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Abstract

Drug-resistant epilepsy in pediatric patients is associated with neuroinflammation and
neurodegeneration. Vitamin D 25-OH exerts neuroprotective effects, while glial cell line-
derived neurotrophic factor (GDNF) and the proinflammatory cytokine interleukin-18
(IL-1P) are implicated in the mechanisms of neuroinflammation and epileptogenesis. The
aim of this study was to investigate the relationship between vitamin D 25-OH, IL-1f3, and
GDNF levels with seizure severity and frequency in children with drug-resistant epilepsy.
A cross-sectional study was conducted at Adam Malik Hospital, Medan, Indonesia, among
children with drug-resistant epilepsy. Vitamin D 25-OH, IL-1 and GDNF levels were
measured using enzyme-linked immunosorbent assay (ELISA). Epilepsy severity was
assessed using the Hague Seizure Severity Scale (HASS), while seizure frequency was
assessed using the Global Assessment of Severity of Epilepsy (GASE). The present study
identified a significant correlation between GDNF levels and epilepsy severity, as
measured by the HASS score (r=0.318; p=0.006). However, no significant correlation was
observed between vitamin D 25-OH or IL-1f levels and epilepsy severity or seizure
frequency (p>0.05). IL-1f levels correlated significantly with GDNF levels (r=0.525;
p=0.001), but IL-1f did not directly correlate with seizure frequency or epilepsy severity.
In conclusion, GDNF levels significantly correlated with epilepsy severity, suggesting that
GDNF may serve as a potential biomarker for assessing epilepsy severity. However,
further studies investigating the role of GDNF as a potential neurotrophic factor in the
pathophysiology of epilepsy and its possible application as a therapeutic target are
important.
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Introduction

24

E F"' Drug—resistant epilepsy is a complex neurological condition that significantly challenges
ps://narmai.ong treatment, particularly in children [1,2]. Approximately 20-30% of pediatric epilepsy cases do

not respond to therapy with two or more anticonvulsant medications [3-5]. Characterized by
BY NG uncontrollable seizures, this condition greatly impacts the quality of life for patients and their
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families [6]. Previous studies have indicated that the high frequency and severity of seizures
contributed to a markedly reduced quality of life, highlighting the urgent need for more effective
therapeutic strategies [7-9].

Neuroinflammation plays a crucial role in the pathogenesis of epilepsy by activating
microglia and astrocytes, which subsequently release inflammatory mediators that lead to
neuronal hyperactivation [10-12]. Proinflammatory cytokines, such as interleukin 1§ (IL-13), are
associated with increased severity of epilepsy [13,14]. In contrast, neurotrophic factors, such as
glial cell-line-derived neurotrophic factor (GDNF), exhibit neuroprotective effects that could
decrease seizure frequency and enhance cognitive function [15,16].

Vitamin D 25-OH exhibits neuroprotective and anti-inflammatory effects and has been
associated with seizure frequency in epilepsy patients, with deficiency associated with worse
disease progression [17,18]; therefore, it is essential for maintaining central nervous system
function [17,19,20]. Vitamin D deficiency is prevalent among epilepsy patients undergoing long-
term anticonvulsant therapy, potentially exacerbating neuroinflammation and affecting neuronal
activity [21,22]. Moreover, abnormal levels of biomarkers such as IL-1 and GDNF are known to
influence the severity of drug-resistant epilepsy [14,23,24]. Therefore, in the present study,
further analysis of the role of vitamin D 25-OH levels and its impact on inflammatory biomarkers,
such as IL-1 and GDNF, is crucial for understanding its relationship with epilepsy severity.

The aim of this study was to investigate the relationship between vitamin D 25-OH, IL-1p,
and GDNF levels and seizure severity and frequency in children with drug-resistant epilepsy. The
findings are expected to inform the development of more effective therapies for drug-resistant
epilepsy and enhance patient quality of life through improved prevention and treatment
strategies. Furthermore, the results may support the incorporation of vitamin D 25-OH
supplementation, anti-inflammatory agents, or neuroprotective therapies into treatment
regimens for the drug-resistant epilepsy population by providing insights into treatment
responses based on seizure frequency and severity.

Methods

Study design and setting

A cross-sectional study was conducted at Adam Malik Hospital, Medan, Indonesia, to analyze the
relationship between vitamin D 25-OH, IL-1f, and GDNF levels and seizure frequency and
epilepsy severity in children with drug-resistant epilepsy. Eligible patients based on inclusion and
exclusion criteria were assessed to determine the seizure frequency and epilepsy severity.
Laboratory examinations were conducted to measure vitamin D 25-OH, IL-13, and GDNF levels.

Sampling strategy and criteria

The target population for the present study comprised children with drug-resistant epilepsy
attending the Pediatric Neurology outpatient clinic at Adam Malik Hospital, Medan, Indonesia,
between January and April 2024. A purposive sampling method was employed, with inclusion
criteria: (1) children aged 1 to 18 years; (2) those who had been on anti-seizure medications for
over 24 weeks but continued to experience seizures in the last 12 weeks; and (3) those who had
not taken vitamin D 25-OH supplements in the previous 24 weeks. Exclusion criteria included
children with heart, kidney, or liver diseases, severe nutritional deficiencies, or other non-
neurologic chronic conditions. A total of 73 patients met these criteria within the study period
and were included in the study.

Data collection

Demographic data (age and sex) and clinical data (seizure frequency and epilepsy severity) were
assessed from all patients with drug-resistant epilepsy after receiving consent from the parents.
The patients were categorized into children (0—9 years old) and adolescents (10—18 years old) to
facilitate age-group-specific analysis. Seizure frequency was assessed by estimating the frequency
over one month and by using components of the Global Assessment of Severity of Epilepsy
(GASE) questionnaire, completed by the patient's parents. Epilepsy severity was measured using
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the Hague Seizure Severity Scale (HASS) questionnaire, which parents completed with guidance
from trained staff to ensure proper understanding of the questions.

In addition, the levels of vitamin D 25-OH, IL-13, and GDNF were measured by collecting 4
cc of blood samples from the cubital vein. The serum was then transferred into individual
cryotubes designated for each biomarker analysis. Each cryotube was labeled with a unique code
corresponding to the participant's group and stored at -80°C until analysis. The levels of vitamin
D 25-OH, IL-1f3, and GDNF were measured using Elecsys Vitamin D total III (Roche Diagnostics
GmbH, Mannheim, Germany), Human Interleukin 1f, IL-13 BT-LAB Kit (Bioassay Technology
Laboratory; Jiaxing, China), and Human Glial Cell Line-derived Neurotrophic Factor, GDNF BT-
LAB Kit (Bioassay Technology Laboratory; Jiaxing, China), respectively, following the
manufacturer’s recommendation.

Study variables

Independent variables in this study were vitamin D 25-OH, IL-1, and GDNF levels. All of these
variables were measured using ELISA. Vitamin D 25-OH levels were classified into two
categories: normal (31-100 ng/mL) and abnormal (<30 ng/mL). All measurements were
conducted at the accredited laboratory of Adam Malik Hospital, Medan, Indonesia, to ensure the
validity and reliability of the results. In addition, age and sex were also treated as independent
variables.

The dependent variables in this study were seizure frequency and epilepsy severity. Seizure
frequency was assessed using the GASE questionnaire. The GASE evaluates seven clinical aspects
on a seven-point Likert scale, including seizure frequency, seizure intensity, injuries or falls
during seizures, duration or severity of the postictal period, total dosage or number of
antiepileptic drugs, side effects of antiepileptic drugs, and the impact of epilepsy or medications
on activities of daily living. Scores range from 1 (not at all severe/absent/never) to 7 (very
severe/extreme/very frequent/high) [25,26]. In this study, seizure frequency was measured using
one aspect of the GASE only and scored from 1 (never) to 7 (very frequent). For analysis, the
seizure frequency was categorized into two levels: non-frequent (1—4) and frequent (5—7).

Epilepsy severity was measured using the HASS questionnaire, which serves as a measure of
perceived seizure severity by parents and is valuable as an outcome measure in pediatric epilepsy
[27]. The HASS questionnaire evaluates 13 potential ictal and postictal problems experienced over
the past three months [28]. The HASS includes questions addressing consciousness (four
questions), motor symptoms (two questions), incontinence (one question), injury/pain (three
questions), and severity (three questions). Ictal symptoms are represented in nine questions,
while postictal symptoms are covered in four. The possible responses ranged from 1 (most
favorable) to 4—5 (most unfavorable). Total scores range from 13 (lowest seizure severity) to 54
(highest seizure severity) [27]. The HASS scores were categorized into two levels: mild (scores
13—32) and severe (scores 33—52).

Statistical analysis

Normality tests for all variables were conducted using the Kolmogorov—Smirnov test. Correlation
analysis was performed with the Pearson test for normally distributed data and the Spearman
rank test for non-normally distributed data. The relationships between biomarker levels (vitamin
D 25-OH, IL-1B, and GDNF level), seizure frequency (both per month and measured by GASE),
and epilepsy severity (HASS score) were measured using multiple linear regression. Before
regression analysis, regression assumptions—multicollinearity, heteroscedasticity, and
linearity—were assessed to ensure model validity. A p<o0.05 was considered statistically
significant. Statistical analysis was performed using SPSS software version 24.0 (IBM SPSS,
Chicago, Illinois, USA).

Results
Characteristics of patients

In the present study, 73 children with drug-resistant epilepsy were included, and their
characteristics are presented in Table 1. Out of the total, 40 were boys (54.8%), 31 children
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(42.5%) were aged under 10 years old, and 42 adolescents (57.5%) were aged between 10 and 18
years old. The mean HASS score was 32.49+9.27, indicating a balanced distribution between mild
and severe epilepsy (47.9% vs 52.1%). Vitamin D 25-OH level was found abnormal in 57 samples
(78.1%). A total of 36 (49.1%) and 37 (50.9%) patients were classified as having non-frequent and
frequent seizures based on the GASE questionnaire, with a median of five seizures per month.
The median levels of IL-13 and GDNF were 284.42 pg/mL and 2,260 pg/mL, respectively (Table

1).

Table 1. Characteristics of the included patients (n=73)

Characteristics Frequency (%)
Sex
Male 40 (54.8)
Female 33 (45.2)
Age
Children 31 (42.5)
Adolescent 42 (57.5)
Hague Seizure Severity Scale (HASS) score, mean+SD 32.49+9.27
Mild 35 (47.9)
Severe 38 (52.1)
Vitamin D 25-OH level (ng/mL), mean+SD 25.07+9.82
Normal (31—100 ng/mL) 16 (21.9)
Abnormal (<30 ng/mL) 57 (78.1)
Seizure frequency
Non-frequent 36 (49.1)
Frequent 37 (50.9)
Seizure frequency (month), median (min-max) 5 (1—244)

284.42 (29.24-2,967.66)
2,260.00 (30.00—11,490.00)

Interleukin-1f (IL-1B) level (pg/mL), median (min-max)
GDNF (pg/mL), median (min-max)

GDNF: glial cell-line derived neurotrophic factor

Relationship between vitamin D 25-OH, IL-1f3 and GDNF levels with epilepsy
severity

GDNF levels had a significant association with epilepsy severity (p=0.036). Patients with higher
GDNF levels tended to have higher HASS scores, indicating more severe epilepsy (Table 2).
However, no significant association was found between vitamin D 25-OH or IL-1 levels and
epilepsy severity (p=0.691 and p=0.838, respectively). These findings suggest that vitamin D 25-
OH and IL-13 may not play a direct role in epilepsy severity among children with drug-resistant
epilepsy (Table 2).

Table 2. Factors associated with epilepsy severity based on the Hague Seizure Severity Scale
(HASS) score among children with drug-resistant epilepsy

Variable Hague Seizure Severity Scale score p-value
Mild, n (%) Severe, n (%)
Sex
Male 22 (30.1) 18 (24.6) 0.1842
Female 13 (17.8) 20 (27.4)
Age
Children 18 (24.6) 13 (17.8) 0.5582
Adolescent 17 (23.2) 25 (34.2)
Vitamin D 25-OH level (ng/mL), 25.50+9.89 24.62+9.87 0.691P
mean+SD
Normal 8 (10.96) 8 (10.96) 0.8522
Abnormal 27(36.99) 20.00 (27.40)
IL-1p level (pg/mL), median 281.00 (29.24-1479.00) 289.91 (81.37—2967.66) 0.838P
(min-max)
GDNF level (pg/mL), median 1370.00 (30.00—-8160.00) 3315.00 (40.00—11490.00)  0.036Y"
(min-max)

GDNF: Glial-cell-line derived neurotrophic factor; IL-1f: interleukin-1
a Analyzed using Chi-squared test

b Analyzed using Mann-Whitney test

“Statistically significant at p<0.05
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Relationship between vitamin D 25-OH, IL-13 levels, GDNF levels, and seizure
frequency

Our data indicated that there was no significant association between vitamin D 25-OH, IL-1f3, and
GDNF levels and seizure frequency, as measured by the GASE scores (p>0.05 for all variables)
(Table 3). This finding suggests that these factors do not directly influence seizure frequency
among the patients with drug-resistant epilepsy in this study.

Table 3. Factors associated with seizure frequency among children with drug-resistant epilepsy

Variable Seizure frequency p-value
Non-frequent, n (%) Frequent, n (%)
Sex
Male 29 (39.73) 11 (15.07) 0.80112
Female 23 (31.51) 10 (13.70)
Age
Children 19 (26.03) 12 (16.44) 0.1242
Adolescent 33 (45.21) 9 (12.33)
Vitamin D 25-OH level (ng/mL), 26.71+11.44 24.40+9.13 0.368P
mean+SD
Normal 12 (16.44) 4 (5.48) 0.706?
Abnormal 40 (54.79) 17 (23.29)
Interleukin-1p (IL-1f3) level 289.91 (29.24-2967.66) 279.85 (81.98-1479.00) 0.884¢
(pg/mL), median (min-max)
GDNF level (pg/mL), median 1895.00 (30.00—11490.00)  2970.00 (40—6760) 0.903¢
(min-max)

GDNF: Glial-cell-line derived neurotrophic factor
a Analyzed by using Chi-squared test

b Analyzed by using ANOVA test

¢ Analyzed by using Mann-Whitney test

Correlation between vitamin D 25-OH, IL-1B, GDNF, seizure frequency, and
HASS score

Correlations between vitamin D 25-OH, IL-1f, GDNF, seizure frequency, and HASS score are
presented in Table 4. Vitamin D 25-OH levels did not significantly correlate with IL-1f levels,
GDNF levels, seizure frequency per month, or epilepsy severity as measured by the HASS score.
IL-1f levels correlated significantly only with GDNF levels (r=0.525, p=0.001). GDNF levels had
a significant correlation with HASS scores (r=0.318, p=0.006), suggesting that increased GDNF
levels are associated with greater epilepsy severity. However, GDNF levels did not correlate
significantly with seizure frequency per month. Seizure frequency showed no significant
correlations with any biomarkers or HASS scores.

Table 4. Correlations between vitamin D 25-OH, IL1, GDNF, seizure frequency, and Hague
Seizure Severity Scale (HASS) score

Parameters Correlation Vitamin D IL-1p GDNF Seizure HASS
coefficient 25-OH level  level level frequency score
and p-value

Vitamin D 25-OH level r 1.000 0.078 0.152 0.061 -0.055
p-value 0.514> 0.198P 0.610P 0.6442

IL-1f level r 1.000 0.525 -0.081 0.037

p-value 0.001P" 0.496P 0.755P
GDNF level r 1.000 -0.084 0.318
p-value 0.481P 0.006P"

Seizure frequency r 1.000 -0.058
p-value 0.629P

HASS score r 1.000
p-value

GDNF: Glial-cell-line derived neurotrophic factor; IL-1f: interleukin-1
2 Analyzed using Pearson correlation test

b Analyzed using Spearman correlation test

“Statistically significant at p<0.05
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Discussion

In the present study, the relationship between various biomarkers—vitamin D 25-OH, IL-1f3, and
GDNF—and epilepsy severity and seizure frequency were investigated in children with drug-
resistant epilepsy. The results indicated that vitamin D 25-OH levels did not show a significant
association with either epilepsy severity or seizure frequency. This finding aligns with previous
studies suggesting that, despite its neuroprotective role, the relationship between vitamin D 25-
OH and epilepsy remains inconsistent [29-32]. Vitamin D 25-OH levels contribute to calcium
homeostasis and neuronal function, with a link to mean seizure control observed clinically,
although the underlying mechanism remains unclear [29-32]. Conversely, a study found that
serum vitamin D 25-OH levels were associated with improved seizure control in some patients
who were previously vitamin D deficient, although this effect was not universal for all patients
[33]. Collectively, these studies suggest that the effects of vitamin D may be individualized and
influenced by factors such as genetics, seizure type, or interactions with anti-seizure medications
[34,35]. Nonetheless, the role of vitamin D as a neuroprotective agent remains significant and
severe vitamin D deficiency should be prevented in epilepsy patients to avoid complications that
may adversely affect their quality of life [29,36].

IL-1f is a proinflammatory cytokine involved in the pathogenesis of neurological diseases,
including epilepsy [37]. In the present study, IL-1p levels were not significantly associated with
epilepsy severity or seizure frequency; however, a positive correlation with GDNF levels was
observed. This suggests that IL-13 may be more related to general inflammatory processes rather
than directly influencing epilepsy severity [38-40]. IL-1f3 can trigger brain inflammation that
contributes to epileptogenesis, although its correlation with seizure intensity and epilepsy
severity remains inconsistent [38]. Furthermore, IL-13 may increase blood-brain barrier
permeability, thereby heightening seizure sensitivity [38]. Other studies indicated that IL-1 may
enhance blood-brain barrier permeability, thereby increasing seizure sensitivity [41,42]. A study
found that IL-1p associated with the risk of developing drug-resistant epilepsy in pediatric
patients, underscoring its role in epileptogenesis [43]. The relationship between IL-1 and GDNF
in the present study may indicate a complex interaction between inflammatory and neurotrophic
pathways, suggesting that further research is necessary to clarify the mechanisms underlying
epilepsy.

GDNTF levels had a significant relationship with epilepsy severity in the present study, as
measured by the HASS score. As a neurotrophic factor, GDNF is crucial for neuronal survival,
nerve regeneration, and overall neurological function [24]. The findings of the present study align
with previous research, suggesting that increased GDNF levels may indicate a compensatory
response to neurological damage in conditions such as epilepsy [44-46]. A study demonstrated
GDNF's therapeutic potential in protecting neurons, which may explain the higher levels
observed in patients with less severe epilepsy; however, this correlation is indirect and requires
further investigation [47]. Additionally, GDNF has been shown to reduce seizure severity in
animal models, supporting the idea that increased levels may reflect the body's attempt to
mitigate neuronal damage from recurrent seizures [48,49]. Nevertheless, elevated GDNF levels
may also indicate ongoing pathological processes [48,50]. A study found that long-term increases
in GDNF could lead to maladaptive changes in brain circuitry, potentially worsening epilepsy;
thus, the role of GDNF in epilepsy is complex and context-dependent [51]. While the present
study suggests a positive association between GDNF and epilepsy severity, further research is
needed to clarify its clinical implications and evaluate GDNF as a potential therapeutic target for
reducing epilepsy severity.

Seizure frequency per month is a critical variable for assessing seizure control in epilepsy
patients [52,53]. However, in the present study, no significant correlation was found between
seizure frequency and levels of vitamin D 25-OH, IL-13, GDNF, or HASS score. These findings
suggest that seizure frequency may not accurately reflect the true severity of epilepsy or associated
inflammatory and neurotrophic responses, especially in cases with treatment side effects or
complications [33,52,54-56]. Consequently, while seizure frequency is commonly used as a
clinical marker, the present study indicates that a more comprehensive assessment approach may
be necessary to fully understand the impact of epilepsy on patients.
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HASS score, used to assess epilepsy severity in the present study, exhibited a significant
positive correlation with GDNF levels, but not with vitamin D 25-OH, IL-1f, or seizure frequency.
HASS score encompasses various aspects of epilepsy severity, including seizure frequency,
duration, and their impact on daily life [16,57,58]. These findings support the effectiveness of
multidimensional approaches, such as the HASS score, in assessing epilepsy severity over a single
clinical or biochemical parameter. Previous studies highlighted that tools like HASS or the GASE
better captured the complexities of epilepsy and its effects on quality of life [9,59]. The correlation
between HASS scores and GDNF levels aligns with theories on neurotrophic responses that may
influence epilepsy severity [60]. However, it is crucial to apply severity assessment tools, such as
HASS, cautiously due to potential influences from subjective factors and individual variations [9].
Therefore, integrating HASS results with additional biomarkers and clinical data is essential for
a comprehensive understanding of the patient’s condition.

The major limitations of this study include its cross-sectional design, which limits
conclusions regarding causality and the dynamics of biomarker changes over time. The study's
reliance on a single-center, purposive sample may reduce generalizability, particularly as the
sample only includes pediatric patients with drug-resistant epilepsy. Furthermore, the use of self-
reported seizure severity scales by parents also introduces the potential for subjective bias,
especially as perceptions of severity can vary. Finally, despite the study’s valuable insights into
GDNF, IL-1p, and vitamin D 25-OH levels, it lacks a comprehensive exploration of other potential
biomarkers or genetic factors that may influence epilepsy outcomes, which could provide a more
holistic understanding of the disease.

Conclusion

GDNF levels significantly correlated with epilepsy severity, as measured by the HASS score,
suggesting that GDNF may serve as a potential biomarker for assessing epilepsy severity. In
contrast, vitamin D 25-OH and IL-1f levels did not show significant associations with either
epilepsy severity or seizure frequency, indicating that these factors may not directly influence the
pathophysiological mechanisms of epilepsy. Additionally, seizure frequency did not correlate
with the measured biomarkers, suggesting that epilepsy severity is not always reflected in seizure
frequency. These findings warrant further research to investigate the role of GDNF as a potential
neurotrophic factor in the pathophysiology of epilepsy and its possible application as a
therapeutic target.
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