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ABSTRACT

Most cases of temporal lobe epilepsy (TLE) had epileptic foci originating from the hippocampal
networks. As Brain-derived neurotrophic factor (BDNF) is a member of the neurotrophin
growth factor and mainly expressed in the hippocampus, it is not known the circulating level
of BDNF may correlate with cognitive performance and depression severities in patients with
chronic TLE. Forty-eight patients with TLE and 48 age- and gender-matched controls were
enrolled for standardized cognitive tests, geriatric depression scale (GDS) and serum BDNF
measurement. The study results showed significantly lower BDNF levels in the TLE patients
compared with the controls, and the significance was found in the age ranges of 30 to 65 year-
old. There was no gender effect of BDNF whether in the patients or in controls. In the patients,
the BDNF levels were related to the antiepileptic drug (AED) numbers (o= -0.287, p =0.048),
GDS scores (0=-0.306, p=0.044) and all cognitive test scores (p<0.05). None of the test scores
showed significance in the controls. Using regression model, independent role of BDNF level
on predicting verbal memory score and visual memory was found in the patients. Our study
suggested that serum BDNF levels were of diagnostic repertoire in reflecting poor cognitive
functions, higher depressive severity and greater numbers of AEDs in TLE patients.
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Introduction resulting in structural and neurobehavior

With an estimated prevalence of 40-60% in adult deficits over time [4]. Impairment in cognitive

epilepsy, temporal lobe epilepsy (TLE) remains
a common epilepsy syndrome that is often
refractory to antiepileptic drugs [1,2]. In most
cases of TLE, the epileptic focus originates from
the temporal lobe, particularly the hippocampus
[3]. TLE can be a progressive disorder, potentially ~ Brain-derived neurotrophic factor (BDNF) is a

performance beyond the memory domain has
been frequently reported [5,6] that caused poor
life quality. Development of reliable biological
biomarker for predicting cognitive performances
in TLE patients are of great clinical significance.
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member of the neurotrophin family of growth
factors mainly expressed in the hippocampus-
connected network. BDNF has protective
roles in the maintenance of neurons, synaptic
transmission and synaptic plasticity [7,8]. It
has been demonstrated that BDNF can cross
the blood-brain barrier in two directions, from
the brain to the peripheral blood and from the
blood to the brain via the high capacity saturable
transporter system [9]. The high correlation
between cortical and serum BDNF [10,11] has
led to a number of human studies on BDNF
levels in various neurological diseases. Previous
studies have shown decreased serum levels of
BDNF in the patients with major depressive
disorder [12,13]. Whether the BDNF serum
level also predicted the depressive severity and
cognitive performances in patients with chronic
TLE patients required more evidence.

Compared with age- and gender-matched
controls, the present study aimed to investigate
the diagnostic value of serum BDNF level. We
explored the relationships between serum BDNF
levels and the cognitive function and depression
severities in patients with chronic TLE and in
age-matched controls. In addition to the direct
comparisons between patients and controls, we
also tested the interactions of age, gender and
seizure risk demographics on the BDNF levels.

Methods

m Study design

This was a single center, age-and sex-matched
case-control study which was approved by the
Institutional Review Board of Chang Gung
Memorial Hospital and complied with the
ethical standards established in the Declaration
of Helsinki. The experiments were undertaken
with the written, informed consent of each
subject and their caregiver (when appropriate).

= Patient enrolment

This study was inidated at the epilepsy
outpatient clinic of the Kaohsiung Chang Gung
Memorial Hospital in 2009. Patients followed
up at the epilepsy cohort [14] all underwent
an extensive investigation including clinical
history, comprehensive neurologic examination,
interictal electroencephalography (EEG) and
routine visual MRI analysis.

The clinical diagnosis of TLE was based on the
International League Against Epilepsy criteria
(1997) as follows: (1) seizure semiology consistent
with TLE, with abdominal, epigastric, psychic,

or autonomic auras, followed by behavioral
arrest, progressive alteration of consciousness,
oroalimentary, and manual automatisms; (2)
mesial and/or anterior temporal interictal spikes
from video-electroencephalography (EEG) or
bilateral sphenoidal EEG; and (3) no lesions
other than increased T2 signal and/or atrophy in
hippocampal formation identified by MRI.

Because it was not possible to combine all the
influential factors in the TLE group to produce
a uniform population, we only included non-
surgical patients. By family history and past
medical history review, none of the patients
selected in this study had family traits or a
childhood febrile seizure history. Additional
exclusion criteria in this study included a
known history of mental retardation and a
psychiatric comorbidity that prevented either
a neuropsychiatric interview or neuroimaging.
We also excluded patients with any of the
following: (1) medication history of psychoactive
or central nervous system depressant drugs; and
(2) abnormal liver or renal functions. These
exclusion criteria were added to avoid the
confounding effects of medication and physical
disorders on the cognitive test results.

After screening our TLE cohort [14], 48 patients
fulfilled the inclusion and exclusion criteria,
agreed to participate in the study, and completed
it. Data for the age at onset, duration of epilepsy,
average seizure frequency per month during
the previous year, and numbers of AED were
analyzed. Forty-eight age-and sex- paired healthy
controls from the normative database were used
for BDNF level and neuropsychological testing
[15] comparisons.

Neurobehavior  testing and  depressive
severities: All the tests were performed within
two hours of EEG showing interictal state.
General intellectual function was assessed using
the minimental state examination (MMSE) [16].
Verbal and non-verbal episodic memory was
assessed by Chinese versions Verbal Learning
Test (CVVLT) [15] and the Rey-Osterrieth
Complex figure [17] after a 10-minute delay.
Language screening included the 15-item Boston
Naming Test [18] and 3-step comprehension
and semantic verbal fluency using fruit and
transportation.

Visuo-spatial abilities were assessed by a
modified Rey-Osterrieth Complex Figure and by
the number location test from the Visual Object
and Space Perception Battery [19]. The frontal
lobe function was assessed by digit forward
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and backward span, design fluency, Stroop
Interference test [20], and the Modified Trails B
test [21]. The 15 items geriatric depression scale
(GDS) was used to access the emotional states
related to physical abilities [22].

BDNF analysis: From the literature, a numbers
of determinants may influence the BDNF levels.
There is a diurnal variation for plasma BDNF
levels, but not in serum level [23,24]. Therefore,
we measured serum level in this study. In
addition, a non-fasting state was related
to an attenuated BDNF level [25]. As we
hypothesized that patients with more severe
cognitive deficits may show lower serum BDNF
levels, we decided to unify the time line to a
fasting state in the study population to avoid
the possible floor effect of BDNF level in the
patients. Meanwhile, to explore the diagnostic
repertoire of BDNF, we matched the gender
and age in the patients and controls, as well
as time of sampling in the coolbox (less than
30 minutes) and duration of sample storage (<
one week).

The time intervals between blood sampling with
last seizure or last secondary generalized tonic-
clonic seizure was 2 to 470 days. Blood samples
were taken between 8 and 10 am after overnight
fasting for BDNF analysis. Blood for serum
BDNF was collected in anticoagulant-free tubes
with the clotting activator and kept for one hour
one ice with a temperature of about 4°C. Serum
BDNF levels were measured using an enzyme-
linked immunosorbent assay (ELISA) kit (BDNF
E__ ImmunoAssay System Technical Bulletin).
The degrees of enzymatic turnover of the
substrate were determined by dual wavelength
absorbance measurements at 450 nm using a
multiscan spectrum reader (Thermo Scientific,
Miami, FL, USA). The antigen standards were
used to plot a standard curve of absorbance
versus antigen concentration from which the
antigen concentrations in the unknowns were
calculated. The intra- and inter-assay variations
were less than 9 and 15%.

m Statistical analysis

All values are expressed as mean * standard
deviation. The chi-square test was used to
compare the significance between categorical
variables. We used paired t test to compare
continuous variables between the patients
and controls. Pearson correlation analysis or
Spearman rank analysis, as appropriate, was used
to explore the relationship between BDNF and
cognitive domains in all subjects or individual

group. Multiple regression analysis was carried
out to determine the best predictor of visual
or verbal memory scores in the patients. The
strategy for the regression analysis was to assess
the association between cognitive outcomes
and BDNF levels, using age, education, and
seizure risk demographics as independent
variables.

Previous translational model suggested long
term treatment with Phenobarbital (40mg/
kg), valproate (100mg/kg), topiramate (40mg/
kg) or lamotrigine (80mg/kg) may reduce
BDNF mRNA level that can interfere with
the measured BDNF levels [26]. To assess the
influence of AED on serum BDNF levels, the
aforementioned AED was separately coded, and
the levels of BDNF were compared. A p value <
0.05 was considered to be statistically significant.
Statistical analysis was done using the Statistical
Package for Social Sciences (SPSS) software
package (version 13 for Windows, SPSS Inc,
Chicago, IL).

Results
= Clinical data

A comparison of clinical data between patients
with TLE with controls is listed in Table 1. There
were no significant differences in age and gender
between the controls and patients with TLE.
However, the patients had significantly lower
cognitive scores in verbal and visual memory,
speech and language ability and executive test
scores as compared with the controls. Meanwhile,

the patients scored higher in GDS.

Demographic Factors related to serum BDNF
level (Table 2): A direct comparison between
patients and controls in BDNF level showed
a lower levels in the patients, whether in man
or woman. The age effect was significantly
demonstrated in patients aged 30-65 years.
Within the patient or control group, we found
no gender or age effects on the serum BDNF
levels. In the patients group, the BDNF levels
correlated significantly with the numbers of
AED used (0= -0.287, p =0.048) but not with
seizure duration (0= - 0.058, p =0.693), age of
onset (0=-0.191, p=0.193) or seizure frequency
(0= -0.196, p=0.193).

Correlations between serum BDNEF levels and
cognitive performance: For all the participants,
the cognitive scores that correlated with BDNF
levels were explored (Table 3). It revealed
that BDNF levels were significantly related to
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Table 1: Demographic data of 48 epilepsy patients and 48 age- and sex- showed the best model fits (R square=0.187,
F=9.654, p=0.003), compared with linear model

matched controls.

Group epilepsy controls P value (R square=0.131, F=6.353, p=0.016), quadratic
Age 403+126 387105 0.492 (R square=0.156, F=3.776, p=0.031) or logistic
Education (year) 127+36 13.8+27 0.104 model (R square=0.140, F=6.816, p=0.012) for
Sex (male/female) 22/26 22/26 0.581 predicting MMSE scores (Figure 1A). For visual
Seizure onset (age, year-old) 268+13 NA memory, both short delay (30 second recall,
Seizure duration (years) 154492 NA Figure 1B) or long delay (10 minutes recalls,
Seizure frequency (per month) 3.77+79 Figure 1C) are dependent on the serum level
Antiepileptic drug number 24+1.0 NA of BDNF in the patients, while the relationship
Mini-mental state examination 27.7+29 288+ 14 0.023* were not shown in the controls. The same
Verbal memory CVVLT (9) interactions were also shown in visual memory
T 54£1.5 6.0+12 0.021* recall scores (Figure 1D). For executive function
T2 7514 7711 0.563 test, only the patients showed relationships
T3 81£1.1 8.2+09 0.883 between serum BDNF levels with regards to the
T4 83%10 85£08 0.271 trail making score (Figure 1E) or time (Figure
30- sec free recall 79+1.8 85+0.8 0.045* 1F). Serum BDNF levels also signiﬁcantly
10-min free recall 75+20 81+13 0.122 reflected verbal ﬂuency using fruit (Figure 1G)
Visual memory or Stroop interference test score (Figure 1H) in
Modified Rey-Osterrieth recall (17)  |11.9+4.4 144+24 0.004* the patients.

Visual-spatial Functions

Modified Rey-Osterrieth copy (17) | 16.8% 0.6 17.0£0.0 0.067 GDS and BDNF or cognitive scores: In the

Visual object and Space Perception 8517 8618 0.697 control or the p.a.tlents, the correlatlon' be.tween
(10) GDS and cognitive scores were not significant
Speech and Language Ability (Supplementary Table 1). However, the BDNF
Semantic fluency (1 minute) levels showed significant correlation with GDS

Fruit 121£36 153 £29 <0.001* scores in the patients (0= -0.306, p=0.044) while
Transportation 9.1+21 126+34 <0.001* the significance was not found in the controls
Boston Naming Test (15) 155+0.8 143 +2.1 0.001* (6= 0.075, p:0.61 1).

Comprehension (4) 3.5+0.8 3.8+04 0.088

Executive function BDNF showing independent role to verbal
Digit forward 73%14 8.2+ 1.0 0.001% and visual memory scores in TLE patient
Digit backward 47+14 56+14 0.004* controlling for risk confounders: In the
Stroop Interference Correct (1 patients, the relationships between verbal

. 435+ 145 51.4+£11.0 0.009*

minute) memory scores (30 seconds) and age (0=-
Design fluency 8.2+5.0 10.6 £3.1 0.003* 0438, p=0003) or educational levels (0’:-
Trail n:jaking test time (<120 26,5+ 12.0 458 +340 0.012* 0.505, p<0.001) were significant. After
secon 5). - _ entering these 2 with BDNF levels in multiple
Correct line in Trail making (14) 125+3.2 13.1+£25 0.294 regression model (R square=0.61, P<0~0001),
Geriatric depression scale ' {1.4 +4.0 : 1.6+2.2 — < 0.001 only the educational (standardized beta=0.404,
Data present as mean (standard deviation); number in parenthesis following task name = P=0-0009) and BDNF (Standardized

maximal scores; CVVLT: Chinese version verbal learning test; *p<0.05

beta=0.2693, p=0.01) significantly predicted

T . the short delay verbal memory scores. For visual
episodic verbal and visual memory, speech and .
memory scores, the regression model showed

language ability and executive functions.

We further explore the interactions between
BDNF levels and cognitive performance
between two groups using 4 different models
(supplementary Figure 1). For the analysis
between BDNF and cognition, the best model
of BDNF levels for predicting cognitive scores
in each group or between-group interactions are
shown in Figure 1.

None of the test scores in the control group
showed significant relationships with BDNF
level. In the patients, the logarithmic model

significance in educational level (standardized
beta=4.483, p<0.0001), age (standardized
beta=-2.497, p=0.017) and BDNF levels
(standardized beta=2.432, p=0.02).

Relationships between BDNF levels with AED
and seizure risk demographics: The influence
of Phenobarbital, valproate, topiramate or
lamotrigine was separately analyzed (Table 4).
The result suggested possible interference of
Topamax or valproate on the serum BDNF levels.
However, while the numbers of AED adjusted,
the effect of Topamax (standardized beta=-
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0.288, p=0.086) or Valproate (standardized
beta=0.271, p=0.057) disappeared.

Discussion
= Major findings

In this study, TLE patients with neurobehavioral
deficits were related to lower BDNF levels
compared with age- and gender-matched
controls especially in those aged more than 30
year-old. While the serum level of BDNF also
correlated with the test scores, our results suggest
that BDNF may be useful as a prognostic
biomarker for predicting global cognitive
performance and depressive severity in patients
with TLE. In contrast, there was no gender or
age effect on BDNF levels in the controls. The
only risk demographic factor found to be critical
to lower serum BDNF levels in TLE patients
was greater AED numbers while the age of onset,
seizure frequency or seizure duration did not
significantly related to the BDNF levels.

Serum BDNF levels are predictive of Cognitive
dysfunction and depression in TLE: Cognitive
deficits in TLE are well known. In TLE,
cognitive dysfunctions were reported not related
to seizure frequency [14]. There is a strong
distribution of temporal lobe abnormalities in
TLE with respect to epileptogenesis, particularly
in the hippocampus and also to a lesser degree
on the parahippocampal and entorhinal cortex
[27]. As BDNF level is highly associated with
hippocampal volume or function [28], decreased
BDNF level can be consider as a serum biomarker
for hippocampal network integrity.

For aging processes, BDNF decline was reported
to relate to the degrees of hippocampal atrophy
[28], or exhibit no changes with age [29].
Lower levels of BDNF were associated with
decline in hippocampus volume and poorer
memory in normal elderly study, controlled
for the variations of age [28]. In this study, a
significantly lower BDNF level was found in
the patients especially in those aged more than
30 year-old. An insignificant effect of age on
BDNF levels in normal population with age
ranges of 17-65 year-old is purposed based on

our controls.

The positive correlations between cognitive
performance and BDNF levels in our study
validated the protective role of BDNF in TLE.
In literature reviews, hippocampus network
activity stimulates transcription of the Bdnf gene
and translation of BdnfmRNA, while exogenous

Table 2: Paired Comparisons of Brain-Derived Neurotrophic Factor (BDNF) levels
between patients and controls.

BDNF values (ng/ml) Patients Controls P value
All (48/48) 22.04(9.1) 27.61(10.54) 0.007*
Gender

Male (22/22) 21.00 (8.86) 26.84 (10.77) 0.042*
Female (26/26) 22.93(9.37) 28.28 (10.52) 0.046*
Age range (year-old)

17~29(11/11) 26.09 (7.12) 27.23 (8.87) 0.6
30~39(16/16) 20.48 (10.02) 27.98 (8.43) 0.011*
40-65 (21/21) 21.12 (9.04) 27.54 (12.98) 0.02*

or controls; Paired t test; * p<0.05

p=0.675)

Data present as mean (standard deviation); number in parenthesis =casenumbers of patients
No gender effects in BDNF levels whether in the patients (t=0.728, p=0.47) or controls (t=0.42,

No age effects in the BDNF levels in the controls among the 3 age ranges (f=0.017, P=0.983)

Table 3: Correlation analysis of Brain-Derived Neurotrophic Factor and cognitive

function in all participants.
Brain-Derived Neurotrophic Factor
Variables Pearso.n Correlation p-value
coefficient
Mini-Mental State Examination scores 0.242 0.015*
Chinese Version Verbal Learning Test
T1 0.298 0.004*
T2 0.192 0.067
T3 0.178 0.090
T4 0.217 0.038*
30 seconds free recall 0.319 0.002*
10 minutes free recall 0.293 0.005*
Visual memory
Modified Rey-Osterrieth recall (17) 0.224 0.032*
Speech and Language Ability
Semantic fluency (Fruit) 0.284 0.006*
Semantic fluency (transportation) 0.264 0.011*
Boston naming test (16) 0.340 0.001*
Executive function
Digit Forward 0.207 0.048*
Digit backward 0.242 0.020*
Stroop test (1 minute) 0.247 0.0018*
Design fluency 0.278 0.007*
Modified Trails B test time -0.351 0.001*
Geriatric depression scale -0.216 0.039*
*P<0.05,

BDNF injected into the murine hippocampus
was reported to increase proliferation [30-
32]. There was a significant compensatory
increase in BDNF mRNA in TLE patients
with hippocampus sclerosis, compared with
those without [32]. As serum BDNF levels were
related to short- and long-delay verbal memory,
visual memory, speech and language ability and
executive functions in this study, we suggested
the measure of BDNF level may extend the
prognostic repertoire in relating cognitive
severities in TLE patients.
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Figure 1: Relationships between brain derived neurotrophic factor (BDNF) and cognitive performances.

In the patients, the logarithmic model showed the best model fits except for verbal fluency, Stroop interference test. MMSE=minimental state

examination.

BDNF and depressive severity in TLE: In this
study, patients with TLE showed significantly
higher GDS scores indicating depressive state
and the BDNF levels are highly reflective of the
severities. While the associations did not exist in
the controls, our observations were consistent
with one meta-analysis report showing lower
serum BDNF levels in depressed individuals [29].
Patients with TLE had decrease frontotemporal
fiber tract integrity [33] that may be linked with
greater severity of depression. Symmetric GM
atrophy was also found in the extratemporal
regions in TLE suggestive of common pathways
through the
supplementary motor area and caudate nucleus
[14]. There were also several studies that indicated
diffusely white matter damages in TLE [34,35].
The importance of kindling effects from the
epileptic foci that either deactivate the inhibitory
or stimulate the excitatory pathways [36] may

of epileptogenesis thalamus,

augmented the epilepsy-related damages to the
interconnected hippocampal neuronal networks
that could contributed to the decrement of
BDNF levels in the patients. As there is a lack of
relationship between GDS scores or any of the
cognitive test scores (supplementary Table 1),
our study suggested the relationships between
BDNEF levels and depressive severity in TLE
may not be mediated by the identical neuronal
networks as in cognition.

Decreased BDNF levels in TLE patients and
Jfactors that may interfere with the BDNF
levels: Recently, Hong, et al. [37] suggested that
the serum concentration of BDNF is associated
with disease severity in people with epilepsy.
In the report [37], patients with epilepsy did

not have significant differences in the serum

BDNF levels, as compared with controls.
Meanwhile, they pointed out a significant higher
level of BDNF in the male gender, whether in
the controls or patients. The aforementioned
observations were not found in our study report
and a few methodology differences may be
related to the differences.

First, the epilepsy diagnosis and disease severity
between two patient groups were not identical.
While our TLE patients demonstrated a
significant cognitive dysfunction, patients in
the study by Hong, ez al. [37] enrolled patients
with different types of epilepsy while they also
excluded those with cognitive deficits. The
differences in study population can demonstrate
great differences in epilepsy syndrome. For
example, serum BDNF might increase in
children with epilepsy [38] but decreased in
normal elderly, conversion disorder, psychogenic
nonepileptic seizures or epileptic seizure in
adult [38,39]. Second, while a lack of gender
effects in BDNF levels was previously reported
[28,29], the differences in epilepsy types or
peripheral origins of BDNF [40] can potentially
related to the gender effects. Hong, et al. [37]
suggested the gender effect may also be related
to the experimental differences in detecting
BDNEF. As such, the abnormality of the BDNF
level needed to be interpreted with great care in
different age ranges, disease or cognitive severity,
methodological issues, brain neurogenesis ability
and other biological sources. In this study, we
carefully matched the case numbers, age and
gender in the patient and controls group to
reduce the potential variations arising from the
sample size inhomogeneity.
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Relationships with AEDs and possible
limitations: We tested the differences of serum
BDNEF levels in relation to individual AED
type for understanding possible confounding.
The results should be interpretated with care as
these TLE patients used different combinations
of AEDs and the numbers of AEDs were also
significantly related to lower BDNF levels in
this study. Similar to previous translational
study [26], those within the Topiramate group
showed significantly lower BDNF levels while
the observation in the our valproic acid group
paradoxically showed higher level in this study.
Based on the findings, we speculated complex
interactions among AED types did exist in TLE
patients. Long term AED use has been shown
to contribute to atherosclerosis and oxidative
stress [41] and that BDNF levels can be related
to other potential peripheral sources such as the
vascular endothelial cells [42], monocytes during
activation [43] or myocytes [44]. The fluctuation
of BDNF levels in the patients with AED uses
can be related to effects of AED acting on the
peripheral system.

There were several limitations to this study.
As this study enrolled only a small number of
patients and as the numbers of AEDs, the daily
frequencies and dosages of AED used cannot be
uniform, the explore of AED types in relation
to BDNF levels may require larger samples.
Second, the study design was mainly focused
on the neurobehavioral parameters and the
serum BDNF levels during the interictal state.
The observations here cannot represent the ictal
pathogenesis in TLE. In surgically-resected
hippocampus, increase levels of BDNF mRNA
and protein was found, indicating epileptic
activity may up-regulate the protein level
via BDNF gene expression [32,45]. Finally,
there were other factors that can interfere with
the serum levels of BDNF that included the

References 4.

Table 4: Types of anti-epileptic medication and serum Brain-Derived

Neurotrophic Factor (BDNF) levels.

BDNF values (ng/ml)
Medication name With medication Without medication P value
Phenobarbital N=3,26.4 (10.1) N=48, 21.75 (9.07) 0.396
Valproic acid N=12,26.5(7.9) N=36, 20.55 (9.06) 0.027*
Topamax N=10, 16.01 (9.1) N=38, 23.63 (8.49) 0.021*
Lamictal N=23, 23.33 (8.6) N=25.20.85 (9.5) 0.35
Data present as case numbers (N), mean (standard deviation); * p<0.05

oxidative stress, blood brain barrier damage and
deregulated neuroinflammation [25,46,47] all
coexisted in TLE. Further evidence is required
to understand the clinical weightings of these
factors.

Conclusion

In conclusion, the present study showed that TLE
patients with more AED numbers, aged more
than 30 year-old, worse cognitive performances
and depressive state might have lower serum
BDNF level. While the relationships were not
found in the controls, measurement of serum
BDNF level may extend the diagnostic repertoire
in relating to neurobehavioral status in chronic
TLE patients.
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