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Introduction

Epilepsy is defined as a condition characterized
by recurrent epileptic seizures lasting more than 24 h
that occur without provocation [1]. Long suffering from
epilepsy affects the overall quality of life of people
with epilepsy. People with epilepsy tend to be difficult
to heal and require long-term therapy. Quality of life is
important as an indicator of the success of health care

in people with epilepsy [2].

The epilepsy study group of the Indonesian
neurologist association (PERDOSSI) conducted a study
in 18 hospitals in 15 cities in 2013 for 6 months. There
were 2288 patients consisting of 487 new cases and
1801 old cases. The average age of new cases was
25.06 + 16.9 years, while the average age of old cases
was 29.2 + 16.5 years. A total of 77.9% of patients went
to a neurologist for the 1* time, 6.8% went to a general
practitioner, while the rest went to a traditional healer
and did not seek treatment [3].

Abstract

BACKGROUND: Epilepsy cases requiring OAE multitherapy are found in 40% of total epilepsy cases. Many epilepsy
patients are referred to Dr. Kariadi Hospital Semarang because of the occurrence of intractable epilepsy. Valproic
acid is one of the OAEs that are widely used in the BPJS era in Indonesia as a combination of phenytoin. Seizures
increase the expression of BDNF mRNA and protein.

METHODS: This study is a cross-sectional study that took place from January to May 2022. The subjects of this
study were epilepsy patients who used a combination of phenytoin-valproic acid who met the inclusion criteria.
Patient data were obtained from medical records and filling out questionnaires. Patients were asked to fast for
+ 8-10 h. Furthermore, blood sampling (+5 ml) of BDNF was carried out at 08.00-10.00 WIB. Cognitive function
assessments were performed using MoCA-Ina and the Hamilton depression rating scale at the same time. Data
were analyzed by Spearman correlation test and partial correlation test. The results are said to be meaningful if
p < 0.05.

RESULTS: Thirty-two study subjects used a combination of phenytoin-valproic acid. The Spearman correlation test
between the relationship between BDNF levels and cognitive function in epilepsy patients treated with valproic
acid and phenytoin showed a significant relationship with the direction and strength of which was strongly positive
(r=0.676 and p < 0.001). The partial correlation test between the relationship between BDNF levels and cognitive
function after controlling for age (r = 0.692), seizure frequency (r = 0.641), duration of combination therapy (r = 0.700),
and age of seizure onset (r = 0.693) remained the same, while after controlling for the level of education (r = 0.812)
and the type of seizure (r = 0.747) increased.

CONCLUSION: There is a strong correlation between BDNF levels and cognitive function in epilepsy patients
treated with valproic acid and phenytoin. The relationship between BDNF levels and cognitive function remained
the same after controlling for age, frequency of seizures, duration of combination therapy, and age of onset of
epilepsy.

BDNF is found throughout the brain, especially
in the cerebral cortex and hippocampus [4]. Recent
evidence has implicated BDNF in the pathophysiology
of epilepsy [4], [5], [6], [7]. BDNF can be regulated by
limbic seizures in animal models and in humans with
epilepsy. BDNF is an attractive candidate as a biomarker
of epilepsy in human cerebrospinal fluid as well as in
plasma or serum. Peripheral measurements of BDNF
can be obtained from blood samples [5], [6], [8]. Serum
BDNF levels in adults with epilepsy have not been
previously described. A recent study found decreased
plasma BDNF levels in people with epilepsy [5], [6].
Several factors (gender, age, and clinical variables)
were evaluated for their effect on serum BDNF
levels [5], [6], [8].

Cognitive impairment reported by many journals
and studies, occurs in people with epilepsy [9], [10].
Cognition is the scientific terminology of mental
processes which include attention, memory, and
language orientation and understanding, problem
solving, and decision-making [7]. Factors that can affect
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cognitive function in epilepsy, including the seizures
themselves, age at onset of epilepsy, frequency and
severity, damage caused by repeated or prolonged
seizures, heredity, psychosocial factors, and sequelae
of treatment for epilepsy, including antiepileptic drugs
(OAE) and epilepsy surgery [9], [10].

BDNF has been reported to affect development,
cognition, attention, and behavior. BDNF is essential for
neural plasticity and facilitates long-term hippocampal
and cortical potentiation, which are processes that
are critical for learning and memory. BDNF plays
an important role in learning and memory. The
neurotrophic hypothesis of depression suggests that
stress-related changes in BDNF levels occur in limbic
structures [5], [6], [11], [12].

Epilepsy cases requiring  multitherapy
with OAE are found in 40% of total epilepsy cases
worldwide, of which the percentage is higher in the
developing countries [9], [13]. Various factors that
influence multitherapy with OAE in epilepsy are the
patient’'s own epilepsy, who require more than OAE
monotherapy and also the level of patient compliance
in taking OAE [9], [13].

Methods

This research has received permission from
the Research Ethics Commission of Dr. Kariadi Hospital
Semarang with the number 867/EC/KEPK-RSDK/2021
dated August 3, 2021. This research is a cross-sectional
study, which was conducted at the Neurology Poly
Hospital of Dr. Kariadi Semarang in January—May 2022.

Subjects

Atotal of 32 patients (18 males and 14 females)
with epilepsy (aged 20-60 years) who received valproic
acid-phenytoin combination treatment for more than
1 year and met the inclusion and exclusion criteria.

Measurement of serum BDNF

Serum BDNF levels were measured using
Quantikine ELISA. Our patient asked to fast for
+ 8+£10 h. Furthermore, blood sampling (+ 5 ml) of
BDNF was carried out at 08.00-10.00 WIB [6], [7], [14].
Blood samples were taken in the outpatient laboratory
of Dr. Kariadi Hospital Semarang. The blood sample
was inverted until homogeneous, allowed to stand for
30-45 min until the blood was frozen. The blood sample
taken will be examined at the Prodia Jakarta laboratory.

Blood samples were immediately centrifuged at
3000 rpm for 15 min, separate the serum, and put it in
5 sample cups at 0.3 cc of serum (give identification,
name, and date), stored at -20°C.

Statistical analysis

Data analysis includes descriptive analysis and
statistical analysis. The stages of descriptive statistics
are to determine the basic characteristics of research
subjects and statistical analysis to see correlations. The
normality test of the data carried out was the Shapiro-
Wilk test, the results obtained were p = 0.05, which
means that the data are not normal. To determine
the relationship between BDNF levels and cognitive
function, a bivariate test with Spearman correlation test
was performed. The results are said to be meaningful
if p<0.05. Partial correlation test was conducted to
determine the effect of variables on the relationship
between BDNF levels and cognitive function in epilepsy
patients treated with valproic acid and phenytoin.

Results

Characteristics and demographics of
research subjects demographic

Characteristics of research subjects are age,
gender, and education level which are shown in Table 1.
Table 2 shows the clinical characteristics of research
subjects consisting of seizure frequency, duration of
combination therapy, seizure onset, type of seizure,
and scoring MoCA-Ina and BDNF values.

Table 1: Demographic characteristics of research subjects

Variable F (%) Median (minimum-maximum)
Age (years) 34.00 (20-60)
Gender
Male 18 (56.3)
Female 14 (43.7)
Level of education
Primary school 3(9.4)
Junior high school 6(18.8)
Senior high school 17 (53.1)
College (S1) 6(18.8)

Table 1 shows that the average age of the
patients was 34 (20-60) years. The gender of the
research subjects was male 18 subjects (56.3%) and
female 14 subjects (43.7%). The education level of
the research subjects obtained elementary school 3
subjects (9.4%), junior high school 6 subjects (18.8%),
high school 17 subjects (53.1%), and college 6 subjects
(18.8%).

Table 2 shows the average frequency of
seizures 2 times (1-25) per month, the average duration
of combination therapy is 10 (1-30) years, and the
average age of seizure onset is 10 (1-32) years. Based
on the type of seizure, there were 10 subjects (31.3%),
general-onset seizures (37.4%), and 10 subjects
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(31.3%). Based on the MoCA-Ina scoring, the average
score was 26.50 (22-28). Based on the value of BDNF
levels, an average of 39.93 (19.66-47.20) ng/mL was
obtained.

Table 2: Clinical characteristics of research subjects

Variable F (%) Mean + SD Median

(minimum-maximum)

Frequency of seizures (months)
Duration of combination therapy (years)
Age of seizure onset (years)
Type of seizure

Focal onset

General onset

Focal onset to bilateral
MoCA-Ina scoring 26.50 (22-28)
BDNF levels 38.07 +6.140 39.93 (19.66-47.20)

372:4.706  2.00 (1-25)
10.88 +8.245 10.00 (1-30)
12.00 + 8.977 10.00 (1-32)

10 (31.3)
12 (37.4)
10 (31.3)

BDNF: Brain-derived neurotrophin factor, SD: Standard deviation.

Relationship between BDNF levels and
cognitive function in epileptic patients

Researchers used the Spearman correlation
test to see the significance of the relationship between
BDNF levels and cognitive function scores in epilepsy
patients treated with valproic acid and phenytoin
(Table 3).

Table 3: The relationship between brain-derived neurotrophin
factor levels with cognitive function score

Variable MoCA-Ina
Rho p
BDNF level 0.676 <0.001*

Description: p < 0.05 significant, *Spearman correlation test. BDNF: Brain-derived neurotrophin factor.

Table 3 shows that the relationship between
BDNF levels and cognitive function scores has a
significant relationship (p < 0.001) with the direction
and strength of the relationship being strong positive
(r=0.676).

Relationship of BDNF levels with cognitive
function by controlling epilepsy factors

Based on Table 4, it can be seen that there
was no change between BDNF levels and cognitive
function before controlling for age (r = 0.676, p <0.001).
After controlling for age, there was no significant
change with the same strength correlation (r = 0.692,
p <0.001). There was no change between BDNF levels
and cognitive function before controlling for education
level (r = 0.676, p < 0.001). After controlling for the
level of education, there was a change in the strength

Table 4: Relationship of brain-derived neurotrophin factor
levels with cognitive function by controlling for age, education
level, frequency of seizures, duration of combination therapy,
age of onset of epilepsy, and type of seizures

of the correlation which was increasing (r=0.812,
p <0.001). There was no change between BDNF levels
and cognitive function before controlling for seizure
frequency (r = 0.676, p < 0.001). After controlling for
seizure frequency, there was no significant change
with the correlation strength which was still the same
(r = 0.641, p < 0.001). There was no change between
BDNF levels and cognitive function before controlling
for combination therapy (r = 0.676, p < 0.001). After
controlling for the duration of combination therapy,
there was no significant change with the correlation
strength being the same (r = 0.700, p < 0.001). There
was no change between BDNF score and cognitive
function before controlling for seizure onset (r = 0.676,
p < 0.001). After controlling for seizure onset, there
was no significant change with the same correlation
strength (r = 0.693, p < 0.001). There was no change
between BDNF score and cognitive function before
controlling for seizure type (r = 0.676, p < 0.001). After
controlling for the type of seizure, there was a change
in the strength of the correlation which was increasing
(r=0.747, p £ 0.001).

Discussion

Thirty-two subjects in this study obtained an
averagevalueof39.93BNDFlevels(19.66—-47.20ng/mL).
Compared to the results of other studies, Fang Chen
et al. (2018) reported the value of serum BDNF levels in
epilepsy patients 23.31 £ 8.61 ng/mL and control patients
29.52 + 8.39 ng/mL [14], Ching Chen et al. (2016)
reported a serum BDNF level of 26.1 £ 10.6 ng/mL [12],
Jun Lee et al. (2015) reported a serum BDNF value of
28.9 + 6.9 ng/mL [11], and Schmolesky et al. (2013)
reported aBDNF 24.95+7.28 ng/mL[8]. Choetal. (2012)
reported a serum BDNF level of 22.94 + 2.94 ng/mL [8].
Nofuji et al. (2008) reported a serum BDNF level of
14.9 £ 5.0 ng/mL [8]. This shows that there is still no
reference to the normal value of serum BDNF levels
due to differences in the number and characteristics of
research subjects in each country. In this study, with a
mean BDNF level of 39.93 (19.66—47.20) ng/mL with a
mean cognitive function score of 26.50 (22-28), it can
be thought that the average BDNF value is normal.

Based on this study, there was a significant
relationship (r = 0.676, p < 0.001) between BDNF levels
and cognitive function which had a strong positive
correlation coefficient. The higher the BDNF level, the
better cognitive function. This is supported by the study
of Ching Chen et al. (2016) which examined 34 epileptic
patients and 22 normal patients, the mean age was 39.8 +
11.1 years, the mean seizure frequency was 3.5 + 8.0 per
month, the mean seizure onset was 26.1 £11.6 per year,
using OAE multitherapy for more than 2 years, stated
that there was a significant relationship with moderate

Variable Relationship of BDNF levels with
cognitive function
Rho p
Age 0.692 <0.001°
Education level 0.812 <0.001°
Seizure frequency 0.641 <0.001°
Duration of combination therapy 0.700 <0.001°
Age of seizure onset 0.693 <0.001°
Type of seizure 0.747 <0.001°
Description: p < 0.05 significant, *Partial correlation test. BDNF: Brain-derived neurotrophin factor.
248

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Madi et al. Correlation of Brain-Derived Neurotrophin Factor Levels in Epilepsy Patients Treated with Valproic Acid and Phenytoin with Cognitive Function

correlation strength (r=0.425, p =0.001) between BDNF
levels and cognitive function in epilepsy patients [7].
BDNF can relieve neurological damage caused by
diseases such as Alzheimer’s, Parkinson’s, Spinal Cord
Injury, stroke, and other neurological disorders, besides
that BDNF is also closely related to the development
of cognitive function, learning processes, memory,
and depression. BDNF can regulate synaptic plasticity
and long-term potentiation (LTP) in the hippocampus
and other brain regions to influence learning and
memory [15], [16], [17].

The relationship between BDNF levels in
epileptic patients treated with phenytoin and valproic
acid with cognitive function after controlling for age
did not change (r = 0.692, p < 0.001) so that age does
not affect the relationship between BDNF levels and
cognitive function. This is because most of the subjects
in this study had a mean age of 34 (20-60) years.
The study by Hong et al. (2014) stated that there was
no significant relationship between the relationship
between BDNF levels and age in epilepsy patients
(p = 0.37) [5]. Age is not an important factor associated
with serum BDNF levels in epilepsy patients. The results
of this study are different from research by Fang Chen
et al. (2018) which stated that there was a significant
relationship (p = 0.018) decreased serum BDNF
levels with age in epilepsy patients [14]. The study
by LaFrance et al. (2010) which examined epilepsy
patients, the mean age was 43.60 + 16.57 years, stated
that there was a significant relationship (p < 0.001)
decreased serum BDNF levels with advanced age in
epilepsy patients [18].

There is a change between the relationship
between BDNF levels and cognitive function after
being controlled by education level, there is a change
in the strength of the correlation which is increasing
(r = 0.812, p < 0.001) so that the level of education
affects the relationship between BDNF levels and
cognitive function. This is supported by the study of
Wang et al. (2010) showing that there is a significant
difference (p <0.001) cognitive function among epilepsy
patients with elementary, junior high, high school, and
college education. These results indicate that a high
school education level of equivalent or higher can have
a protective effect on the cognitive function of people
with epilepsy. A study by Pai and Tsai (2005) higher
education level has better performance in cognitive
function. These findings suggest that training with
education can compensate for cognitive decline. A study
by Yusril et al. (2019) examined cognitive function in 42
epilepsy patients where the higher the education level
of the subject, the smaller the proportion of impaired
cognitive function due to epilepsy [18].

There was no change in the relationship
between BDNF levels and cognitive function after
controlling for seizure frequency (r = 0.641, p < 0.001)
so that the frequency of seizures does not affect the
relationship between BDNF levels and cognitive

function. This is because in this study, the average
seizure frequency was 2 times per month. The study
by Hong et al. (2014) also said that there was no
significant relationship between BDNF levels and
seizure frequency (p = 0.06) [5]. This is because apart
from the frequency of seizures, BDNF levels are also
influenced by medication, duration of seizures, and
type of seizures [5]. This is in contrast to a study by
Alvim et al. (2017) examining 251 epilepsy patients,
aged 18-70 years, who had consumed AEDs for
more than 1 year, reporting that serum BDNF levels
were significantly associated (p = 0.006) with seizure
frequency in epilepsy patients [19]. This is supported
by Alessio et al. who said that the frequency of seizures
is one of the factors causing hippocampal atrophy and
decreased levels of BDNF and cognitive function in
epilepsy patients.

There was no relationship between BDNF
levels and cognitive function after controlling for the
duration of combination therapy with OAE (r = 0.700,
p < 0.001) so that the duration of combination therapy
does not affect the relationship between BDNF levels
and cognitive function. This is in accordance with the
study by Fang Chen et al. (2018) which stated that
the duration of OAE therapy did not have a significant
relationship with serum BDNF levels (p = 0.67) [14].
Demir et al. (2019) showed a high level of BDNF in
the duration of OAE treatment with efficient, safe,
and appropriate doses and a low level of BDNF in the
opposite and resistant cases mostly according to the
clinical picture of the patient. This suggests a risk of
neurotoxicity and reduces the neuroprotective effect
of BDNF. With the minimum dose of OAE required to
control seizures, duration of therapy and number of
OAEs can increase BDNF levels [20]. In this study, it
was found that the average duration of combination
therapy was 10 (1-30) years, the mean BDNF level
was 39.93 (19.66-47.20) ng/mL and the mean cognitive
function was 26.50 (22-28).

There was no correlation between BDNF levels
and cognitive function after controlling for age of seizure
onset (r = 0.693, p < 0.001) so that the age of seizure
onset does not affect the relationship between BDNF
levels and cognitive function. This is in accordance with
the study by Fang Chen et al. (2018) which examined
epilepsy patients with a mean age of seizure onset
of 17.6 £ 10.49 years which stated that there was no
significant relationship (r = —0.024, p = 0.861) between
BDNF levels and age seizure onset [14].

There was a change between the relationship
between BDNF levels and cognitive function after
controlling forthe type of seizure, achange in the strength
of the correlation was increasing (r = 0.747, p < 0.001).
The 32 subjects in this study had focal onset seizures in
10 subjects (31.3%), general onset 12 subjects (37.4%),
and focal onset to bilateral 10 subjects (31.3%) and
found higher levels of BDNF in focal epilepsy patients.
compared to generalized epilepsy so that the type of
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seizure affects the relationship between BDNF levels
and cognitive function. Astudy by Fang Chen etal. (2018)
which examined 57 epilepsy patients with multitherapy
OAE treatment reported that serum BDNF levels were
significantly (p = 0.039) correlated with seizure type,
BDNF levels were found to be higher in patients with
focal epilepsy than generalized epilepsy [14]. This is in
contrast to the study by Poniatowski et al. (2021) who
reported a significant decrease in serum BDNF levels
(p = 0.033) in patients with generalized tonic—clonic
seizures [21]. Demir et al. (2019) stated regarding
the effects of focal/generalized seizures, certain
pharmacokinetic effects of OAE, and differences in
BDNF could be attributed to the mechanism of epsilon
activation of BDNF and protein kinase C (PKC) and
GABA receptor-mediated responses [20].

Limitation of this study is that this study is a
cross-sectional, data on the duration of combination
therapy, age of onset of epilepsy, frequency of
seizures, and types of seizures using medical records
and questionnaires so that it relies on information
from patients which can lead to memory bias. Dosage
and drug levels of phenytoin and valproic acid were
not taken into account, examination of BDNF levels,
Hamilton depression scale, and MoCA-Ina which were
not carried out simultaneously by considering the time
of the study and did not evaluate compliance factors
patients on epilepsy treatment.

Conclusion

There is a strong correlation between levels
of Brain-Derived Neurotrophin Factor (BNDF) and
cognitive function in epilepsy patients treated with
valproic acid and phenytoin.

The relationship between Brain-Derived
Neurotrophin Factor (BDNF) and cognitive function
was still strong after controlling for age, frequency of
seizures, duration of combination therapy, and age of
seizure onset, in epilepsy patients treated with valproic
acid and phenytoin.

The relationship between levels of Brain-
Derived Neurotrophin Factor (BDNF) and improved
cognitive function after controlling for education level
and type of seizure in epilepsy patients treated with
valproic acid and phenytoin.
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