB in sleep 
architecture is a dose-dependent reduction in REM sleep. 
It appears to also reduce N3 stage in chronic, after a month, 

intake. There is also an increase in a latency to sleep either in 
patients with epilepsy or healthy adults.

Phenytoin

This review included four articles concerning phenytoin 
(PHT) use in PWE. Unfortunately, all of  them were class III evidence.

Roder-Wanner et al. (1987)53 conducted the only trial in 
which PHT is studied alone. They conclude that PHT increased 
SWS, while reducing NREM sleep, and managed to differentiate 
a modest acute change in sleep, from a more prominent 
6-weeks effect; these authors also stated that, with continuous 
administration, the third REM-cycle was consistently the most 
affected and found a diminished sleep latency.

In a crossover study with phenobarbital, Wolf  et al. 
(1984)51 also reported an increase in SWS and decreased sleep 
latency, but without a significant reduction in REM stage. In an 
observational study, Drake et al. (1990)44 included five patients 
chronically treated with PHT and noticed a decreased in TST. 
Like Wolf  et al. (1984)51, these authors found little to no effect 
on REM sleep, but, conversely, they noticed an increase in sleep 
latency. Despite the discordant results, we need to consider 
that this study was conducted in a very small sample and with 
uncontrolled PHT dose-exposure.

Legros et al. (2003)38, in an observational and 
uncontrolled trial, found an increase in N1 stage, while observed 
a modest decrease in the REM stage, in agreement with previous 
studies. However, they reported a decrease in SWS, conflicting 
to previous studies. The small sample of  this trial, including only 
seven PWE, limits the conclusions’ validation. Additionally, it 
also has the disadvantage of  including patients with an acute 
withdrawal of  AEDs, whose effects on sleep cannot be excluded.

All studies obtained on PHT were class III. This prevents 
the establishment of  solid conclusions about the drug. However, 
from what we have obtained we can infer a possible impact in 
every stage reducing N1, N2 and REM while increasing SWS. 
Conflicting results were found in terms of  sleep latency.

Valproic acid

Five articles regarding valproic acid (VPA) were eligible 
for this review but only one was class II and the rest was class 
III of  evidence.

The best evidence comes from a double-blind, placebo 
controlled crossover with levodopa trial in patients with RLS 
in which VPA appears to have an innocent impact in sleep 
parameters, except for increased N2 latency compared to 
placebo54. In most studies, VPA has been associated with 
attention impairment during the day by increasing N1 sleep and 
decreasing SWS44,55, however minimal to no effects on sleep 
architecture were demonstrated. Weight gain is a well-known 
adverse effect of  VPA which itself  can lead to sleep disruption, 
so more studies considering this variable are needed44,54,56.

In healthy adults, 500mg per day of  VPA appears to 
reduce REM stage and increase SWS, these changes are more 
pronounced with 1,000mg/day compared to placebo56.
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In PWE, both Wolf  et al. (1984)47 and Legros et al. 
(2003)38 reported an increased N1 stage as the only change in 
the sleep parameters of  the VPA subgroup. Drake et al. (1990)44 
reported a slight increase in SWS, but their observational study 
only included five patients on VPA monotherapy and they used 
an ambulatory EEG record instead of  an in-lab PSG. Nayak et 
al. (2016)57 conducted the first VPA study in juvenile myoclonic 
epilepsy, reporting a slight increase in REM sleep macrostructure 
in patients under VPA compared to drug naïve patients. This 
study focused mainly on sleep microstructure.

Newer antiepileptic drugs

Felbamate

The only published study on felbamate (FBM) was a 
case report in a PWE that suggested a reduction in phase-shifts, 
nocturnal awakenings, N1 stage and WASO and an increase in 
the sleep efficiency index58. This class IV evidence is insufficient 
to draw conclusions about FBM effects on sleep.

It is known that FBM has a stimulating profile, being 
responsible for insomnia, anorexia and anxiety in focal epilepsy, 
lacking anxiolytic effects58. Thus, a formal evaluation of  sleep 
parameters should be performed.

Gabapentin

Gabapentin (GBP) is one of  the best studied AEDs, 
with nine articles included in our review, two of  them class I, 
three class II, three class III and one class IV of  evidence. It 
is curious that, although GBP is widely used in neuropathic 
pain, no study has been designed in this pathology. The most 
common findings, reported in almost every study about GBP, 
is an increase in SWS and reduction of  N1 stage, with variable 
effects in REM sleep59.

The most objective and robust evidence on GBP was 
provided by a large multicenter, randomized class I clinical 
trial. The authors studied the GBP effect on sleep compared to 
placebo, in adults without epilepsy, but with sleep complaints. 
A dose of  250mg and 500mg of  GBP was administered thirty 
minutes before bedtime and the results demonstrated an 
increase in TST and in sleep depth in both gabapentin users. 
Therefore, GBP has beneficial effects on sleep, contributing to 
a longer sleep duration and greater depth of  sleep60. Another 
class I trial also in healthy adults confirmed an increase in TST 
and a decrease in WASO, in line with the previous studies. 
Authors also found a small but significant decrease in the REM 
percentage and slight increase in the N1 stage61.

The oldest GBP study was a class II trial conducted 
in six healthy adults, so it is not possible to extrapolate the 
results. The authors found that GBP had no effect on TST, 
REM or REM latency, but increased SWS and decreased sleep 
latency62. In another class II sleep bruxism patients’ trial, GBP 
contributed to a significant reduction of  bruxism episodes 
per night, suggesting that it could be an effective alternative 

treatment. This AED significantly increased the TST, SE and 
N3 stage compared to a stabilization splint16.

Although GBP worsens apnea and respiratory indexes 
in healthy non-obese adults, the most recent class II trial on 
sleep apnea found no significant effects on sleep architecture63. 
Legros et al. (2003)38 conducted a class III observational study 
that, among other AEDs, contained a subgroup with only three 
PWE using GBP, they found no significant differences between 
these drug-users versus placebo. Due to its small sample, it is 
not possible to generalize these results.

An open-label class IV study with GBP reported 
an increase in SE and SWS and a decrease in the arousal 
index, without affecting any other sleep parameters. The 
methodological flaws of  this study were highlighted in a letter 
to the editor, published in the same journal, questioning its real 
relevance to the current evidence64,65.

Lacosamide

Two studies concerning lacosamide (LCS) and sleep 
architecture were obtained. Foldvary-Schaefer et al. (2017)66 
perform the first class I trial in PWE that provide the most 
robust evidence, that indicated that LCS is not a major 
contributor to EDS, although there is an increase in prevalence 
of  EDS in these patients. At baseline and at follow-up, the only 
significant change compared to placebo was a reduction in the 
arousal index, suggesting a positive effect of  LCS use. However, 
the study’s short duration and the recruitment from a single site 
limit the generalization of  these findings. This innocent role 
of  LCS in sleep is supported by previously published class III 
research in healthy individuals67.

Lamotrigine

Three articles focused on the use of  lamotrigine (LTG) 
in focal epilepsy patients were obtained. All of  them are class 
III of  evidence. Clinically, LTG is not associated with EDS 
and most studies indicate an improvement in sleep stability20,68. 
Legros et al. (2003)38 found no statistically significant differences 
in sleep architecture in four epileptic patients using LTG. The 
other two studies, both open label, found a reduction in SWS. 
Placidi et al. (2000)20 found a significant increase in REM sleep, 
a reduction in the number of  REM entries and phase shifts 
and a lack of  negative effects on daytime somnolence in drug-
resistant PWE using LTG as a chronic add-on medication. On 
the other hand, in focal epilepsy subjects, Foldvary et al. (2001)68 
found an increase in the N2 stage and less stage shifts and 
arousals, suggesting LTG as a less sleep-disturbing drug than 
classic AEDs.

There is still no evidence regarding the effects of  LTG 
on healthy individuals to allow conclusions, but in PWE it is 
associated with positive effects on sleep. We have also found no 
studies on mood disorders, even though LTG is widely used as 
a mood stabilizer.
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Levetiracetam

Levetiracetam (LEV) has been recently associated to a 
higher total sleep duration, even though, sleep complaints are 
not a commonly reported adverse effect of  this drug69. We 
found six reports evaluating sleep parameters in subjects taking 
LEV with very heterogeneous results. Two were class I, two 
were class II, and two were class III of  evidence.

Bell et al. (2002)70 designed two studies; the first was a 
class I trial conducted in healthy individuals and the second one 
was a class II trial performed in focal epilepsy patients taking 
concomitantly CBZ. They concluded that LEV increased the 
N2 stage, in both groups. In healthy adults, LEV increased REM 
latency and decreased SWS sleep in patients with focal epilepsy. 
Unlike BZD, it does not seem to affect sleep continuity, although 
a subjective reduction in sleep perception was observed70. 
The best evidence on LEV that we found came from a study 
performed by Cicolin et al. (2006)71. It is a randomized, double-
blind design with higher dose of  LEV 2,000mg/day, in healthy 
volunteers, that found and reinforce the increase in the N2 
stage. In MSLT the sleep latencies were normal and they also 
did not find any abnormalities in MSLT and thus the authors 
considered that LEV at therapeutic dose for epilepsy stabilizes 
sleep without affecting daily activities.

In a small class II study performed by Bazil et al. (2005)18, 
LEV seemed to have only minor implications in healthy 
volunteers sleep structure, with the only relevant difference 
being an increase in the number of  awakenings. This was in 
accordance with the findings described by Zhou et al. (2012)27 
that only observed a reduction in REM sleep time after LEV 
treatment with a dose of  1,000mg/day, on PSG evaluation; they 
reported no changes in MSLT.

Using actigraphy and MWT on focal epilepsy subjects, 
Yilmaz et al. (2007)72 observed that, after three weeks of  LEV, 
there was an increase in daytime napping episodes and total 
nap duration while there was a decrease in total activity score at 
night as in monotherapy as in an add-on regimen. The authors 
point out that although actigraphy gives a good measure of  
sleep continuity, it is not as efficient as PSG in assessing sleep 
architecture and these results must be confirmed.

In a crossover trial with CBZ in newly diagnosed focal 
epilepsy patients, Cho et al. (2011)37 described that LEV increased 
sleep efficiency, reduced WASO and did not have overall major 
effects in sleep structure as opposed to those on CBZ.

Perampanel

We obtained only three articles regarding the effects of  
perampanel (PER) on sleep parameters17,73. All were class III of  
evidence, with uncontrolled design and with a small sample, two 
of  them were done in PWE and the other one was performed 
in patients with restless legs syndrome (RLS).

PER is known to cause EDS. This is the most 
commonly reported adverse effect in these trials and, therefore, 
it is recommended to be taken before bedtime17. A positive 
sleep profile was subjectively described when PER was 

used as an adjunctive AED. In an exploratory study done by 
Gonzalez-Cuevas et al. (2017)73, in patients with focal epilepsy 
in adjunctive treatment with PER, this AED was well tolerated 
and did not cause any somnolence or modification in sleep 
parameters. Garcia-Borreguero et al. (2017)74 comment on these 
findings in their open-trial in RLS patients. Unlike previous 
authors, they described many modifications on objective 
sleep outcomes. In monotherapy, PER increase TST, SE and 
arousals, and decreased SL and WASO. Regarding the sleep 
stages, the SWS increased and the N1 stage decreased. It 
did not affect the duration or percentage of  REM, but it did 
reduce its latency. Rocamora et al. (2020)75 in the most recent 
pilot study corroborated this positive profile of  PER but this 
time in patients with epilepsy. They also reported a decrease 
in sleep latency in the subgroup of  patients with normal sleep 
parameters on baseline.

There are still no large randomized, controlled clinical 
trials on PER to establish definitive conclusions.

Pregabalin

Seven articles were obtained on the effect of  pregabalin 
(PGB) on sleep parameters. Three of  which were class I 
evidence and three class II and one class III. PGB is also used 
in pain but no article comprising this subgroup of  patients was 
selected for review.

The only randomized clinical trial conducted in healthy 
adults described an increase in TST and in SE and a decrease 
in SL and in the number of  awakenings, shorter or longer than 
one minute. Regarding sleep stages, the SWS increased, and the 
duration of  REM sleep was reduced. No disturbances were 
found in REM latency76. Another randomized study, conducted 
in patients with RLS, had the most controlled design conducted 
on a total of  seventy-five PGB users. The authors found a 
reduction in WASO and the number of  awakenings, making it 
better than placebo in improving sleep disturbances, as assessed 
by objective and subjective sleep parameters77. A class I study 
in adults with fibromyalgia and sleep complaints found similar 
results with an overall improvement of  sleep78.

Garcia-Borreguero et al. (2010)79 found an increase in 
SE, an increase in the percentages of  stages N1, N2 and N3 and 
in minutes of  SWS and WASO, after three weeks of  PGB in 
patients with idiopathic RLS. There were no changes in REM, 
in TST, or sleep latencies.

In patients with focal epilepsy, after four weeks of  
adjuvant therapy with PGB in individuals with sleep complaints, 
an improvement in sleep continuity was demonstrated in a 
class II study. This was due to a reduction in WASO and in 
the number of  awakenings and an increase in SE. The authors 
complain about the small sample used, mentioning difficulties 
in recruiting patients5. In a similar group of  patients, Bazil 
et al. (2012)80 did not find any of  these changes but in turn 
found a significative increase in SWS percentage and a modest 
reduction in stage N1 sleep. In a group of  twelve patients with 
focal epilepsy without sleep complaints, after three months 
adjuvant therapy with PGB, Romigi et al. (2009)23 reported only 
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a significant increase in REM sleep and a reduction in the N2 
stage compared to baseline.

Tiagabine

Tiagabine (TGB) is the best studied AED regarding 
objective sleep parameters, with nine articles obtained, seven of  
them are class I. The other two trials were class II and class III 
of  evidence.

Mathias et al. (2001)81 were the first to describe a higher 
number and frequency of  arousals in placebo group, rather than 
in the TGB group, in healthy subjects at a 5mg daily dose. The 
authors showed that patients from TGB group have greater 
sleep efficiency and SWS.

During a sleep restriction period of  four nights and with 
8mg of  TGB, Walsh et al. (2006)82 were the first authors to describe 
an improvement in the SWS compared to baseline and placebo. 
In an exploratory study with healthy elderly individuals, Walsh 
et al.82 found a positive effect on sleep with a 4mg or 8mg daily 
dose of  TGB. No differences were found between placebo and 
2mg daily dose of  TGB. Those results demonstrated an improved 
sleep maintenance by decreasing WASO and/or stage N1 as well 
as increasing SWS83. On this study, patients had no subjective 
complaints concerning sleep and the reduction found in stage N1 
may result from increasing time passed on SWS, which reduces 
arousability. Only studies with a larger sample will provide a clear 
assessment of  the various doses of  TGB in the PSG variables83.

In older adults with primary insomnia, TGB shows a 
dose-dependent increase in SWS84,85, at daily doses up to 8mg. It 
does not appear to increase sleepiness in the following morning, 
but it did show a reduction in the duration of  stage N185.

In a study by Walsh et al. (2006)82 TGB seems to decrease 
the biological consequences of  sleep restriction of  healthy 
adults. However, in a subsequent trial, memory consolidation 
did not improve86. A double-blind crossover study by Feld et al. 
(2013)86 showed that TGB improves SWS and decreases REM 
without affecting subjective sleep perception or improving 
memory consolidation. They proposed that TGB-induced SWS 
is functionally different from normal SWS. This may be the 
possible reason why it fails to improve memory consolidation. 
WASO, LPS, and TST, which are the traditional variables of  
hypnotic efficacy, were not modified by TGB in any dose in 
a study performed by Walsh et al. (2006)28. Only the group of  
patients with a TGB dose of  10mg, the maximum daily dose 
in the study, reported morning sedation. In the largest sample 
study, TGB significantly increased SWS at any dose, while 
decreasing N1 stage28. Compared with placebo, TGB showed an 
increased in slow-wave activity on EEG, but no SWS duration 
abnormalities during sleep were observed. It has also failed to 
increase N3 sleep in patients with obstructive sleep apnea87.

Topiramate

Only one class III article was selected. Bonanni et al. (2004)88 
reported the absence of  significant changes in objective sleep 
parameters in PSG or MSLT in PWE taking topiramate (TPM). 
Interestingly in this study is that, it goes against the common 

subjective description of  drowsiness related to TPM. Although 
prospective, the quality of  the evidence provided by this study is 
low, due to its lack of  randomization or concealment. Additional 
studies are needed, as topiramate (TPM) is an extensively used 
medication, not only in epilepsy but also in other diseases, such 
as headaches, essential tremor, impulsivity behavior control and 
weight loss88.

Vigabatrin

Bonanni et al. (2004)88 reported no changes in sleep 
structure when vigabatrin (VGB) was used as an add-on to CBZ in 
focal epilepsy. However, some cases described a higher subjective 
level of  somnolence compared to CBZ monotherapy40. This class 
III study was not a randomized trial, nor had a blinded intervention, 
but it remains the only objective sleep study on VGB.

Zonisamide

Two articles, one class II and another one class III of  
evidence were collected. In a class II randomized, placebo-
controlled but with an open-label extension phase study on 
patients with sleep apnea, Eskandari et al. (2014)89 reported no 
changes in sleep parameters within four weeks of  treatment. 
Sleep apnea events were less frequent with zonisamide (ZNS), 
regardless of  the reduction in body weight, probably due to the 
inhibition of  carbonic anhydrase mechanism. This, theoretically, 
could result in an improvement of  EDS, but this benefit was not 
seen in the study.

In their observational study, Legros et al. (2003)38 
included one patient with a focal epilepsy treated with ZNS. 
They found no significant changes in sleep parameters compared 
to healthy controls. A prospective study made by Romigi et al. 
(2013)90 in focal epilepsy reported only a slightly greater number 
of  awakenings.

Other AED

We found no articles concerning brivaracetam, 
eslicarbazepine acetate, rufinamide or stiripentol effects on 
objective sleep parameters. Recently Assenza et al. (2018)91 in their 
multicenter study pointed out that ESL led to lower subjective 
feelings of  drowsiness, so its objective study is of  great interest.

Studies concerning primidone, sulthiame and 
oxcarbazepine are reported in previous literature but were done 
either in pediatric population or in animals and thus could not 
be included in this review92,93.

DISCUSSION
The study of  the effects of  AED on sleep architecture is 

a complex task given the intricacy of  several factors. First of  all, 
because both epilepsy and sleep interact. The sleep/wake cycles 
influence the moment of  seizure occurrence and seizure affect 
the sleep structure (staging, sleep duration and cyclical pattern). 
This was shown in previous studies, not included in this analytical 
one because they are not easily accessed on current databases. 
Studies on book chapters and reviews frequently are not included 
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in meta-analysis, with limitations on field knowledge. However, as 
was previously described on the literature for sleep-epilepsy-AED 
interactions19 this analytical review highlight diverse reasons as 
decisive for the inconsistence of  the results. This because studies 
on sleep-epilepsy-AED interactions: i) use different methodologies 
for classification and structure of  sleep - methodologies often not 
objective; ii) compare results of  sleep studies in PWE with different 
epilepsies, with the results obtained by the use of  AED in other 
pathologies; iii) compare results of  sleep structure on PWE with 
different therapeutic regimes - inducing different AED distribution 
profiles; iv) compare results of  influence of  AEDs in the sleep of  
PWE frequently not taking into account (lately) previous treatments; 
v) frequently had scarce information on the control of  the epilepsy 
- and consequently on interference of  seizures on sleep - namely 
of  focal epilepsy, with little or non-exuberant symptomatology that 
occur in sleep; vi) frequently interactions with other AEDs or other 
co-medications are not full known; and vii) because the influence 
of  AED on sleep architecture encompass conclusions from studies 
in children in which the sleep structure and maturation is not the 
same as in adults.

In addition to these difficulties most of  the studies 
found in this review with focus on the effect of  AED in 
sleep architecture parameters were non-controlled studies or 
retrospective series of  cases that have class IV of  evidence, so 
in most of  the AEDs any conclusion can be suggested, and in 
many others only a weak evidence-based recommendation can 
be established.

One of  the objectives of  this review was to compare 
classic with newer AEDs in terms of  objective sleep parameters. 
After reviewing the literature and based on the reported results, 
it seems that newer AEDs are associated with less modifications 
in sleep architecture.

Among the classic AEDs, CBZ is the best studied AED. 
Its effects on sleep go through a reduction in REM phase and an 
increase in SWS. On other hand, PB seems to have an innocent or 
slightly dose-dependent interference effect on sleep. In most of  
the studies analyzed, VPA seems to have little to no effect on sleep 
architecture. PHT studies have low evidence level and conflicting 
data regarding its effect on sleep. Therefore, in absence of  better 
data, we will not draw conclusions. All ethosuximide evidence 
found was in a class III article not designed for this drug. In spite 
of  being benzodiazepines CLB and CLN results does not suggest 
a REM sleep reduction, which is surprising, appearing to have 
a positive effect in sleep structure. However, as most studies of  
CLB are designed in children we could have lost important data 
limiting this review to adults.

In the newer AEDs group, there are some AEDs, such 
as GBP, LCS and PGB, which seem to have an overall positive 
profile in sleep structure. In PWE, LTG also appear to have 
a positive profile, but there is a lack of  sufficient evidence to 
suggest a recommendation. TPM appears to be innocent in sleep 
architecture and it would be interesting to have new randomized 
studies, with larger samples to confirm this assumption. Others, 
such as LEV, despite improving SE and TST and not being 

associated with clinically evident EDS, caused changes on sleep 
architecture. These changes were not considered positive, once, 
it increased stage N2 or reduced REM. There are AEDs in 
which we cannot draw any conclusions like FBM, because there 
are no randomized studies yet.

In our review, we only selected objective studies in 
the qualitative analysis. A limitation of  our search was that 
the articles collected had very heterogeneous methodologies, 
either in terms of  the objective method used (PSG, MLTS, or 
actigraphy) either in terms of  dose of  AED studied. Another 
point is that studies sometimes used old parameters like stage 
N4, because they predate the new classification, and the 
validity and transposition of  results from the old classification 
on NREM S3-47 could not be directly to NR3 on the new9, 
current sleep classification10. It was difficult to interpret results 
from very small samples and extrapolating conclusions in this 
context. As lab PSG is being less used for the diagnosis and 
characterization of  sleep, frequently replaced by an outpatient 
setting (with limited use of  all quantifiable sleep parameters 
and with losing full possibility of  studies on sleep architecture), 
most of  recent data is not comparable. The heterogeneity of  
methodologies also precluded a meta-analysis of  the results at 
this point.

CONCLUSION
The majority of  the studies found were class II or III 

of  evidence and the number of  randomized, double-blind 
clinical trials on sleep architecture was quite low. This could be 
related with the difficulty of  assessing PSG in the laboratory. 
The exclusion of  studies performed in children limited our 
conclusions, although sleep structure in children and their 
lifestyle have very different features in comparison to adult 
population. Thus, the methodologies we found were quite 
heterogeneous, which limited the establishment of  conclusions 
and made impossible to do a meta-analysis.

However, the classic AEDs appear to have a more 
recognized effect on the structure of  sleep, while the newer ones 
appear not to alter or having less interference on the structure 
of  sleep. Future controlled studies with similar approaches and 
methodologies among diverse groups to test AEDs influence 
will be needed to establish more significant conclusions about 
the impact of  this group of  drugs, widely used in various 
pathologies, on sleep architecture. Research regarding the 
effect of  the newer AEDs on sleep architecture parameters 
that have not class I of  evidence articles, such as perampanel, 
etosuximide or without any evidence at all, such as brivaracetam, 
eslicarbazepine acetate, oxcarbazepine are even more needed.
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