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ABSTRACT
Background: Epilepsy has many co-morbidities which may disturb patient life
more than the seizures themselves. Seizures can change the brain both
E-mail: structurally and functionally, manifesting as cognitive and neuropsychological
drsabah85@yahoo.com disorders. Roughly 30-40% of epileptic patients suffer from cognition changes.
Frequent abnormal neuronal discharge, especially status epilepticus, causes
Submit date 26-03-2024 | oxidative stress leading to disruption of cognitive function. Methods: This case
Revise date  23-04-2024 | control study was conducted on 158 epileptic patients and158 apparently
Accept date 26-04-2024 | healthy individuals as a control group, all individuals were exposed to
cognitive function testing via The Montreal Cognitive Assessment, sleep
quality assessment by Pittsburgh Sleep Quality Index and evaluation of the
serum level of orexin was done. Results: 62% of epileptic patients had
cognitive impairment; the best cutoff of orexin in prediction of poor cognition
among PWE is <195 with sensitivity 85.7%, specificity 91.7%. Conclusions:
Our data concluded that the prevalence of cognitive impairment in epilepsy is
high; serum orexin level could be used as a predictor for cognitive impairment
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INTRODUCTION

pilepsy is one of the most common brain

disorders  characterized by transient,
unexpected, and uninhibited episodes of brain
dysfunction resulting in motor, sensory or
behavioral symptoms. It affects nearly 65 million
people worldwide [1].
Epilepsy has much co-morbidity which may
disturb patient life more than the seizures
themselves [2]. Seizures can change the brain both
structurally and functionally, manifesting as
cognitive and neuropsychological disorders.
Approximately 30-40% of patients with epilepsy
(PWE) suffer from cognition changes [3].
Frequent abnormal neuronal discharge, especially
status epilepticus, cause oxidative stress; change
synaptic connection of neurons, neuronal death,
mainly in the hippocampus or entorhinal cortex,
which is closely associated to interrupting the
continuity of synapses and disturb cognitive
process [4].
The reciprocal relationship between sleep and
epilepsy had been documented as one of the main
risk factors for the probability of having seizures
again is sleep disturbance. [5]. Furthermore, the
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and sleep disorders in epileptics.
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circadian rhythm itself appears to impact the
timing and the severity of epileptic seizures [6].
On the other hand, sleep macro- and
microstructure alterations are linked to epilepsy
[7]. Given that epilepsy is a complex,
multidimensional illness involving underlying
pathology, neuropsychiatric and sleep co-
morbidities, and the impact of both
pharmacological and non-pharmacological
therapies, these changes are multifactorial [8].
Apart from these numerous factors, research
indicates that epileptic activity directly affects
sleep architecture, continuity, and oscillations.
Orexin (OX) is not a single protein, but two
peptides which are secreted by specific neurons in
the lateral hypothalamus [9]. Orexin or orexin
peptides are two neuropeptides, orexin A (OXA)
and orexin B (OXB), acting widely on the central
and peripheral system, controlling feeding, sleep
cycle, metabolism, neuroendocrine and immune
functions [10].

OXs and its receptors were found to be involved
in the regulation of multiple pathological
processes  predominantly  in  neurological
disorders. Harada et al. reported improvement of
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the nerve injury following intracerebroventricular
injection of OXA in a cerebral ischemia model in
mice [11]. Xiong et al. reported that
OXA can inhibit inflammation  after  cerebral
ischemia in rats by reducing the MRNA
expression of TNFa and IL-6 [12]. Through a
series of molecular events, dysfunction
of orexin signaling can lead to diseases such

as epilepsy and other sleep disorders [13].
Hypocretin/orexin ~ neurons (HONSs) release
several  excitatory  transmitters,  including
Hypocretin/orexin peptides and glutamate [14].
HONs are proposed to exacerbate epileptic
seizures, in part because of their reciprocal
connections with brain regions involved in
epileptogenesis, such as the hippocampus, through
connections monosynaptic and polysynaptic.
[15].

This also suggests that orexin may be involved in
the process of epileptogenesis, as application of
OX-A (Orexin-A) to hippocampal slices
modulated the balance between neurotransmitters
GABA-ergic (gamma-aminobutyric acid) and
glutamatergic neurons. [16, 17].

Recently, Orexin receptor antagonists (ORAS)
have been gaining more and more attention as a
new treatment for seizures. Orexin was discovered
in the early 2000s and has since been widely
accepted as a key sleep modulator. Sleep has long
been known to play a major role in seizures and
epilepsy [18].

It is thought that the circadian rhythm is essential
for the formation and consolidation of memory in
the hippocampus, which controls a variety of
physiological processes, such as cognitive
performance and memory [19]. If the circadian
rhythm is disrupted, it can lead to a decrease in
the clearance of AP and tau, which is a
microtubule-related protein in the brain's
glymphatic system [20]._An increase in local brain
oxidative stress and a decrease in circulating
melatonin levels can lead to cognitive dysfunction
and increase the risk of Alzheimer's disease (AD)
[21].

Several lines of evidence indicate that orexin
contributes to attentional processing and learning
via actions on the medial prefrontal cortex,
cholinergic system in the basal forebrain,
dopaminergic neurons in the ventral midbrain, and
noradrenergic neurons in the LC [22]. This study
aimed to analyze the association of serum Orexin-
A level, as a new serum biomarker, with cognitive
function and sleep disorders in epileptic patients.

METHODS
Subjects included in the study: This case control
comparative study was carried out in the Epilepsy
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Clinic Neurology Department, Faculty of
Medicine, Zagazig University Hospitals in the
period from march to October 2023. Total 158( 91
male and 67 female with their age 32.2+8.26)
patients were diagnosed with idiopathic epilepsy
according to EEG, and met the diagnostic
guidelines of international league against epilepsy
with exclusion of the following; patients with
secondary causes of epilepsy as CNS infections,
head trauma, metabolic  encephalopathy,
electrolyte disturbance, brain tumor, patients with
system failure or malignancies, and patients with
severe intellectual disability that can hinder scale
application.

Additionally, 158 healthy individuals who
received physical examination in the hospital
during the same time were enrolled into the
control group,

Study tools: All patients were subjected to
complete history taking stress on age of onset of
illness, type of seizure, frequency, and history of
status epilepticus were collected.

The Pittsburgh Sleep Quality Index (PSQI) was
used to evaluate the quality of sleep over the
course of the previous month. Sleep latency,
length, disturbance, daytime dysfunction, habitual
sleep efficiency, subjective sleep quality, and
usage of sleep drugs are the seven component
subscales that are covered by its 19 questions. The
whole score arrays ranging from 0 to 21. Higher
scores correspond to lower sleep quality, with a
threshold of >8 considered to be poor sleep [23].
The Suleiman et al. [24] Arabic version was
utilized, with a Cronbach's o, of 0.74.

The Montreal Cognitive Assessment (MoCA) was
conducted for patients and control groups to
evaluate the following cognitive domains
visuospatial/executive functions, naming,
memory, attention, language, abstraction and
orientation. Those with total MoCA score less
than 26 will be diagnosed as Cognitive
impairment [25].

Sample acquisition and testing

Venous blood (5 mL) was acquired from each
participant in the two groups at admission,
followed by 10-min centrifugation (24°C, 3000
rpm) to acquire serum. The Orexin-A was
quantified by Enzyme-linked immunosorbent
assay with Kkits (Peninsula Laboratories, Inc.
Belmont, CA, USA), under strict guidelines.

The Institutional Review Board, Faculty of
Medicine Zagazig University approved this study
(ZU-IRB #11366/10-12-2023). The study was
done according to the code of Ethics of the World
Medical Association (Declaration of Helsinki) for
studies involving humans.
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STATISTICAL ANALYSIS
Version 26 of the SPSS (Statistical Package for
the Social Sciences) program was used to analyze
the data. The chi square test was used to compare
categorical variables, and their absolute
frequencies were used to describe them. In order
to validate assumptions for use in parametric
testing, the Kolmogorov-Smirnov test was
employed. Depending on the type of data, the
means and standard deviations or the median and
interquartile range were used to characterize
quantitative variables. The independent sample t
test (for regularly distributed data) and the Mann
Whitny test (for non-normally distributed data)
were used to compare quantitative data between
two groups. The degree and direction of the
correlation between two variables were evaluated
using the Spearman rank correlation coefficient. A
ROC curve was employed to ascertain the best
cutoff value. The level statistical significance was
set at P<0.05. A highly significant difference was
present if p<0.001.
RESULTS

This study included 158 PWE and 158 healthy
controls. There is statistically non-significant
difference between groups regarding age, gender,
education, smoking, residence or family history of
neurological diseases, while a statistically
significant difference between groups regarding
Orexin level and total PSQI score. As regard
disease-specific data, median frequency of
seizures per month was three/month (IQR; 1 to 5
times/month). About 80% had GTC type of
epilepsy and median disease duration was 14
years. Larger percentage of patients received
polytherapy (64.6%) table (1). There s
statistically significant difference between groups
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regarding  visuospatial, naming, attention,
language, abstraction, recall, orientation and total
MOCA score (all were significantly higher among
PWE). At cutoff>27, patients can be classified as
having normal cognition which represents 38%
among PWE versus 100% among control group
with statistically significant difference table (2).
Table (3) showed that there is statistically non-
significant relation between cognitive function
among PWE and age, BMI, smoking, residence,
level of education, seizure frequency, number of
AEDs used, or seizure type, while a statistically
significant relation between cognitive function
among PWE and all of Orexin level (significantly
lower in poor cognitive function), and total PSQI
score (significantly higher in poor cognitive
function), duration of illness (significantly higher
in poor cognitive function), family history of
neurological disease and sex. Male sex and
positive family history significantly associated
with poor cognition.

Table (4) demonstrated the best cutoff of orexin in
prediction of poor cognition among PWE is <195
with area under curve 0.949, sensitivity 85.7%,
specificity 91.7%, positive predictive value
94.4%, negative predictive value 79.7% and
overall accuracy 88% (p<0.001). Table (5)
demonstrated the relation between different
factors (epilepsy duration, PSQI, serum orexin
level, age, BMI, drug therapy and seizure
frequency) and different domains of cognition
assessed by MOCA. There s statistically
significant negative correlation between orexin
level, frequency of seizures, and epilepsy
duration, PSQI and age, while a statistically
significant positive correlation between orexin
level and MOCA score exists as shown in table

(6).

Table (1): Comparison between the studied groups regarding baseline data:

Patient group Control group | p
(n=158) (n=158)

Age [mean + SD] 32.2+8.26 32.86 +7.36 0.451¥
Sex
Male 91 (57.6%) 98 (62%) 0.422%
Female 67 (42.4%) 60 (38%)
BMI [mean + SD] 26.63 £ 3.79 26.31+3.76 0.456*
PSQI [median (IQR)] 9(5 - 15) 4(3-6) <0.001**
Level of education
<6 years 27 (17.1%) 31 (19.6%)
6 — 12 years 51 (32.3%) 61 (38.6%) 0.18%8
>12 years 80 (50.6%) 66 (41.8%)
Duration of illness [median (IQR)] 14 (9 — 22.25)
Seizure frequency/month [Median | 3(1-5)
(IQR)]
Number of antiepileptic drugs
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Patient group Control group | p
(n=158) (n=158)
Monotherapy 56 (35.4%)
Polytherapy 102 (64.6%)
Seizures type
Focal 16 (10.1%)
Focal with 2ry generalization 15 (9.5%)
GTC 127 (80.4%)
Residence
Rural 81 (51.3%) 78 (49.4%) 0.736%
Urban 77 (48.7%) 80 (50.6%)
Smoking
Non-smoker 124 (78.5%) 116 (73.4%) 0.2928
Smoker 34 (21.5%) 42 (26.6%)
Family history of neurological | 44 (27.8%) 43 (27.2%) 0.98
disease
Orexin 125(31.2 —500) 331.2(122.45 — | <0.001**~
531.5)

SChi square test §°Chi square for trend test ¥independent sample t test “Mann Whitney test

*p<0.05 is

statistically significant **p<0.001 is statistically highly significant BMI body mass index PSQI Pittsburgh

Sleep Quality Index

Table (2): Comparison between groups regarding domains of MOCA scores:

Patient group (n=158) Control group (n=158) p¥

Mean + SD Mean + SD
Visuospatial 3.23+0.89 4.35+0.48 <0.001**
Naming 2.58 +0.69 2.99 £ 0.08 <0.001**
Attention 3.92+1.14 5.18 + 0.66 <0.001**
Language 2.38£0.91 2.99 £ 0.08 <0.001**
Abstraction 1.62 £0.49 200 <0.001**
Recall 3.09+1.18 4.5 +0.5 <0.001**
Orientation 5.27+1.28 5.99+0.16 <0.001**
Total MoCA 22.16 £5.31 28.01+1.18 <0.001**
Normal cognition 60 (38%) 133 (84.2%)
Mild cognition 47 (29.7%) 25 (15.8%) <0.001**88
Moderate cognition | 51 (32.3%) 0 (0%)

$8Chi square for trend test ¥independent sample t test **p<0.001 is statistically highly significant MOCA
Montreal Cognitive Assessment

Table (3): relation between cognitive impairment among PWE and studied parameters:

Normal cognition Abnormal cognition | p
(n=60) (n=98)

Age [mean + SD] 32.63+8.21 32.54 + 8.32 0.505*
Sex
Male 22 (24.2%) 69 (75.8%) <0.001**8
Female 38 (56.7%) 29 (43.3%)
BMI [mean + SD] 26.28 + 4.27 26.84 + 3.47 0.375*
Level of education
illiterate/read and write 6 (10%) 21 (21.4%)
Basic 15 (25%) 36 (36.7%) 0.005*38
High 39 (65%) 41 (41.8%)
Residence
Rural 31 (38.3%) 50 (61.7%) 0.9378
Urban 29 (37.7%) 48 (62.3%)
Smoking
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Normal cognition Abnormal cognition | p
(n=60) (n=98)

Non-smoker 58 (96.7%) 65 (66.3%) <0.001**
Smoker 2 (3.3%) 33 (33.7%)
Family  history  of | 11 (18.3%) 33 (33.7%) 0.037*
neurological disease
Duration of illness | 9.5 (6.5 - 20) 17.5(12 - 23) <0.001**~
[median (IQR)]
Seizure 2(0.5-4) 3(1-6.5) 0.008*
frequency/month
[Median (IQR)]
Number of antiepileptic
drugs 20 (35.7%) 36 (74.3%) 0.664%
Monotherapy 40 (49.2%) 62 (50.8%)
Polytherapy
Seizures type
Focal 9 (56.3%) 7 (43.7%) 0.0968
Focal with 2ry | 8 (53.3%) 7 (46.7%)
generalization 43 (33.9%) 84 (66.1%)
GTC
Orexin [median (IQR)] | 500(250 — 500) 47.25(15.6 — 125) <0.001***

SChi square test §85Chi square for trend test ¥independent sample t test “Mann Whitney test *p<0.05 is
statistically significant **p<0.001 is statistically highly significant BMI body mass index
Table (4): Performance of Orexin in prediction of poor cognition among PWE:
Cutoff | AUC Sensitivity Specificity PPV NPV Accuracy p
<195 0.949 | 85.7% 91.7% 94.4% | 79.7% | 88% <0.001**
**p<0.001 is statistically highly significant AUC area under curve PPV positive predictive value NPV
negative predictive valu
Table (5): Correlation between domain of MOCA and studied parameters
Epilepsy Seizure BMI PSQI OREXIN Age Drugs
duration frequency
R p r p r p r p r p r p r p
Visu | -0.24 | 0.002* | - 0.007* | - 0.373 | - <0.001 | 0.69 <0.001** | - 0.187 | 0.008 | 0.91
ospat 0.214 0.071 0.365 | ** 0.106 6
ial
Nami | - 0.02* - 0.063 - 0.52 - 0.165 0.746 | <0.001** | - 0.053 | 0.146 | 0.06
ng 0.186 0.148 0.052 0.078 0.138 7
Atten | - 0.002* | - 0.003* | - 0.161 | -0.29 | <0.001 | 0.837 | <0.001** | - 0.293 | 0.052 | 0.51
tion 0.245 0.232 0.112 il 0.083 8
Lang | - 0.011* | 0.14 0.079 - 0.703 | - 0.006* | 0.812 | <0.001** | - 0.201 | 0.182 | 0.02
uage 0.201 0.031 0.153 0.102 2*
Abstr | -0.24 | 0.002* | - 0.012* | - 0.366 | - <0.001 | 0.825 | <0.001** | - 0.058 | 0.156 | 0.04
actio 0.201 0.072 0.186 | ** 0.151 o*
n
Reca | - <0.001 | -0.22 | 0.006* | - 0.264 | -0.28 | <0.001 | 0.841 | <0.001** | - 0.196 | 0.136 | 0.08
I 0.277 | ** 0.089 ** 0.104 9
Orie | - 0.068 -0.18 | 0.024 - 0.632 | - 0.046* | 0.796 | <0.001** | - 0.146 | 0.163 | 0.04
ntati | 0.148 0.038 0.113 0.116 1*
on
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r Spearman rank correlation coefficient *p<0.05 is statistically significant

significant BMI body mass index
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Table (6): correlation between orexin level and studied parameters

Epilepsy duration Frequency BMI MOCA PSQI Age
R p r P r p r p r p r p
orexin | -0.82 | <0.001** | -0.247 | 0.002* | -0.003 | 0.974 | 0.924 | <0.001* | -0.83 | <0.0 |-0.291 | <0.0
* 01** 01*

*

r Spearman rank correlation coefficient *p<0.05 is statistically significant

**p<0.001 is statistically highly

significant BMI body mass index MOCA Montreal Cognitive Assessment PSQI Pittsburgh Sleep Quality

Index
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Figure (1): ROC curve showing performance of serum orexin in prediction of poor cognition among PWE

DISCUSSION
Epilepsy has many comorbidities such as
cognitive impairment and sleep disorders,

increasing burden on health care system. These
comorbidities may affect patient quality of life
and patient performance more than epilepsy itself.
There is a growing attention to find novel
biomarkers to early detect those comorbidities as
early screening of cognitive impairment and sleep
disorders optimize quality of life. The occurrence
of repeated seizures together with status
epilepticus cause oxidative stress and neuronal
loss in brain areas responsible for cognitive
processing, predominantly in hippocampus or
entorhinal cortex [4].

The excitatory neuropeptide, Orexin-A is mainly
secreted by hypothalamus and had been linked to
many nervous system diseases, such as ischemic
stroke, Alzheimer’s disease, sleep disorder, and
neurodegenerative diseases
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In our study, serum Orexin A levels were
significantly lower in PWE compared with age
and sex matched controls. This is in accordance
with Li et al [26] who used Orexin A as
diagnostic marker of epilepsy and another
previous study by Arslan et al [27] reported that
reduced levels of serum orexin in epileptic
patients, in addition the level of post-seizure
orexin increased compared to the basal values,
especially in seizures during sleep. Cikriklar et al
[28] used orexin A to differentiate true epileptic
from psychogenic seizures. As Orexin A manages
subsequent ability of aberrant epileptiform
activity to organize into seizures.

Our findings reported that 62% PWE suffer from
different degrees of cognitive impairment
assessed by MOCA finding was obtained. Similar
findings were obtained by Li et al [26] as they
stated that 67.53% of PWE has CI. Former studies
showed variation in prevalence of ClI in epilepsy,
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as Lodhi and Agarwal [29] reported prevalence
of 70-80% and Wan et al [30] stated that 72 % of
PWE had CI.

All these data reflect the great impact of epilepsy
on the cognitive function which is related to many
factors including complex interactions among the
etiologies of the epilepsy, the seizures themselves,
interictal discharges, and antiepileptic drugs|[31].
Patients with epilepsy with abnormal cognition
has significant lower orexin A serum level than
patients with normal cognition in accordance with
Li et al [26] who reported that Orexin A is
positively correlated with MOCA and Orexin A
can be used for early detection as a warning index
of cognitive dysfunction in epilepsy.

Orexin can affect the cognition and memory
function through indirect effects as it regulates a
wide variety of bodily functions that are known to
impact the cognitive function. This process affects
things like sleep, food, energy, and mood, which
can all affect how well our brains work [32]. It
also helps with important brain functions like
paying attention, making decisions, and
remembering things by keeping certain brain cells
active [33].

There is a bidirectional interrelationship between
epilepsy and sleep. Sleep disorders was reported
in our patients more than our controls as assessed
by PSQS. There is statistically significant
negative correlation between PSQI, all domains of
MOCA score except haming domain. Poor sleep
is one of the risk factors of cognitive dysfunction
as the prevalence of sleep disorders in epileptic
patients with CI is more than those with normal
cognition [34].

Our study showed that different epilepsy related
characters are significantly associated with CI in
PWE as male sex, smoking, family history of
neurological diseases, duration of illness and
frequency of seizures.

In our study, Male sex is associated with poor
cognition; this is in accordance with Zhong et al
[35]. The effect of smoking on epilepsy is an
important question; our findings suggested that
smoking independently increased the risk of poor
cognition in PWE which is in accordance with
Zhong et al [35]. Nicotine as excitatory
transmitter increases release of glutamate,
smoking is responsible for poor sleep quality
increase risk of seizure and poor cognition [36,
37]. Positive family history of epilepsy is
associated with poor cognition; this is in
accordance with Lin et al [38].

In our study, there is statistically significant
negative correlation between epilepsy duration
and all domains of MOCA score except
orientation domain
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Like our findings, Seidenberg et al [39] stated
that the duration of epilepsy is related to cognitive
impairment after 3 to 4 years of onset in PWE. In
contrast Taylor et al [40] reported that even
People with newly diagnosed epilepsy have CI
even before starting medications most affected are
memory and psycho-motor speed. Witt et al [41]
reported that there was nearly 75% of newly
diagnosed, untreated PWE having deficits in
attention, executive functions, and memory

Our study stated that level of education is
negatively correlated with CI; this is in
accordance with other previous studies [30, 40,
42].

This finding may be due to patients with higher
education having better understanding the nature
of disease with better compliance to treatment and
control of seizures also they have intellectual
reserve and perform better in cognitive scales.
Epileptic patients have lower educational
opportunities in some families.

Wan et al [30] stated that preexisting intelligence
or higher cognitive reserve are compensatory
mechanisms delaying progression of Cl, and this
preexisting intelligence decreases rate of cognitive
decline.

In our study, Seizure frequency is associated with
affection in all cognitive domains except naming,
language and orientation.

Seizure is the result of hyper-synchronized
discharge causing electricity failure and neuronal
hypoxia. Irreversible neuronal damage and
frequent seizures increase time of abnormal
discharge in the grey matter causing cognitive
disability [42] also recurrent seizures affect brain
plasticity [2, 42].

Vaessen et al [43] reported that abnormal gray
and white matter is associated with cognitive
decline in chronic epilepsy. Seizure control for
one year is a protective factor for improving
cognitive function [42]. However, people who
had seizures more often had a higher risk of
memory problems, but not problems in other
thinking skills, compared to those who had fewer
seizures. This shows that adults with epilepsy did
not do well in many thinking skills, but having
more seizures did not have a significant effect on
thinking skills other than memory [44].

There is a statistically significant positive
correlation between number of AEDs and
orientation, language and abstraction domains.
Previous studies support our results [2, 45, 46].
Martin et al [47] reported that PWE on
polytherapy performed worse in all cognitive
domains than patients on monotherapy. This is the
effect of pharmacodynamics and
pharmacokinetics that occur with time so balance
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should be made between seizure control and drug
adverse effects [46].
We noted a significant negative correlation
between serum orexin level and sleep quality
assessed by PSQI.
Recently dual orexin receptor antagonists are for
treating sleep impairment and insomnia in PWE
[48]. The ability of orexin to regulate sleep-wake
states and promote arousal is mediated through
the widely distributed orexin  receptors
hypothalamus, basal forebrain, tuberomammillary
nucleus (TMN), periaqueductal gray, dorsal raphe
(DR), and locus coeruleus [49].
Our results represent the first study to evaluate the
best cutoff of orexin in prediction of poor
cognition among PWE which was <195pg /ml
with area under curve 0.949, sensitivity 85.7%,
and specificity 91.7%.

CONCLUSIONS
prevention of cognitive impairment in epileptics is
vital to reduce the disease burden on both
individuals and the society; this can be done
through improving the modifiable risk factors
such as improving the educational level smoking
prevention and proper seizure control. Serum
orexin level below 195ng/ml could be used as a
predictor for presence of cognitive impairment in
PWE.
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Figure (S1): Scatter dot plot showing significant positive correlation between Orexin and MOCA (r=0.924, p<0.001)
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Figure (S2): Scatter dot plot showing significant negative correlation between Orexin and epilepsy duration (r=-0.82,
p<0.001)
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