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Purpose: The purpose of this study was to examine the cognitive function and depressive traits most frequently
associatedwith the clinical assessment of patientswith epilepsy and if these clinical parameters are linked to gly-
colipid levels and inflammatory and apoptotic markers.
Methods: Patients with epilepsy (n = 32) and healthy subjects (n = 41) were recruited to participate in this
study. Neuropsychological evaluation was performed in both groups through a battery of cognitive tests. Inflam-
matory markers, apoptotic factors, and deoxyribonucleic acid (DNA) damage were measured in blood samples.
Additionally, themetabolicmarkers total cholesterol (CHO), low-density lipoprotein (LDL), high-density lipopro-
tein (HDL), triglyceride (TG), and glucose (GLU) levels were analyzed.
Results: Statistical analyses showed that patients with epilepsy presented decreased scores inmemory, attention,
language, and executive function tests compared with the control group. Analysis revealed that there was nega-
tive correlation in epilepsy for seizure duration vs. oral language (R=−0.4484, p b 0.05) and seizure duration
vs. problem solving (executive functions) (R=−0.3995, p b 0.05). This was also observed when comparing de-
pression with temporal–spatial orientation (TSO) (R=−0.39, p b 0.05). Furthermore, we observed a higher de-
pression score in patients with epilepsy than in the healthy ones. Statistical analyses showed higher
acetylcholinesterase (AChE) (p b 0.05), interleukin 1β (IL-1β, p b 0.001), and tumor necrosis factor-alpha
(TNF-α) (p b 0.001) levels compared with those in the control group. Moreover, patients with epilepsy had sig-
nificantly higher serum levels of caspase 3 (CASP 3) (p b 0.001) and Picogreen (p b 0.001) compared with the
control subjects. Regarding the metabolic markers, higher glycolipid levels were observed in the patients with
epilepsy (CHO b 0.05*, LDL b 0.0001*, TG b 0.05*, GLU p b 0.05). High-density lipoprotein levels were not signif-
icant. The patients with epilepsy had significant correlation when comparing total language with TNF-α (R=
−0.4, p b 0.05), praxes with CASP 3 (R = −0.52, p b 0.01), total CHO with total language (R = −0.48, p b

0.05), TG with semantic memory (R = −0.54, p b 0.05), TG with prospective memory (R = −0.2165, p b

0.02), TG with total memory (R=−0.53, p b 0.02), and GLU with total attention (R=−0.62, p b 0.002).
Conclusion: This study supports the evidence of a distinct neuropsychological profile between patients with ep-
ilepsy and healthy subjects. Furthermore, ourfindings suggest that inflammatory pathway, glycolipid profile, and
depressive factors may be associated with cognitive dysfunction in patients with epilepsy.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Epilepsy is a clinical condition that involves recurrent epileptic sei-
zures. Epileptic seizures cause episodic behavioral or perceptual distur-
bances because of excessive periodic and hypersynchronous electrical
activity of neurons located predominantly in the cerebral cortex.
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These episodes can also occur because of the absence of toxic-metabolic
conditions or fever [1]. The understanding of epilepsy involves the study
of the possible cognitive functions affected and associated factors. Nev-
ertheless, many studies have reported cognitive alterations despite still
differing in several points [2].

A continuous epileptogenic process can irreversibly damage the
brain, causing persistent cognitive changes and global intellectual defi-
cits [3]. Memory, attention, and language deficits are some of the most
reported cognitive complaints in adult patients with epilepsy [4],
while depression is themost frequent psychiatric comorbidity [5]. In ad-
dition to cognitive and psychiatric deficiencies, evidence suggests the
involvement of the inflammatory pathway in the pathophysiology of
epilepsies [6,7]. Cytokines, such as tumor necrosis factor-alpha (TNF-
α) and interleukin 1β (IL-1β), are produced during epileptic activity
[7], thus contributing to neuronal death and apoptosis [8]. In addition
to inflammation,metabolicmarkers also appear to be involved in cogni-
tive impairment in epilepsies. Several inflammatory and metabolic pa-
rameters have shown to be associated with cognitive impairment and
dementia in the general population [9]. In fact, studies have shown
that changes in lifestyle and statin therapy reduce the atherosclerotic
process and, consequently, vascular risk in patients with epilepsy [10–
12]. Unfortunately, the association of these factors is rarely examined
in relation to cognition in epilepsy and is generally viewed as potentially
modifiable risk factors for cognitive impairment and dementia. There-
fore, our objectives were to (1) evaluate the neurocognitive profile of
patients with epilepsy compared with healthy subjects and its relation
to depression scores, (2) investigate the neuropsychological status in
patients with epilepsy and its association to inflammatory and apopto-
sis markers as well as glycolipid levels that have been related to abnor-
mal cognitive function in the general population, and (3) correlate these
markers with cognitive status in the participants with epilepsy.

2. Materials and methods

2.1. Study population

Seventy-three subjects were selected and divided into two groups:
the group with epilepsy (n = 32) and the control group (n = 41). All
patients and controls were evaluated using a questionnaire to deter-
mine clinical history. We prospectively recruited 32 patients diagnosed
as having epilepsy from June 2013 to July 2015 at our institution. Forty-
one healthy, sex-matched volunteers were included as healthy controls.
Neurologists with experience in epilepsy revised the diagnostic criteria.
Afterwards, the patients and healthy subjects received a protocol num-
ber aswell as neuropsychological evaluation through a battery of cogni-
tive tests. Blood samples were identified with the protocol number of
each individual. Inflammatorymarkers, apoptotic factors, deoxyribonu-
cleic acid (DNA) damage, IL-1β, TNF-α, acetylcholinesterase (AChE) ac-
tivity, caspase 3 (CASP 3), and Picogreen (PG) were measured in the
blood samples. Furthermore, the metabolic markers total cholesterol
(CHO), low-density lipoprotein (LDL), high-density lipoprotein (HDL),
triglyceride (TG), and glucose (GLU) were also evaluated.

The local institutional review boards at the affiliated institutions of
the authors approved the study protocol. Informed consent was ob-
tained from all of the subjects and their legal surrogates. The work de-
scribed was carried out in accordance with The Code of Ethics of the
World Medical Association (Declaration of Helsinki).

2.2. Group with epilepsy

Among the 43 subjects with the disease, 32 (focal crises: n = 18 and
generalized crises: n= 14) were selected through the following exclu-
sion criteria: subjects under 12 years of age, history of autoimmune,
liver, kidney, and inflammatory diseases, allergic response, immune de-
ficiency disorders, diabetes, psychiatric illness, malignancy, severe cog-
nitive impairment, or systemic or central nervous system (CNS)

infection 2 weeks prior to sample collection. Two experienced neurolo-
gists [13] diagnosed the epilepsy according to the 2010 International
League Against Epilepsy (ILAE) Classification. All patients were evalu-
ated for seizure frequency and duration using seizure diaries [14]. Sei-
zure types were confirmed through interviews with patients and their
relatives as well as electroencephalographic (EEG) analysis and tomog-
raphy or magnetic resonance imaging (MRI). Data on seizure frequency
and status of seizure control with medication were also obtained.

Twenty-nine of the 32 participants had normal background on rou-
tine EEG without generalized waves in both hemispheres after light
stimulus. Three participants exhibited bursts of polyspikes and waves
after sleep deprivation in the right temporal zone. All participants
were treated with standard antiepileptic drugs (AEDs). Two partici-
pants took sodium valproate (VPA) monotherapy; six took carbamaze-
pine (CBZ)monotherapy; two took phenytoin (PNT)monotherapy; and
two took phenobarbital (PNB) monotherapy. Twenty took more than
one AED. Seizures in thirty patients were well-controlled except for
two patients who were diagnosed as having refractory epilepsy. All pa-
tients with epilepsy had normal neurological examinations except for
one who presented tetraparesis secondary to spinal cord lesion.
Thirty-one patients had normal 1.5 T MRI imaging; one patient had
right and left hippocampal sclerosis.

The Standard ProgressiveMatrices sets A–E [15] were used to evalu-
ate the intellectual capacity of the patients and the control group. Those
who presented values below 25 were excluded from the study.

2.3. Control group

For comparison, 41 healthy subjects were recruited, with respect to
the mean age and sex of the group with epilepsy.

2.4. Neuropsychological profile

In order to evaluate memory, executive functions, and attention, a
neuropsychological evaluation was performed in the group with
epilepsy and the control group through a battery of cognitive tests
[16–19]. Additionally, the Hamilton Rating Scale [20] was used to eval-
uate the diagnosis of depression in both groups. Neuropsychological
tests and the Hamilton Rating Scale were performed at least 7 days
from the last seizure attack.

2.5. Laboratory analyses

Samples were collected at least 7 days from the last seizure attack.
After 12 h of overnight fasting, blood samples were collected by veni-
puncture using purple, green, and red top Vacutainer® (BD Diagnostics,
Plymouth, UK) tubes with ethylenediaminetetraacetic acid (EDTA),
heparin, or no anticoagulants, respectively. The specimens were rou-
tinely centrifuged within 1 h of collection for 15 min at 2500g. Aliquots
of the serum samples and supernatantwere saved and stored at−80 °C
for subsequent laboratory analysis according to specific methods. Glu-
cose levels were measured in plasma. Total CHO, LDL, HDL, and TGs
were measured in serum. These samples were analyzed using standard
enzymaticmethods byOrtho-Clinical Diagnostics® reagents on the fully
automated analyzer (Vitros 950® dry chemistry system; Johnson &
Johnson, Rochester, NY, USA).

2.6. AChE enzyme determination

The enzyme AChE concentration was measured in serum by stan-
dard enzymatic methods using Ortho-Clinical Diagnostics® reagents
in an automated analyzer (Vitros 950 ® dry chemistry system; Johnson
& Johnson, Rochester, NY).
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