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Prevalence of sleep disorder in epilepsy patient

Vefa Ismayilova, et al. Epilepsy Research. 115 (2015) 119-125



Definition of terms 

• Circadian rhythm
• “about daily”

• An endogenous free-running 
(approximately) 24 h period 
even in the absence of day-
night cycle.

• Should be entrainable



Definition of terms 
• Chronotypes 



Definition of terms 

• Diurnal rhythm
• Diurnal rhythm is a biological rhythm that is synchronized with the day-night 

cycle. 

• A diurnal rhythm may or may not be a circadian rhythm

• Multidien rhythm (infradian)
• Refers to rhythm with a  time period covering several days

• Untradian rhythm
• Refer to rhythms with periods of less than 24 hr

• Zeitgeber 
• Time giver , is an external or environmental temporal cue  that can entrain or 

synchronize a biological rhythm



Circadian time keeping system

McGowan, Niall & Saunders, Kate. (2021). The Emerging Circadian Phenotype of Borderline Personality Disorder: Mechanisms, Opportunities and Future Directions. Current Psychiatry Reports. 23. 10.1007/s11920-021-01236-w. 



• Day night cycle, reflecting the rotation of the Earth in 24 hours, is 
considered the first order zeitgeber in mammals

• Rhythms of activity, social interactions, food intake, and body 
temperature are considered second-order zeitgebers.



Putative zeitgebers: circadian timescale 

Rao, VR, Leguia, MG, Tcheng, TK, Baud, MO. Cues for seizure timing. Epilepsia. 2021; 62(Suppl. 1): S15– S31. https://doi.org/10.1111/epi.16611

The rare phenomenon of complete day-night flip 

https://doi.org/10.1111/epi.16611


Putative zeitgebers: circadian timescale 

up, 12 am to 6 am; down, 12 pm to 6 pm

• Seasons modulated the peak circadian 
time for seizures

• One subject had seizures at night for years, but seizures 
occurred closer to the morning during winter months and 
closer to the evening during summer months

Rao, VR, Leguia, MG, Tcheng, TK, Baud, MO. Cues for seizure timing. Epilepsia. 2021; 62(Suppl. 1): S15– S31. https://doi.org/10.1111/epi.16611

https://doi.org/10.1111/epi.16611


• Multidien cycle of IEA often have a period of 25-35 days, so approximate 
synchrony with lunar cycles will occur occasionally by chance

Putative zeitgebers: multidien timescale 

Rao, VR, Leguia, MG, Tcheng, TK, Baud, MO. Cues for seizure timing. Epilepsia. 2021; 62(Suppl. 1): S15– S31. https://doi.org/10.1111/epi.16611

circalunar

https://doi.org/10.1111/epi.16611


Putative zeitgebers: multidien timescale 

Rao, VR, Leguia, MG, Tcheng, TK, Baud, MO. Cues for seizure timing. Epilepsia. 2021; 62(Suppl. 1): S15– S31. https://doi.org/10.1111/epi.16611

https://doi.org/10.1111/epi.16611


Putative zeitgebers: multidien timescale 

Rao, VR, Leguia, MG, Tcheng, TK, Baud, MO. Cues for seizure timing. Epilepsia. 2021; 62(Suppl. 1): S15– S31. https://doi.org/10.1111/epi.16611

circaseptan

https://doi.org/10.1111/epi.16611


Putative zeitgebers: circannual timescale 

Rao, VR, Leguia, MG, Tcheng, TK, Baud, MO. Cues for seizure timing. Epilepsia. 2021; 62(Suppl. 1): S15– S31. https://doi.org/10.1111/epi.16611

“seizure rate systematically increases in summer-autumn”

https://doi.org/10.1111/epi.16611


Biological rhythms relevant to epilepsy and their zeitgebers

Rao, VR, Leguia, MG, Tcheng, TK, Baud, MO. Cues for seizure timing. Epilepsia. 2021; 62(Suppl. 1): S15– S31. https://doi.org/10.1111/epi.16611

https://doi.org/10.1111/epi.16611


External-endogenous borderland
Election years and seizure rates

Rao, VR, Leguia, MG, Tcheng, TK, Baud, MO. Cues for seizure timing. Epilepsia. 2021; 62(Suppl. 1): S15– S31. https://doi.org/10.1111/epi.16611

https://doi.org/10.1111/epi.16611


Endogenous cycles

• Sleep-wake cycle : brain arousal states 

• Hormonal cycle

• Other cycle

• Chronotypes





https://www.chegg.com/flashcards/how-the-stage-sleep-works-1904d9cc-9a03-4288-8cce-dccbc23c50cb/deck

EEG recording during sleep





Complex interaction between sleep disorder and epilepsy

❖ Disease itself
❖ Treatment consequence

❖ Increase IEDs in NREM (N1-N2>N3)
awake and REM

Epilepsy Sleep



Distribution of seizure occurrence and 
cortisol concentrations over 24 h

van Campen JS, et al, Seizure occurrence and the circadian rhythm of cortisol: a systematic review, Epilepsy Behav (2015), http://dx.doi.org/10.1016/j.yebeh.2015.04.071



The demonstrate of interictal discharge (IED) compare with awake, 
NREM, SWS and REM sleep in Focal epilepsy



Timing of seizure in relation to the circadian phase

23

Hofstra WA, et al. Epilepsy Res. 2011;94(3):158-162. doi:10.1016/j.eplepsyres.2011.01.015



Result of some interesting studies that relate seizure 
location and most frequently time of day

Author Year No. of Pt No. of Sz Focus Peak hour

Parlova 2004 26 90 Temporal  15-19 hr

Extratemporal 19-23 hr

Durazzo 2008 131 669 Occipital 16-19 hr

Frontal and parietal 04-07 hr

Temporal 16-19hr and 07-10 hr

Hofstra 2009 33 450 Temporal 11-17hr

parietal 17-23 hr

Frontal 23-05 hr

Díaz-Negrillo A. Epilepsy Res Treat. 2013;2013:492524. doi:10.1155/2013/492524



25
BadawyRA, et al.Neuroscience2012;222:89–99

Schematic showing distribution of seizures and epileptiform discharges
across a ‘typical’ 24-h sleep cycle for generalized and focal epilepsies.



Circadian rhythm and 24-h distributions of 
seizures and epilepsy activity 

Children and young 
adult

(1-20 y) 

Generalized seizures Wakefulness and daytime

Focal sizures

Frontal Sleep 

Temporal 

Late afternoon

Early morning

Occipital Daytime and 
wakefulness

Parietal No definite pattern



Antiepileptic drug effects on sleep
AEDs Sleep disorder Sleep architecture

Positive effects Negative effects Positive effects Negative effects

PB Insomnia OSA SL  REM

BZD Insomnia, RLS, RBD OSA SL, arousal, 
CAP

 REM,  N3

CBZ RLS None None REM,sleep stage 
shift

VPA RLS OSA Sometime no 
effect

N1,  REM

GBP RLS, insomnia OSA N3, arousal, 
SE

None 

LTG Consolidating sleep, 
reducing arousal 
stage  shift

Insomnia, RBD  Sleep stage shift, 
arousals  REM 

N3 (possible)

Dawn Eliashiv, et al. 2015



AEDs Sleep disorder Sleep architecture

Positive effects Negative effects Positive effects Negative effects

LEV RLS 
(case report)

Insomnia N3, WASO None 

PGB Insomnia, RLS, 
daytime         
attention

OSA N3, REM,   
arousal

None

TPM Weight loss, 
OSA

RLS No change No change

ZNM OSA RLS No change No change

PER Insomnia ? N3, WASO None 

Dawn Eliashiv, et al. 2015.
Current sleep medicine Rep (2019)

Antiepileptic drug effects on sleep



VNS affects sleep and vigilance

Foldvary-Schaefer N, Grigg-Damberger M, Mehra R, eds. Sleep Disorders: A Case a Week from the Cleveland Clinic. 2 edn ed. Oxford, UK: Oxford University Press; 
2019. https://oxfordmedicine.com/view/10.1093/med/9780190671099.001.0001/med-9780190671099. Accessed July 21, 2021.




