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EDITORIAL

Dear Readers,

Wishing you healthy and happy days.

One of the most significant developments in epilepsy research in recent years has been the progress made in the field of genetics.
In our country as well, genetic panel testing is being requested for an increasing number of patients. Particularly in the pediatric
population, this practice is rapidly becoming part of routine clinical care.

But how confident are we in interpreting the results we receive from genetic laboratories? Do we feel adequately equipped to
understand and evaluate these reports? In the coming years, we may all need to become more proficient in reading and interpreting
genetic test results. Being prepared for this shift will undoubtedly be beneficial.

In this issue, we also present an original research article reporting that a genetic etiology was identified in 2.5% of patients followed
in an epilepsy outpatient clinic. Even this figure is noteworthy and highlights the growing importance of genetic evaluation in epilepsy.

The September issue marks the beginning of a new academic season. We wish everyone a productive, successful, and enjoyable
winter.

Best wishes.
S. Naz Yeni, M.D., Prof.
Editor-in-Chief
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Abstract

Epilepsy is one of the most common chronic neurological disorders, affecting approximately 50 million people worldwide, with nearly one-third of patients
experiencing drug-resistant seizures. Although antiepileptic drugs remain the cornerstone of epilepsy management, concerns regarding adverse effects,
treatment costs, withdrawal symptoms, and persistent seizures have led many people with epilepsy (PWE) to seek complementary and alternative medicine
(CAM). This review aims to summarize the prevalence, types, motivations, information sources, and perceived effects of CAM use among PWE. A literature

LIS

search of PubMed, Scopus, and ScienceDirect was conducted for studies published between 2015 and 2024 using the keywords “epilepsy”, “complementary

CLIT3

and alternative medicine”, “CAM”, “traditional medicine”, “prevalence”, and “motivation”. We included sixteen eligible studies in this narrative review. CAM
utilization varied substantially across different countries and was influenced by cultural beliefs, accessibility, affordability, and dissatisfaction with conventional
treatment. Herbal medicine, faith-based healing, dietary interventions, and mind-body practices were the most commonly reported CAM modalities. While
many patients perceive CAM as beneficial for seizure control, stress reduction, and overall well-being, concerns regarding medication non-adherence, delayed
conventional treatment, herb-drug interactions, and misinformation remain significant. Healthcare professionals should encourage open communication
regarding CAM use and provide evidence-based guidance to ensure its safe integration into epilepsy management. Further research is warranted to establish the
safety and effectiveness of commonly used CAM therapies and to support their appropriate role in comprehensive epilepsy care.

Keywords: Epilepsy, complementary and alternative medicine, therapy, integrative medicine, traditional

INTRODUCTION

Affecting around 50 million individuals globally, epilepsy is one of the most prevalent neurological disorders and is a chronic illness
characterized by recurring, uncontrolled convulsions.! Its prevalence is significantly higher in low- and middle-income countries, which
account for over 80% of cases and where access to specialized care is generally limited. Advances in antiepileptic drugs (AEDs) have not
changed the fact that about 30% of people with epilepsy (PWE) remain drug-resistant, resulting in persistent seizures, cognitive deficits,
psychiatric comorbidities, and a lower quality of life.?

Although AEDs are the wusual therapy, many PWE seek complementary and alternative medicine (CAM) because
of their adverse effects, steep prices, withdrawal symptoms, and possible aggravation of seizures.’ In some areas,
stigma, false information, and limited access to medical treatment postpone appropriate care and encourage CAM use.
CAM comprises non-conventional healthcare approaches, including biologically based therapies (herbal medicine and supplements), mind-
body interventions (meditation, yoga, and acupuncture), manipulative techniques (massage and chiropractic care), and traditional systems
such as Ayurveda, traditional Chinese medicine (TCM), and spiritual healing.** Its use in epilepsy treatment differs among societies and
medical systems, thereby affecting its frequency, types, and indications.®’

Although scientific evidence of CAM’s efficacy in seizure management is limited, PWE widely utilize it. Studies reveal extensive CAM
use in Western countries, often alongside AEDs, while in many African and Asian regions CAM is routinely used as a primary treatment
because of cultural beliefs, accessibility, and cost.*!® Common practices such as faith healing, herbal medicines, and energy therapies
highlight the need for educational programs to encourage evidence-based therapies." Additionally, hazards such as herb-drug interactions,
toxicity, and delayed access to conventional treatment underscore the significance of studying the role of CAM in epilepsy management.

This review seeks to evaluate the incidence of CAM use among PWE, key motives for use, preferred types, sources of information, and
perceived effects of CAM in epilepsy care.
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METHODS

This narrative review was conducted in accordance with the
Preferred Reporting Items for systematic reviews and meta-
analyses (PRISMA) guidelines.”> A comprehensive search of
PubMed, Scopus, and ScienceDirect was performed to identify
studies published between 2015 and 2024. The search strategy
employed Boolean operators and the following key terms:
“epilepsy”, “complementary and alternative medicine (CAM)”,

CLINTS

“prevalence”, “motivation”, and “traditional medicine”.

Studies were eligible if they were quantitative research articles
published in English and examined CAM use in relation to epilepsy,
including prevalence, motivations, types, information sources, and
perceived outcomes. Exclusion criteria included review articles,
qualitative studies, case reports, and studies not directly assessing

CAM in epilepsy. The study selection process is illustrated in the
PRISMA flow diagram in Figure 1.

Data extraction focused on sample size, study location, CAM usage
prevalence, motivations, types of CAM, information sources, and
perceived effects. Findings were synthesized narratively without
quantitative meta-analysis. To categorize CAM types, this review
adopted the framework of the National Centre for Complementary
and Integrative Health, which groups practices into five domains:
whole medical systems, mind-body approaches, biologically based
practices, manipulative and body-based therapies, and energy
therapies.'

RESULT

Prevalence and Motivation for CAM Use

The prevalence of CAM use among PWE varies across regions
and cultures. In the Middle East, CAM use is ubiquitous, primarily
influenced by religious and cultural views. Common approaches
include spiritual healing, herbal medicines, and dietary adjustments,
which are frequently considered holistic solutions. One study found
that 71.0% believed in CAM, while actual usage rates remained
uncertain.'* In Tiirkiye, CAM prevalence ranged from 20.8% to
82.0% across six studies.”>?° The reported motivations for CAM
use included complementing medical treatment (86.4%), reducing
seizure frequency (54.1%), and eliminating seizures (25.0%).'* Up
to 24.1% of participants used CAM on medical advice. However,
concerns persist that restricted communication with physicians and
faith-based dependence may lead to AED withdrawal.

MAIN POINTS

* Complementary and alternative medicine (CAM) is widely used among
people with epilepsy, with utilization influenced by cultural beliefs,
accessibility, and concern about conventional treatment.

* Herbal medicine, faith-based healing, dietary interventions, and mind-
body practices are the most reported CAM modalities.

* Perceived benefits of CAM include improved well-being and seizure
control, although scientific evidence remains limited.

* Inappropriate CAM use may contribute to medication non-adherence,
delayed treatment, and herb-drug interactions.

* Open communication and evidence-based guidance are essential for the
safe integration of CAM into epilepsy management.

I Identification of studies via databases: Scopus, Science Direct and PubMed ]

[ Records identified through database searching, n= 313 ]

Duplicates were removed, ]
| n=3

[ Records screened, n=300 ]

Identification

[ Reports sought for retrieval, n=114 ]

Screening

[ Reports assessed for eligibility, n= 48 ]

Reports excluded,
=32

[ Studies included in the review, n= 16 ]

| Included | [

Figure 1. Flow summary of the article

In Europe, CAM is less common since the emphasis on evidence-
based treatments predominates. Nonetheless, it is often used to
alleviate stress and to improve well-being. In Germany, CAM
use was 13.0%, and 81.0% of parents who used CAM utilized it
owing to dissatisfaction with traditional therapies.”’ Among CAM
users, motivations included improving health (31.5%), regulating
seizures (25.2%), and managing AED adverse effects (22.1%).%
Unlike users in certain countries, European users often combine
CAM with AEDs and consult professionals before use.

In Asia, CAM is widely used, especially in low- and middle-income
nations, because of cost, accessibility, and tradition. In Malaysia,
prevalence ranged from 25.7% to 58.0%, with 72.5% claiming
affordability and accessibility as significant reasons.>>> A separate
study indicated that 27.5% of caretakers employed CAM; among
these, 77.3% cited its natural basis and 55.3% cited seizure control
as reasons.”® In South Korea, prevalence reached 77.3%.”” CAM
in Asia is commonly used as both a primary and a supplementary
therapy, while limited safety regulation raises safety concerns.

In North America, CAM is generally part of holistic care. One
study indicated that 30% of caregivers used CAM for children with
epilepsy, while 43.0% expressed future interest, frequently citing
dissatisfaction with traditional therapy.”® Another indicated that
about 27.0% of patients had tried CAM.?” CAM in North America
is usually used alongside AEDs. Thus, CAM practices varied
across locations according to culture, accessibility, and beliefs.
A detailed summary of the prevalence rates and motivations for
CAM use is presented in Table 1.

Types and Reasons for CAM Use

Whole Medical Systems include conventional techniques like
homeopathy, which is used by 4.7% of Turkish users and 67.0%
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of users in Germany.'8?! Systems such as Ayurveda, TCM, Malay
medicine, and Indian medicine are reported by 6.9%-25.0% of
Malaysians.?*?

Mind-body approaches focus on spiritual and psychological
well-being. Prayer and faith healing were extensively employed,
with prevalence ranging from 38.4% in Malaysia to 88.0% in the
U.S.151823.2428 Jge of yoga for stress alleviation ranged from 19.0%
in Germany to 30.6% in Malaysia.?** Meditation, hypnosis, and
music therapy varied in popularity, with meditation being common
among those seeking relaxation.'®2¢

Biologically based practices involve herbal medicines, diets, and
supplements. Herbal medicine was reported by 25.6% of Turkish
users and 67.0% of German users.'®?! Dietary therapy ranged from
18.8% in Iran to 36.1% in Malaysia.'*** Supplement use, including
vitamins and minerals, ranged from 30.0% to 45.0%.2%%

Manipulative and body-based therapies include physical therapies,
such as massage therapy, ranging from 45.3% in Tiirkiye to 58.3%
in Malaysia.'®?* Chiropractic care was used by 10.0%-25.0% of
participants, mainly in Germany and Malaysia.?'*> Osteopathy,
more widespread in the West, was reported by up to 57.0% of
German users.?! Other therapies included cupping (18.6%-27.3%
in Tirkiye) and reflexology.'®%

Energy therapies involve controlling energy fluxes. Prevalence of
acupuncture use ranged from 6.3% in Iran to 47.2% in Malaysia.'**
Reiki was employed by 27.8% in Malaysia and other energy
healing was employed by 31.5% in Poland.”? These categories

Table 2. Types of CAM used in epilepsy

demonstrate diverse global usage and summary of CAM types and
their prevalence is shown in Table 2.

Sources of CAM Information

Most PWE learned about CAM from family and friends, a process
influenced by shared experiences and cultural norms.">?® Trust
in social networks typically surpassed trust in expert guidance.
Healthcare experts held conflicting views: some endorsed CAM
as a supplement, while others highlighted safety concerns.'®*
Online outlets and social media were major information sources,
but were prone to misrepresentation.??* Traditional healers and
religious authorities strongly promoted faith-based approaches,
such as prayer and Quranic healing.** Self-experimentation was
also reported, particularly among those unsatisfied with traditional
therapy.'>® Social, cultural, and healthcare access issues largely
affected CAM decisions.

Perceived Effects of CAM Use

Positive Effects

Some interventions, such as acupuncture, relaxation techniques,
and dietary adjustments, were associated with greater seizure
control and stress reduction. Among TCM users, acupuncture
appeared to reduce seizures.”” Other consumers reported lower
anxiety and greater well-being.?'-*?

The ketogenic and modified Atkins have demonstrated
anticonvulsant potential. Many Malaysian CAM users reported

Category

Types of CAM used (%)

Related

studies Comments/key findings

« TCM (13.7%)

* Traditional Indian medicine (6.9%)
* Traditional Malay medicine (12.0%) 182125
* Ayuverda (25.0%)

‘Whole medical systems

Traditional practices such as TCM,
Ayurveda, and homeopathy show
varied usage across regions.

* Homeopathy (4.7%-67.0%)

* Meditation (2.3%-12.8%)
* Yoga (19.0%-30.6 %)

* Prayer/faith-based healing (38.4%-88.0%)
* Relaxation techniques (10.2%-43.8%)
 Hypnotherapy (12.8%-26.7%)

Mind-body techniques

Faith-based healing is the most
common, while meditation and
hypnotherapy have lower usage.

15-19,21-24,26,28

» Music therapy (6.1%-306%)
* EEG biofeedback (22.0%)

 Herbal medicines/traditional herbs (25.6%-67.0%)
* Dietary supplements (32.3%-46.9%)
« Diet therapy (10.2%-36.1%)

Biologically based practices

Herbal medicine and dietary
supplements are the most commonly
used biological treatments.

14-18,20-25

» Massage therapy (6.1%-58.3%)
* Reflexology (27.3%)

* Cupping (18.6%)
* Physiotherapy (13.7%)
« Chiropractic (<7.0%-25.0%)

Manipulative and body-based therapies

Massage therapy is widely used,
while chiropractic and cupping
therapy have lower prevalence.

16,18,19,21-25,28

* Spa/thermal therapy (34.0%)
* Osteopathy (57.0%)

* Acupuncture (6.3%-47.2%)
* Reiki (27.8%)
* Energy healing (4.8%-31.5%)

Energy therapies

Acupuncture is the most practiced,
while Reiki and energy healing are
less commonly used.

14-16,18,22-26

CAM: Complementary and alternative medicine, TCM: Traditional Chinese medicine, EEG: Electroencephalography
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finding it beneficial and regarded it as curative.” Herbal medicines
and spiritual practices were also considered to support emotional
well-being, 82328

Negative Effects

Despite perceived benefits, concerns include delays in therapy or
discontinuation of AEDs. Some studies have linked CAM use to
poorer seizure control and increased emergency admissions owing
to AED withdrawal.'*!¢> False beliefs that CAM is a sole cure
diminished adherence to medications.'®

The lack of scientific validation and regulation also poses
challenges. Herbal therapies can interact adversely with AEDs,
reducing their effectiveness or increasing their side effects.'>*
Studies have reported a decrease in seizure control associated with
unsupervised herbal use.”

Caregivers of children often turned to CAM out of concern about the
adverse effects of AEDs, despite insufficient clinical evidence.?*
Misinformation and limited awareness of the hazards of CAM
may delay appropriate medical care when CAM is preferred over
conventional treatment.'”” A summary of the perceived effects of
CAM use is presented in Table 3.

DISCUSSION

This research highlights the widespread use of CAM among PWE,
primarily in response to perceived limitations of conventional
epilepsy therapies. Many patients sought CAM because of
dissatisfaction with AEDs, concerns about side effects, and cultural
or spiritual beliefs. While CAM is typically used alongside AEDs,
some individuals accept it as a substitute, raising issues regarding
treatment adherence, delays in medical intervention, and patient
safety.’**! The expanding popularity of CAM underscores the need
to critically analyse its impact on patient outcomes, physician-
patient communication, and health policy.

Table 3. Perceived effects of CAM use in epilepsy

A particularly striking conclusion was that healthcare providers
recommended CAM. This undermines the prevailing notion that
clinicians often discourage its use. Instead, it shows a lack of
clearly defined clinical criteria, which may cause clinicians to
acknowledge CAM without properly evaluating its benefits and
risks."® Many patients perceived CAM as a more natural and safer
alternative to AEDs, making it an attractive option for controlling
epilepsy.’*** Although these views are typically rooted in valid
concerns about AED side effects, misconceptions about the safety
and effectiveness of CAM may lead to poorly informed treatment
decisions, especially when CAM is taken without medical
supervision.

Social and cultural forces also play a considerable role in CAM
use. Many PWE rely on guidance from family members, religious
leaders, or online sources rather than on medical experts.’*3¢ In
certain communities, epilepsy is regarded as a supernatural or
spiritual ailment, leading individuals to seek traditional or faith-
based therapies. While these treatments may offer emotional
support, they typically lead to delays in seeking medical care,
worsen seizure control, and raise the likelihood of poor outcomes.
To bridge the gap between traditional practices and evidence-based
care, culturally relevant instructional initiatives are needed.

Despite these issues, many patients use CAM in addition to, rather
than as a substitute for, traditional therapy. This integrated strategy
indicates confidence in the complementary benefits of CAM,
especially given perceptions that CAM has fewer adverse effects
than AEDs.'®2%32 Some interventions, such as the ketogenic diet,
have demonstrated therapeutic potential; however, many others
remain uncontrolled and may pose considerable dangers, including
drug interactions and variable dosing.”’

A key issue is the delay in initiating conventional therapy among
patients who prioritize CAM. Research has indicated that people
who postpone AED use in favour of CAM often experience
poorer seizure control, increased hospitalization, and avoidable

Perceived effect Findings from studies Rela?ed Comment
studies
. CAM could improve quality of life via

Symptom and well-being

Stress and anxiety

Stress reduction, seizure control in TCM users.

CAM users reported less anxiety and stress, pursuing CAM for i

symptom and well-being.

CAM is perceived as beneficial for mental

Positive reduction overall health enhancement. well-being.
effects AM h 1
Dietary benefits Ketogenic diet shows anti-convulsant properties. 2z Some € approaches cou dbe
beneficial.
Emotional well-bein Herbal medicine and spiritual healing are commonly viewed as 182328 CAM is often chosen for psychological
J enhancing well-being, reinforcing CAM’s appeal. comfort and cultural reasons.
Dissatisfaction of AEDs . . . . Worsened epilepsy was a negative
. Increased seizures due to AED discontinuation. 14,1625 piepsy w gauv
and poor seizure control consequent.
Some PWE believe CAM alone provides a permanent cure . . .
. . o L . L N Misconceptions about CAM impact
Negative False in cure belief contribution to medication non-adherence and higher seizure 1828 trel;tment a dﬁerence P
effects recurrence rates. ’

Unregulated herbal medicine has resulted in side effects of

Herb-drug interactions AEDs 1523 CAM should be regulated for safety.
Treatment delay CAM use before AEDs tre:[t)rir:)r:itelslas led to prolonged seizure 17.28-29 Late access to medical care increase.

CAM: Complementary and alternative medicine, TCM: Traditional Chinese medicine, AED: Antiepileptic drug
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consequences.'*!® In extreme situations, some patients completely
discontinue AEDs under the false belief that CAM offers a
cure, thereby increasing the risk of seizure recurrence and life-
threatening events.'”® The increased use of herbal medicines
further complicates epilepsy care, as unregulated herbal medicines
may interfere with AED metabolism, lower therapeutic efficacy,
or cause toxicity.'>? These hazards underscore the importance
of physician involvement in discussions about CAM to dispel
misconceptions while preserving patient autonomy.

To address these issues, improved physician-patient communication
is essential.*®* Patients must have access to reliable, evidence-
based information regarding CAM, and clinicians must be trained
to address CAM knowledgeably and respectfully. Public health
campaigns should also aim to address CAM-related disinformation,
especially on social media platforms, where untested treatments
are widely promoted.* Integrating CAM information into medical
training will enhance physicians’ ability to assist patients in making
safer, more effective treatment choices.*

Going forward, efforts should focus on strengthening CAM
regulation, increasing public understanding, and enhancing
healthcare providers’ engagement in CAM-related debates. More
rigorous clinical research is necessary to investigate the safety
and efficacy of routinely used CAM therapies, particularly when
coupled with AEDs. Health authorities must also adopt stringent
quality- control standards for herbal and other alternative
medicines to limit the hazards associated with self-medication
and unregulated products.'>?' Through a coordinated approach
incorporating teaching, research, and regulatory supervision,
healthcare systems can ensure that CAM is used appropriately and
does not impair the quality of epilepsy care.

Study Limitations

This narrative review has several limitations. Limiting the search
to three databases (Scopus, ScienceDirect, and PubMed) may
have resulted in omission of pertinent studies from other sources.
The emphasis on English-language publications may have
excluded related studies in other languages, thereby impacting
the thoroughness of the conclusions. The review predominantly
focuses on the viewpoints of PWE, their parents, and caregivers and
excludes comments from healthcare providers, CAM practitioners,
and legislators. Understanding these holistic perspectives is crucial
for enhancing physician-patient communication, strengthening
policies, and incorporating CAM into clinical practice. As
qualitative narrative review, our paper synthesises findings
descriptively rather than providing quantitative analyses of
statistical patterns, therapeutic efficacy, or cost-effectiveness. This
review has identified significant gaps and potential avenues for
future research, providing essential insights into the motivations,
hazards, and obstacles associated with CAM use among patients
with epilepsy.

CONCLUSION

The use of CAM among PWE is widespread across various
regions, driven by dissatisfaction with AEDs, cultural traditions,
and the pursuit of holistic and natural health approaches. Herbal
therapies, faith-based healing, mind-body interventions, and
dietary modifications were the most commonly utilized CAM
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modalities. While many patients reported benefits such as stress
reduction and perceived seizure control, significant risks, including
delayed access to medical care, medication non-adherence, and
herb-drug interactions, were identified. These findings underscore
the importance of healthcare providers actively engaging in
open discussions with patients regarding CAM use to ensure
informed decision-making and adherence to evidence-based
treatments. Public health initiatives should address the spread
of misinformation, promote culturally sensitive education, and
advocate for better regulation of CAM products. Future research
should focus on rigorous evaluation of the safety and efficacy
of commonly used CAM therapies in epilepsy management. By
addressing these critical challenges, healthcare systems can support
the safer integration of CAM practices without compromising the
treatment outcomes in patients with epilepsy.
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Abstract

Objective: Lavender contains essential oils that can cross the blood-brain barrier and affect the activity of brain neurons. Therefore, its antiepileptic effects
were investigated in this study.

Methods: Forty two male mice were randomly assigned to 7 groups of 6 mice each. Included: (1) control group receiving distilled water; (2) the kindled
group receiving only pentylenetetrazol; (3) experimental groups that received extract at different doses of lavender; and (4) two experimental groups receiving
diazepam and phenytoin. Epileptogenesis was assessed by monitoring chemical seizure scores. Memory was assessed using a novel object recognition
(NOR) test. Histological changes were assessed by hematoxylin and eosin staining. The antioxidant effect of lavender extract was assessed by measuring
malondialdehyde (MDA) levels. Binding affinities of phytochemical compounds were assessed by molecular docking.

Results: Data analysis indicated that treatment with Lavadula extracts had a pronounced effect on chemical kindling. The result of the NOR test demonstrated
that lavender extract ameliorated memory impairment. Histological examination showed that lavender extract had neuroprotective effects in the CA3 region of
the hippocampus. The data showed that pretreatment with lavender extract decreased brain MDA levels. /n silico studies showed that lavender phytochemicals
have a high affinity for GABA, receptors and voltage-gated sodium channels.

Conclusion: The findings suggest that lavender extract has considerable anticonvulsant, neuroprotective, and antioxidant effects on pentylenetetrazol-induced
kindling in hippocampal tissue. These medicinal herbs may be beneficial for the treatment of seizures in humans; however, further investigation is warranted.

Keywords: Epilepsy, pentylenetetrazol, kindling, lavender, diazepam, phenytoin, hippocampus, in silico study

INTRODUCTION

Epilepsy is one of the most common disorders of the central nervous system (CNS); it is characterized by spontaneous seizures and affects
about 1% of the world’s population. Epilepsy cannot be cured, but seizures can be effectively controlled in about 70% of cases with
medication alone. However, low availability, and side effects of antiepileptic drugs and drug-resistant epilepsy negatively affect the quality
of life of patients in countries with weak health systems.'?> Diazepam and phenytoin, like other drugs used to treat this condition, have long
been considered anticonvulsants. Since the 1960s, benzodiazepines have continued to play an important role in the control of epilepsy and
are among the first-line drugs in convulsive states. The main clinical advantages of diazepam are its high efficacy, rapid onset of action,
and low toxicity. Diazepam is a GABA receptor agonist (about 20-50% of all synapses use GABA as a neurotransmitter), which increases
the inhibitory state of the brain and suppresses seizures.” GABA via GABA , receptors has an inhibitory effect on synaptic communication
in the CNS. Phenytoin is commonly recognized as a broad-spectrum sodium-channel blocker and affects nearly all voltage-gated sodium
channels. Its anticonvulsant effect is mainly achieved by disrupting the positive feedback mechanism responsible for the spread of rapid,
repetitive neuronal action potentials, thereby reducing seizure activity and selectively blocks high-frequency neuronal activity through the
voltage-dependent blockade of membrane sodium channels.** In addition, phenytoin has been shown to that phenytoin inhibits calcium
influx into presynaptic terminals, suggesting a mechanism for its membrane stabilizing properties.®

Species of the genus Lavadula are widely recognized as important medicinal and aromatic plants and have considerable economic
significance for the pharmaceutical sector. Lavender essential oil has been used as a therapeutic agent in traditional medicine for
centuries because of its sedative and antidepressant properties. Lavender essential oil contains monoterpenes (linalool, terpinen-4-
ol, a-terpineol, camphor, 1,8-cineol, and borneol).”® Lavender oil has been suggested to be anticonvulsant, antianxiety, analgesic.*!
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Research has indicated that certain brain regions are more prone
to triggering and developing seizure activity compared to other
areas, the most important and best-known areas are the temporal
lobe and hippocampus." The hippocampus is the primary tissue
in which epileptic attacks occur, and hippocampal sclerosis is
the most common tissue damage observed in the temporal lobe.!
One method of studying epilepsy is to create animal models using
kindling. The kindling model is a well-known method for studying
the mechanisms of epilepsy and investigating new anticonvulsant
drugs. Pentylenetetrazol (PTZ)-induced kindling is one of the
animal models used to study epilepsy.'>!* Epilepsy is characterized
by recurrent seizures that are frequently accompanied by
cognitive impairments and psychosocial complications, although
the underlying mechanisms have not yet been fully clarified.
Stimulation with PTZ has been reported to markedly influence
the hippocampus, a brain region that plays a central role in the
formation of new declarative memories.'* Evidence also suggests
that oxidative stress contributes substantially to both the onset and
progression of epileptic seizures. The results of several studies
indicate that, under certain procedural conditions, temporary
or permanent lesions of the hippocampus affect object memory
processes as measured by the spontaneous object recognition task.
Oxidative stress has been shown to play a significant role in the
initiation and progression of epileptic seizures.'® Malondialdehyde
(MDA), a final product of the peroxidation of polyunsaturated fatty
acids, is recognized as a major metabolite of arachidonic acid and
a reliable marker of oxidative stress. Therefore, measuring MDA
concentrations in biological systems is widely considered a useful
approach for assessing lipid peroxidation under both in vitro and
in vivo conditions associated with different pathological states.!”!$

Plants represent an important reservoir of undiscovered
compounds for early drug discovery. Many plant extracts and
chemical compounds from around the world have demonstrated
anticonvulsant properties in experimental animal models exhibiting
the phenotypic characteristics of epilepsy. In addition, cognitive-
enhancing, neuroprotective, and anti-inflammatory activities of
many plant extracts and compounds may help in the treatment of
epilepsy. Several studies have been conducted to investigate the
effects of different types of lavender on neurodegenerative diseases.
For example, it has been shown that in Alzheimer’s disease,
treatment with lavender extract improves spatial learning deficits."”
It has also been shown in a PTZ-induced epilepsy model that in brain
tissue homogenates, lavender treatment can modulate inflammatory
factors such as MDA, nitric oxide, and superoxide dismutase.?
Studies have also shown that the species lavender dentata can
reduce pro-oxidant markers in hippocampal homogenates from a
pilocarpine-induced kindling model. This study also showed that
levels of inflammatory markers were reduced. Also, the extract of
this plant can reduce the level of brain excitability by membrane
repolarization.”’?> However, due to limitations in research on the
extract and essential oils of this plant, further studies are needed
to draw conclusions about its effectiveness in treating epilepsy. In
this study, we therefore used the PTZ kindling model of epilepsy

MAIN POINTS

* Lavender extract shows efficasy in pentylenetetrazol-induced seizures.

* Lavender antiepileptic effects were demonstrated in histological studies,
antioxidants assessment and behavioral studying.

* Insilico studies were also used to confirm the in vivo findings.

in mice to assess the antiepileptic effects of lavender extract and
to compare its activity with diazepam and phenytoin. In addition,
cognitive, antioxidant, histological, behavioral, and computer
modeling studies were simultaneously conducted, which allowed
for more comprehensive information on the effectiveness of the
extract in an animal model of epilepsy.

METHODS

Chemical Substances

PTZ (Sigma Chemical Co., United States) was used in this study.
In this experiment, mice were intraperitoneally (i.p.) injected with
PTZ dissolved in 0.9% normal saline. Phenytoin (Atipharmed
Pharmaceuticals Co., Iran). was freshly dissolved in distilled water
using dilute NaOH (final pH of the solution was approximately
11) and administered orally via gavage in a volume of 0.5 mL*
and diazepam (Atipharmed Pharmaceuticals Co., Iran) dissolved
in distilled water and administered orally via gavage in a volume
of 0.5 mL.>*

Preparation of the Aqueous Extract

In this experiment, an aqueous extract was prepared from lavender
using the soaking method. 2 g of lavender powder was mixed
with 50 mL of water, and the mixture was heated at 35 °C using
a magnetic stirrer for 30 minutes. The mixture was then subjected
to an ultrasonic bath for 30 min. One of the main advantages of
ultrasonication is that it disrupts plant cell walls, facilitating the
release of intracellular compounds and metabolites from lavender.
After sonication, the extract was evaporated to separate the solvent
from other components. For evaporation, sample was then dried in
an oven (UF30; MEMMERT Co.) at 35 °C to prevent degradation
of secondary metabolites.?

Experimental Animals

Swiss male albino mice (26-32 g) were obtained from Tabriz
University and acclimatized in animal housing. They were kept
under controlled conditions: temperature 23+2 °C, relative
humidity 51+10%, and a 12:12 h light/dark cycle. Animals had free
access to standard rodent chow and water.

Evaluation of Behavior-induced Induced Epileptic Animals

PTZ (45 mg/kg, i.p.) was injected 45 min after gavage, at a
subconvulsive dose every 48 h, to induce seizures in the mice. This
procedure was repeated 15 times at 48 h intervals. Animals were
placed in a glass box to monitor their behavior after gavage with the
extract and injection of the drug; their activity was recorded using a
camera. Seizure behavior was observed for 30 min after each PTZ
injection. The intensity of seizure responses was scored according
to the chemical kindling scale: phase 0 (no response), phase 1
(myoclonic jerk), phase 2 (straub tail), phase 3 (clonic jerkwithout
loss of righting reflex), phase 4 (clonic seizure with loss of righting
reflex) phase 5 (tonic seizure) and phase 6 (death).?’

Kindling is considered to occur when an animal reaches Stage 4
or Stage 5 for 3 consecutive days after PTZ administration. The
experimental groups were as follows: Group 1: normal control
(vehicle only); Group 2: kindling group (PTZ 45 mg/kg; i.p.);
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Groups 3-5: treatment groups receiving different doses of lavender
extracts. Group 3 received PTZ+LAV 200 (45 mg/kg PTZ+200
mg/kg lavender extract). Group 4 received PTZ+LAV 400 (45 mg/
kg PTZ+400 mg/kg lavender extract). Group 5 received PTZ+LAV
800 (45 mg/kg PTZ+800 mg/kg lavender extract). Each doses of
lavender extract was dissolved in distilled water and administered
orally (0.5 mL) 30 min before PTZ injection.?

Phenytoin and Diazepam

Phenytoin and diazepam were used at doses of 40 mg/kg and 2 mg/
kg, respectively.?’?

Histopathological Examination

The brains of the dissected mice were fixed in 10% formalin
and embedded in paraffin. Formaldehyde infiltration into tissues
depends on factors such as tissue type, fixation time, tissue-to-
fixative volume ratio, and temperature. In this study, mice were
first anesthetized, and their brains were removed within a golden
period of 2 min. The tissues were then fixed at room temperature in
formalin with a fixative-to-tissue ratio of 5:1 for 3 days. Laboratory
experience has shown us that, because the softness and thickness of
mouse brain tissue differ from those of rats, obtaining good-quality
slices from mouse brains does not require transcardial perfusion
fixation, unlike rat brains. Coronal 6pm thick sections were cut
at the hippocampal level using a microtome and fixed on standard
glass slides (75x25x1 mm).” Each section was deparaffinized
in xylene, rehydrated through graded ethanol, and stained with
hematoxylin and eosin (H&E). The slides were then stained and
examined under a light microscope for histological examination.*3!

On the other hand, in the H&E-stained coronal sections of the CA3
across the different lavender extract and drug groups, pyramidal
neurons were similar to those in the control group, and no obvious
pathological changes were observed.

Novel Object Recognition Test

The novel object recognition test (NORT) is a behavioral test
currently used to assess learning and memory in rodents. NORT
is conducted over 4 days: one day for habituation, two days for
training, and a final day for testing. The stages of NORT are shown
in Figure 1. On the first day, each mouse was placed in a box with
a length of 65 cm, a width of 45 cm, and a height of 45 c¢cm for 5
min. During training, 24 h later, two identical objects (matched for
color, shape, and texture) were placed in different corners of the
box, each at a distance of 10 cm from the wall. On the third day,
the same procedure was repeated. Animals were allowed to explore

Day 1 Day 2 and 3 Day 4
[ T
[ Habituation (5 min) ‘ Training (10 min) l Test
8 =
< o> B > B

Schematic representation of novel object recognition assay. Following habituation in
the empty boxes in first day mice were allowed to explore an identical pair of objects
placed in the box for 10 min as the training session. In forth day, the mice were
placed to the box with two objects, one old and one new. The time mice spent in
exploring the two objects was recorded.

Figure 1. Schematic representation of NOR
NOR: Novel object recognition
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similar objects. On the test day, one of the familiar objects was
replaced by a new object. The time spent exploring the familiar
and novel objects was recorded. The difference in exploration
time was considered an index of recognition memory. The test was
performed every 48 h after PTZ administration and after extract
and drug pretreatments.*

Assessment of Antioxidant Index

Brain tissues from the experimental groups were rapidly removed
after anesthesia of mice with ketamine and xylazine at doses of
100 mg/kg and 10 mg/kg, respectively,® frozen at -24 °C, and
were homogenized in phosphate buffer (pH 7.4). Samples were
then centrifuged at 10,000 rpm for 10 min, and the supernatant
was collected. For derivatization of the MDA-thiobarbituric acid
(TBA) complex, 50 pL of each supernatant was transferred to
a 2 mL plastic tube, to which 50 microliters of 0.05% butylated
hydroxytoluene solution, 100 microliters of 0.44 M phosphoric
acid solution, and 100 microliters of 42 mM TBA solution were
added, and the mixture was vortexed for 5 min. Samples were
placed in a 100 °C water bath for one hour and then transferred
to an ice bath for 5 min. After cooling the samples for MDA-
TBA derivatization, 25 microliters of butanol were added to each
sample. After 5 min, the samples were centrifuged at 10,000 rpm
for 10 min to obtain a biphasic system. Finally, 200 uL of the
supernatant solution containing MDA-TBA was collected, and
fluorescence was measured at an excitation wavelength of 532 nm
using a spectrophotometer.**

Molecular Docking

Molecular docking simulations were performed to identify target
proteins and their ligands for epilepsy. The selected targets for
this study were GABA and voltage-dependent sodium channel
(VDSC). To perform molecular docking, we first prepared our
files for the docking process; our ligands’ chemical-induced
dimerization identifiers are 6549, 11230, 3016, and 1775 for
linalool, terpineol, diazepam, and phenytoin, respectively. For
protein preparation, we retrieved our protein data bank (PDB) files
from research collaboratory for structural bioinformatics PDB
database. PDB ID of our proteins are: 8S9C, 6X3X respectively
named after VDSC and GABA,,. After obtaining the required files,
several modifications were performed: the ligand file formats were
converted from structure data format to PDB format using Open
Babel software. Subsequently, molecular docking was performed
using PyRx software. Among the results achieved, the most suitable
ones were chosen for further investigation. To achieve ligand-
receptor interaction plot we used Discovery Studio software.?>*

Statistical Analysis

In this study, data are presented as mean + standard deviations.
Statistical analyses were performed using SPSS software.
Comparisons between experimental groups were conducted using
the Kruskal-Wallis test, followed by Dunn’s post-hoc test to
compare the maximum seizure stage among groups. To compare
seizure onset latency and seizure duration, a one-way analysis
of variance was performed, followed by Tukey’s post-hoc test
for multiple comparisons between groups. A p-value <0.05 was
considered statistically significant.
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Ethics Committee Approval

The study was approved by the Azarbaijan Shahid Madani
University Research  Ethics Committee  (approval no:
IR.AZARUNIV.REC.1404.013, date: 02.06.2025).

RESULTS

Effect of Different Doses of Lavender Extract on Seizure
Onset Latency

Figure 2 compares seizure onset latency among the treatment
groups (different doses of lavender extract), the drug-treated groups
(diazepam and phenytoin), and the kindled group. Data are presented
as mean =+ standard deviation and a p-value <0.05 was considered
statistically significant. Different doses of lavender extract, as well
as diazepam and phenytoin, significantly increased latency to seizure
onset compared with the kindled group (as shown in the graph).
Statistical analysis demonstrated that the treatment and drug-treated
groups differed significantly from the kindled group.

The Effect of Different Doses of Lavender Extract on the
Duration of Seizure

Figure 3 compares seizure duration between the treatment groups,
drug treated groups, and the kindled group. Data are presented as
mean =+ standard deviation and a p-value <0.05 was considered
statistically significant. As shown in the graph, pretreatment
with different doses of lavender extract reduced seizure duration
compared with that in the kindled group. However, the reduction
in seizure duration was not statistically significant compared
with the kindled group. In contrast, pretreatment with diazepam
and phenytoin significantly reduced seizure duration. Statistical
analysis showed significant difference between the diazepam and
phenytoin treated groups and the kindle group.

seizure onset latency
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Figure 2. Pretreatment with diazepam, phenytoin and different dose of lavender
extract compare to PTZ group significantly increased latency of seizure onset
*: p-value <0.05, **: p-value <0.01
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Figure 3. Pretreatment with diazepam and phenytoin significantly decreased
seizure duration. Different dose of lavender extract in compare to PTZ group
didn’t decreased significantly. *: p-value <0.05, **: p-value <0.01

PTZ: Pentylenetetrazol

Effect of Different Doses of Lavender Extracts on the
Progression of Seizure Stages

Figure 4 shows the progression of seizure stages over 15 days in
groups treated with different doses of lavender extract and in drug-
treated groups, compared with the kindled (PTZ) group. Data is
presented as mean + standard deviation and a p-value <0.05 was
considered statistically significant. As shown in the graph, lavender
extracts had an inhibitory effect on seizure progression compared
with that in the kindled group. All doses of lavender extract kept
seizure stages below Stage 5. Statistical analysis revealed a significant
difference in seizure stage progression in the lavender extract-treated
and drug-treated groups, compared with the kindled group.

Effect of Different Doses of Lavender Extract on the
Discrimination Ratio

The novelty object recognition test, as shown in Figure 5,
demonstrated that the discrimination index (DI) was significantly
decreased in the kindled group compared with the control group.
The discrimination ratio represents the proportion of time an
animal spends exploring the novel object (T new) relative to
the familiar object (Told), calculated with respect to the total
exploration time (T total; Eq. 1). Findings from lesion-based and
neurophysiological studies using the NORT paradigm indicate
that the DI mainly reflects memory performance and sensitivity.

e PTZ  emmsphenytoin essssdiazepam essssPTZ+LAV-200 essm=PTZ+LAVAQ0 emmmpPTZ+LAV800

Seizure Stages

Days

Figure 4. Pretreatment with diazepam and phenytoin and different doses of
lavender extract significantly decreased seizure stages in compare to PTZ
group. *: p-value <0.05, **: p-value <0.01 and ***: p-value <0.001

PTZ: Pentylenetetrazol
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Figure 5. Pretreatment with different dose of lavender extract and diazepam and
phenytoin improved of memory. In PTZ group memory decrease significantly
in comparison to control group. Administration of diazepam, phenytoin and
different doses of lavender extract improve memory significantly in comparison
to kindle group. *: p-value <0.05, **: p-value <0.01 and ***: p-value <0.001
PTZ: Pentylenetetrazol

Discrimination index(DI)
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Pretreatment of animals with different doses of lavender extract
predominantly increased the DI, an effect comparable to that of
diazepam and phenytoin. Data is presented as mean =+ standard
deviation.

Equation 1: DI =T (new) — T (old) / T (total)

Fluorescence was measured using a spectrophotometer at an
excitation wavelength of 532 nm. Data are presented as mean =+
standard deviation.

Effect of Different Doses of Lavender Extract on the MDA
Levels

As shown in Figure 6, MDA levels in hippocampal tissue, measured as
an index of oxidative stress, were significantly increased in the kindled
group compared with the control group. Absorbance measurements
showed that the highest MDA levels were observed in the kindled
group. Pretreatment with 200 mg/kg of lavender did not significantly
change the MDA level. In contrast, pretreatment with dose 400 mg/
kg decreased MDA levels, while 800 mg/kg produced a reduction
comparable to the effects of diazepam and phenytoin. Fluorescence
was measured using a spectrophotometer at an excitation wavelength
of 532 nm. Data is presented as mean = standard deviation.

Effect of Different Doses of Lavender Extract on the CA3
Region of the Hippocampus

Figure 7 shows the H&E staining of hippocampal tissue. Figure 7-A
shows the general structure of hippocampal tissue in the control group.
The coronal sections of the CA3 region of the hippocampus from the
control group showed regular cellular architecture. The pyramidal cell
layer(P)contained neurons that were uniform in size and distribution.
Each neuron had a round, central nucleus with a prominent nucleolus
(Figure 7-B). In contrast, H&E-stained sections of the CA3 region
of the hippocampus in the kindled group did not show uniformity
in neuronal size or distribution. The kindled group exhibited
hyperchromatic nuclei and vacuolated cytoplasm (Figure 7-B).
Pretreatment with diazepam and phenytoin (Figure 7-C), as well as
with different doses of lavender extract (Figure 7-D), reduced neuronal
degeneration in the hippocampus. Dark-stained neurons with severe
degeneration are indicated by a thin arrow, whereas normal neurons
are indicated by a thick arrow. Scale bar: 500 pm.
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Figure 6. Administration of diazepam, phenytoin and different doses of
lavender extract reduced MDA compared to the PTZ group. Administration
of diazepam, phenytoin and different doses of lavender extract significantly,
improved memory compared to the PTZ group. *: p-value <0.05, **: p-value
<0.01 and ***: p-value <0.001

PTZ: Pentylenetetrazol, MDA: Malondialdehyde
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Molecular Docking Studies of Linalool, Terpineol, Phenytoin
and Diazepam with GABA , Receptor and VDSC Channels

In silico study of linalool showed this compound has high affinity
for GABA, receptors and sodium channels. Recent studies have
demonstrated that several monoterpenoids, including the acyclic
compound linalool, potentiate GABAergic currents through an
allosteric mechanism in vitro, particularly after overexpression
of inhibitory alp2 GABA, receptors in different expression
systems. In GABA, receptor: diazepam makes interactions with
amino acids: tyrosine D: 160, glutamine D: 205, serine D: 204 and
phenylalanine E: 77, tyrosine E: 58, histidine D: 102, phenylalanine
D: 100. They also interact with these amino acids, exhibiting
different interaction energies (AG). AG values for the compounds
diazepam, phenytoin, linalool, and terpineol are -10.3 kJ, -7.7 kJ,
-6.6 kJ, and -7.3 kJ, respectively.

In VDSC channels, diazepam interacts with the amino acids
phenylalanine A: 1748, isoleucine A: 1744, tyrosine A: 1404,
and alanine A: 1403. However, in this case, linalool binds to
phenylalanine A: 1748, phenylalanine A: 1452, and other residues.
But terpineol does not bind to the same amino acids as linalool
and diazepam. The AG values for these compounds, diazepam,
phenytoin, linalool, and terpineol, are -9.1 kJ, -8.6 kJ, -7.4 kJ, and
-5.4 kJ, respectively.

7-A: Hippocampus

CA3 PTZ

henytoin

e 2 E§ a3, V7S

Figure 7. H&E staining of coronal sections of the hippocampal region in the
PTZ kindling model. Figure of 7-A shows general shape of hippocampus in
control group. 7-B: CA3 region of control and PTZ (x40). 7-C: CA3 region
of diazepam and phenytoin group (x10) and 7-D: CA3 region of dose of 200
and 400 mg/kg of lavender extract (x10) and dose of 800 mg/kg 800 (40).
Photomicrographs showing changes in staining of damaged neurons (dark-
stained neurons with severe degeneration indicated by a thin arrow as compared
to normal neurons indicated by a thick arrow. Scale bar: 500 pm

PTZ: Pentylenetetrazol, H&E: Hematoxylin and eosin
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These compounds, linalool and terpineol, have shown acceptable
binding affinity to GABA, receptors at the same binding site and with
similar interacting amino acids as a diazepam and phenytoin. On the
other hand, regarding VDSC, only linalool showed a binding pattern
similar to that of phenytoin and diazepam, although with lower
binding affinity. According to these results, with some modifications,
linalool and terpineol may become suitable candidates as alternatives
to diazepam and phenytoin. However, further investigation is required
to fully evaluate their potential. The molecular docking results are
shown in Figure 8. The binding affinities and ADME properties of
compounds with target proteins are shown in Table 1.

DISCUSSION

Different doses of lavender extract showed anti-seizure effects
in PTZ-induced epilepsy. Administration of lavender extract
30 minutes prior to intraperitoneal injection of PTZ may allow
its metabolites to reach the brain via the bloodstream, thereby
reducing neuronal excitability. Consequently, the ability of PTZ
to interact with the picrotoxin-binding site on GABA receptors is
likely diminished; this reduction may contribute to the observed
anticonvulsant effects.

Given that linalool and terpineol are the most abundant metabolites
in lavender, the anticonvulsant effects are likely mediated by these
compounds. Several studies have shown that linalool and terpineol
can cross the blood-brain barrier and affect brain function. However,
since lavender also contains other secondary metabolites, a more
accurate conclusion requires comparing the effects of lavender
extract with isolated of linalool and terpineol.’”*

Linalool is a secondary metabolite that can be isolated from a
variety of aromatic plant species, such as lavender, Ocimum, and
Eucalyptus. Among secondary metabolites, linalool is a major
constituent (35-51%) of essential oils derived from various types of
lavender. Several animal studies, have demonstrated that inhalation
of linalool induces sedative-like behavior.?” Recent studies have
demonstrated that linalool, because of its low molecular weight
and high lipophilicity, can cross the blood-brain barrier. This
characteristic makes it a potential candidate for pharmaceutical
applications aimed at influencing behavioral, cognitive, and sleep
patterns. Linalool and its related compounds, by modulating
different brain circuits, may have therapeutic potential in the
management of several neurological and psychiatric conditions.*
Evidence has demonstrated that linalool probably through anti-
neuroinflammatory, antioxidant and neuroprotective effects, can
be used for improvement of neurodegenerative diseases including
Alzheimer’s and Parkinson’s.’*° In addition, some investigations
suggest that linalool reduces glutamatergic hyper-stimulation and
inhibits seizure and apoptotic processes.*“!' Other studies have
shown that linalool possesses anti-inflammatory properties and
can decrease amounts of inflammatory cytokines, nitric oxide,
and reactive oxygen species through inhibition of the NF-kB
pathway.* Clinical studies have shown that inhaling lavender oil
and petitgrain oil, both of which contain linalool, reduces anxiety-
like behavior in humans. Another study in mice demonstrated that
inhalation of linalool reduces anxiety-like behavior and improves
sleep. Furthermore, the measurement of linalool in mouse brain
tissue using a gas chromatography system equipped with a tandem
quadrupole mass spectrometer revealed significant levels in
different brain regions, indicating that it crosses the blood-brain
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Figure 8. Molecular docking studies demonstrated intraction of linalool,
terpineol, diazepam and phenytoin with GABA, receptors and VDSC channels
VDSC: Voltage-dependent sodium channel
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Table 1. Binding affinity and ADME properties of compounds with target proteins

Binding affinity GABA Binding affinity Hydrogen bound Bioavailability Synthetic GI BBB

(Kcal/mol) VDSC (Kcal/mol) GABA score accessibility absorption permeant
Linalool -6.6 -7.4 0 0.55 2.67 High Yes
Terpineol -7.3 -5.4 1 0.55 3.17 High Yes
Diazepam -10.3 -9.1 0 0.55 2.68 High Yes
Phenytoin -7.7 -8.6 0 0.55 1.51 High Yes

VDSC: Voltage-dependent sodium channel, GI: Gastrointestinal, BBB: Blood-brain barrier

barrier.*® Results of some studies have shown that terpinen-4-ol,
another phytochemical component found abundantly in lavender,
efficiently reduces the severity of PTZ induced seizures and
delays the onset of seizures.* Results of another study showed
that terpinen-4-ol probably induces a depressant effect on the
CNS through interaction with GABA receptors and suppresses
convulsion activity of the brain significantly.*® On the other
hand, o-terpineol, an abundant compound in lavender, has
neuroprotective effects in the hippocampus. It can inhibit neural
damage and improve synaptic plasticity, which may in turn enhance
hippocampal function and improve spatial memory following
transient cerebral ischemia in rats.* In addition, investigations
have demonstrated that a-terpineol, a phytochemical component
of lavender, has antioxidant properties. Terpineol reduces nitric
oxide synthase induces anti-inflammatory effects.”’” Recently, a
study demonstrated the antioxidant, anti-inflammatory, and anti-
fibrillatory properties of alpha-terpineol in an animal model of
Alzheimer’s, suggesting that this compound can cross the blood-
brain barrier and affect brain tissue.*® Another study showed that,
in zebrafish with Parkinson’s disease induced by the neurotoxin
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), terpineol
improved motor function and acetylcholinesterase activity in MPTP
larvae. Terpineol also showed potent neuroprotective effects by
reducing intracellular reactive oxygen species, lipid accumulation,
and apoptosis markers.*

Lavender has antioxidant, anti-inflammatory, neuroprotective,
and anticonvulsant properties, which are attributed to compounds
such as linalool, terpinen-4-ol, and a-terpineol. The antioxidant
effect of lavender is demonstrated by a reduction in MDA levels in
hippocampal tissue. Evidence suggests that cellular death and tissue
damage mediated by free radicals may contribute to neurological
disorders.”* MDA, an end-product of lipid peroxidation, was present
at significantly higher levels in the kindling group than in the
control group, and pretreatment with lavender extract significantly
reduced MDA levels. As a result, lavender extract may act as a
neuroprotective agent through a reduction in MDA levels, as seen
in H and E-stained hippocampal slices and an improvement in
memory in the NORT.

An in silico study of linalool showed that this compound has a high
affinity for GABA receptors and sodium channels. Recent research
has indicated that several monoterpenoid compounds, including
the acyclic linalool, can increase GABA__ currents through
allosteric modulation in vitro, particularly when inhibitory alf32
GABA, receptors are overexpressed in heterologous expression
systems. >’

In silico studies showed that linalool, terpineol, diazepam and
phenytoin bind to GABA , receptors with high affinity. Interactions
with affinity higher than -5 Kcal/mol are considered indicative of

good binding. At these values, molecules bind tightly, forming a
stable complex even at low concentrations.

Among these substances, diazepam has the highest and linalool
the lowest affinity for GABA, receptors. Our results show that
linalool, terpineol, diazepam, and phenytoin bind to VDSC with
high affinity. Diazepam binds to this channel with the highest
affinity, whereas terpineol binds with the lowest affinity.

Study Limitations

To confirm the effects of lavender extract, it would have been
preferable to inject pure linalool and terpineol into an animal
model; this approach could have validated in silico findings and
would have yielded more accurate results.

CONCLUSION

These results suggest that phytochemicals in lavender extract, due
to their low molecular weight and high lipophilicity, can cross
the blood-brain barrier, enter the brain, and exert antioxidant,
anti-inflammatory, and neuroprotective effects. [In silico
studies conducted as part of this research showed that lavender
phytochemicals bind with high affinity to GABA receptors and
to VSCD. Therefore, this plant may be considered a potential
candidate for the development and synthesis of novel, effective
drugs for patients with epilepsy and other neurological disorders.
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Abstract

Objective: We aim to documented genetic etiology of epilepsy at a single-center epilepsy outpatient clinic in state hospital.

Methods: The patients’ demographic data, clinical and electrophysiologic features, and gene analysis were re-evaluated from medical records of patients
with epilepsies between August 2021 and January 2024. The detected variants were searched in gnomAD, ClinVar, DECIPHER, and PubMed databases. The
common and distinct features of the phenotype of patients were compared with the literature.

Results: The medical records of 354 patients with epilepsy were reviewed. Forty (11.2%) patients were diagnosed with genetic generalized epilepsy. Among
them, 37 patients (10.4%) were diagnosed with idiopathic generalized epilepsy, and 3 patients (0.8%) were diagnosed with epilepsy with eyelid myoclonia. We
included patients with epilepsy and confirmed genetic etiology at diagnosis. Nine (2.5%) patients with epilepsy and confirmed genetic etiology were included;
seven (1.9%) patients had rare monogenic variants in (ZNF142, ZMYNDI11, DLG4, PEX11B, SCARB2 and GRM-1I) genes and two (0.5%) had chromosomal
abnormalities (1p36 deletion and 15q15.1 deletion).

Conclusion: This study reported genetic etiologies of epilepsy were determined in single-center state hospital. The reported families demonstrate that similar
genotypic variations can lead to different phenotypic outcomes. Indeed, similar phenotypic features may result from two distinct genotypic alterations.
Specifying the variants and their phenotypic features with diagnostic tools in every single-center are important starting to investigate across the country.

Keywords: DLG4, genetic etiology of epilepsy, genotype, gonadal mosaicism, SCARB2, phenotype, CAPN10-ZMYND11, ZNF142, 15q15.1

INTRODUCTION

Epilepsy affects almost 4% of the general population over a lifetime.! The primary goal of physicians should be to determine the underlying
etiology of epilepsy. According to 2017 International League Against Epilepsy (ILAE) classification, one of etiological categories of
epilepsy is genetic.” Idiopathic generalized epilepsy (IGE) makes up around 25% of all epilepsies.® In focal epilepsies, twin studies have
shown higher concordance rates of mesial temporal lobe epilepsy in monozygotic twins compared to dizygotic twins.* Population studies
have shown a 2.5-fold increased risk of focal epilepsy in first-degree relatives of patients with focal epilepsy compared to the general
population.®

Since the first gene was identified in 1995, thousands of genes have been found to be associated with monogenic epilepsy.” In contrast
to traditional Sanger sequencing, next-generation sequencing (NGS) technologies enable an entire genome to be sequenced in a single
experiment. This technology has transformed the approach to diagnostic testing, allowing multiple genes to be tested simultaneously rather
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than one at a time. However, these technologies also increase the
likelihood of uncertain results when rare sequence variants are
detected in one or more genes.® The ILAE genetic literacy series-2
proposed three key questions during the evaluation of patients: 1)
Is the gene in question an established genetic etiology for epilepsy?
2) Is the variant in this particular gene pathogenic by established
variant interpretation criteria? 3) Is the variant considered causative
in the clinical context?® This pathway is recommended to assist
epileptologists and physicians in interpreting the reported variants.

Identifying the responsible genes which are lead to genetic
epileptic etiology can help understanding which genes are common
in area and following projects may lead to determine frequency
of responsible variants. Detection of responsible variants give
direction on diagnostic test protocols, panels and opening new
doors for patients treatments. Nowadays, in state hospital there are
some of genetic analyses are covered by health insurance. Although,
clinical exomes analyses may be accessible with insurance in some
areas, moreover disease-related gene panels are used for monogenic
disease investigation. The creation of disease-related gene panels
or clinical exome sequences based by literatures. This study aimed
to document responsible genetic disease and rates of patients with
epilepsy whom are genetic etiology at a single-center epilepsy
outpatient clinic in a state hospital to get started reporting in across
country. Secondly, common and distinct genotype-phenotype
correlations were identified based on aforementioned questions.

METHODS

Patients and Procedures

Medical records of patients followed at the epilepsy outpatient
clinic at University of Health Sciences Tiirkiye, Basaksehir Cam
and Sakura City Hospital were reviewed from August 2021 to
January 2024. Epilepsy etiology was classified according to the
ILAE classification.>*!° Treatment responses were categorized as
seizure-free and drug-resistant epilepsy.!!

Patients who were diagnosed with genetic etiology during
follow-up were included in the study. Systemic and neurological
features; age at seizure onset; seizure types; seizure triggers;
electroencephalographic and neuro-imaging findings; treatment
responses; and family history were recorded from medical records.
Patients with a previous diagnosed were excluded. Patients in
whom a genetic etiology could not be identified were excluded.

Scalp electroencephalography (EEG) was performed during
routine wakefulness and/or sleep recordings in patients with

MAIN POINTS

+ Establishing a link between a gene variant and the genetic etiology of
epilepsy requires an assessment of genotype-phenotype correlation.

+ Patients can be affected by mutations in two genes, where as their
relatives may carry a mutation in only one gene and present with a
different phenotype.

* If variants of uncertain significance are identified, further investigations
such as family segregation analyses and in vivo or in vitro functional
studies should be conducted.

* Detection and reporting of patients with genetic epilepsy in each epilepsy
clinic is important to adjust the diagnostic test protocols and treatment
options across the country.
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epilepsy. Electrode placement followed the international 10-20
system, using both monopolar and bipolar montages (Fpl, Fp2,
F3, F4, T3, T4, P3, P4, Ol, 02, Fz, Cz, Pz). Cranial magnetic
resonance imaging (MRI) or brain computed tomography (CT) was
performed to evaluate brain anatomy, depending on the patient’s
level of cooperation and cognitive function.

The patients and/or their caregivers were informed that anonymized
medical data might be used for academic purposes, and all
provided their approval. Written informed consent was obtained
from each patient and/or their caregiver. The study was approved
by the University of Health Sciences Tiirkiye, Basaksehir Cam
and Sakura City Hospital Scientific Research Ethics Committee
(decision no: 2025-323, date: 03.09.2025).

Genetic Analyses

The patients were examined in detailed by corresponding author
(Dilara Mermi Dibek), suspected gene was stated if it was
determined and they were consulted to medical genetic. The
patients with dysmorphism, mental retardation, or presence of
history of maternal miscarriage were analyzed for chromosomal
abnormalities first.

Array comparative genomic hybridization (CGH) was used to
detect chromosomal abnormalities when karyotyping results were
normal. The Agilent GeneSure Cyto 8x60K CGH Microarrays
system was employed, and results were analyzed using the Agilent
CitoGenomics software (v5.2.0.20).

Clinical exome sequencing (CES), whole-exome sequencing
(WES), and clinic-specific gene panels were utilized to identify
single nucleotide variants.

The “twist CES kit” was used to examine the exon and exon-
intron splice regions of panel genes. These regions were
amplified using polymerase chain reaction (PCR) and sequenced
on a DNBSEQ-G400 (MGI Tech) genetic sequencer via NGS
in a patient presenting with congenital cataracts, spontaneous
nystagmus, polyneuropathy, and seizure. Sequencing coverage was
at least 99.80% at 5x and at least 99.50% at 20x.

For WES, the “TWIST 36Mb capture” kit was used to sequence
exon and exon-intron splice regions of panel genes, also amplified
by PCR and analyzed on the MGI DNBSEQ-G400 via NGS.
Sequencing coverage was at least 99.55% at 5x and at least 99.18%
at 20x. One of patients with progressive myoclonia underwent CES
targeting a 342-gene panel associated with myoclonic disorders.
For a patient with suspected spinocerebellar ataxia, a clinic-
specific gene comprising 43 genes was analyzed (Supplementary
File 1). Identified variants were reviewed using PubMed,
gnomAD, ClinVar, and DECIPHER databases (https://gnomad.
broadinstitute.org, https://www.ncbi.nlm.nih.gov/clinvar/, https://
www.deciphergenomics.org).

Statistical Analysis

IBM SPSS version 26.0 were used for statistical analysis. The
distribution of epilepsy syndrome classifications were calculated
with descriptive statistics, and were presented number and
percentage (%).
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RESULTS

The medical records of 354 patients with epilepsy were reviewed.
Forty (11.2%) patients were diagnosed with genetic generalized
epilepsy (GGE). Among them, 37 patients (10.4%) were diagnosed
with IGE and 3 patients (0.8%) were diagnosed with epilepsy with
eyelid myoclonia. Forty-one patients with epilepsy (11.5%) had
autism spectrum disorders or/and intellectual disability.

Eight patients with epilepsy (2.2%) who had been previously
diagnosed at another epilepsy center before commencing
follow-up at our center were excluded. Three patients (0.8%)
were diagnosed with neuro-cutaneous syndromes (linear nevus
syndrome, n=1; tuberous sclerosis, n=2). Four patients (1.1%) were
diagnosed with neuro-metabolic syndromes (galactosemia, n=2;
mucopolysaccharidosis, n=2). One (0.2%) patient was diagnosed
with Bardet-Biedl syndrome.

Ultimately, we included nine patients with epilepsy (2.5%) in
whom an identifiable genetic etiology was established. Of these,
seven (1.9%) had rare monogenic variants [zinc finger protein 142
(ZNF142), zinc finger MYND-type containing 11 (ZMYNDI1),
discs large MAGUK scaffold protein 4 (DLG4), peroxisomal
biogenesis factor 11 beta (PEXI1IB), scavenger receptor class
B member 2 (SCARB2), and glutamate receptor metabotropic 1
(GRM-1)] and two (0.5%) had chromosomal abnormalities (1p36
deletion and 15q15.1 deletion).

Rare monogenic variants in ZNF142, ZMYNDI1I, DLG4, and
SCARB2 were detected using WES. A monogenic variant in
PEXI11B was identified through CES, and a variant in GRM1 was
detected using a locus-specific gene panel for spinocerebellar
ataxia.

A 24-year-old male patient presented to the epilepsy outpatient
clinic. No significant perinatal history was reported. His parents
are consanguineous, and his older brother (currently 35 years
old) has a progressive speech disorder. However, the brother has
no history of epilepsy, except for a single febrile seizure at the
age of 2. The family pedigree is shown in Figure 1A. The patient
experienced febrile seizures until the age of 8. After discontinuation
of antiseizure medication (ASM), he developed motor convulsive
status epilepticus with coma at the age of 20. Since then, he has been
seizure-free under treatment with valproic acid (1000 mg/day). He

is able to walk independently, but he exhibits cognitive decline and
progressive speech disorder, although he had acquired speech by
the age of 4. He also presents with renal agenesis, without evidence
of renal failure. Notably, no hyperkinetic or hypokinetic movement
disorders have been observed up to the age of 24. EEG during
wakefulness showed background activity characterized by diffuse
theta and delta frequencies (Figure 2A). Sleep graphoelements
appeared synchronous and symmetric during stage 1I non-rapid
eye movement (NREM) sleep. Cranial MRI was normal. The
chromosomal microarray analysis revealed normal results:
-arr[hg38] (1-22)x2, (X,Y)x1. WES identified a homozygous
pathogenic variant in the ZNFI42 gene [(NM_001105537.4:
c.3175 C>T), (NP_001099007.1:p.Argl059Ter)], located at
chr2:219508064 (patient no. 1 in Table 1).

A 23-year-old female patient (patient no. 2 in Table 1) was
first evaluated in the EEG laboratory during an episode of non-
convulsive status epilepticus (NCSE) with coma, following a
bilateral tonic clonic motor seizure triggered by a respiratory
infection (pneumonia), and accompanied by severe hyponatremia
(Na:113 mEq/L). After treatment of the metabolic disturbance and
infection, the NCSE resolved, and she recovered without sequelae.
She had hypoxic birth and was hospitalized for one week in the
neonatal intensive care unit. There is no biological relationship
between her parents. Her younger brother has similar dysmorphism
and has a history of seizures. The patient demonstrates cognitive
decline and significant speech impairment, with a vocabulary
limited to 5-10 words without evidence of progressive loss.
Dysmorphic features include ocular hypotelorism, low posterior
hairline, flat nasal bridge, and short stature. She began walking
at age 4, although she had Achilles tendon contractures. She is
ambulatory with support. She has been diagnosed with diabetes
mellitus, hypothyroidism and hypergonadotropic hypogonadism.
Seizures began at the age of 1 year. Infections and metabolic
disturbances are primary seizure triggers. Seizures typically present
as status epilepticus. In the absence of t metabolic imbalance or
infection, she remains seizure-free under treatment with valproic
acid (800 mg/day). Brain CT showed no gross pathology. EEG
revealed slow background activity with bifrontal or left frontal
spike and wave discharges, sometimes recorded as bilateral
hypersynchronous. Less frequently, occipital spike-and-wave were
recorded. (Figure 3A, B). Her younger brother, aged 15 (patient
no.3 in Table 1), had no significant perinatal complications. He has

CAPN10
p.(Leu131Phe) +/-
ZMYND11

CAPNIO
p.{Leu131Phe) -/- 1]

1-A 1-C
ZMYND11

?
i
p.Arg600Trp -/-

: 00 " .ﬁ ' i Lt
WO Ro R OO0 W @ e

f CAPN10 CAPN10 DLG4
ZEI42 pALeul31Phe) +/- p.Leul31Phe) +/- CTT142T>G +/-
p.Arg1059Ter +/+ ZMYND11 ZMYND11
P.Arg600Trp +/- P.Arg600Trp +/-

P.Arg600Trp -/~

DLG4
€77142T>G +/-

Figure 1. The pedigrees of the selected patients. Circles and squares indicate females and males, respectively. Solid symbols indicate affected individuals. +/+:
Homozygous, +/—: +/—, heterozygous variant; —/—, homozygous reference. 1-A. The pedigree of patients with ZNF142 homozygotes mutation (patient no.1 in Table
1). 1-B. The pedigree of patients with CAPN10 with and without ZYMND11 gene heterozygotes mutations (patient no.2 and no.3 in Table 1). 1-C. The pedigree of
patients with DLG4 heterozygotes mutation (patient no.4 in Table 1)

93



Arch Epilepsy 2026;32(3):91-101

Voow 631 18 % on  STaowsd. - Geckls bar A
s it oo

‘:::'.-ﬁ.-

Jieatd

TITIT]
At

b b e vt o, v
A P i 8, B N S AN b, W e ) i " A
B i o e e e S

TSV TN
WU SV VRN PR S

A

EM W mb, L3
-u\ PP b vJ-..,\awa e et SUW AL Y w-mwa

::
EEEEENEEE

[Tt

Wrng b PREVER

Figure 2. The EEG captures of the patients with changes on background activity. A. Slow background activity without epileptiform abnormality on EEG at the
patients with ZNF142 mutation (patient no.l in Table 1). B. Slow background activity without epileptiform abnormality on EEG at the patients with DLG4 mutation
(patient no.4 in Table 1). C. Paroxysmal theta activity with higher amplitude on slow background activity on EEG at the patients with PEX//B mutation (patient no.5
in Table 1). D. Fast frequency and low amplitude in background activity on EEG at the patients with GRM/ mutation (patient no.7 in Table 1)

EEG: Electroencephalography

a history of occasional seizures, typically triggered by metabolic
disturbances or infections, but no history of status epilepticus.
He exhibits similar dysmorphic features, including a depressed
nasal bridge, ocular hypotelorism, low posterior headline, and
short stature, but he does not have Achilles tendon contractures.
He is ambulatory. He has cognitive decline. Although his speech
is impaired, he can form sentences, with communication ability
better than his sister’s. He has also been diagnosed with diabetes
mellitus and hypothyroidism. His EEG demonstrated slow
background activity with bilateral fronto-centro-parietal sharp and
spike-and-wave discharges, and bilateral hypersynchrony during
NREM sleep without normal sleep graphoelements (Figure 3C, D).
The mother has no notable phenotypic abnormalities. The father
has diabetes mellitus but normal cognitive and motor development,
and no history of seizures. His EEG during wakefulness was
normal. During stage II NREM sleep, sleep graphoelements were
synchronous and symmetric, though a transient left frontocentral
asymmetric theta sharp contoured-slowing was observed (Figure
3E, F). Three family members- the father, daughter (patient no.2 in
Table 1), son (patient no.3 in Table 1) have a calpain 10 (CAPN10)
gene variation, while the mother did not. Chromosomal microarray
analysis of patient no.2 normal: arr(1-22,X)x2. Additionally, WES
revealed a heterozygous pathogenic variant in the ZMYNDII
gene [(NM_001370100.5 ¢.1798C>T), (NP _001357029.1:p.
(Arg600Trp)] in both patient no.2 and patient no.3, but not in either
parent. The family pedigree is shown in Figure 1B.

An 18-year-old female patient presented to the epilepsy outpatient
clinic, there is no known consanguinity between her parents. Her
mother, aged 40, had epilepsy during childhood but has remained
seizure-free without ASM treatment since the age of 11. Her
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father, aged 43, has mild intellectual disability and mild dysphasia,
he can speak comprehensively but has no history of seizures or
musculoskeletal, cardiac, or gastrointestinal system disorders. Her
14-year-old brother has a intellectual disability and his speech more
developed than his sister’s but less developed than his father’s.
He also has long, thin, and elastic fingers, consistent with digital
deformity. He does not present with seizures or other systemic
abnormalities. The pedigree is shown in Figure 1C. The patient
demonstrates cognitive decline and restricted-but non-progressive-
speech ability. She required incubator care during the first week of
life due to neonatal jaundice. Her first afebrile seizure, a bilateral
tonic seizure, occurred in the neonatal period. After a seizure-free
interval, she experienced a unknown onset bilateral tonic clonic
motor seizure at age 7. She was initially treated with valproic acid,
and seizures occured once or twice per month. No specific seizure
triggers were identified. She has remained seizure-free for the
past 3 years with on carbamazepine monotherapy. Neurological
examination revealed limited left horizontal gaze, while other gaze
directions were preserved. Motor development was normal, though
she exhibited a mildly ataxic gait. Both Hoffman and Babinski
reflexes were positive. She also had a history of patent ductus
arteriosus and gastroesophageal reflux. EEG during wakefulness
showed normal background activity (Figure 2B); however, poor
morphology of sleep graphoelements was noted during stage
II NREM sleep. Cranial MRI showed no gross abnormalities.
Chromosomal microarray analysis was normal: arr[hg19] (1-22,X)
x2 in the index case. WES identified a heterozygous pathogenic
variant in the DLG4 gene [(NM_001365.4: ¢.771+2T>G)] in the
index patient, her father and her younger brother. The variant was
not detected in her mother (patient no.4 in Table 1).
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Figure 3. The EEG captures of the family members with mutation in C4APN10 whit or without ZMYNDI11. A. Slow background activity and bilateral centroparietal
sharp wave during wakefulness under 1000 mg/day VPA treatment; B. Left frontal spike and waves during NREM sleep stage at patient with mutation at ZMYND 1]
and CAPN10 (patient no.2 in Table 1); C. Left fronto-centroparietal predominant bilateral spike and sharp waves during wakefulness without treatment. D. Bilateral
fronto-centroparietal predominant generalized sharp and waves during NREM sleep stage at patient with ZMYND11 and CAPNI10 mutation (patient no.3 in Table 1).
E. Normal background activity. F. Left centroparietal asymmetry and sharp waves during NREM II sleep stage at father of (patient no.2 and 3 in Table 1), who has

CAPNI10 mutation without ZMYND 11 mutation
EEG: Electroencephalography, NREM: Non-rapid eye movement

A 34-year-old male patient presented to the epilepsy outpatient
clinic with history of cognitive decline and motor retardation. He
is ambulatory with the assistance of a wheelchair. His parents are
consanguineous, he had no siblings, and there is no significant
family history of neurological disorders. The patient experienced
febrile seizures beginning at the age of 3 and was treated with
valproic acid until age 11. Following a seizure-free period, ASM
was gradually tapered and discontinued. At the age of 32, he
experienced a unknown onset bilateral tonic clonic seizure without
an identifiable trigger, after which levetiracetam was initiated.
Since ten, he has had fewer than one seizure per year, typically
occurring in the context of respiratory infections. He underwent
bilateral cataract surgery at the age of 2 years and demonstrated
spontaneous nystagmus and restricted horizontal gaze to the right.
Although, he did not exhibit overt ataxia, sensorial polyneuropathy
was identified via electroneuromyography. He also had a history
occasional micturition syncope. EEG during wakefulness revealed

96

background activity consisting of 5-6 Hz theta frequency.
Additionally, paroxysmal sinusoidal activity with sharp contours
and higher amplitude than background were observed at 7-7.5
Hz (Figure 2C). Cranial MRI showed mild to moderate cerebral
cortical atrophy. CES identified a homozygous pathogenic variant
inthe PEX11B gene [(NM_003846.3:¢.595C>T), NP_003837.1:(p.
Argl199Ter)] located at chr1:145522734. Both parents were found
to be heterozygous carriers of the same variant (patient no.5 in
Table 1).

A 53-year-old male patient initially presented to EEG laboratory.
His perinatal and family history were unremarkable. He was a
retired insurance agent. His symptoms began six years prior to
presentation, initially with fine hand jerks and low-amplitude
tremors. Despite two years of treatment with primidone and
propranolol, postural and kinetic tremors progressed, and sudden
jerky hand movements emerged. Over time, he developed
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progressively slow movements and speech. Eventually, he
experienced falls without loss of consciousness, attributed to
sudden myoclonic jerks. Neurologic examination revealed
bradyphrenia, bradymimia, monotonous speech with hypophonia,
bradykinesia predominantly affecting the left hand, and mild
bilateral dysmetria without postural instability. Zonisamide and
clonazepam were prescribed for myoclonus but yielded limited
benefit. EEG performed during wakefulness showed background
activity consisting of slow 5-6 Hz theta frequency. Bi-occipital
predominance spike-and-wave discharges were observed with eyes
closed (eye closed sensitivity). Additionally, photic stimulaton
elicited photosensitivity and myoclonic activity in the upper
extremities, coinciding with generalized polyspikes-and-wave
discharges (Figure 4D-F). Cranial MRI showed no gross structural
abnormalities. Clinically combination of symptoms and EEG
findings was consistent with mild parkinsonism and progressive
myoclonus. CES of 342 genes associated with myoclonus revealed
a homozygous variant of uncertain significance in the SCARB2
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gene, NM_005506.4: c.1113+6T>A, located at chr4:77091014.
This gene is implicated in progressive myoclonic epilepsy type
4 (PME4), with or without renal involvement. A full list of the
analyzed genes is provided in Supplementary File 1 (patient no.6
in Table 1).

A 20-year-old male patient presented to the epilepsy outpatient
clinic. There was no known biological relationship between his
parents. He had an older brother and mother who were alive;
his father was deceased. The family history was otherwise
unremarkable. The patient experienced focal clonic and focal to
bilateral tonic-clonic seizures. While receiving treatment with
oxcarbazepine and valproic acid, seizure frequency was reduced
to 3-4 times per year. In addition to cognitive decline, neurological
examination revealed spontaneous rotatory nystagmus, bilateral
asymmetry, an ataxic gait, and mild dystonic tremor. Cranial MRI
demonstrated cerebellar atrophy (Figure 5A,,,). EEG revealed
fast frequency, low amplitude background activity (Figure 1D).
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Figure 4. The EEG captures of the patients with special EEG features. A. Slow background activity during wakefulness, B. Eye closed sensitivity with bi-occipital
spikes, and C. Generalized poly-spikes and waves with bilateral upper extremity myoclonia at 15 Hz frequency intermittent photic stimulation at patients with
SCARB2 gene mutation (patient no.6 in Table 1). C. Slow and attenuated background activity with generalized poly-spike train on EEG at patient with 1p36 deletion
(patient no.1 in Table 2). D, E. Slow background activity with synchronous or asynchronous bi-occipital sharps waves, secondary bilateral hypersynchrony on EEG
at patient with 15q15 deletion (patient no.2 in Table 2)

EEG: Electroencephalography
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Figure 5. The brain MRI captures of the patients with structural changes. A, .. Cerebellar atrophy in cranial MRI in patients with mutation at GRM1 (patient no.6 in
Table 1). B. Bilaterally parietooccipital encephalomalacia in patients with deletion at 15q15.1 (patient no.2 in Table 2)
MRI: Magnetic resonance imaging

During NREM stage II sleep, synchronous and symmetric
sleep graphoelements were recorded, without any epileptiform
discharges. Genetic analysis using a disease-specific panel for
spinocerebellar ataxia identified a heterozygous variant of uncertain
significance in the GRM1 gene [(NM_001278064.2: c.1610G>A),
(NP_001264993.1:p.(Arg537GIn)]. This gene associated with
autosomal dominant spinocerebellar ataxia 44 (patient no.7 in
Table 1).

A 19-year-old female patient presented to epilepsy outpatient
clinic. Her parents were consanguineous. She was a twin in utero;
however, her co-twin died intrapartum. The patient had been
experiencing atypical absence seizures 1 -2 times per month while
on treatment with levetiracetam and topiramate. She has been
present since the neonatal period. She exhibited cognitive decline
and motor retardation. Dysmorphic features included short stature,
a thick neck, ocular hypotelorism, and short fingers and feet. She
was wheelchair-bound and unable to ambulate independently.
Additionally, she had insulin intolerance and hypothyroidism.
EEG revealed attenuated, slow background activity and frequent
generalized poly-spikes discharges, also referred to as a generalized
poly-spike train (GPT) were recorded (Figure 4C). Cranial MRI
showed no gross abnormalities. Array-CGH identified a 1p36.33
deletion (patient no.1 in Table 2).

A 19-year-old male patient presented to epilepsy outpatient
clinic. There was no known biological relationship between his
parents. He had 2 male siblings, and there was no significant
family history. He was born three weeks prematurely and required
postnatal incubation. Seizures began at three months of age and
were characterized by eye deviation occurring several times per
day, often triggered by infections. He exhibited cognitive decline,
spontaneous nystagmus, and ocular gaze deficits. EEG showed
a background rhythm of 4-6 Hz theta activity. In addition, both
synchronous and asynchronous occipital spikes and bilateral
hypersynchronous sharp waves were recorded (Figure 4E, F).
Cranial MRI revealed bilateral parieto-occipital encephalomalacia
(Figure 5B). Karyotype analysis was normal. Array- CGH
identified a heterozygous 15q15.1 deletion encompassing 52 genes
over a 1.789 Mb region (Supplementary File 1). Parental array
results were normal (patient no.2 in Table 2).

The patients’ demographic characteristics, phenotypic features,
responses to ASM, EEG and neuroimaging findings, as well as
genetic analyses, are summarized in Tables 1 and 2.

98

DISCUSSION

In this study, we reported the 9 distinct genetic causes of epilepsy
identified during follow-up at the epilepsy outpatient clinic of
a state hospital. All patients exhibited cognitive impairment
accompanied by neurological and/or other systemic findings. Four
patients (44.4%) had a history of seizures triggered by metabolic
imbalance or infections; in one patient, the seizure presented as
status epilepticus. Four patients (44.4%) remained seizure-free
without identifiable triggers, while another four (44.4%) had
drug-resistant epilepsy. Notably, both patients with chromosomal
abnormality had drug-resistant epilepsy. EEG revealed slow
background activity in seven patients (77.7%). One patient with
PME exhibited both eye closure sensitivity and photosensitivity.
Cranial MRI showed cortical atrophy in two patients (22.2%) and
cerebellar atrophy in one of patients (11.1%).

The ZNF142 gene encodes the zinc finger protein 142, a member
of the zinc finger protein superfamily-one of the largest groups of
mammalian transcription factors.'? Pathogenic variants in these
proteins have been associated with various neurodevelopmental
disorders.” To date, 42 patients have been reported in the
literature with heterozygous ZNF 142 variants, typically presenting
with neurodevelopmental disorder with impaired speech and
hyperkinetic movements.'*!> In the present study, we described
a patient carrying a ZNF142 variant who exhibited with a
progressive speech impairment without hyperkinetic movements,
dystonia, ataxia, or typical dysmorphic features. His seizures
were well-controlled with ASMs, and he remained seizure-free
for three years during follow-up. However, a relapse presenting
as status epilepticus occurred upon ASM discontinuation. Given
his positive family history and progressive speech difficulties, a
genetic etiology was investigated.

The ZMYNDII is a critical gene associated with the 10p15.3
microdeletion syndrome, which is characterized by developmental
delay orintellectual disability, behavioral abnormalities, dysmorphic
features, hypotonia, and seizures. To date, approximately 20
patients have been described in the literature with this condition.!®
In our study, two siblings were identified with mental and motor
retardation, along with characteristic facial dysmorphism. Both,
carried the same pathogenic variant in ZMYNDII. However, the
clinical severity differed: the sister exhibited severe symptoms,
including status epilepticus triggered by infections or metabolic
disturbances, whereas the brother had infrequent unknown onset
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Table 2. Clinical and genetic features of the patients with chromosomal abnormality and epilepsy

Chromosomal
abnormality

Genetic analysis

Other system symptomes EEG MRI/CT Response of ASMs

Seizure onset  Seizure type

No, age

(years), sex

No.1

1p36 deletion

Normal DRE: 1 in 2 months Array-CGH

Atenuated slow

MMR

Atypical absance,

New-born

atypical absance with
LEV 2000 mg/day,

background activity with

Short, ocular hypotelorism,
nasal flattened, immobilise,

bilateral Babinski sign

tonic atonic

19,F

generalized poly-spike

trains

TPM 200 mg/day

15q15.1

Array-CGH

DRE: 1-2 seizures

Slow background activity — Bilateral

with asyncronous and

CD, autism spectrum disorders,

steretypical movements,

Focal motor

3 months-
infant

No.2

19, M

heterozygotes

deletion

in a week with VPA
1000 mg/day, LEV
2000 mg/day, LCM
400 mg/day, LTG

parietooccipital

seizure with ocular

deviation and

encephalomalasia

syncronous bi-occipital
spikes and frequent
secondary bilateral
hypersynchrony

restricted eyes horizontal gaze

rare focal onset
bilateral tonic

300 mg/day, CLZ 2

mg/day

clonic motor

ASMs: Antiseizure medications, F: Female, M: Male, CBZ: Carbamazepine, CD: Cognitive decline, LEV: Levetiracetam, CLZ: Clonazepam, LCM: Lacosamide, LTG: Lamotrigine, CGH: Comparative genomic hybridization, TPM:

Topiramate, VPA: Valproic acid, MMR: Mental-motor retardation, MRI/CT: Magnetic resonance imaging/computed tomography, DRE: Drug-resistant epilepsy

bilateral tonic-clonic seizure. EEG findings also varied. The sister showed frequent frontal
asynchronous sharp waves and bilateral hypersynchronous sharp waves, while the brother’s
EEG demonstrated longer-lasting bilateral hypersynchronous diffuse sharp-and-waves
discharges. The sister was treated with valproic acid, whereas the brother declined ASM.
These EEG differences may, in part, be attributable to the effect of valproic acid treatment.
Additionally, both siblings and their father were diagnosed with diabetes mellitus and
carried a variant in the CAPN10 gene, which has been implicated in susceptibility to type
2 diabetes mellitus.!” The father had no history of seizure and exhibited normal cognitive
and motor development. His EEG was unremarkable except for transient theta slowing
in the left centroparietal region during NREM sleep, which was considered clinically
insignificant. The mother did not carry either the ZMYNDI11 or CAPNI1( variants. Given
that both siblings harbored the ZMYND11 variant while neither parent carried it, gonadal
mosaicism is the most plausible explanation. This family thus demonstrates combined
phenotypic features resulting from pathogenic variant in two different genes- ZMYND11
and CAPNI0.

The DLG4 (discs large MAGUK scaffold protein 4) encodes postsynaptic density
protein 95, which is expressed in various tissues, including the brain. Pathogenic variants
in DLG4 have been associated DLG4-related synaptopathy, a neurodevelopmental
disorder characterized by intellectual disability, autism spectrum disorders, muscular
hypotonia, abnormal movements, epilepsy, ophthalmologic abnormalities, and marfanoid
features. In the literature, approximately 54 patients with DLG4- related disorders
have been described.’®!” In the present study, a novel heterozygous splice-site variant
[(NM_001365.4: c.771+2T>G)] in DLG4 was identified in three family members. The
index patient’s younger brother, who carried the same variants, had intellectual disability,
but spoke better than his sister, though not as fluently as their father. He had marfanoid
joint deformities but no history of seizure or other systemic abnormalities. Their father,
who carried same variants, had mild intellectual disabilities but otherwise systemically
intact, enabling him to maintain employment. Interestingly, none of the three individuals
with the DLG4 variant exhibited dystonia. This family illustrates infrafamilial phenotypic
variability associated with the same pathogenic variant. The inheritance pattern appeared
to be autosomal dominant in the siblings, with a de novo origin in the father, suggesting
this variant is novel in familial context.

The PEX11B encodes a peroxisomal membrane protein that is predicted to contain two
transmembrane domains.?” Homozygous variants in this gene have been associated with
congenital cataracts, progressive deafness, polyneuropathy, gastrointestinal issues, and
intellectual disability.”! To date, seven patients with mutations have been reported in the
literature.?? Our patient carried a homozygous variant in the PEX1IB gene. His parents,
who were consanguineous, were both heterozygous carries. The patient presented with
intellectual disability, speech impairment, spontaneous nystagmus, sensorial neuropathy,
and epilepsy which remained seizure-free under monotherapy. EEG revealed slow
background activity with high-amplitude sharply contoured paroxysms. Unlike previously
reported cases our patient did not exhibit hearing loss.

The SCARB?2 encodes lysosomal integral membrane protein type-2 (LIMP-2).2 Mutations
that impair LIMP?2 function disrupt the biogenesis and maintenance of the lysosomal and
endosomal compartments, leading to PME.?* If the clinical history, examination findings,
EEG, and MRI results suggest PME, genetic testing should be performed in accordance
with recommendations from the ILAE regarding progressive myoclonic epilepsies.?
Rubboli et al.?® reported a patient with PME due to SCARB2 mutation without renal failure.
Similar to our case, their patient exhibited photic- and eye closure-induced myoclonus;
however, their patient background EEG activity was normal.® While their patient was
under 30 years old, ours was 53 years old. The slower EEG background in our patient
may be attributable to age-related changes in brain activity, as background rhythms are
known to slow over time. Previous studies have described 62 patients with SCARB2-
related disorders, presenting with spectrum that includes action myoclonus renal failure
syndrome, REM sleep behavior disorders, parkinsonism, PME with or without renal
failure.?**%?7 Our patients exhibited progressive myoclonus, tremor, and parkinsonism,
but did not show REM sleep behavior disorders and renal failure. Further research is
warranted to clarify the relationship between SCARB?2 variants of uncertain significance
and these phenotypes.
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The GRMI encodes metabotropic glutamate receptor 1, which
plays a crucial role in slow excitatory postsynaptic transmission,
synapse formation, synaptic plasticity, and motor control. The
GRM1 gene shows its highest expression in the cerebellum,
beginning in early development and continuing throughout
ontogenesis.?? Mutations in this gene have been associated with
autosomal dominant or recessive cerebellar atrophy, intellectual
disabilities, cerebellar atrophy without cognitive impairment, late-
onset mild symptoms, short sleep duration and efficiency, autism
spectrum disorders, and schizophrenia in total of 12 reported
individuals.**** OQur patient presented with intellectual disability,
autism spectrum disorders, dysphasia with dysphonia, spontaneous
nystagmus, dystonic tremor, and seizure. A missense heterozygous
variant of uncertain significance was identified. The phenotypic
features were consistent with those previously described in the
literature. However, in vivo or in vitro functional studies, as well as
parental segregation analyses, are necessary to confirm genotype-
phenotype correlation.

1p36 deletion syndrome (dellp36) is characterized by
developmental delay, behavioral abnormalities, hypotonia,
seizures, brain abnormalities, visual impairment, orofacial cleft,
congenital heart defects, cardiomyopathy, renal anomalies, short
stature, and a distinctive gait.>* Phenotypic differences between
distal and proximal deletion have been described: distal deletions
are more associated with microcephaly, whereas proximal
deletions more frequently involve brain malformations, epilepsy
and cardiomyopathy.* Epilepsy with patient eith del1p36 is often
accompanied by cranial abnormalities.® Our patient had a distal
dellp36 and presented mental and motor retardation, typical
facial features, short stature, and drug-resistant epilepsy. EEG
showed GPT, though her neuroimaging was normal. GPT has been
described in patients with GGE associated with drug resistance
epilepsy.* Our patient similarly exhibited drug resistance epilepsy.

A 15ql15.1 deletion has been reported in association with limb
girdle muscular dystrophies.’” However, our patient did not show
any myopathic features. He had a perinatal asphyxia and exhibited
bilateral parieto-occipital encephalomalacia on MRI. Clinically, he
presented with intellectual disabilities, aphasia, restricted eye gaze,
stereotypical movements, and focal motor seizures characterized by
forced conjugated lateral gaze. Although the deletion encompasses
several genes related to epilepsy, the presence of encephalomalacia
from perinatal asphyxia may also contribute to the phenotype. The
absence of phenotypic abnormalities and chromosomal deletions
in both parents suggests that the chromosomal anomaly detected
in the patient is de novo and likely contributes to the observed
phenotype. Nevertheless, the severity and complexity of his
clinical features go beyond what would typically be expected from
asphyxia alone, underscoring the importance of conducting genetic
analysis in such cases.

Study Limitations

We reported the genetic etiology of patients with epilepsy
followed in a single-center outpatient clinic. Patients who had been
previously diagnosed at another center were excluded to avoid
duplication in the literature. One of the main limitations of this
study is retrospective design that all the reported genetic etiologies
were based solely on clinical work-up which is lead to selection
bias, and patients whose genetic investigations are still ongoing
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were not included. These factors contributed to small sample size
which is major limitations of the study. Secondly, genetic testing
was selected individually based on each patient’s phenotypic
findings, leading to variability in the genetic tests performed. For
instance, among 41 patients with cognitive decline followed in
the epilepsy outpatient clinic, a definitive genetic diagnosis was
reached in only nine cases during 2.5 years follow-up period. This
low diagnostic yield represents another key limitation of the study.
Further research is needed to identify epilepsy-related variants,
possibly through the use of comprehensive genetic epilepsy panels.
Despite these limitations, our data included two notable findings:
(1) two patients were affected by mutations in different genes due to
inherited gonadal mosaicism; and (2) variable phenotypic features
related to the same gene were observed within a single family. All
reported patients and their parents were examined in detail and their
findings were thoroughly documented. Finally, our study highlights
the importance of conducting in vivo or in vitro functional studies to
clarify the pathogenicity of variant uncertain significance.

CONCLUSION

In conclusion, when cognitive decline, autism spectrum disorders,
dysmorphic features, or multisystem involvement are presented
in patients with epilepsy, we should consider genetic etiology.
Selecting appropriate genetic tests based on these clinical findings is
essential for identifying the underlying genetic etiology. Reporting
the patients with genetic epilepsy etiology from each epilepsy
center to across the country will be improved the diagnostic tools
and treatment options.
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Abstract

Objective: The aim of this study is to examine the relationship between the level of intolerance to uncertainty in parents of children with epilepsy and
cyberchondria.

Methods: The study design was descriptive and cross-sectional. Data were collected between March and August of 2025. A total of 402 parents of children
with epilepsy participated in the study. Data were collected using the sociodemographic data form, the Intolerance of Uncertainty Scale, and the Cyberchondria
Severity Scale-Short Form.

Results: The findings show a moderate, positive, and significant relationship between intolerance of uncertainty and cyberchondria (r=0.397, p<0.001).
Regression analysis indicates that intolerance of uncertainty significantly predicts cyberchondria severity ($=0.380, p<0.001), and the model explains 15.8%
of the total variance.

Conclusion: As the intolerance of uncertainty among parents of children diagnosed with epilepsy increase, their levels of cyberchondria also increase,
highlighting the importance of psychoeducation and digital health literacy programs for parents.

Keywords: Cyberchondria, epilepsy, intolerance of uncertainty, parents

INTRODUCTION

Epilepsy is a spectrum of neurological disorders that commonly affect individuals of all ages worldwide. Epilepsy, one of the most common
chronic neurological disorders in childhood, accounts for approximately 1% of the global disease burden."? In Tiirkiye, the prevalence of
epilepsy in children is reported to range between 0.6% and 0.8%.>* Beyond the prevalence of the disease, its most challenging impact on
families and healthcare systems stems from the profound uncertainty inherent in its nature. Many aspects of epilepsy, such as its underlying
cause, the unpredictable timing and form of seizures, the variability in response to treatment, and long-term prognosis, are often uncertain.’
Despite significant advances in epilepsy research, substantial uncertainties remain regarding various aspects of the disease, including its
pathophysiology and optimal treatment strategies, which constitute a significant source of stress, particularly for parents directly involved
in the patient’s care.®®

From a parental perspective, raising a child with epilepsy can be associated with a profound sense of uncertainty, anxiety, and stress due
to unpredictable seizures, complex treatment regimens, and the need for constant supervision.”!® In this context, uncertainty about the
disease process can be defined as an individual’s inability to understand the situations they encounter or to predict events, resulting in a
loss of control over their life.!! However, more critical than this situational uncertainty is the individual’s attitude toward it. Intolerance of
uncertainty is a cognitive personality trait that involves interpreting uncertain situations as threatening and experiencing negative reactions.'
Those with high intolerance of uncertainty find it more difficult to cope with uncertainty and exert intense effort to control or eliminate
it. This can sometimes lead to the adoption of coping mechanisms with negative consequences.'® Uljarevi¢ et al.!* point out that as family
members’ intolerance of uncertainty increases, so do their anxiety levels, highlighting the importance of this relationship within the family.
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Cyberchondria is a potential manifestation of negative coping
mechanisms and an intolerance of uncertainty. This phenomenon
occurs when a person’s health concerns intensify as a result
of repeated, excessive use of the internet to obtain medical
information.'>'¢ Initially, searching for health information online
may serve to provide reassurance and reduce anxiety. However,
in individuals with a high intolerance of uncertainty, unsuccessful
or confusing results can paradoxically trigger a compulsive search
cycle, thereby further increasing anxiety.!”!'® Parents often turn to
the internet not only to address their own health concerns but also
to evaluate their children’s symptoms and determine whether they
need medical help."”?® Studies show that parents worldwide use
the internet extensively for their children’s health.?! Therefore,
for chronic diseases such as epilepsy, which inherently involve
a high degree of uncertainty, parents with a high intolerance of
uncertainty are at increased risk of exhibiting cyberchondriac
behaviours to alleviate their concerns about their child’s condition.
Indeed, intolerance of uncertainty is considered a key factor in the
persistence of cyberchondria and reassurance-seeking behaviour.'?

The severity of epilepsy, uncertainties in treatment, the rapid
spread of digital technologies, and the growing demand for online
health information have made parents’ intolerance of uncertainty
and cyberchondria important public health issues. However, a
review of the literature reveals no studies directly addressing this
relationship among parents of children with epilepsy. Against this
backdrop, this study examines the relationship between intolerance
of uncertainty and levels of cyberchondria among parents of
children with epilepsy.

METHODS

Study Type

This cross-sectional descriptive study was conducted between
March and August 2025.

Participants

The study participants were parents of children diagnosed with
epilepsy who visited the pediatric neurology department of an
educational and research hospital in eastern Tiirkiye. Convenience
sampling was used to conduct the study. Using the sample formula
(n=t>pq/d?) with t=1.96, p=q=0.5, and d=0.05, a sample size of 384
participants was determined to be sufficient. During data collection,
the participants’ responses were incorporated into the study, which
was completed with 402 participants. We calculated the statistical
power of our study using results from 402 participants. Based on
the findings obtained from these individuals, a post-hoc power

MAIN POINTS

* This study has revealed a significant and positive relationship between
intolerance to uncertainty and cyberchondria among parents of children
with epilepsy.

* The findings indicate that as the level of intolerance to uncertainty
increases, parents’ tendency to search for health information online and
experience related anxiety also increases.

* It was determined that anxiety about the future has a particularly strong
effect on cyberchondria.

* This highlights the importance of psychoeducation and digital health
literacy programs for parents.

test was performed using the G'Power 3.1.9.7 statistical software
program. This analysis determined that the study’s power was 99%
at a 95% confidence level and that the effect size was moderate.?
The study included parents (one parent per child) who brought
their child to the outpatient clinic, were literate, had internet access,
were 18 years of age or older, had no mental health problems,
had a child aged 1-18 years with epilepsy, and voluntarily agreed
to participate in the study. Parents who were illiterate, who had
mental health issues, who did not visit the outpatient clinic during
the study period, or who did not wish to participate were excluded.
The reporting of this research article is based on the STROBE
guidelines.”

Data Collection

The research data were gathered using the sociodemographic
data form, the Intolerance of Uncertainty Scale (IUS), and
the Cyberchondria Severity Scale-Short Form (CSS-SF). The
researchers collected the data through face-to-face interviews.

Sociodemographic Data Form

In line with relevant literature, the researchers prepared a
questionnaire comprising ten questions on the the individual
characteristics of parents and children and on the duration of
illness.

Intolerance of Uncertainty Scale

IUS is a 12-item, 5-point Likert-type scale developed to measure
individuals’ tolerance levels for uncertainty. It was created by
Nicholas Carleton et al.* and was adapted into Turkish by Sarigam
et al.” The scale consists of two subscales: prospective anxiety (the
need for predictability of future events and anxious expectation)
(Items 1-7) and inhibitory anxiety (the tendency to inhibit behavior
and become paralyzed in the face of uncertainty) (Items 8-12).
There are no reverse-coded items on the scale. Scores on the
scale range from 12 to 60, with higher scores indicating greater
intolerance. Cronbach’s alpha was 0.88 for the entire scale.” In this
study, it was 0.86.

Cyberchondria Severity Scale-short Form

The CSS-SF scale was developed by McElroy and Shevlin?® and
adapted into Turkish by Soyler et al.?” The scale consists of 12 items
and 4 dimensions (excessiveness, anxiety, reassurance-seeking,
and compulsion). Responses are recorded on a 5-point Likert-
type scale. There are no reverse items on the scale. Scale scores
range from 12-60; as scores increase, the level of cyberchondria
also increases. The Cronbach’s alpha coefficient for the internal
consistency of the scale has generally been reported as 0.86.%7 In
this study, it was 0.83.

Statistical Analysis

Statistical analyses were performed using IBM SPSS 27. A
post-hoc power analysis was conducted using G'Power 3.1.9.7
statistical software. Descriptive statistics were used to summarize
the participants’ demographic and clinical characteristics and
scale scores. The normality of the distributions was assessed by
examining Skewness and Kurtosis and by inspecting histograms.
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Since these coefficients were within the range of -1.5 to +1.5,
the data were considered normally distributed.?® Comparisons
between sociodemographic variables and scale scores were
analyzed using independent samples t-tests and one-way analysis
of variance. Pearson correlation analysis was first conducted
to examine the bivariate relationships between intolerance of
uncertainty and cyberchondria, as well as their associations with
relevant sociodemographic and clinical variables. Following the
identification of statistically significant relationships in these
univariate analyses, simple linear regression was performed to
further evaluate the predictive relationship between the main
study variables. In the regression model, cyberchondria severity
was the dependent variable, and intolerance of uncertainty was
the sole independent variable to assess its unique contribution to
cyberchondria. Prior to conducting the regression analysis, the
model assumptions were examined and found to be met, including
normality of residuals (assessed via histograms and normal
probability plots), absence of multicollinearity (variance inflation
factor <10), homoscedasticity, and independence of errors (Durbin-
Watson statistic approximating 2).° All analyses were accepted at
a p-value of <0.05.

Ethical Consideration

The research received approval from the Mus Alparslan University
Scientific Research and Publication Ethics Committee (document
date and number: 11.12.2023-120930) and institutional permission
from the institution where the study will be conducted (number and
date: E-36866945-508.01-270448016, 06/03/2025). Participants
were provided with detailed information about the study and
informed that it was voluntary. Written consent was obtained from

Table 1. Demographic characteristics of parents (n=402)

the participants. The study adhered to the Declaration of Helsinki
throughout its duration.

RESULTS

Among parents, 62.2% were female, 89.3% were married, 33.3%
were university graduates, 48.8% had incomes lower than their
expenses, and 38.1% often searched the internet for health-related
information. The average age of parents was 36.98+8.47 (20-65)
and the average daily internet usage time was 3.01+1.80 (1-9)
hours (Table 1).

Of the children with epilepsy, 57% were male, with an average
age of 8.93+4.87 (1-18) and an average diagnosis duration of
4.54+3.61 (1-18) (Table 2).

As shown in Table 3, the participants’ overall mean score for [US
was 38.3448.78, the mean score for the prospective anxiety subscale
was 23.2245.77, and the mean score for the inhibitory anxiety
subscale was 15.1244.42. The overall mean score for CSS-SF was
found to be 35.24+8.40. When the subscales were analyzed, they
were found to be excessiveness (9.46+3.03), anxiety (8.69+2.87),
reassurance seeking (9.09+3.13), and compulsion (7.93+£2.64)
(Table 2). The Skewness and Kurtosis values for all scales and
subscales were within acceptable limits (—1 to +1), indicating that
the data were approximately normally distributed and suitable for
parametric analyses (Table 3).

A statistically significant difference in parents’ mean total IUS
scores was found according to gender, educational status, and
frequency of conducting disease-related research. Female parents

Variables n (%)
Gender Male 152 (37.8)
Female 250 (62.2)
Marital status Married 359 (89.3)
Single 43 (10.7)
Education status Just literate 34 (8.5)
Primary school graduate 97 (24.1)
High school graduate 137 (34.1)
University graduate 134 (33.3)
Monthly income Income less than expenditure 196 (48.8)
Income equal to expenditure 163 (40.5)
Income more than expenditure 43 (10.7)
Frequency of research on the disease Never 20 (5.0)
Rarely 51(12.7)
Sometimes 88 (21.9)
Often 153 (38.1)
Always 90 (22.4)

Age of the parent

Parent’s average daily internet use (hours)

M + SD (min-max)
36.98+8.47 (20-65)
M £ SD (min-max)
3.01£1.80 (1-9)

M: Mean, SD: Standard deviation, min: Minimum, max: Maximum
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Table 2. Demographic characteristics of children with epilepsy (n=402)

Variables n (%)
Gender of the child Girl 173 (43.0)
Boy 229 (57.0)

Age of the child M = SD (min-max)
8.93+4.87 (1-18)
M = SD (min-max)

4.54+3.61 (1-18)

Duration of child’s diagnosis
(years)

M: Mean, SD: Standard deviation, min: Minimum, max: Maximum

had higher mean total IUS scores than male parents (t=4.262;
p=0.001). Tukey honestly significant difference (HSD) post-hoc
analysis was used to determine which groups differed in mean
total TUS scores according to parents’ educational level. Parents
with a university education had higher mean IUS scores than
the literate group (F=5.297; p=0.001; a<d). Tukey HSD analysis
was used to determine which group accounted for the differences
between parents’ frequencies of disease-related research and their

IUS total mean scores. The scores of parents who never researched
were significantly lower than those of parents who researched
sometimes, often, or always (F=9.746; p=0.001, a<c,d,e). In
contrast, no statistically significant association was found between
either marital status or monthly income status and the IUS total
score (p>0.05) (Table 4).

A statistically significant difference was found between parents’
mean total CSS-SF scores and their educational status (F=6.704;
p=0.001). Tukey HSD post-hoc analysis was used to determine
between which groups differences occurred. The CSS-SF scores of
literate parents were significantly lower than those of elementary
school graduates, high school graduates, and university graduates
(a<b,c,d). A statistically significant difference was found between
parents’ frequency of conducting online research about illnesses
and their mean total CSS-SF scores (F=11.895; p=0.001). A Tukey
HSD post-hoc analysis was used to determine which groups
differed. The CSS-SF mean scores of parents who often researched
were significantly higher than those of parents who never, rarely,
or sometimes researched (a,b,c<d). No statistically significant

Table 3. Distribution of parents’ scores on IUS and CSS-SF: subscales and overall scores (n=402)

Scale and subscales M + SD (min-max) Skewness Kurtosis
1US 38.34+8.78 (14-58.0) 0.015 -0.559
Prospective anxiety 23.2245.77 (9-35.0) -0.161 -0.582
Inhibitory anxiety 15.12+4.42 (5-25.0) 0.027 -0.710
CSS-SF 35.24+8.40 (12-56.0) -0.141 -0.361
Excessiveness 9.46+3.03 (3-15.0) -0.244 0.673
Ancxiety 8.69+2.87 (3-15) -0.098 -0.715
Seeking reassurance 9.09+3.13 (3-15.0) 0.116 -0.632
Compulsion 7.93+2.64 (3.0-14.0) -0.123 -0.673

M: Mean, SD: Standard deviation, min: Minimum, max: Maximum, IUS: Intolerance of uncertainty, CSS-SF: Cyberchondria Severity Scale-Short Form

Table 4. Comparison of parents’ demographic characteristics with scale total score averages (n=402)

Variables 1US (Test, p) CSS-SF (Test, p)
M + SD M = SD
Gender Male 36.00+8.33 t=4.262, p=0.001" 34.35+7.82 t=1.661, p=0.097
Female 39.77+8.76 35.78+8.70
Marital status Married 38.45+8.68 t=0.732, p=0.465 35.52+8.26 t=1.899, p=0.058
Single 37.41£9.66 32.95+9.27
Education status Literate® 34.05£8.77  F=5.297, p=0.001"<® 29.82+7.70 F=6.704, p=0.001"@<><d
Primary school graduate® 37.82+8.93 34.58+8.27
High school graduate® 37.87+8.38 35.58+8.81
University graduate? 40.29+8.67 36.75+7.68
Monthly income Income less than expenditure® 38.08+8.89 F=0.191, p=0.826 36.00+8.34 F=1.776, p=0.171
Income equal to expenditure® 38.52+8.45 34.32+8.55
Income more than expenditure® 38.86+9.67 35.30+7.92
Frequency of research on the Never® 31.7049.33 F=9.746, p=0.001"@<cd-) 26.90+8.03 F=11.895, p=0.001"@c:b<d
disease Rarely® 33.98+7.91 32.0146.49
Sometimes* 37.72+6.90 33.76+7.00
Often? 39.35+9.08 37.43+7.86
Always® 41.17+8.68 36.66+9.64

“t: Independent sample t-test, °F: One-way analysis of variance, M: Mean, SD: Standard deviation, HSD: Honestly significant difference test, ": p<0.05, post-hoc analysis: Tukey HSD,
different superscript letters (“*<¢) indicate statistically significant differences between groups according to the Tukey HSD post-hoc test
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differences in CSS-SF total mean scores were found for gender,
marital status, or monthly income (p>0.05) (Table 4).

A moderate, positive, and statistically significant correlation was
observed between the average IUS total score and the average
CSS-SF total score (r=0.397; p<0.001). When the subscales of the
IUS were examined, the prospective anxiety subscale was found
to be moderately positively correlated with the CSS-SF (1=0.417;
p<0.001), while the inhibitory anxiety subscale showed a weaker
but still significant correlation (r=0.245; p<0.001). Furthermore,
a weak negative relationship was observed between parental age
and the mean total TUS score (r=-0.113; p=0.024), whereas a
weak positive relationship was observed between parents’ average
daily internet usage time and the mean total IUS score (1=0.182;
p<0.001). A weak and negative correlation was determined
between the child’s age and diagnosis duration and the parent’s
IUS total score average (r=-0.121; p=0.015 and r=-0.136; p=0.006)
(Table 5).

Moderate, positive, and statistically significant associations were
observed between the IUS total score and the anxiety (r=0.351,
p<0.001) and compulsion (r=0.343, p<0.001) subscales of the
CSS-SF. In contrast, weak but significant positive relationships
were observed between IUS and the subscales excessiveness
(r=0.297, p<0.001) and reassurance-seeking (r=0.180, p<0.001).
Furthermore, a weak negative correlation was found between
the CSS-SF total scores and parents’ age (r=-0.196, p<0.001),
whereas parents’ daily internet usage time demonstrated a weak

positive correlation with CSS-SF total scores (r=0.238, p<0.001).
Additionally, both the child’s age and the duration of diagnosis
were weakly but significantly negatively correlated with parents’
CSS-SF total scores (r=-0.230, p<0.001, and r=-0.110, p=0.027,
respectively) (Table 5).

Regression analysis (Table 4) indicates that IUS scores are
significantly positively associated with CSS-SF scores. According
to the analysis, each unit increase in IUS leads to a 0.380-
unit increase in CSS-SF (Beta=0.380, p<0.001). The overall
explanatory power of the model is limited because the R? value is
15.8%, indicating that IUS explains 15.8% of the variance in CSS-
SF. Furthermore, the model’s overall significance was confirmed
by the F test (F=75.057, p<0.001); the high F-value indicates that
the model is significant and that the IUS plays an important role in
predicting CSS-SF (Table 6).

DISCUSSION

The findings of this study reveal that, among parents of children
diagnosed with epilepsy, CSS-SF increases as IUS increases.
When demographic factors were examined, female parents,
parents with university degrees, and parents who researched
the disease more frequently were found to have higher levels
of intolerance to uncertainty. On the other hand, cyberchondria
levels increased, particularly among parents with higher levels
of education and those who frequently researched the illness.
As both subscales of intolerance to uncertainty (prospective and

Table 5. Correlations between IUS and CSS-SF total and subscale scores and continuous variables

Variables 1 2 3 4 5 6 7 8 9 10 11 12
1US 1
Prospective =0.896 1
anxiety p=0.001""
Inhibitory =0.816 r=0.476 1
anxiety p=0.001" p=0.001"
CSS-SF r=0.397 r=0.417 r=0.245 1
p=0.001" p=0.001" p=0.001""
Excessiveness 1=0.297 r=0.299 r=0.200 r=0.700 1
p=0.001" p=0.001" p=0.001" p=0.001"
Anxiety r=0.351 r=0.354 r=0.235 r=0.793 r=0.416 1
p=0.001" p=0.001" p=0.001" p=0.001" p=0.001"
Reassurance r=0.180 r=0.244 r=0.039 r=0.616 r=0.230 =0.263 1
seeking p=0.001" p=0.001" p=0.431 p=0.001" p=0.001" p=0.001""
Compulsion r=0.343 r=0.333 r=0.246 r=0.747 r=0.353 r=0.640 r=0.231 1
p=0.001" p=0.001" p=0.001" p=0.001" p=0.001" p=0.001" p=0.001"
Age of the r=-0.113  r=-0.107 r=-0.084 r=-0.196 r=-0.274 r=-0.075 r=-0.087 r=-0.110 1
parent p=0.024  p=0.031 p=0.094 p=0.001" p=0.001" p=0.131 p=0.083 p=0.028
Parent’s r=0.182 r=0.219 r=0.076 r=0.238 r=0.212 r=0.153 r=0.147 r=0.180 r=-0.139 1
average daily  p=0.001" p=0.001" p=0.128 p=0.001" p=0.001" p=0.002 p=0.003 p=0.001"  p=0.005
mternet use
(hours)
Age of the r=-0.121 r=-0.138  r=-0.061 r=-0.230 r=-0.244 r=-0.113 r=-0.177 r=-0.100 r=.605 =0.045 1
child p=0.015  p=0.006 p=0.224 p=0.001" p=0.001" p=0.023 p=0.001"  p=0.045 p=0.001" p=0.367
Duration r=-0.136  r=-0.125  r=-0.107 r=-0.110  r=-0.082 r=-0.049 r=-0.099 r=-0.070 =323 r=-0.118 r=0.457 1
of child’s p=0.006  p=0.012 p=0.032 p=0.027  p=0.099 p=0.331 p=0.048 p=0.160 p=0.001" p=0.018 p=0.001""
diagnosis
(years)

r: Pearson’s correlation, p<0.05,

":p<0.001, IUS: Intolerance of uncertainty, CSS-SF: Cyberchondria Severity Scale-Short Form
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Table 6. Regression analysis results regarding the prediction level of IUS on CSS-SF (n=402)

Beta Standard defect Standard beta t P 95% confidence interval
Constant coefficient 20.669 1.726 11.974 0.001 17.275 24.062
1US 0.380 0.044 0.397 8.664 0.001 0.294 0.466
R 0.397
R?/adjusted R? 0.158/0.156
R? change 0.158
F 75.057
VIF 1.000
Durbin-Watson 1.304

Simple linear regression, p<0.001, dependent variable: CSS-SF total score, independent variable: TUS total score, TUS: Intolerance of uncertainty, CSS-SF: Cyberchondria Severity Scale-

Short Form, VIF: Variance inflation factor

inhibitory anxiety) increased, CSS-SF scores also increased. As all
subscales of cyberchondria (anxiety, compulsion, excessiveness,
and reassurance seeking) increased, IUS increased. As parents’
ages, children’s ages, and duration of diagnosis increased, levels
of both intolerance of uncertainty and cyberchondria tended to
decrease. As parents’ average daily internet use increased, both
IUS and CSS-SF rose. Intolerance of uncertainty significantly
predicted parents’ cyberchondria and explained part of the variance
in parents’ cyberchondria levels.

This study found that as parents’ level of education increased,
both intolerance of uncertainty and cyberchondria levels rose. This
finding suggests that, despite individuals with higher educational
levels having greater access to health-related information and a
greater capacity to process that information, their perception of
uncertainty may increase rather than decrease, particularly for
chronic and unpredictable illnesses. The literature reports that
individuals with higher educational levels have greater health
literacy; however, this higher literacy is also associated with
increased information-seeking behavior, greater exposure to
conflicting online health information, and a tendency to evaluate
risks in greater detail.’***' In cases such as childhood epilepsy,
where the disease course is variable and perceived control is
limited, increased information-seeking may make parents more
aware of uncertainty rather than help them cope with it. This
process may cause online health searches that are initiated to reduce
uncertainty to turn into a cycle that reinforces cyberchondria over
time.*? Therefore, the emergence of a high educational level as
a risk indicator for intolerance to uncertainty and cyberchondria
in this study may be related to how information is structured and
interpreted in a clinical context, rather than to its quantity.

This study has revealed that as parents increasingly search for
information about their children’s illnesses online, both their
intolerance for uncertainty and the severity of their cyberchondria
increase. The literature indicates that individuals seek information
to regain a sense of control in situations of health-related
uncertainty, but this process can increase rather than reduce
uncertainty, particularly when it results in extensive exposure
to unverified or conflicting online health information.'*'® In
this context, it has been suggested that frequent and repetitive
internet searches lead to a mental expansion of possible disease-
related scenarios in parents, thereby reinforcing intolerance to
uncertainty, while increased perceived uncertainty may trigger
anxiety, excessiveness, and reassurance-seeking behaviors specific
to cyberchondria.!”*! Particularly in chronic and unpredictable

illnesses, it has been reported that parents’ excessive reliance
on online health information becomes a cyclical process that
perpetuates anxiety, rather than serving as a strategy to regulate
it.?* Therefore, the study’s findings suggest that internet-based
health information search behaviors may play a reinforcing role,
both directly and indirectly, in the relationship between intolerance
of uncertainty and cyberchondria.

This study examined the structural relationship between intolerance
of uncertainty and cyberchondria in parents of children diagnosed
with epilepsy. Correlation analysis revealed a moderately positive
and significant association between intolerance of uncertainty and
cyberchondria severity. Regression analysis showed that intolerance
of uncertainty was a significant predictor of cyberchondria
severity, explaining 15.6% of its total variance. Intolerance of
uncertainty is an important determinant of health anxiety resulting
from online health information searches. It refers to individuals’
beliefs in the necessity of certainty. It also refers to their capacity to
cope with unpredictable changes. It is considered a risk factor for
cyberchondria.’*¢ Intolerance of uncertainty has been suggested to
be indirectly related to cyberchondria, particularly through its links
to health anxiety.!” Uncertainties about individuals’ health status
may cause them to search more frequently for medical information
online, which increases the level of cyberchondria by inducing
anxiety resulting from information overload."*” Furthermore,
research has revealed a notable link between cyberchondria and
a tendency to feel uncertain. This association is characterized by a
moderate to strong correlation.'®*#3 When it comes to unpredictable
illnesses such as epilepsy, parents’ intolerance of uncertainty may
lead to cyberchondria and a cycle of anxiety as they seek additional
information online.

This study found that as the level of anxiety experienced by parents
of children with epilepsy when faced with uncertainty increased,
their tendency to turn to health-related internet research also
increased. This finding is consistent with other studies. For example,
it has been reported that factors such as intolerance of uncertainty
and inhibitory anxiety prompt individuals to search the internet for
medical information, which can result in negative emotional states
by increasing catastrophizing thoughts.'”'® Furthermore, Fergus®
found that inhibitory intolerance of uncertainty and physical anxiety
sensitivity were significantly associated with various dimensions
of cyberchondria in a normative adult sample. In the literature,
when examining the subdimensions of intolerance of uncertainty,
the relationship between inhibitory anxiety and cyberchondria is
stronger, whereas the relationship between prospective anxiety and
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cyberchondria is weaker.!7'#3%4! The significance and direction of
the relationships between the factors in this study are consistent
with those reported in the literature. However, the relationship
between prospective anxiety and cyberchondria is stronger than
that between inhibitory anxiety and cyberchondria. This suggests
that anxiety about the future plays a more prominent role for
parents of children with epilepsy than does their tendency to inhibit
behavior in the face of uncertainty. These findings suggest that
intolerance of uncertainty and anxiety lead to similar behavioral
outcomes across groups, but anxiety about the future is particularly
prominent among parents of children with epilepsy.

The study found that as parents’ levels of extremism, worry,
confidence-seeking, and compulsion increased, their ability to
cope with uncertainty weakened and their tolerance for uncertainty
decreased. These findings are consistent with other studies. Studies
in adults, for instance, have shown that intolerance of uncertainty
is associated with behaviors such as excessive health anxiety
and information-seeking.*** Parents of children with epilepsy
experience similar anxieties when faced with uncertainty about
their child’s health status, which can lead to behaviors such as
excessive information seeking, constant reassurance-seeking,
or over-preparation. While these behaviors are not inherently
dysfunctional, they can exacerbate intolerance of uncertainty
when applied rigidly.***® The findings of this study indicate that
intolerance of uncertainty is associated with similar psychological
and behavioral outcomes in both adults with health anxiety and
parents of children with chronic illnesses, demonstrating that this
trait consistently contributes to cyberchondriac behaviors across
contexts. This relationship among parents of children with epilepsy
may be explained by the persistent uncertainty and chronic stress
related to their child’s condition.

Study Limitations

This study has several limitations. First, due to its cross-sectional
design, the study cannot establish causal relationships. Secondly,
the data were collected from only one hospital in one region,
and the sample size and diversity are limited. This may affect
the generalizability of the findings. Thirdly, collecting data using
self-report scales may lead to methodological limitations, such as
social desirability bias. In addition, the low internal consistency
coefficients for some sub-dimensions of the scales used in the
study warrant caution when interpreting the results. In future
studies, more comprehensive results could be obtained by using
larger samples from different regions and employing longitudinal
designs.

CONCLUSION

This study revealed a significant and moderate relationship
between IUS and CSS-SF among parents of children with epilepsy.
The findings show that both levels of intolerance of uncertainty
and the severity of cyberchondria increase with parents’
frequency of internet research related to the disease and with their
educational level. The observation that future-focused anxiety,
one of the subscales of intolerance of uncertainty, is more strongly
associated with cyberchondria suggests that parents’ perception of
future uncertainty plays a decisive role in chronic diseases with
unpredictable courses, such as epilepsy. Furthermore, the decrease in
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intolerance of uncertainty and in levels of cyberchondria as parental
and child ages increase suggests that experience and adaptation to
the disease process may mitigate these psychological responses.
A simple linear regression analysis showed that intolerance of
uncertainty was a significant predictor of cyberchondria severity,
explaining 15.8% of the variance in cyberchondria. These findings
emphasize the importance of strengthening skills for coping with
uncertainty and health literacy when planning psychosocial support
for parents of children with epilepsy.
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Abstract

Objective: Although advances in diagnosis and treatment have improved seizure control in epilepsy, the psychosocial burden of the condition remains
substantial. Stigma, social misconceptions, and perceived barriers in education, employment, and interpersonal relationships continue to shape the lived
experience of people with epilepsy. Understanding these challenges in contemporary clinical populations is essential for informing patient-centered care and
public awareness strategies. To investigate the social, educational, occupational, and relational experiences of adults with epilepsy, with particular emphasis on
perceived stigma and societal attitudes.

Methods: In this cross-sectional study conducted at a tertiary epilepsy clinic, 90 adult patients (mean age 36.8+12.0 years) completed a structured questionnaire
consisting of Likert-type items and open-ended questions exploring experiences related to education, employment, social relationships, and stigma. Clinical
data, including epilepsy type, seizure frequency, and treatment characteristics, were obtained from medical records. Responses were analyzed descriptively, and
open-ended questions were thematically categorized.

Results: Participants reported a range of psychosocial challenges, including perceived negative reactions from others, concerns regarding relationships and
family life, and difficulties in educational and occupational settings. A notable proportion of patients reported difficulties related to societal attitudes (38.8%).
Open-ended responses indicated that difficulty in socializing (26.7%), fear of seizures (20%), and challenges in finding employment (15.6%) were among the
most frequently reported concerns. Misconceptions in the community included beliefs that people with epilepsy may be dangerous to others (37.7%) or may be
less productive at work (11.1%).

Conclusion: Despite advances in clinical management, epilepsy remains associated with substantial psychosocial burden and perceived stigma. These findings
highlight the need for ongoing efforts to address public misconceptions, support patients in social and professional domains, and integrate psychosocial
considerations into routine epilepsy care.

Keywords: Epilepsy, misconceptions, quality of life, social perceptions, stigma

INTRODUCTION

Epilepsy is one of the most common chronic neurological disorders worldwide, characterized not only by recurrent seizures but also by
a broad spectrum of psychosocial consequences. Although advances in diagnostic techniques, pharmacological treatments, and surgical
interventions have improved seizure control for many individuals, living with epilepsy continues to be associated with challenges that
extend beyond the clinical manifestations of the disease.

Stigma has long been recognized as a central aspect of the experience of epilepsy. It encompasses both enacted stigma, referring to
experiences of discrimination, and felt stigma, which reflects internalized perceptions of shame, social distance, or fear of negative
judgment. Theoretical models suggest that stigma arises through complex interactions among cultural beliefs, social power dynamics, and
misconceptions regarding the nature of the condition.? Even in settings where medical understanding of epilepsy has advanced considerably,
stigma persists as a significant contributor to reduced quality of life and social participation.>

Research has demonstrated that stigma and negative societal attitudes toward epilepsy can affect multiple domains of life, including
education, employment, interpersonal relationships, and family formation. Misconceptions—such as beliefs that epilepsy is contagious,
associated with mental illness, or indicative of reduced competence—continue to influence how individuals with epilepsy are perceived and
treated within their communities.> Moreover, psychosocial factors such as depression, social support, and socioeconomic conditions have
been shown to interact with perceived stigma, further shaping individual experiences.’
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While previous studies have examined stigma and psychosocial
outcomes in diverse populations, there remains a need for
contemporary clinical data reflecting the real-world experiences of
patients receiving routine care. Understanding how individuals with
epilepsy perceive their condition within their social environments
may help identify ongoing barriers and inform interventions aimed
at reducing stigma and improving overall well-being.?

The present study aimed to explore the educational, occupational,
relational, and social experiences of adults with epilepsy in a
tertiary care setting, with particular attention to perceived stigma
and common societal misconceptions. By combining structured
questionnaire data with patients’ own perspectives, we sought to
provide a comprehensive view of the psychosocial dimensions of
living with epilepsy in the modern era.

METHODS

This study was conducted in January 2026 at the Neurology Clinic
of the University of Health Sciences Tiirkiye, Izmir Tepecik
Education and Research Hospital. The study protocol was approved
by the University of Health Sciences Tiirkiye, Izmir Tepecik
Education and Research Hospital Non-Interventional Research
Ethics Committee (approval no: 2026/01-14, date: 02.02.2026) and
was conducted in accordance with the principles of the Declaration
of Helsinki.® Informed consent was obtained from all subjects.

A total of 90 adult patients with epilepsy who were followed up
at the epilepsy outpatient clinic and who voluntarily agreed to
participate were included in the study; 57 were female and 33 were
male. The mean age of the participants was 36.8+12.0 years (range:
19-63 years).

During their routine outpatient visits, participants were asked to
complete a questionnaire administered by the investigators. The
questionnaire was developed by the investigators specifically for
this study and consisted of 15 Likert-type items and additional
open-ended questions. Patients who had psychiatric or neurological
conditions that could interfere with their ability to respond to the
questionnaire, such as aphasia or cognitive impairment, were
excluded.

The first 90 consecutive patients who met the inclusion criteria—
being between 18 and 65 years of age, having regular follow-up and
available medical records, having no condition that would prevent
them from answering the questionnaire, and providing voluntary
consent—were enrolled in the study. No additional selection
criteria were applied with respect to epilepsy type, seizure type, or
treatment regimen.

MAIN POINTS

* Epilepsy continues to impose a substantial psychosocial burden beyond
seizure control.

* Perceived stigma affects education, employment, relationships, and
social integration.

+ Patients report persistent societal misconceptions and fears of negative
reactions.

* Psychosocial concerns remain prominent even in patients under regular
clinical follow-up.

+ Targeted stigma-reduction strategies are needed alongside medical
treatment.

Internal consistency was assessed exclusively for the 15 Likert-type
items using Cronbach’s alpha. Responses to open-ended questions
in which participants expressed their views (e.g., “In your opinion,
what is the greatest challenge of living with epilepsy?”) were
categorized into thematic groups and analyzed descriptively using
frequencies and percentages.

Statistical Analysis

In addition to the information obtained from the questionnaire
on the day of assessment, data regarding epilepsy type, seizure
frequency, and use of antiseizure medications were verified by
review of patients’ medical records. Frequency analyses and
descriptive statistics were performed using SPSS software version
27 (IBM Corp., Armonk, NY, USA).

RESULTS

The demographic and clinical characteristics of the patients are
presented in Table 1. Eighty patients (88.9%) reported attending
regular medical follow-up visits even in the absence of symptoms,
whereas 10 patients (11.1%) stated that they consulted a physician
only in emergency situations. Nine patients (10.0%) reported
difficulties in accessing healthcare services. Among the 21 patients
(23.3%) who had applied for disability-related benefits, 8 had their
applications approved.

Regarding educational status, 3 patients (3.3%) had never attended
school, 35 (38.9%) had completed primary education, 36 (40.0%)
had completed high school, and 16 (17.8%) had completed
university education.

Sixteen patients (17.8%) reported difficulties in their education due
to epilepsy, while 43 patients (47.8%) stated that epilepsy did not
affect their education. Thirty-one patients (34.4%) did not respond
to this question (Figure 1).

Table 1. Demographic and clinical features

Patients (n) 90
Age 36.8+12.0 (19-63) years + SD
Female/male 57/33

Disease duration 16.9£11 (1-48) years = SD

Focal/generalized/combined/unknown

. 21/63/4/2
epilepsy
) Restlessness (7 patients)
The most common pre-ictal symptoms )
Fear (7 patients each)

) ) Fatigue (12 patients)
The most common seizure trigger .
Stress (16 patients)

Seizure frequency (mean seizure/year)

0 8
1-12 70
>12 12

Number of anti-seizure medications currently used

0 8
1 47

2
>3 13

SD: Standard deviation

111



Arch Epilepsy 2026;32(3):110-114

In terms of employment status, 33 patients (36.7%) were employed
full-time, 7 (7.8%) were employed part-time, 36 (40.0%) were
unemployed, 10 (11.1%) were retired, and 4 (4.4%) were students.
The difficulties experienced throughout the patients’ educational
and occupational trajectories are shown in Figure 2.

Among the patients, 42 (46.7%) were single and 48 (53.3%) were
married. Patients’ views on romantic relationships, marriage, and
having children are presented in Figure 3.

Thirty-five patients (38.8%) reported experiencing various
difficulties related to societal attitudes toward epilepsy (Figure 4).

The most frequently reported responses to the questions “What
is the greatest challenge of living with epilepsy?” and “What is

Have you ever been
bullied by your peers

Do you think your teachers .
lacked adequate awareness - -

about epilepsy? (n=59)

Have you experienced any difficulties

due to epilepsy? (n=60)

m Strongly disagree (%)
m Disagree (%)
Neither agree nor disagree (%)
Agree (%)

m Strongly agree (%)

0 20 40 60 80 100

Figure 1. Educational impact

Have you ever experienced
discrimination in the workplace? (n=90)
Have you ever experienced difficulties
in finding a job? (n=90)

0 20 40 60 80 100

m Strongly disagree (%)

m Disagree (%)
Neither agree nor disagree (%)
Agree (%)

m Strongly agree (%)

Figure 2. Workplace impact

“I hesitate to have children
because | have epilepsy.” (n=68) - 4 _
“I am afraid that
epilepsy is a genetic condition... _, -
ool |
my epilepsy was an obstacle... "
st esionshio wit e,
romantic relationships with me... .
“I have had / currently have I
concerns about marriage." (n=86) | _

0 20 40 60 80 100

W Strongly disagree (%)

m Disagree (%)
Neither agree nor disagree (%)
Agree (%)

m Strongly agree (%)

Figure 3. Relationship concerns

"| receive negative reactions from _ 1
others... | -
from expressing myself freely in... A - m Strongly disagree (%)
"The public perceives epilepsy as _ . _ u Disagree (%)
a contagious condition... . Neither agree nor disagree (%)

Agree (%)

"l avoided participating in social _ |
activities... | -
"I felt socially excluded

because of my epilepsy.” (n=s0) TN N

0 20 40 60 80 100

W Strongly agree (%)

Figure 4. Perceived stigma
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the most common misconception about epilepsy in society?” are
presented in Table 2.

DISCUSSION

Our study aimed to re-examine the social, familial, and professional
challenges experienced by people with epilepsy in the context
of contemporary advances in awareness and treatment. Despite
improvements in seizure control, reductions in medication side
effects, and increased public education efforts, our findings indicate
that people with epilepsy continue to face substantial psychosocial
difficulties.

During their education, 20% of our patients reported that their
education was more difficult in some respects due to epilepsy, and
40% stated that their teachers’ awareness of epilepsy was insufficient
(Figure 1). Previous studies have shown that awareness of epilepsy
among teachers, and especially among high school students,
is quite high, and that attitudes toward people with epilepsy are
generally positive.”® Although general attitudes and tendencies are
positive, beliefs such as the idea that children with epilepsy should
be kept separate from other children have also been reported
among teachers at non-negligible rates.”!® Educational difficulties
may have long-term implications, potentially influencing future
employment opportunities and social participation.

Employment-related findings in our cohort are consistent with the
literature documenting challenges in workplace integration for
people with epilepsy.'" A total of 26.7% of patients had difficulty
finding a job, and 10% reported experiencing discrimination in the
workplace due to epilepsy (Figure 2). A study conducted in Poland
reported that three-quarters of respondents did not consider working
with an individual with epilepsy problematic. According to this
study, only 55% of employed people with epilepsy had informed
their coworkers about their condition, and the majority attempted
to conceal their condition for fear of job loss or mistreatment.'> A
study conducted in Australia reported workplace discrimination at
a rate of 47%."

Our observation that many patients avoid romantic relationships
or express concerns about having children is in line with previous
research showing that misconceptions about epilepsy may affect
attitudes toward marriage and parenthood (Figure 3). A study
conducted among healthcare professionals in Riyadh showed
that even 13.4% of healthcare workers believed that patients with
epilepsy should not have children.” In another study conducted
among healthcare workers in Nigeria, the proportion of respondents
who did not object to marrying a person with epilepsy was found to
be only 12%.'¢ These results underscore the persistence of deeply
rooted beliefs that may shape interpersonal experiences.

Social withdrawal was also common in our sample, with a notable
proportion of patients avoiding social activities due to epilepsy
(Figure 4). Such avoidance may reflect fear of seizures occurring
in public, anticipated stigma, or prior negative experiences.'’

Patients frequently reported that epilepsy made socializing, finding
employment, and forming a family more difficult, emphasizing the
broad impact of the condition on daily life (Table 2).

Importantly, our findings indicate that a considerable proportion
(1/3) of patients believes that society perceives them as potentially
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Table 2. Most common challenges of living with epilepsy and societal misconceptions

n (%)
The greatest challenge of living with epilepsy Fear of having seizures 18 (20%)
Difficulty in socializing 24 (26.7%)

Difficulty in finding employment
Concerns regarding marriage and having children

Inability to obtain a driver’s license

The most common misconception about epilepsy in the
community

Epilepsy is a mental illness or is related to religious beliefs

Individuals with epilepsy are less productive at work than those

People with epilepsy may be dangerous to others

Epilepsy manifests only as generalized tonic—clonic seizures

14 (15.6%)
12 (13.3%)
6 (6.6%)

34 (37.7%)
23 (25.5%)
11 (12.2%)
10 (11.1%)

without epilepsy

dangerous (Table 2). This perception highlights the ongoing
need to address public attitudes toward epilepsy and improve
understanding of epilepsy, as such beliefs may contribute to self-
limiting behaviors and reduced social participation.'®

Taken together, our results reinforce the notion that epilepsy should
be understood not only as a neurological disorder but also as a
condition with significant social implications.

Recent qualitative syntheses have further deepened understanding
of stigma in epilepsy by demonstrating that stigma can affect
quality of life to a degree comparable to the physical burden
of seizures. A meta-synthesis of qualitative studies identified
recurring themes, including societal misconceptions, internalized
shame, concealment behaviors, and the need for supportive
relationships, and highlighted that stigma was experienced across
cultural contexts despite differences in healthcare systems and
levels of public awareness.” These observations resonate with
our findings, in which participants reported concerns related to
social participation, relationships, and perceived public attitudes,
suggesting that stigma remains a multidimensional construct that
affects everyday functioning.

The literature also emphasizes that individuals with epilepsy
frequently adopt coping strategies such as selective disclosure
or avoidance of social situations to mitigate anticipated negative
reactions. Such adaptive behaviors may inadvertently reinforce
social isolation and reduce opportunities for engagement,
contributing to a cycle in which stigma and withdrawal perpetuate
each other’ The patterns observed in our cohort, including
reports of social exclusion and concerns regarding interpersonal
relationships, are consistent with this conceptual framework.

Furthermore, previous studies have highlighted the importance
of sociocultural context in shaping stigma experiences. Cultural
narratives, religious interpretations, and community beliefs can
influence whether epilepsy is perceived primarily as a medical
condition or as a source of social difference. The persistence
of misconceptions—including fears related to contagion or
diminished competence—underscores the need for culturally
sensitive educational initiatives.! Our findings, particularly those
related to perceived public attitudes, support the notion that
improving community awareness remains a critical component
of comprehensive epilepsy care. Continued efforts aimed at
improving public awareness, supporting patients in educational
and occupational settings, and addressing misconceptions among

both the general population and professionals may help reduce the
burden experienced by people with epilepsy.

Another aspect underscored in prior research is that stigma can
affect major life decisions, including employment, marriage, and
family planning. Concerns about disclosure in the workplace or
fears of being perceived as unreliable have been reported as barriers
to career advancement, while anxieties related to relationships
may influence decisions about partnership and parenthood."
The relational concerns identified in our study align with these
observations and reinforce the broader impact of epilepsy beyond
clinical symptoms.

These findings support the view that epilepsy continues to carry
a psychosocial burden beyond its clinical manifestations. Stigma
appears to remain a central factor in understanding these challenges.
Importantly, stigma has been conceptualized as operating at multiple
levels—anticipated, enacted, and internalized—each contributing
differently to patient experience. Many of the difficulties reported
by our patients—including perceived social distance, concerns
about being viewed as dangerous, and avoidance behaviors—may
reflect both internalized fears and lived experiences within their
social environments. Recognizing these dimensions may help
clinicians better identify individuals at risk of psychosocial distress
and guide interventions that address both individual coping and
societal attitudes.>?

This study has several strengths. It provides contemporary
data from a real-world tertiary epilepsy clinic, capturing patient
experiences within routine clinical care. The use of both structured
questionnaire items and open-ended responses allowed for a more
nuanced understanding of psychosocial challenges. Additionally,
examining multiple domains—including education, employment,
relationships, and perceived stigma—enabled a comprehensive
assessment of the lived experience of epilepsy.

Study Limitations

Several limitations should be acknowledged. The cross-sectional
design limits the ability to draw causal inferences regarding the
relationship between clinical variables and psychosocial outcomes.
Data were collected from a single tertiary center, which may limit
the generalizability of the findings to broader populations or to
different healthcare settings. Self-reported measures are subject
to recall bias and may be influenced by individual perceptions.
Furthermore, psychiatric comorbidities, such as depression and
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anxiety, were not systematically assessed, although these factors
are known to interact with stigma and quality of life.

CONCLUSION

In conclusion, the findings of this study indicate that despite
significant advances in the medical management of epilepsy, the
condition continues to be associated with substantial psychosocial
challenges. Patients still report difficulties related to education,
employment, interpersonal relationships, and social participation,
many of which appear to be closely linked to persistent societal
misconceptions and perceived stigma. These observations
highlight that improving seizure control alone may not be
sufficient to address the broader impact of epilepsy on daily life.
Efforts aimed at increasing public awareness, promoting accurate
knowledge about epilepsy, and supporting patients in educational,
occupational, and social environments remain essential components
of comprehensive epilepsy care. Addressing stigma through
targeted educational initiatives and patient-centered interventions
may contribute to improvements in social integration and overall
well-being among people living with epilepsy.
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Dear Editor,

The recent study of physical activity in epilepsy reported that fear of seizures was the primary reason for avoiding exercise, whereas seizure
frequency itself was not related to physical activity levels.! This suggests that exercise restriction in epilepsy may depend less on actual
seizure burden and more on how patients perceive risk.

Many patients with epilepsy judge danger according to the unpredictability of seizures rather than seizure frequency alone. Even patients
with relatively rare seizures may continue to see exercise as unsafe because the possibility of suddenly losing control remains frightening.
Over time, avoidance behavior may continue even when seizure burden is low. This may partly explain why some patients remain physically
inactive despite stable epilepsy.

One possible explanation is that avoiding exercise may gradually become a learned behavior. Patients who repeatedly avoid physical
activity and do not experience seizures may start to believe that inactivity itself is protective. In this way, remaining sedentary may
unintentionally strengthen the idea that restriction is necessary. Temporary caution may turn into long-term self-imposed restrictions,
even among patients without severe epilepsy. Importantly, this process may continue even after the original medical concern becomes less
relevant. As avoidance becomes routine, patients may stop evaluating whether the restriction is still clinically necessary.

The findings of the study also suggest that this process may be reinforced by both social and clinical factors. Most patients had never
discussed physical activity with their physicians, and many reported being discouraged from exercising by people around them.! In daily
practice, physician silence may not always be neutral. When exercise is never discussed during follow-up visits, some patients may interpret
this as a sign that physical activity is unsafe. Warnings from family members may further strengthen avoidance behavior. In this setting, fear
may gradually shift from being a response to seizures toward becoming part of everyday activities.

This may explain why physically restrictive lifestyles remain common despite increasing evidence that exercise is safe and beneficial in
epilepsy.* The problem may therefore involve more than low motivation. In some patients, inactivity may gradually become part of living
with epilepsy itself, reinforced by others’ fear and caution.* This may create a mismatch between actual epilepsy severity and daily functional
limitations. Patients with relatively controlled epilepsy may therefore continue to live with restrictions associated with severe disease.

The study raises an important question: are some behavioral restrictions in epilepsy maintained more by learned fear than by ongoing
medical necessity? If so, physical restriction in some patients may persist less because of ongoing medical necessity and more because
fear itself has gradually been reinforced. Epilepsy care may therefore need to address not only seizures but also the learned restrictions that
persist after the actual risk has changed.
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