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Epilepsy and comorbidities
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INTRODUCTION

Epilepsy is one of the most common neurological
diseases (1,2). It is a chronic brain disorder charac-
terized by an enduring predisposition to generate
epileptic seizures. Recurring seizures leave neuro-
biological, cognitive, psychological and social con-
sequences which affect patients’ quality of life (2,3).
Comprehensive medical term comorbidity refers
to distinct conditions, diseases and syndromes that
occur alongside the main condition. Comorbidi-
ties are defined as medical conditions that simulta-
neously coexist with a primary diagnosis (4). It is
estimated that more than half of young adults suf-
fer from at least one chronic health condition (4)
and the number increases with age (6). Numerous
somatic, psychiatric and cognitive diseases are
more often present in patients with epilepsy than
in the general population (7). Approximately 50%
of adults with epilepsy have at least one comorbid-
ity (4). Their importance in the clinical approach
towards patients is emphasized by the fact that

they are an essential part of the current classifica-
tion according to International League Against
Epilepsy (ILAE) (8).

THE SIGNIFICANCE OF
COMORBIDITIES IN PATIENTS
WITH EPILEPSY

The results have shown that the most common co-
morbidities in people with epilepsy are anxiety and
major depressive disorder. Despite the significant
frequency, depression and anxiety are still poorly
recognized by physicians. In adults, hypertension
(18.2%), stroke (14.5%), heart disease (11%), dia-
betes (10.2%) and arthritis (9.2%) are among fre-
quent comorbidities as well (9). Comorbidities
have a significant impact on selecting appropriate
treatment option. Treatment can be more complex
because it requires an approach that extends be-
yond controlling seizures alone (10). However, co-
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morbidities can enable earlier detection of epilep-
sy. For example, if a patient suffers from neoplastic
brain disease, epilepsy may be detected earlier due
to regular monitoring and clinical examinations. It
is necessary to timely diagnose and properly treat
comorbidities because they can be predisposing
factors to unfavorable seizure outcomes. Treating
comorbidities enables better control of epileptic
seizures. It works the other way around, too. Treat-
ing epileptic seizures has a beneficial effect on co-
morbid conditions. Further research of comorbidi-
ties will contribute to a better understanding of
epilepsy itself (4). Genetic factors can also modify
the mutual interaction between epilepsy and co-
morbidities (4). Charlson and Elixhauser comor-
bidity indices are well-established for prediction of
hospitalization costs, hospital length of stay and
impact of comorbidities on hospital mortality.
Each comorbidity is weighted and assigned a score,
and based on their sum, individual prognosis is
predicted. (4,11,12). Epilepsy-specific comorbidity
index (ESI) is also used in clinical practice. Prog-
nostic points are assigned to numerous conditions:
disorders of the pulmonary circulation, hyperten-
sion, arrhythmias, congestive heart failure, periph-
eral vascular disease, kidney disease, solid tumors
without metastases, paraplegia and hemiplegia, as-
piration pneumonia, dementia, brain tumors, an-
oxic brain injury, moderate and severe liver disease
and metastatic cancer. A higher number of points
achieved is associated with higher mortality
(4,13,14). The most common causes of death
among patients with epilepsy are comorbidities
such as neoplastic, cardiovascular or cerebrovascu-
lar disease (4,15).

EPILEPSY AND
NEURODEVELOPMENTAL
DISORDERS

Among children and young people with epilepsy,
there is a higher prevalence of neurodevelopmen-
tal disorders which include autistic spectrum re-
lated disorders (ASDs), intellectual disabilities and
attention deficit hyperactivity disorder (ADHD).
Despite the high prevalence and negative effect on
the clinical course of epilepsy, patients often don't
receive adequate therapy due to delayed diagnosis
or misdiagnosis. These patients experience side ef-
fects of antiepileptic drugs (AEDs) more frequent-
ly and are prone to developing drug-resistant epi-
lepsy (16). The risk of developing epilepsy among
patients with autism is 2.7-44.4%, which is seven
times higher risk than the rest of the population.

The coexistence of these conditions is particularly
present among people with intellectual disabilities,
and it is more common in women, elderly, people
with lower socioeconomic status (17). Two theo-
ries explain the higher incidence of ASDs in pa-
tients with epilepsy. Epileptic seizures can affect
the synaptic plasticity responsible for learning and
behavior. The excitatory/inhibitory imbalance not-
ed during seizures can produce permanent physi-
ological and functional damage during neurode-
velopment. It can cause abnormal synaptic reor-
ganization and cortical neurons dysfunction.
Another theory assumes that an underlying neuro-
logical disorder predisposes individuals to the de-
velopment of both epilepsy and ASDs (17). Genet-
ic disorders in which coexistence of these condi-
tions is more common include Rett syndrome,
fragile X syndrome and complex tuberous sclerosis
complex (18). Some of the specific epileptic syn-
dromes in which it is more frequent are infantile
spasms and Dravet syndrome (17).

EPILEPSY AND VASCULAR
DISEASES

Cerebrovascular diseases are the most common
underlying cause of epilepsy in elderly (19). They
cause 30-50% of new-onset epilepsies (20). There is
an expected growth of the epilepsy prevalence due
to the increasing percentage of elderly people in
the population. Cerebrovascular diseases associat-
ed with epilepsy are ischemic stroke, cerebral hem-
orrhage, post-reperfusion state (after thrombolysis
or thrombectomy) and small blood vessel diseases
due to arteriolosclerosis (19). Predictors of the epi-
lepsy development after stroke are younger age,
cortical involvement, extent and severity of post-
stroke lesions and a hemorrhagic component (19).
Genetic factors have an important role in the epi-
lepsy pathogenesis. For example, CD40-1C/T pol-
ymorphism is associated with an increased ten-
dency of post-stroke seizures (20). Early epileptic
seizures occur within the first seven days of a
stroke, while seizures that occur after this period
are considered late (19). Epilepsy after an ischemic
stroke usually occurs in an area with insufficient
oxygenation which is not completely necrotic.
Hemorrhages due to blood-brain barrier disrup-
tion after an ischemic insult are extremely impor-
tant as well (20). Seizures are more frequent after
primary intracerebral or subarachnoid hemor-
rhage than after cerebral ischemic infarction (21).
Epilepsy is usually caused by cortical venous hem-
orrhage (20). The frontal and temporal lobes are
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characteristic sites of epileptogenesis, which ex-
plains increased incidence of seizures after com-
plete infarction of the anterior cerebral circulation
(21). Epilepsy is usually caused by cortical venous
hemorrhage (20). The frontal and temporal lobes
are characteristic sites of epileptogenesis, which
explains increased incidence of seizures after com-
plete infarction of the anterior cerebral circulation
(21). Risk factors for cerebrovascular diseases are
also associated with the development of epilepsy.
Among them, high blood pressure, high choles-
terol, coronary and peripheral arterial disease have
the largest effect (22). Epileptic patients have an
increased risk of acute myocardial infarction and
sudden cardiac death (SCD) (23). In 2020, the clin-
ical entity ,,epileptic heart” was introduced into the
literature. It is described as the damage to the heart
and coronary vasculature caused by the cardiotoxic
effect of catecholamines and repeated hypoxia (24,
25). Sudden cardiac death constitutes a 4.5-fold
greater risk for premature death in patients with
epilepsy compared to sudden unexpected death in
epilepsy (SUDEP), which by definition excludes all
known causes of mortality, including cardiac co-
morbidities (25). Antiepileptic drugs have adverse
effects on the electrophysiology of the cardiac myo-
cytes and circulating lipids (23). Inducers of cy-
tochrome P450 can adversely affect the lipid profile,
while sodium channel blockers may be potentially
arrhythmogenic. Moreover, there is a possibility of
the interaction between the AEDs and anticoagu-
lant/ antiplatelet therapy. Therefore, it is necessary
to appropriately prescribe medications and their
dosage. This particularly refers to the potent induc-
ers of liver enzymes, such as carbamazepine, phe-
nobarbitone, phenytoin and primidone, which can
reduce the levels of concomitantly administered
drugs in therapy. Due to the increasing use of new
oral anticoagulant drugs, the use of zonisamide, la-
motrigine and lacosamide is recommended. They
have no clinically relevant interactions with the
mentioned group of medications (24,25).

EPILEPSY AND
NEURODEGENERATIVE DISEASES

Primary neurodegenerative diseases cause 10-20%
of epilepsy in the elderly. The number is assumed
to be even higher because clinical manifestations
of epilepsy are often unrecognized and misdiag-
nosed (20). Half of epilepsy cases in the elderly is of
unknown cause. It is estimated that neurodegen-
erative diseases are the second most common
cause of epilepsy after a stroke. Some theories pre-
sume that certain percentage of epilepsies of un-

known cause is actually consequence of presymp-
tomatic neurodegenerative diseases (26).

EPILEPSY AND MIGRAINE

Headache has long been associated with epilepsy.
Postictal epileptic headache is more common than
preictal and ictal (27,28). The hypothesis of a pos-
sible mutual pathogenetic background is based on
the neurons hyperexcitability and ion channels ab-
normalities. Imbalance between excitatory mole-
cules such as glutamate and inhibitory like gam-
ma-aminobutyric acid (GABA) has been proven
both in epilepsy and migraine (28). It is assumed
that the migraine aura phenomenon is caused by a
transient wave of mass neuronal depolarizations,
also known as cortical spreading depression. It
leads to oligemia (hypoperfusion), after which,
during the headache phase, hyperperfusion occurs
(29). In the differential diagnosis of migraine aura,
especially the visual one, it is necessary to think
about epileptic seizure because they have overlap-
ping symptoms (27). In familial hemiplegic mi-
graine (FHM), a rare autosomal dominant form of
migraine with aura, these two conditions can coex-
ist (27). Numerous AEDs are effective in the mi-
graine treatment. The ones used for prophylaxis
are topiramate and valproate. It has been proven
their harmful effect during pregnancy (27).

EPILEPSY AND MULTIPLE
SCLEROSIS

The prevalence of epilepsy among patients with
multiple sclerosis (MS) is between 0.5% and 10.8%,
and epileptic seizures are 3 to 6 times more com-
mon than in the general population (30). Epilepsy
is usually diagnosed ten years after establishing MS
diagnose (31). The cause of epileptic seizures is in-
sufficiently explained. However, it is assumed that
cortical and juxtacortical inflammation, demyeli-
nation and atrophy play an important role in
pathogenesis (32). Status epilepticus is more fre-
quent, but resistance to AEDs is less common (32).
Early introduction of immunomodulatory/immu-
nosuppressive therapy decreases prevalence of epi-
lepsy in patients with multiple sclerosis (31). Re-
search on the frequency of certain types of epilep-
tic seizures that occur in multiple sclerosis show
different results. Some have indicated that focal to
bilateral tonic-clonic seizures are the most com-
mon, while others have revealed generalized tonic-
clonic seizures being most prevalent. It is difficult
to determine the epilepsy prognosis (32). Active



Neurol. Croat. Vol. 69, 2, 2024

L. Relja et al. Epilepsy and comorbidities

epilepsy carries the risk of MS progression from
relapsing-remitting multiple sclerosis into second-
ary progressive multiple sclerosis (33). Epileptic
seizures can be the first clinical presentation of
multiple sclerosis because demyelinated plaques in
the brain act as epileptic foci (34). Depending on
the relationship between epileptic seizures and MS
activity, patients are divided into three groups (34):

a) those whose seizures are associated with MS
relapse

b) those whose seizures are not associated with
MS relapse

c) those with frequent seizures associated with
cognitive deterioration.

EPILEPSY AND AUTOIMMUNE
DISEASES

ILAE included autoimmunity in the classification
of epilepsy based on six etiological factors (35).
Since 2017, according to ILAE recommendations,
it is considered if the seizures result from an un-
derlying autoimmune disorder (36). Antibodies
directed against antigens on neuronal cell surface
are the most important in epileptogenesis. There
are also antibodies directed against intracellular
antigens such as anti-glutamic acid decarboxylase
antibodies. These can be found in 80% of patients
with diabetes type 1 (37). Systemic lupus erythe-
matosus (SLE) and diabetes mellitus type 1 have
the highest risk of developing epilepsy (38). It is
important to be careful about the interaction of
immunosuppressants and antiepileptic therapy
(38). Immunomodulators are increasingly includ-
ed in the treatment of refractory epilepsy (35). Au-
toimmune epilepsy is often drug-resistant (36).

EPILEPSY AND BRAIN TUMORS

Sometimes, epilepsy can be the only symptom of a
brain tumor (39). Epilepsy associated with brain
tumors accounts for 12% of acquired epilepsies
and 4-10% of total epilepsy number (40). Among
all tumor types, seizures are most common with
glioneuronal tumors (70-80%), especially in pa-
tients with frontotemporal or insular lesions (41).
Seizures are also common in patients with glioma,
with the highest rates of epilepsy (60-75%) ob-
served in individuals with low-grade gliomas lo-
cated in superficial cortical or insular regions. Ap-
proximately 20-50% of patients with meningioma
and 20-35% of those with brain metastases also suf-
fer from seizures (41). There is a specific group of

tumors associated with epilepsy called “long-term
epilepsy associated tumors” (LEAT). Their charac-
teristics include a slow growth rate, early-onset
drug-resistant epilepsy, neocortical localization and
temporal lobe predominance. The most common
LEATSs are dysembryoplastic neuroepithelial tumors
and gangliogliomas (39). Tumor-related seizures are
symptomatic by nature. Semiologic characteristics
depend on localization of tumors. Focal seizures
with impaired awareness are more common in tem-
poral tumors and focal to bilateral tonic-clonic sei-
zures are more common in extratemporal tumors
(42). Cortical tumors are associated with a higher
risk of causing seizures. Additionally, frontal, tem-
poral and parietal tumors are associated with a
higher risk of causing epilepsy than occipital tu-
mors. Infratentorial tumors are rarely associated
with epilepsy (42). Epilepsy associated with tumors
has a poorer response to antiepileptic therapy, which
is confirmed by the fact that it is pharmacoresistant
in 30% of the cases. The clinical outcome is better if
surgical resection is performed. Surgical treatment
should be considered as early as possible, regardless
of pharmacoresistance. This would avoid long-term
consequences of epileptic seizures, side effects of an-
tiepileptic drugs and tumor progression (39). After
surgical treatment, approximately 60-90% of pa-
tients is seizure free (41).

EPILEPSY AND PSYCHIATRY
DISEASES

Back in the 1880, Gowers noticed the increased
frequency of behavioral symptoms and mental
health issues among people suffering from epilep-
sy. The importance of recognizing conditions in
the domain of the psychiatric disorders has be-
come increasingly significant during the recent
years. Underlying causes of the dysregulation and
the consequent seizure generation may also affect
the mechanisms responsible for mood and behav-
ior control (43). According to the results of clinical
studies involving patients with epilepsy and psy-
chiatric comorbidities, the prevalence of any psy-
chiatric disorder was observed in up to 43.3% in
the general population of patients with epilepsy, in
51% of patients with idiopathic generalized epi-
lepsy, and in 43.1% of patients with temporal lobe
epilepsy. The most common psychiatric disorders
associated with epilepsy include mood disorders -
affective disorders (up to 40%), anxiety disorders
(up to 30.8%), personality disorders (up to 11% in
juvenile myoclonic epilepsy) and psychotic disor-
ders (in about 2-9% of patients with epilepsy) (44).
Mood disorders are the leading psychiatric comor-
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bidity in epilepsy, followed by anxiety disorders.
Although mood disorders most often occur after
the epilepsy onset, some studies have proven that it
can precede the development of the epilepsy. Psy-
chosis of epilepsy is a rare comorbidity in patients
with epilepsy, but one of the most prominent psy-
chotic disorder due to another medical condition.
A meta-analysis of 57 studies of people with psy-
chosis and related disorders showed a prevalence
of 5.6 to 7% in patients with temporal lobe epilepsy
(44, 45). It can be classified according to its tempo-
ral relation to seizures as preictal, ictal, paraictal,
interictal and postictal, with the latter being the
most common, occuring in 60% of patients
(44, 46). The prevalence of psychosis is highest in
patients with focal epilepsy, especially those with
medial temporal lobe involvement. This comor-
bidity presents a challenge in treatment and re-
quires an individualized and multidisciplinary ap-
proach to improve the patient’s quality of life (44).

EPILEPSY AND SLEEP DISORDERS

Sleep disturbances in people suffering from epi-
lepsy can be caused by nocturnal seizures, sedation
as a side effect of AEDs, inadequate sleep hygiene,
insufficient amount of sleep and sleep disorders as
comorbidities (47). The most common comorbid-
ity in people with refractory epilepsy is obstructive
sleep apnea (47). Treatment with nasal continuous
positive airway pressure (CPAP) reduces hypoxia
and sleep fragmentation, which consequently leads
to better seizure control (48). SUDEP is a sleep-
related fatal complication of epilepsy. It most often
occurs in people between the age of 15 and 40. Risk
factors are male sex, refractory epilepsy and poly-
therapy. The exact mechanism is yet unknown, but
there are some evidences that generalized tonic-
clonic seizures playing an important role in patho-
genesis (47). There are also some indications that
SUDEDP is caused by postictal apnea (49). Epileptic
seizures can worsen sleep architecture. However,
mentioned comorbidities can cause seizure exacer-
bation as well. Antiepileptics can also worsen sleep
architecture (50). Patients treated with lamotrigine
have an increased risk of insomnia, while pheno-
barbitone is associated with excessive daytime
sleepiness. A side effect of some antiepileptic drugs,
such as valproate, is obesity (51). On the other
hand, zonisamide has proven itself effective in the
treatment of obese patients with epilepsy. It helps
in losing weight and consequently lowers the risk
of obstructive sleep apnea development (52).

CONCLUSION

Comorbidities include numerous somatic and psy-
chiatric conditions. Although comorbidities are
frequent in patients with epilepsy, there are still un-
certainties in the significance of these conditions.
Common risk factors and pathophysiological
mechanisms of the disease are oftentimes present.
Comorbidities not only affect the quality patients’
life, but also the clinical course of epilepsy itself.
Generally, they are associated with a less favorable
clinical outcome and consequently worse quality of
life. They directly increase healthcare expenditures
due to more frequent hospitalizations and challeng-
es in establishing an optimal treatment strategy.
The importance of adequate screening methods
and preventive measures lies in the opportunity to
early detect simultaneously present diseases that
may not be clinically manifest in the beginning. En-
hanced comprehension of the mutual effect of these
conditions could contribute to improving the effec-
tiveness of the therapeutic approach.

REFERENCES

1. Petelin Gadze, Z., Poljakovi¢, Z., Nankovié, S.,
Sulenti¢, V. Epilepsija : dijagnosticki i terapijski
pristup. Zagreb: Medicinska naklada; 2019.

2. BeghiE. The Epidemiology of Epilepsy. Neuroep-
idemiology. 2020;54(2):185-91. doi: 10.1159/
000503831

3. Vesna Brinar i suradnici. Neurologija za medic-
inare. Zagreb: Medicinska naklada; 2019.

4. Keezer MR, Sisodiya SM, Sander JW. Comor-
bidities of epilepsy: current concepts and future
perspectives. Lancet Neurol. 2016;15(1):106-15.
doi: 10.1016/51474-4422(15)00225-2

5. Watson KB, Carlson SA, Loustalot E Town M, Eke
PI, Thomas CW, et al. Chronic Conditions Among
Adults Aged 18-34 Years — United States, 2019.
Morb Mortal Wkly Rep. 2022;71(30):964-70. doi:
10.1016/S1474-4422(15)00225-2

6. Hughes LD, McMurdo MET, Guthrie B. Guide-
lines for people not for diseases: the challenges
of applying UK clinical guidelines to people with
multimorbidity. Age Ageing. 2013;42(1):62-9.
doi: 10.1093/ageing/afs100

7. Hermann BP, Struck AF, Busch RM, Reyes A, Kaes-
tner E, McDonald CR. Neurobehavioural comor-
bidities of epilepsy: towards a network-based preci-
sion taxonomy. Nat Rev Neurol. 2021;17(12):731-
46. doi: 10.1038/s41582-021-00555-2

8. Fisher RS, Cross JH, French JA, Higurashi N,
Hirsch E, Jansen FE, et al. Operational classifica-



Neurol. Croat. Vol. 69, 2, 2024

L. Relja et al. Epilepsy and comorbidities

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

tion of seizure types by the International League
Against Epilepsy: Position Paper of the ILAE Com-
mission for Classification and Terminology. Epi-
lepsia. 2017;58(4):522-30. doi: 10.1111/epi.13670

Doherty AJ, Harrison J, Christian DL, Boland P,
Harris C, Hill JE, et al. The prevalence of comor-
bidities in epilepsy: a systematic review. Br |
Neurosci Nurs. 2022;18(2):98-106. doi: 10.12968/
bjnn.2022.18.2.98

Boro A, Haut S. Medical comorbidities in the
treatment of epilepsy. Epilepsy Behav. 2003; 4:2-
12. doi: 10.1016/j.yebeh.2003.07.002

Charlson ME, Pompei P, Ales KL, MacKenzie
CR. A new method of classifying prognostic co-
morbidity in longitudinal studies: Development
and validation. J Chronic Dis. 1987;40(5):373-
83. doi: 10.1016/0021-9681(87)90171-8

Van Walraven C, Austin PC, Jennings A, Quan
H, Forster AJ. A Modification of the Elixhauser
Comorbidity Measures Into a Point System for
Hospital Death Using Administrative Data. Med
Care. 2009;47(6):626-33. doi: 10.1097/MLR.
0b013e31819432e5

St. Germaine-Smith C, Liu M, Quan H, Wiebe
S, Jette N. Development of an epilepsy-specific
risk adjustment comorbidity index. Epilepsia.
2011;52(12):2161-7. doi: 10.1097/MLR.
0b013e31819432e5

Keezer MR, Bell GS, Jetté N, Sander JW. The per-
formance of three mortality risk-adjustment co-
morbidity indices in a community epilepsy co-
hort. Epilepsia. 2015;56(5):e68-72. doi: 10.1111/
epi.12982

Forsgren L, Hauser WA, Olafsson E, Sander JW
a. S, Sillanpada M, Tomson T. Mortality of Epi-
lepsy in Developed Countries: A Review. Epilep-
sia. 2005;46(s11):18-27. doi: 10.1111/epi.12982

De Aveiro B, Winsor A, Davies J, Nicholson TR,
Pal DK, Richardson MP, et al. Mental health and
neurodevelopmental patient-reported outcome
measures (PROMs) for children and young people
with epilepsy: A systematic review. Epilepsy Behav.
2024;153:109671.d0i:10.1016/j.yebeh.2024.109671

Strasser L, Downes M, Kung J, Cross JH, De Haan
M. Prevalence and risk factors for autism spectrum
disorder in epilepsy: a systematic review and meta-
analysis. Dev Med Child Neurol. 2018;60(1):19-
29. doi: 10.1016/j.yebeh.2024.109671

Lee BH, Smith T, Paciorkowski AR. Autism
spectrum disorder and epilepsy: Disorders with
a shared biology. Epilepsy Behav. 2015;47:191-
201. doi: 10.1016/j.yebeh.2015.03.017

Neri S, Gasparini S, Pascarella A, Santangelo D,
Cianci V, Mammi A, et al. Epilepsy in Cerebro-

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

vascular Diseases: A Narrative Review. Curr
Neuropharmacol. 2023;21(8):1634-45. doi: 10.2
174/1570159X20666220706113925

Liu S, Yu W, Li Y. The causes of new-onset epi-
lepsy and seizures in the elderly. Neuropsychiatr
Dis Treat. 2016;12:1425-34. doi: 10.2147/NDT.
S107905

Burn J, Dennis M, Bamford J, Sandercock P,
Wade D, Warlow C. Epileptic seizures after a first
stroke: the Oxfordshire community stroke pro-
ject. BMJ. 1997;315(7122):1582-7. doi: 10.1136/
bmj.315.7122.1582

Pugh MJV, Knoefel JE, Mortensen EM, Amuan
ME, Berlowitz DR, Van Cott AC. New-Onset
Epilepsy Risk Factors in Older Veterans. ] Am
Geriatr Soc. 2009;57(2):237-42. doi: 10.1111/
j.1532-5415.2008.02124.x

Nass RD, Hampel KG, Elger CE, Surges R. Blood
Pressure in Seizures and Epilepsy. Front Neurol.
2019;10:501. doi: 10.3389/fneur.2019.00501

Petelin Gadze Z, HodZi¢ A, Bujan Kovaé A,
Dapi¢ Ivanci¢ B, Mijatovi¢ D, Uckar D, et al. Car-
diovascular comorbidities in epileptology. Rad
Hrvat Akad Znan Umjet Med Znan. 2023;84-
90. doi: 10.21857/y7v64tv08y

Verrier RL, Pang TD, Nearing BD, Schachter SC.
The Epileptic Heart: Concept and clinical evi-
dence. Epilepsy Behav. 2020;105:106946. doi:
10.1016/j.yebeh.2020.106946

Voglein ], Kostova I, Arzberger T, Noachtar S,
Dieterich M, Herms J, et al. Seizure prevalence
in neurodegenerative diseases—a study of au-
topsy proven cases. Eur ] Neurol. 2022;29(1):12-
8. doi: 10.1111/ene.15089

Demarquay G, Rheims S. Relationships between
migraine and epilepsy: Pathophysiological
mechanisms and clinical implications. Rev Neu-
rol (Paris). 2021;177(7):791-800. doi: 10.1016/j.
neurol.2021.06.00

Liao ], Tian X, Wang H, Xiao Z. Epilepsy and mi-
graine—Are they comorbidity? Genes Dis. 2018;
5(2):112-8. doi: 10.1016/j.gendis.2018.04.007

Ivki¢c G. Patofiziologija migrene. Medicus.
2021;30(1 Migrena):17-25. Dostupno na: https://
hrcak.srce.hr/257511

Poser CM, Brinar VV. Epilepsy and multiple
sclerosis. Epilepsy Behav. 2003;4(1):6-12. doi:
10.1016/s1525-5050(02)00646-7

Antal DC, Schreiner TG, Crihan TE, Ignat BE,
San Antonio-Arce V, Cuciureanu ID. Seizures
and multiple sclerosis-more than an epidemio-
logical association (Review). Exp Ther Med.
2022;24(5):689. doi: 10.3892/etm.2022.11625

93}
W

¥20¢ ‘T B_qunN



L. Relja et al. Epilepsy and comorbidities

Neurol. Croat. Vol. 69, 2, 2024

ul
S

Number 2, 2024

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Mirmosayyeb O, Shaygannejad V, Nehzat N,
Mohammadi A, Ghajarzadeh M. Prevalence of
Seizure/Epilepsy in Patients with Multiple Scle-
rosis: A Systematic Review and Meta-Analysis.
Int J Prev Med. 2021;12:14. doi: 10.4103/ijpvm.
JPVM_75_20

Benjaminsen E, Myhr KM, Alstadhaug KB. The
prevalence and characteristics of epilepsy in pa-
tients with multiple sclerosis in Nordland coun-
ty, Norway. Seizure — Eur J Epilepsy. 2017;52:131-
5. doi: 10.1016/j.seizure.2017.09.02

Moreau Th, Sochurkova D, Lemesle M, Madini-
er G, Billiar Th, Giroud M, et al. Epilepsy in Pa-
tients with Multiple Sclerosis: Radiological-
Clinical Correlations. Epilepsia. 1998;39(8):893-
6.doi: 10.1111/j.1528-1157.1998.tb01187.x

Flammer J, Neziraj T, Riiegg S, Probstel AK. Im-
mune Mechanisms in Epileptogenesis: Update
on Diagnosis and Treatment of Autoimmune
Epilepsy Syndromes. Drugs. 2023;83(2):135-58.
doi: 10.1007/s40265-022-01826-9

Geis C, Planaguma J, Carrefio M, Graus F, Dalmau
J. Autoimmune seizures and epilepsy. J Clin Invest.
2019;129(3):926-40. doi: 10.1172/JCI125178

Bien CG, Scheffer IE. Autoantibodies and epi-
lepsy. Epilepsia. 2011;52(s3):18-22. doi: 10.1111/
j.1528-1167.2011.03031.x

Steriade C, Titulaer MJ, Vezzani A, Sander JW,
Thijs RD. The association between systemic au-
toimmune disorders and epilepsy and its clinical
implications. Brain. 2021;144(2):372-90. doi:
10.1093/brain/awaa362.

Giulioni M, Marucci G, Martinoni M, Marliani
AF, Toni E Bartiromo E et al. Epilepsy associated
tumors: Review article. World ] Clin Cases WJCC.
2014;2(11):623-41. doi: 10.12998/wjcc.v2.i111.623

Aronica E, Ciusani E, Coppola A, Costa C, Rus-
so E, Salmaggi A, Perversi F, Maschio M. Epi-
lepsy and brain tumors: Two sides of the same
coin. J Neurol Sci. 2023;446:120584. doi:
10.1016/j.jns.2023.120584

Englot DJ, Chang EE, Vecht CJ. Epilepsy and
brain tumors. Handb Clin Neurol. 2016;134:267-
85. doi: 10.1016/B978-0-12-802997-8.00016-5

Morris HH, Matkovic Z, Estes ML, Prayson YA,
Comair YG, Turnbull J, et al. Ganglioglioma and
Intractable Epilepsy: Clinical and Neurophysio-
logic Features and Predictors of Outcome After
Surgery. Epilepsia. 1998;39(3):307-13. doi:
10.1111/j.1528-1157.1998.tb01378.x

Berg AT, Altalib HH, Devinsky O. Psychiatric
and behavioral comorbidities in epilepsy: A crit-

44.

45.

46.

47.

48.

49.

50.

51.

52.

ical reappraisal. Epilepsia. 2017;58(7):1123-30.
doi: 10.1111/epi.13766

Petelin Gadze, Z., Jevtovi¢, S., Zivkovié¢ M. Epi-
lepsija i mentalno zdravlje. Zagreb: Medicinska
naklada; 2024.

Vyas CM, Petriceks AH, Paudel S, Donovan AL,
Stern TA. Acute Psychosis: Differential Diagno-
sis, Evaluation, and Management. Prim Care
Companion CNS Disord. 2023;25(2):220-338.
doi: 10.4088/PCC.22f03338

Agrawal N, Mula M. Treatment of psychoses in
patients with epilepsy: an update. Ther Adv Psy-
chopharmacol. 2019;9:2045125319862968. doi:
10.1177/2045125319862968

Moore JL, Carvalho DZ, Louis EKS, Bazil C. Sleep
and Epilepsy: a Focused Review of Pathophysiol-
ogy, Clinical Syndromes, Co-morbidities, and
Therapy. Neurotherapeutics. 2021;18(1):170-80.
doi: 10.1007/s13311-021-01021-w

Pornsriniyom D, Kim HW, Bena J, Andrews ND,
Moul D, Foldvary-Schaefer N. Effect of positive
airway pressure therapy on seizure control in pa-
tients with epilepsy and obstructive sleep apnea.
Epilepsy Behav. 2014;37:270-5. doi: 10.1016/j.
yebeh.2014.07.005

Betjemann JP, Lowenstein DH. Status epilepti-
cus in adults. Lancet Neurol. 2015;14(6):615-24.
doi: 10.1016/51474-4422(15)00042-3

Gibbon FM, Maccormac E, Gringras P. Sleep
and epilepsy: unfortunate bedfellows. Arch Dis
Child. 2019;104(2):189-92. doi: 10.1136/arch-
dischild-2017-313421

Liguori C, Toledo M, Kothare S. Effects of anti-
seizure 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

Eskandari D, Zou D, Karimi M, Stenlof K, Grote
L, Hedner J. Zonisamide reduces obstructive
sleep apnoea: a randomised placebo-controlled
study. Eur Respir J. 2014;44(1):140-9. doi:
10.1183/09031936.00158413

Address for correspondence: Lucija Relja, MD;
E-mail: lucija.relja@gmail.com



