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Introduction 

Epilepsy is one of the most common neurological 

diseases. The International League Against Epilepsy 

(ILAE) defines epilepsy as a brain disorder characterized 

by a continuous tendency to produce epileptic seizures 

with neurobiological, cognitive, psychological, and social 

consequences.1,2  

More than half of the 50 million epilepsy patients are 

estimated to reside in Asia, and Indonesia alone has a 

yearly estimated number of new epilepsy cases at 

250,000, with a prevalence of 0.5-4%. Antiseizure 

medication (ASM) is still used as the main epilepsy 

treatment with various adverse effects, including poor 

sleep quality, which worsens seizure control.1,2 

Several previous studies have examined the effects of 

various antiseizure medications (ASMs) on sleep 

microstructure. Based on several studies in adult patients, 

ASMs can alter sleep microstructure and reduce sleep 

quality.3,4 Some studies indicate that older-generation ASMs, 

such as Phenytoin, Valproic Acid, and Carbamazepine, have a 

worse impact on sleep compared to newer-generation ASMs.4,5 

Nonetheless, the use of these older-generation ASMs still 

dominates the choice of ASMs in daily practice in Indonesia. 

The number and duration of ASM use also tend to affect the 

sleep phase. One study showed that polytherapy is an 

independent factor for the occurrence of excessive daytime 

sleep (EDS) in epilepsy patients (p <0.05).6 The decrease in 

sleep quality is known to have a bidirectional relationship, 

leading    to      an     increased   risk     of   seizures, which can 
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Abstract 

 Background: Poor sleep quality and sleep deprivation provoke epileptic seizures, and sleep-related epilepsy and antiseizure 

medications (ASMs) affect sleep quality. There is still a limited study exploring the relationship between ASM consumption and the 

sleep quality of epilepsy patients in developing countries, and this study will be the first one conducted in Indonesia.  

Methods: This cross-sectional study was conducted from April to June 2023. Subjects were patients aged 18-65 years old, electro-

clinically diagnosed with any epilepsy, who had taken at least one ASM. They were seizure-free for at least three months, without a 

history of anxiety, depression, poor sleep hygiene, or medication adherence. Sleep quality is measured using the Pittsburgh Sleep 

Quality Index (PSQI). The Fisher-exact test is used to analyze the association. A p-value of <0.05 is considered statistically significant. 

Results: A total of 64 subjects were included, consisting of 33 males (51.6%), with a median age of 37.8 ± 13.8 years. Poor sleep 

quality was found in 24 subjects (37.5%) with a median PSQI score of 4.8. Older-generation ASMs (p = 0.023), polytherapy (p = 0.02), 

and ASM use for less than 1 year (p = 0.003) were significantly associated with poor sleep quality.  

Conclusions: ASM type, consumption duration, and the number of ASMs are significantly associated with sleep quality. Therefore, 

routine evaluation of sleep quality and appropriate ASM is recommended for epilepsy patients. 

Conclusion: The study will be useful while performing surgical procedures around the axis vertebrae to prevent injury to vital 

structures. 
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further deteriorate the sleep quality of individuals 

with epilepsy. Approximately 42.7% of patients with 

epilepsy have been reported to have poor sleep 

quality; furthermore, excessive daytime sleepiness 

(EDS) has also been reported in 24% of subjects.5  

However, there is still a limited study exploring the 

relationship between ASM consumption from 

various aspects (type, quantity, and duration) and the 

sleep quality of epilepsy patients in Indonesia.  

Some studies still include sedative medications and 

do not exclude psychological factors (depression and 

anxiety) affecting sleep quality. Therefore, this study 

aims to determine the relationship between the use of 

ASMs and sleep quality in epilepsy patients. 

 

Materials and Methods 

This cross-sectional study was conducted at the 

Neurology Clinic of Prof. Dr. R. D. Kandou Central 

General Hospital in Manado, the capital city of North 

Sulawesi. This hospital serves as a referral hospital in 

North Sulawesi and nearby provinces.  

We included subjects who met the inclusion and 

exclusion criteria during the study period, with a 

minimum required sample size of 59 subjects, as 

formulated by the Lemeshow method using the non-

random, consecutive sampling method. Patients 

diagnosed with epilepsy clinically according to ILAE 

criteria and electroencephalographic findings, aged ≥ 

18 years and < 65 years, cooperative during the 

examination, willing to participate in the study, stable 

ASM consumption, and being seizure-free for at least 

the last three months were included in this study. We 

excluded patients taking stimulant or sedative drugs 

(including clobazam), experiencing nocturnal 

epilepsy, working night shifts, experiencing 

depression and anxiety, having poor sleep hygiene, 

pregnant, low medication adherence, and patients 

with a history of progressive intracranial lesions, 

dementia, and/or Parkinson's disease. In order to 

determine the exclusion criteria for depressive 

symptoms, anxiety, low medication adherence, and 

poor sleep hygiene, we used several questionnaires: 

depressive symptoms were assessed using the 

Indonesian version of the Neurological Disorders 

Depression Inventory for Epilepsy (NDDI-E) 

questionnaire; a total score of >15 is considered 

positive for depressive symptoms.7 Anxiety was 

assessed using the Indonesian version of the General 

Anxiety Disorder-7 (GAD-7), in which a total score 

of >6 is considered anxiety.8 Nonadherence ASM 

consumption was assessed using the Morisky Green 

Levine Medication Adherence Scale (MGLS), in 

which a score of 3-4 is considered nonadherence.9 

Finally, poor sleep hygiene was assessed using the 

Indonesian version of the Sleep Hygiene Index (SHI), 

in which subjects with a score of over 27 are considered 

moderate or severe.10 In summary, we included subjects 

with an NDDI-E score of <15 (no depressive symptoms), 

a GAD-7 score of <6 (no anxiety), an MGLS score of 0-2 

(good medication adherence), and an SHI score of 13-27 

(good sleep hygiene). 

Demographic data, including age, sex, and working 

status, were collected. Clinical characteristics included 

epilepsy syndrome, etiology, type of ASM used, sleep 

quality, duration of treatment, duration of seizure-free 

period, and number of ASMs used. Sleep quality was 

assessed using the Pittsburgh Sleep Quality Index (PSQI), 

with a score>5 indicating poor sleep quality.11 Every 

questionnaire used is validated in Indonesian.  

Data on ASM types were grouped into old-generation 

ASMs (phenytoin, valproic acid, and carbamazepine) and 

new-generation ASMs (Levetiracetam). The ASMs were 

divided into monotherapy and polytherapy (>1 ASM 

type). Furthermore, the duration of consumption was 

categorized into >1 year and >3 months-1 year. The 

relationships among the type, number, and consumption 

duration of ASMs and sleep quality were analyzed. 

Data were presented as frequency and percentage. The 

association between new- and old-generation ASM, the 

number of ASM, treatment duration, and sleep quality 

was assessed using Fisher's Exact test. A p-value of <0.05 

was determined as the limit for statistical significance. 

The analysis was conducted using SPSS.  

 

Results 

A total of 64 participants were included in the study. 

Among participants, 33 (51.6%) subjects were male, with 

a mean age of 37.8 ± 13.8 years (Table 1). 

The most common type of epilepsy found was temporal 

lobe epilepsy in 32 subjects (50%), with no cases of 

generalized epilepsy identified. Intracranial lesions as the 

etiology of epilepsy were found in 28 subjects (43.8%). 

The median PSQI score was 4.8, with 40 subjects (62.2%) 

having good sleep quality. Regarding the treatment 

regimen, 58 (90.6%) subjects were on monotherapy, with 

phenytoin as the most commonly used drug, followed by 

Levetiracetam. The median treatment duration was 24 

months (IQR 36.0), with 41 subjects (64,1%) having 

treatment for more than one year (Table 1) 

The most commonly used medication was phenytoin in 

29 subjects (45.3%) (Table 1). Table 2 shows the 

distribution of sleep quality among ASMs users and its 

relationship. This study indicates that the highest 

percentage of poor sleep quality is mostly found in 

subjects using phenytoin (41.4%). However, subjects with 

carbamazepine also have a high percentage of poor sleep 

quality (50%), although the total subjects are lower than 

those with phenytoin (12 subjects vs. 29 subjects). This 

study also demonstrates that patients consuming old-

generation ASMs (phenytoin, valproic acid, and 
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carbamazepine) were significantly associated with 

poor sleep quality and were nine times more likely to 

have poor sleep quality (p = 0.023, OR=9.0, 95% CI: 

1.079-75.05) (Table 3). 

Our results indicate a significant relationship 

between sleep quality and the total ASMs used (p = 

0.024, OR=10.26, 95% CI: 1.19-94.11) (Table 3), in 

which poor sleep quality is associated with 

polytherapy.  

The duration of ASM consumption is also 

significantly associated with sleep quality (p = 0.003, 

OR = 5.6, CI: 1.82-17.2), with shorter durations (>3 

months - 1 year) linked to poor sleep quality. This 

result indicates that patients with shorter ASM 

consumption duration were 5.6 times more likely to 

develop poor sleep quality (Table 3). 

Discussion 

This study aims to assess the relationship between ASM 

consumption and sleep quality in epilepsy patients, 

including ASM type, number of ASMs, and treatment 

duration, who visited the outpatient epilepsy clinic at a 

tertiary referral public hospital in Indonesia, using the 

PSQI. We found that older-generation ASM, polytherapy, 

and shorter ASM consumption duration were associated 

with poor sleep quality. 

In this study, the majority of subjects (55.7%) were 

males. This aligns with previous research findings 

suggesting that there is a greater capacity for managing 

intra-hemispheric neuronal communication in male 

brains, potentially contributing to the higher incidence of 

focal epilepsies diagnosed in men.12 The mean age of the 

participants was 37.8 ± 13.8 years. In developing 

countries, children and young adults have a higher rate of 

epilepsy, while the elderly populations have a lower 

incidence rate.13 

Clinical characteristics showed that focal epilepsy is the 

most common kind of epilepsy observed in the adult 

population. While it is possible to identify an etiologic 

agent, approximately 50% of epilepsy cases (17.5 

instances per 100,000 per year) have unknown origins and 

exhibit a varied hereditary propensity to seizures,14 as 

supported by the findings of this study (56.25%).14–16 The 

main etiology of epilepsy in this study is intracranial 

lesions due to stroke or vascular malformation. This aligns 

with a prior study, which also identified stroke as the most 

prevalent factor contributing to seizures and epilepsy in 

older adults.17 In this study, 62.2% of subjects had good 

sleep quality with a median PSQI score of 4.8; similar to 

other studies, epilepsy patients tend to have higher PSQI 

scores but still within normal limits. Factors that affected 

sleep quality other than ASM use in epilepsy patients were 

uncontrolled seizures, progressive intracranial lesions, 

neurodegenerative disease (dementia or Parkinson's 

disease), and a history of anxiety and depression, which 

were excluded from this study.18 

Table 1. Characteristics of the subjects. 

Characteristics N = 64 (%) 

Gender 

- Male 

- Female 

31 (48.4) 

33 (51.6) 

Age (year) 

Mean ± SD 37.8 ± 13.8 

Seizure-free duration (month) 

Median ± SD 12 (IQR 20.0) 

Epilepsy syndrome 

- Temporal lobe 

- Frontal lobe 

- Parietal lobe 

- Occipital lobe 

- Generalized 

32 (50) 

16 (25) 

11 (17.2) 

7 (10.9) 

0 (0) 

Epilepsy etiology 

- Stroke/ vascular malformation 

- Intracranial tumor  

- Trauma 

- Infection 

- Hippocampal sclerosis  

- Unknown 

10 (15.6) 

9 (14.1) 

6 (9.37) 

2 (3.12) 

1 (1.56) 

36 (56.25) 

Sleep Quality 

- Poor  

- Good 

Median PSQI 

24 (37.5) 

40 (62.2) 

4.8 (IQR 3.0) 

Medication 

- Phenytoin 

- Carbamazepine 

- Valproic acid 

- Levetiracetam 

- Phenytoin – Levetiracetam 

- Levetiracetam- carbamazepine 

- Phenytoin-Valproic acid 

29 (45.3) 

12 (18.8) 

3 (4.7) 

14 (21.0) 

2 (3.1) 

3 (4.7) 

1 (1.6) 

Total ASM 

Monotherapy (1 ASM) 

Polytherapy (>1 ASM) 

58 (90.6%) 

6 (9.4%) 

Duration of medication median (month) 

- >3 months – 1 year 

- > 1 year 

24 (IQR 36.0) 

23 (35.9%) 

41 (64.1%) 

SD, standard deviation; PSQI, Pittsburgh Sleep Quality Index; 

Table 2. The distribution of sleep quality in the use of ASMs. 

ASM type 

Sleep Quality 
Total 

(n) Good (%) 

(n=39) 

Poor (%) 

(n=19) 

Phenytoin 17 (58.6) 12 (41.4) 29 

Carbamazepine 6 (50) 6 (50) 12 

Valproic acid 3 (100) 0 (0) 3 

Levetiracetam 13 (92.9) 1 (7.1) 
14 

 

ASM, antiseizure medication 

Table 3. The association between new- and old-generation 

ASM, number of ASM, duration of treatment and sleep quality. 

Variable 

Sleep Quality 
P 

value 
OR (95%CI) Good (%) 

(n=39) 

Poor (%) 

(n=19) 

ASM Generation 

New generation 13 (33.3) 1 (5.3) 
0.023 

9.0 (1.079-

75.05) Old generation 26 (66.67) 18 (94.7) 

Number of ASM 

Monotherapy 39 (97.5) 19 (79.2) 
0.024 

10.26 (1.19-

94.11) Polytherapy 1 (2.5) 5 (20.8) 

Duration of treatment 

>1 year 32 (80) 10 (41.67) 
0.003 

5.6 (1.82-
17.2) >3 months – 1 

year 
8 (20) 14 (58.33) 
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The majority of participants in this study used 

phenytoin as their antiseizure medication (ASM) 

monotherapy, accounting for 45.3% of the sample. 

Phenytoin, an example of an old-generation ASM, 

continues to be extensively prescribed for the 

treatment of focal epilepsy in Indonesia due to its 

availability and coverage by the national health 

insurance.16,19 In addition, our hospital was only 

provided with national health insurance coverage for 

a limited range of new-generation ASMs, with 

Levetiracetam among the medications included with 

constant availability. In this study, the use of 

Levetiracetam was the second-highest. In particular, 

43.25% of the participants included in this study were 

diagnosed with focal symptomatic epilepsy, among 

which 32.8% of the cases were attributed to stroke, 

intracranial tumor, and infection. Levetiracetam is 

considered to be one of the recommended new-

generation ASMs for such cases, with minimal drug 

interactions with other medications 20. 

Previous studies have demonstrated that patients 

who use older ASMs are more likely to have poor 

sleep quality.4,5,21 The present study also 

demonstrates a significant association between older-

generation ASMs and poor sleep quality (p = 0.023, 

OR 9.0, 95% CI 1.079-75.05).  

Old-generation ASMs have a more detrimental 

effect on sleep compared to newer-generation drugs. 

These older ASMs tend to decrease the duration of 

both rapid eye movement (REM) and non-rapid eye 

movement (NREM) sleep phases.21  

Old-generation ASMs in this study (i.e., phenytoin 

and carbamazepine) are sodium channel blockers. 

The antiseizure effects of sodium channel blockers 

are attributed to their ability to bind to and prolong 

the inactive state of sodium channels in cellular 

membranes. In addition, these ASMs are involved in 

inhibiting glutamate neurotransmitter release.22 

Sodium channel blockers have been reported to 

decrease the amounts of extracellular glutamate as 

well as the concentration of glutamate within the 

synaptic cleft. The decrease in glutamate levels not 

only reduces seizures but also contributes to 

decreased wakefulness.23  

New-generation ASMs contain positive allosteric 

modulators (PAMs) that exhibit a greater degree of 

selectivity in inhibiting the breakdown of gamma-

aminobutyric acid (GABA) compared to earlier 

versions of ASMs, which functioned as 

GABA receptor agonists and GABA transporter 

(GAT-1) inhibitors. The aforementioned 

characteristic enhances the selectivity of the new-

generation ASMs towards specific epilepsy 

syndromes while reducing their sedative effects.24 

Levetiracetam, a new-generation ASM, interacts with 

SV2A, which controls the exocytosis of neurotransmitter-

containing vesicles. In this mechanism, any conventional 

actions of old-generation ASMs, i.e., direct increases in 

brain GABA levels, inhibition of voltage-gated Na+-

channels, or inhibition of low-voltage-gated Ca2+-

currents, are not involved. The unique properties of 

Levetiracetam regulate both neuronal excitability 

(inhibiting ryanodine and IP3 receptor-dependent Ca2+ 

release from the endoplasmic reticulum) and indirectly 

affect GABA turnover, making Levetiracetam less 

sedative.25 Levetiracetam promotes sleep stability without 

affecting daytime sleepiness, as evidenced by a notable 

improvement in sleep efficiency and the absence of 

significant alterations in subjective sleep indicators.26 

Our study findings indicate a significant relationship 

between polytherapy and sleep quality, with a 10-fold 

higher rate of poor sleep quality (p = 0.024, OR 10.26, 

95% CI 1.19-94.11) among individuals receiving 

polytherapy compared to monotherapy. The results of this 

study are consistent with previous studies reporting an 

association between polytherapy and poor sleep 

quality.4,5,27 Polytherapy increases the risk of sleep 

disturbances, with Excessive Daytime Sleepiness (EDS) 

being the most common type. 28 Polytherapy is also linked 

to more intractable epilepsy with poorer seizure control, 

which affects sleep structure.29 

The study also finds a significant relationship between 

the duration of ASM use and sleep quality. Treatment 

duration of more than three months to one year is 

associated with a 5.6-fold decline in sleep quality (p = 

0.003). Another study suggests prolonged use of 

phenytoin. i.e., more than six months in duration, does not 

exhibit a substantial influence on sleep patterns. However, 

it is worth noting that hypnotic effects may occasionally 

present.30 Carbamazepine also exhibits a similar pattern, 

with acute use having a sedative effect upon acute 

administration, which gradually reduces after a month. 

This may be attributed to endogenous adaptation, in which 

individuals experience improved sleep quality as a result 

of better-controlled seizures and lower seizure 

frequency.31 Additionally, psychological considerations 

may play a role, as patients tend to exhibit increased 

acceptance of their diagnosis with prolonged usage of 

ASMs.32  

The strength of this study is that the data were obtained 

through face-to-face interviews with qualified doctors, the 

use of reliable and validated questionnaires, and cautious 

data handling. This study also excluded several important 

associated factors of poor sleep quality (i.e., anxiety, 

depression, poor medication adherence, poor sleep 

hygiene, uncontrolled seizure, unstable ASM dose, and 

progressive/degenerative intracranial lesion), which 

provided more reliable information about the relationship 
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between ASM and sleep quality, especially in 

Indonesia, as a developing country with limited ASM 

availability. Furthermore, studies regarding this topic 

in Indonesia were still limited.  

However, several weaknesses remain. One 

potential limitation of this study, as it is a cross-

sectional study, is the lack of information on sleep 

quality before the use of ASM. Furthermore, the 

study did not use an objective method, such as 

polysomnography (PSG), due to resource limitations. 

The plasma concentration of the medication was also 

not measured. Finally, the sample size in this study 

was small; therefore, we could not determine which 

ASM combination is associated with poor sleep 

quality. 

 

Conclusion 

The findings of this investigation indicate a 

significant relationship between the use of old-

generation ASMs and polytherapy and poor sleep 

quality. In addition, a significant relationship was 

identified between shorter ASM duration and 

reduced sleep quality. This result could prompt 

clinicians to promote sleep quality monitoring before 

treatment initiation and to choose the ideal ASM. 

New-generation ASM monotherapy is more 

recommended for treating epilepsy patients with poor 

sleep quality. Longer duration of ASM consumption 

is relatively safe. 

 
Acknowledgments 
We express our gratitude to all the participating patients 

from the neurology clinic of Prof. DR. R. D. Kandou Central 

General Hospital, Manado, Indonesia. 

 

Ethical consideration 
This study has been approved by the Ethics Committee of 

Prof. Dr. R. D. Kandou Manado Central General Hospital 

with the number 060.EC/KEPK-KANDOU/V/2023. 

 
Competing Interests 

The authors declare no conflict of interest. 

 

Funding 

None. 

 
References 
1. Gunadharma S, Jehosua SY, Khosama H, Zhi-Jien C, 

Kheng-Seang L. Attitudes toward epilepsy in 

Indonesia. Epilepsy Behav. 2021;123:108244. doi: 

10.1016/j.yebeh.2021.108244  

2. Bonilla-Jaime H, Zeleke H, Rojas A, Espinosa-Garcia 

C. Sleep disruption worsens seizures: 

neuroinflammation as a potential mechanistic link. Int 

J Mol Sci. 2021;22(22):12531. doi: 

10.3390/ijms222212531  

3. Çilliler AE, Güven B. Sleep quality and related clinical 

features in patients with epilepsy: a preliminary 

report. Epilepsy Behav. 2020;102:106647. doi: 

10.1016/j.yebeh.2019.106647  

4. Ye L, Xu J, Chen C, Zhang L, Wang S. Effects of antiseizure 

therapies on sleep in patients with epilepsy: a literature 

review. Acta Neurol Scand. 2022;146(6):767–774. doi: 

10.1111/ane.13690  

5. Shvarts V, Chung S. Epilepsy, antiseizure therapy, and sleep 

cycle parameters. Epilepsy Res Treat. 2013;2013:670682. 

doi: 10.1155/2013/670682  

6. Staniszewska A, Mąka A, Religioni U, Olejniczak D. Sleep 

disturbances among patients with epilepsy. Neuropsychiatr 

Dis Treat. 2017;13:1797–1803. doi: 10.2147/NDT.S138446  

7. Rahmi I, Budikayanti A, Lastri DN, Herqutanto. Uji validitas 

dan reliabilitas The Neurological Depression Disorders 

Inventory for Epilepsy (NDDI-E) versi Indonesia. Neurona. 

2013;30(1):1–8.  

8. Budikayanti A, Larasari A, Malik K, Syeban Z, Indrawati LA, 

Octaviana F. Screening of generalized anxiety disorder in 

patients with epilepsy: using a valid and reliable Indonesian 

version of Generalized Anxiety Disorder-7 (GAD-7). Neurol 

Res Int. 2019;2019:1–10. doi: 10.1155/2019/5902610  

9. Ernawati I, Islamiyah WR. Uji validitas dan reliabilitas 

kuesioner kepatuhan MGLS (Morisky, Green, Levine 

Adherence Scale) versi Bahasa Indonesia terhadap pasien 

epilepsi. J Indones Interprof Soc (JIIS). 2019;4(2):305–313.  

10. Setyowati A, Chung MH, Yusuf A, Haksama S. Psychometric 

properties of Sleep Hygiene Index in Indonesian 

adolescents. J Public Health Res. 2020;9(2):1806. doi: 

10.4081/jphr.2020.1806  

11. Alim IZ, Elvira SD, Amir N, Noorhana. Test validity and 

reliability of the instrument Pittsburgh Sleep Quality Index 

Indonesia language version. Universitas Indonesia Journal 

of Psychology. 2015;12(2):85–92.  

12. Reddy DS, Thompson W, Calderara G. Molecular 

mechanisms of sex differences in epilepsy and seizure 

susceptibility in chemical, genetic and acquired 

epileptogenesis. Neurosci Lett. 2021;750:135753. doi: 

10.1016/j.neulet.2021.135753  

13. McHugh JC, Delanty N. Epidemiology and classification of 

epilepsy. In: Noebels JL, Avoli M, Rogawski MA, Olsen RW, 

Delgado-Escueta AV, editors. International Review of 

Neurobiology. Vol. 83. Amsterdam: Elsevier; 2008. p. 11–

26. doi: 10.1016/S0074-7742(08)00002-4  

14. Beghi E. The epidemiology of epilepsy. Neuroepidemiology. 

2020;54(2):185–191. doi: 10.1159/000503831  

15. Adem K, Kassew T, Birhanu A, Abate A. Sleep quality and 

associated factors among people with epilepsy who have a 

follow-up at Amanuel Mental Specialized Hospital, Addis 

Ababa, Ethiopia, 2019: an institutional-based cross-

sectional study. Psychiatry J. 2020;2020:1402712. doi: 

10.1155/2020/1402712  

16. Hasibuan MH, Mahama CN, Tumewah R. Profil penyandang 

epilepsi di Poliklinik Saraf RSUP Prof. Dr. R.D. Kandou 

Manado periode Juli 2015–Juni 2016. e-CliniC. 2016;4(2):1–

7.  

17. Galovic M, Ferreira-Atuesta C, Abraira L, Döhler N, Sinka L, 

Brigo F, et al. Seizures and epilepsy after stroke: 

epidemiology, biomarkers and management. Drugs Aging. 

2021;38(4):285–299. doi: 10.1007/s40266-021-00831-4  

18. Turaga S, Soanpet P, Manikinda J, Kohat A, Davidi S. 

Observational study of prevalence of sleep disorder in 

patients with epilepsy. Int J Epilepsy. 2016;3(1):20-23. doi: 

10.1016/j.ijep.2016.03.001  

19. Tedyanto EH, Chandra L, Adam OM. Gambaran penggunaan 

obat anti epilepsi (OAE) pada penderita epilepsi 

berdasarkan tipe kejang di Poli Saraf Rumkital Dr. Ramelan 

Surabaya. Jurnal Ilmiah Kedokteran Wijaya Kusuma (JIKW). 

http://journals.sbmu.ac.ir/Neuroscience
10.1016/j.yebeh.2021.108244
10.3390/ijms222212531
10.1016/j.yebeh.2019.106647
10.1111/ane.13690
10.1155/2013/670682
10.2147/NDT.S138446
10.1155/2019/5902610
10.4081/jphr.2020.1806
10.1016/j.neulet.2021.135753
10.1016/S0074-7742(08)00002-4
10.1159/000503831
10.1155/2020/1402712
10.1007/s40266-021-00831-4
10.1016/j.ijep.2016.03.001


Agnes K.S. Hermawan et al 

6 Int Clin Neurosci J. Vol 11, 2024 journals.sbmu.ac.ir/Neuroscience http 

 

 

2020;9(1):77–84.  

20. Tanaka T, Fukuma K, Abe S, Matsubara S, Motoyama 

R, Mizobuchi M, et al. Antiseizure medications for 

post-stroke epilepsy: a real-world prospective cohort 

study. Brain Behav. 2021;11(9):e2330. doi: 

10.1002/brb3.2330  

21. Wang YQ, Zhang MQ, Li R, Qu WM, Huang ZL. The 

mutual interaction between sleep and epilepsy on the 

neurobiological basis and therapy. Curr 

Neuropharmacol. 2017;16(1):5–16. doi: 

10.2174/1570159X15666170518100901  

22. Rogawski MA, Löscher W, Rho JM. Mechanisms of 

action of antiseizure drugs and the ketogenic diet. 

Cold Spring Harb Perspect Med. 2016;6(5):a022780. 

doi: 10.1101/cshperspect.a022780  

23. Zhang H, Li Y, Li X, Liu G, Wang B, Li C. Effect of 

sodium valproate on the sleep structures of epileptic 

patients. Exp Ther Med. 2014;7(5):1227–1232. doi: 

10.3892/etm.2014.1546  

24. Löscher W, Klein P. The pharmacology and clinical 

efficacy of antiseizure medications: from bromide 

salts to cenobamate and beyond. CNS Drugs. 

2021;35(9):935–963. doi: 10.1007/s40263-021-00830-

7  

25. Deshpande LS, DeLorenzo RJ. Mechanisms of 

levetiracetam in the control of status epilepticus and 

epilepsy. Front Neurol. 2014;5:11. doi: 

10.3389/fneur.2014.00011  

26. Cho YW, Kim DH, Motamedi GK. The effect of 

levetiracetam monotherapy on subjective sleep 

quality and objective sleep parameters in patients 

with epilepsy: compared with the effect of carbamazepine-

CR monotherapy. Seizure. 2011;20(4):336–339. doi: 

10.1016/j.seizure.2010.12.016  

27. Liguori C, Toledo M, Kothare S. Effects of antiseizure 

medications on sleep architecture and daytime sleepiness 

in patients with epilepsy: a literature review. Sleep Med 

Rev. 2021;60:101559. doi: 10.1016/j.smrv.2021.101559  

28. Lee SA, No YJ, Jo KD, Kwon JH, Kim JY, Shin DJ. 

Factors contributing to excessive daytime sleepiness 

in Korean adults with epilepsy: a sleep questionnaire-

based study. Epilepsy Behav. 2019;90:61–65. doi: 

10.1016/j.yebeh.2018.11.011  

29. Andrew T, Milinis K, Baker G, Wieshmann U. Self-

reported adverse effects of mono- and polytherapy 

for epilepsy. Seizure. 2012;21(8):610–613. doi: 

10.1016/j.seizure.2012.06.010  

30. Röder-Wanner UU, Noachtar S, Wolf P. Response of 

polygraphic sleep to phenytoin treatment for 

epilepsy: a longitudinal study of immediate, short- 

and long-term effects. Acta Neurol Scand. 

1987;76(3):157–167. doi: 10.1111/j.1600-

0404.1987.tb03564.x  

31. Abou-Khalil BW. Update on antiepileptic drugs 2019. 

Continuum (Minneap Minn). 2019;25(2):508–536. doi: 

10.1212/CON.0000000000000715  

32. Bazil CW. Effects of antiepileptic drugs on sleep 

structure: are all drugs equal? CNS Drugs. 

2003;17(10):719–728. doi: 10.2165/00023210-

200317100-00002 

 

http://journals.sbmu.ac.ir/Neuroscience
10.1002/brb3.2330
10.2174/1570159X15666170518100901
10.1101/cshperspect.a022780
10.3892/etm.2014.1546
10.1007/s40263-021-00830-7
10.1007/s40263-021-00830-7
10.3389/fneur.2014.00011
10.1016/j.seizure.2010.12.016
10.1016/j.smrv.2021.101559
10.1016/j.yebeh.2018.11.011
10.1016/j.seizure.2012.06.010
10.1111/j.1600-0404.1987.tb03564.x
10.1111/j.1600-0404.1987.tb03564.x
10.1212/CON.0000000000000715
10.2165/00023210-200317100-00002
10.2165/00023210-200317100-00002

