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We've read with remarkable interest the paper “Adverse event reports of seizure for
insomnia medication from 1967 to 2023” published on Scientific Reports in July 2025, in
which Authors investigated the risk to induce seizures of different drugs used for the
treatment of insomnia (1).

In this study, the Authors reported the results of the American Insomnia Survey done
in 2020 (in which up to 22% of responders met the criteria for insomnia) and highlighted
how clinicians very frequently tend to treat insomnia with hypnotic medications, especially
in consideration of the lack of accessibility to cognitive behavioral therapy for insomnia
(CBT-i) (2). The common practice to prescribe hypnotics happens despite the lack of
robust randomized trials, that must always be conducted to minimize drug-related side
effects. The authors reviewed a vast dataset deriving from the reports of adverse events
related to medications used for the treatment of insomnia from 140 countries between
1967 and 2013, evaluating the seizure risk associated with these medications measured
as reported odds ratio (ROR). They found that seizures were significantly associated
with various hypnotic medications including benzodiazepines, Z-drugs, antidepressants,
melatonin, atypical antipsychotics and first-generation H1 antagonists. No association was
found between seizures risk and melatonin receptor agonists and dual orexin receptor
antagonists (DORAs).

The presented study is one of the most valuable in the field, in considerations of the
huge number of case reports and adverse events reviewed. Nevertheless, the authors do not
explore the underlying pathophysiological mechanisms useful to explain why some drugs
are associated to seizure risk (like benzodiazepines, Z-drugs and antipsychotic) and others
are not (like DORAs). Moreover, the Authors did not discuss about the controversial results
regarding the increased risk for seizures of melatonin and the lack of association between
melatonergic receptor agonists and seizure occurrence.

Insomnia is a high common sleep disorder in the general population. Chronic insomnia
may affect approximately 10%—12% of adults, with an additional 15%—20% reporting
occasional insomnia symptoms (3-7, 33). When broader definitions are used, such as any
insomnia symptoms or sleep dissatisfaction, prevalence rates can reach up to one-third of
adults (8, 33).
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Translating the results of the study in the common clinical
practice, the importance of these findings also regards the frequency
of sleep disorders in people with epilepsy (PwE) and the importance
of promoting sleep without increasing the risk of seizures in PWE.

Therefore, to complete the discussion of the study “Adverse
event reports of seizure for insomnia medication from 1967 to 2023,
we do believe that both preclinical and clinical evidence should be
cited in order to explain the Authors’ findings.
(hypocretin) the
hypothalamus, play an extensive role in the regulation of the

Orexin neurons, located in lateral
sleep-wake cycle. During wakefulness it can be registered the
highest orexinergic activity, which then decreases during slow-
wave sleep and is virtually absent during rapid eye movement
(REM) sleep (9). This circadian rhythm mirrors oscillations in the
activity of cortical ad subcortical brain structures. The high firing
of orexinergic neurons stabilizes wakefulness through cortical
desynchronization, on the contrary a weak orexinergic activity
consolidates slow-wave sleep enhancing the thalamocortical
synchronization (10). Since seizures are often associated with
transitions from wakefulness to sleep and vice versa, sleep stability
should be targeted for preventing the risk for nocturnal seizures.
Moreover, sleep exerts beneficial effects on epileptogenesis and
therefore maintaining the sleep-wake cycle regularity and the
regulation of the physiological sleep are both targets for reducing
the risk for seizures in PWE. According to this, we may hypothesize
that the pharmacological antagonism to orexin receptors, exerted
by DORAs, might reduce the risk of seizures. Accordingly, both
preclinical and clinical studies suggests that DORAs do not increase
seizure risk and may play an anticonvulsant role instead.

Experiments in animal models showed, indeed, that orexinergic
agonism produces proconvulsant effects and conversely orexinergic
antagonism, that mirrors the neuronal silence observed in REM
sleep (a state characterized by low seizure susceptibility) exerts
anticonvulsant effects. The direct administration of orexin-A
and orexin-B into the cortex increases epileptiform activity,
measured in terms of spike number, amplitude, and EEG spectral
power, as well as seizure-related motor manifestations. (11)
At the cellular level, orexins enhance hippocampal neuronal
excitability and increase excitatory neurotransmitter release (12).
In experimental rats exposed to proconvulsant agents such as
pilocarpine, pentylenetetrazol (PTZ), and maximal electroshock
induced seizures, it has been demonstrated an upregulation in
orexin expression in the hippocampus (13, 14). In contrast, both
orexin-1 receptor (OX1R) antagonists (e.g., SB-334867) and orexin-
2 receptor (OX2R) antagonists (e.g., TCS OX2 29) attenuate
seizure severity and duration in PTZ models when administered
intrahippocampally or intracerebroventricularly (15).

DORAs, including suvorexant, an FDA-approved therapy
for insomnia, significantly reduce seizure duration in PTZ mice.
Suvorexant may exert additional modulatory effects via GABA-A
and glutamate receptors (16). Furthermore, in sleep-deprived

Abbreviations: CBT-i, cognitive behavioral therapy for insomnia; ROR,
reported odds ratio; DORA(s), dual orexin receptor antagonist(s); PwE, people
with epilepsy; REM, rapid eye movement; EEG, electroencephalography; PTZ,
pentylenetetrazol; OX1R, orexin-1 receptor; OX2R, orexin-2 receptor; FDA,
food and drug administration; GABA-A, gamma-aminobutyric acid A.
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Wistar rats, both OXIR and OX2R antagonists delayed seizure
onset, shortened seizure duration, and reduced mortality
following PTZ exposure, indicating that orexin antagonism may
protect against the exacerbation of seizures induced by sleep
deprivation (17).

There is no substantial literature helping the translation
of orexin biology into epilepsy clinical practice. Only some
observational studies documented the clinical potential of
improving sleep and treating insomnia disorder in PWE by using
DORASs (18).

Collectively, animal data strongly suggest that orexinergic
signaling facilitates neuronal hyperexcitability and seizure
generation, whereas orexin receptor antagonism mitigates these
processes. Clinical studies are needed for understanding the clinical
potential of DORAs in improving sleep and treating the comorbid
insomnia disorder in PwE.

Regarding the role of melatonin and melatonergic receptor
agonism, globally the literature describes their safety in PwE
with no evidence of seizure exacerbation and, in some cases,
seizure reduction in patients with comorbid insomnia disorder
and refractory epilepsy (19-23). Melatonin is a hormone secreted
by the pineal gland reflecting the circadian activation of the
suprachiasmatic nucleus, which acts as a biological clock and
receives the photic input directly from the retina through
the retino-hypotalamic tract (24). Melatonin exerts its effects
binding the high-affinity G-protein-coupled receptors MT1 and
MT2 broadly expressed in the brain and regulates sleep-
wake cycle, circadian rhythm as well as epileptogenesis (25).
Circadian fluctuations of melatonin levels influence neuronal
activity of different brain networks. An increase in melatoninergic
tone enhances neurons synchronization, reduces glutamatergic
neurotransmission and increase GABA-ergic signaling. A reduced
melatonin activity can increase hyperexcitability and neuronal
firing rate instead (26). Mechanistically, melatonin’s antioxidant,
anti-inflammatory, and neuroprotective properties are proposed to
contribute to its potential anticonvulsant effects (27, 28).

Melatonin anticonvulsant properties have been highlighted in
preclinical studies conducted in animals. In a study from Savina
and colleagues, melatonin produced a sustained anticonvulsant
effect, increasing latency and decreasing the severity of audiogenic
seizures in rats (29). Moreover the acute iv administration of
high dose of melatonin significantly elevated the clonic threshold
of convulsions induced by pentetrazole and completely abolished
kainated-induced seizures in mice (30, 31). Hence, it can be
hypothesized that melatonin itself and melatoninergic agents do
not have an unfavorable profile of action in terms of increasing
seizures risk or worsening epilepsy control. The primary hypothesis
linking melatonin, but not melatonin receptor agonists, to an
increased seizure risk relates to the sleep synchronization induced
by this neurohormone. Accordingly, sleep synchronization—and
the subsequent increase in Non-REM sleep—may predispose
susceptible individuals to seizures. However, this remains a
hypothesis based on a preclinical rationale and is not yet supported
by evidence in clinical practice.

The translation of both these mechanistic considerations
into the therapeutic decision-making process must reflect the
evidence from regulatory approval and international guidelines
(32). DORAs, thanks to their highly targeted action, without
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enhancing GABAergic neurotransmission, are globally indicated as
a safe treatment of chronic insomnia as documented in randomized
clinical trials. Therefore, they are the drug of choice in PWE as well.
Melatonin receptor agonists are not uniformly approved worldwide
for the treatment of insomnia and only melatonin 2 mg prolonged
release is approved for treating chronic insomnia in several regions
in a restricted range of people (aged >55 y.0.), although it is
widely used as supplement for insomnia complaints and circadian
sleep-wake rhythm disorders. Hence, randomized clinical trials are
needed for considering the favorable profile of melatonergic drugs
in PWE.

In conclusion, DORAs used in the treatment of chronic
insomnia do not increase seizure risk and preclinical findings
support an anticonvulsant potential of orexin antagonism,
possibly through facilitation of inhibitory over excitatory
neurotransmission. Literature reports controversial data regarding
the use of melatonin and melatonergic agonists and therefore
further evidence is needed.

Author contributions

draft. CL:
Conceptualization, Supervision, Validation, Writing - review
& editing.

GD: Conceptualization, Writing - original

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

References

1. Kim TH, Lee K, Hwang J, Lee S, Jo H, Cho H, et al. Adverse event
reports of seizure for insomnia medication from 1967 to 2023. Sci Rep. (2025)
15:27308. doi: 10.1038/s41598-025-11314-1s

2. Dopheide JA. Insomnia overview: epidemiology, pathophysiology, diagnosis and
monitoring, and nonpharmacologic therapy. Am ] Manag Care. (2020) 26:76-
$84. doi: 10.37765/ajmc.2020.42769

3. Morin CM, Buysse DJ. Management of insomnia. N Engl ] Med. (2024) 391:247-
58. doi: 10.1056/NEJMcp2305655

4. van Straten A, Weinreich KJ, Fibian B, Reesen ], Grigori S, Luik AL et al. The
prevalence of insomnia disorder in the general population: a meta-analysis. J Sleep Res.
(2025) 34:¢70089. doi: 10.1111/jsr.70089

5. Benjafield AV, Sert Kuniyoshi FH, Malhotra A, Martin JL, Morin CM,
Maurer LE et al. Estimation of the global prevalence and burden of
insomnia: a systematic literature review-based analysis. Sleep Med Rev. (2025)
82:102121. doi: 10.1016/j.smrv.2025.102121

6. Winkelman JW. Clinical Practice. Insomnia disorder. N Engl ] Med. (2015)
373:1437-44. doi: 10.1056/NEJMcp1412740

7. Rosenberg RP, Krystal AD. Diagnosing and treating insomnia in adults and older
adults. J Clin Psychiatry. (2021) 82:EI120008 AH5C. doi: 10.4088/JCP.EI20008 AH5C

8. Ohayon MM. Epidemiology of insomnia: what we know and what we still need to
learn. Sleep Med Rev. (2002) 6:97-111. doi: 10.1053/smrv.2002.0186

9. Schwartz MD, Kilduff TS. The neurobiology of sleep and wakefulness. Psychiatr Clin
North Am. (2015) 38:615-44. doi: 10.1016/j.psc.2015.07.002

10. Scammell TE. Narcolepsy. N Engl ] Med.
62. doi: 10.1056/NEJMral500587

(2015)  373:2654-

Frontiersin Neurology

10.3389/fneur.2026.1727350

Conflict of interest

CL served as a consultant and received research support from
Idorsia Pharmaceuticals Ltd and Bruno Farmaceutici S.p.A.

The remaining author(s) declared that this work was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues, please
contact us.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

11. Kortunay S, Erken HA, Erken G, Gen¢ O, Sahiner M, Turgut S, et al
Orexins increase penicillin-induced epileptic activity. Peptides. (2012) 34:419-
22. doi: 10.1016/j.peptides.2012.02.013

12. Chen XY, Chen L, Du YF. Orexin-A increases the firing activity of hippocampal
CAl neurons through orexin-1 receptors. ] Neurosci Res. (2017) 95:1415-
26. doi: 10.1002/jnr.23975

13. Morales A, Bonnet C, Bourgoin N, Touvier T, Nadam ], Laglaine A, et al.
Unexpected expression of orexin-B in basal conditions and increased levels in the
adult rat hippocampus during pilocarpine-induced epileptogenesis. Brain Res. (2006)
1109:164-75. doi: 10.1016/j.brainres.2006.06.075

14. Socata K, Szuster-Ciesielska A, Wlaz, P. SB 334867, a selective orexin receptor
type 1 antagonist, elevates seizure threshold in mice. Life Sci. (2016) 150:81-
8. doi: 10.1016/j.1fs.2016.02.075

15. Goudarzi E, Elahdadi Salmani M, Lashkarbolouki T, Goudarzi I. Hippocampal
orexin receptors inactivation reduces PTZ induced seizures of male rats. Pharmacol
Biochem Behav. (2015) 130:77-83. doi: 10.1016/j.pbb.2015.01.006

16. Razavi BM, Farivar O, Etemad L, Hosseinzadeh H. Suvorexant, a dual orexin
receptor antagonist, protected seizure through interaction with gabaa and glutamate
receptors. Iran ] Pharm Res. (2020) 19:383-90. doi: 10.22037/ijpr.2019.14688.
12584

17. Ni LY, Zhu MJ, Song Y, Liu XM, Tang JY. Pentylenetetrazol-induced seizures are
exacerbated by sleep deprivation through orexin receptor-mediated hippocampal cell
proliferation. Neurol Sci. (2014) 35:245-52. doi: 10.1007/s10072-013-1495-5

18. Fernandes M, Placidi F Mercuri NB, Liguori C. Daridorexant treatment for
chronic insomnia: a real-world retrospective single-center study. Neurol Sci. (2024)
45:3443-8. doi: 10.1007/s10072-024-07326-w

frontiersin.org


https://doi.org/10.3389/fneur.2026.1727350
https://doi.org/10.1038/s41598-025-11314-1s
https://doi.org/10.37765/ajmc.2020.42769
https://doi.org/10.1056/NEJMcp2305655
https://doi.org/10.1111/jsr.70089
https://doi.org/10.1016/j.smrv.2025.102121
https://doi.org/10.1056/NEJMcp1412740
https://doi.org/10.4088/JCP.EI20008AH5C
https://doi.org/10.1053/smrv.2002.0186
https://doi.org/10.1016/j.psc.2015.07.002
https://doi.org/10.1056/NEJMra1500587
https://doi.org/10.1016/j.peptides.2012.02.013
https://doi.org/10.1002/jnr.23975
https://doi.org/10.1016/j.brainres.2006.06.075
https://doi.org/10.1016/j.lfs.2016.02.075
https://doi.org/10.1016/j.pbb.2015.01.006
https://doi.org/10.22037/ijpr.2019.14688.12584
https://doi.org/10.1007/s10072-013-1495-5
https://doi.org/10.1007/s10072-024-07326-w
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Di Mauro and Liguori

19. Liu Z, Zhu J, Shen Z, Ling Y, Zeng Y, Yang Y, et al. Melatonin as an add-
on treatment for epilepsy: a systematic review and meta-analysis. Seizure. (2024)
117:133-41. doi: 10.1016/j.seizure.2024.02.016

20. Brigo FE  Igwe SC, Del Felice A.
treatment  for  epilepsy. Cochrane  Database
2016:CD006967. doi: 10.1002/14651858.CD006967.pub3

21. Verma N, Maiti R, Mishra BR, Jha M, Jena M, Mishra A, et al. Effect of add-on
melatonin on seizure outcome, neuronal damage, oxidative stress, and quality of life
in generalized epilepsy with generalized onset motor seizures in adults: a randomized
controlled trial. J Neurosci Res. (2021) 99:1618-31. doi: 10.1002/jnr.24820

add-on
(2016)

Melatonin
Syst

as
Rev.

22. Goldberg-Stern H, Oren H, Peled N, Garty BZ. Effect of melatonin on seizure
frequency in intractable epilepsy: a pilot study. J Child Neurol. (2012) 27:1524-
8. doi: 10.1177/0883073811435916

23. Jain S, Besag FM. Does melatonin affect epileptic seizures? Drug Saf. (2013)
36:207-15. doi: 10.1007/s40264-013-0033-y

24. Pfeffer M, von Gall C, Wicht H, Korf HW. The role of the melatoninergic system
in circadian and seasonal rhythms-insights from different mouse strains. Front Physiol.
(2022) 13:883637. doi: 10.3389/fphys.2022.883637

25. Ng KY, Leong MK, Liang H, Paxinos G. Melatonin receptors: distribution in
mammalian brain and their respective putative functions. Brain Struct Funct. (2017)
222:2921-39. doi: 10.1007/s00429-017-1439-6

26. Sheybani L, Frauscher B, Bernard C, Walker MC. Mechanistic insights into
the interaction between epilepsy and sleep. Nat Rev Neurol. (2025) 21:177-
92. doi: 10.1038/s41582-025-01064-z

Frontiers in Neurology

04

10.3389/fneur.2026.1727350

27. Kamieniak M, Ko$mider K, Miziak B, Czuczwar SJ. The oxidative stress in epilepsy-
focus on melatonin. Int ] Mol Sci. (2024) 25:12943. doi: 10.3390/ijms252312943

28. Banach M, Gurdziel E, Jedrych M, KK. Melatonin
in experimental seizures and epilepsy. Pharmacol (2011)  63:1-
11. doi: 10.1016/S1734-1140(11)70393-0

29. Savina TA, Balashowa OA, Shchipakina TG. Effect of chronic consumpton
of sodium valproate and melatonin on seizure activity in Krushinskii-
Molodkina rats. Bull Exp Bioi Med. (2006) 142:601-4. doi: 10.1007/s10517-006-0
429-0

30. Yahyavi-Firouz-Abadi N, Tahsili-Fahadan P, Riazi K, Ghahremani MH, Dehpour
AR. Melatonin enhances the anticonvulsant and proconvulsant effects of morphine
in mice: role for nitric oxide signaling pathway. Epilepsy Res. (2007) 75:138-
44. doi: 10.1016/j.eplepsyres.2007.05.002

Borowicz
Rep.

31. Yamamoto H, Tang H. Preventive effect of melatonin against cyanide-
induced seizures and lipid peroxidation in mice. Neurosci Lett. (1996) 207:89-
92. doi: 10.1016/0304-3940(96)12493-9

32. Mignot E, Mayleben D, Fietze I, Leger D, Zammit G, Bassetti CLA, et al. Safety
and efficacy of daridorexant in patients with insomnia disorder: results from two
multicentre, randomised, double-blind, placebo-controlled, phase 3 trials. Lancet
Neurol. (2022) 21:125-39. Erratum in: doi: 10.1016/S1474-4422(22)00029-1 Lancet
Neurol. (2022) 21:€3. Erratum in: doi: 10.1016/S1474-4422(22)00144-2] Lancet Neurol.
(2022) 21:e6. doi: 10.1016/S1474-4422(21)00436-1

33. Morin CM, Jarrin DC. Epidemiology of Insomnia: Prevalence, Course,
Risk Factors, and Public Health Burden. Sleep Med Clin. (2022) 17:173-91.
doi: 10.1016/j.jsmc.2022.03.003

frontiersin.org


https://doi.org/10.3389/fneur.2026.1727350
https://doi.org/10.1016/j.seizure.2024.02.016
https://doi.org/10.1002/14651858.CD006967.pub3
https://doi.org/10.1002/jnr.24820
https://doi.org/10.1177/0883073811435916
https://doi.org/10.1007/s40264-013-0033-y
https://doi.org/10.3389/fphys.2022.883637
https://doi.org/10.1007/s00429-017-1439-6
https://doi.org/10.1038/s41582-025-01064-z
https://doi.org/10.3390/ijms252312943
https://doi.org/10.1016/S1734-1140(11)70393-0
https://doi.org/10.1007/s10517-006-0429-0
https://doi.org/10.1016/j.eplepsyres.2007.05.002
https://doi.org/10.1016/0304-3940(96)12493-9
https://doi.org/10.1016/S1474-4422(22)00029-1
https://doi.org/10.1016/S1474-4422(22)00144-2
https://doi.org/10.1016/S1474-4422(21)00436-1
https://doi.org/10.1016/j.jsmc.2022.03.003
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	``Adverse event reports of seizure for insomnia medication from 1967 to 2023''. The challenge of using hypnotic medication in people with epilepsy
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


