EFFECTS OF USE OF CELL PHONES ON EEG CHANGES IN CHILDREN WITH EPILEPSY
Amr Mohamed Mohamed Ismaeil, Mohsen Taha Al-Keiy, Ayatallah Farouk Ahmed and Mahmoud Mohamed Saber

EFFECTS OF USE OF CELL PHONES ON EEG
CHANGES IN CHILDREN WITH EPILEPSY

By

Amr Mohamed Mohamed Ismaeil*, Mohsen Taha Al-Keiy*,
Ayatallah Farouk Ahmed** and Mahmoud Mohamed Saber*

*Pediatrics&**Clinical Neurophysiology Departments, Faculty of Medicine,
Al-Azhar University, cairo

Corresponding Author: Amr Mohamed Mohamed Ismaeil,
Mobile No.: (+2) 01140893579, E-mail: amralmir6@gmail.com

ABSTRACT

Background: Epilepsy has been identified by the World Health Organization (WHO)
and its partners as a significant public health problem. Seizures caused by epilepsy are
brought on by hyperexcitability and an imbalance between inhibition and excitation.
Epilepsy is often misunderstood and difficult to diagnose due to its wide range of
symptoms and causes.

Aim of the Work: To investigate the effect of use of cell phones on the
electroencephalogram (EEG) finding and quantitative EEG analysis among children
with epilepsy as well as healthy children.

Patients and Methods: This is A case control study that was conducted at Al-Azhar
university, Al-Sayed Galal hospital from November 2022 to July 2023. A total of 60
children undergoing EEG evaluation before, during, and after exposure to cell phone
radiation, were enrolled in our study.

Results: Visual EEG in Epileptic patients showed Ten out of twenty (50%) patients in
group A and five out of twenty (25%) patients in group B, developed an abnormal EEG
record. Quantitative EEG in Epileptic patients demonstrated significant higher power
and faster frequency of theta band compared to healthy individuals before, during and
after exposure (P < 0.05). There is a statistically significant inverse correlation
between the number of epileptic events detected by visual EEG analysis during
exposure to cell phone radiation and age of onset of epileptic fits. Also, there is a
statistically significant direct correlation between the number of epileptic events
detected by visual EEG analysis during exposure to cell phone radiation and the
duration of the disease.

Conclusion: The current study showed that the exposure to mobile phone radiation
resulted in significant increase in abnormal EEG discharges and epileptiform activity
among children with epilepsy. Epileptic patients demonstrated significantly higher
power and faster frequency of EEG compared to healthy individuals. In healthy
children, the EEG under real MPR exposure showed no abnormal discharges.
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INTRODUCTION

Epilepsy has been identified by
the World Health Organization
(WHO) and its partners as a
significant public health problem.
Seizures caused by epilepsy are
brought on by hyperexcitability
and an imbalance between
inhibition and excitation (Anwar
et al., 2020).

Epilepsy IS often
misunderstood and difficult to
diagnose due to its wide range of
symptoms and causes. Seizures
may be triggered by certain
activities or environmental factors,
such as flashing lights or loud
noises (Oto, 2017).

In some cases, attacks may
occur without warning signs or
symptoms. People with epilepsy
may also experience behavior,
mood, and cognition changes
before or after a seizure (Johnson,
2019).

Cerebral  trauma,  cerebral
immunological disorders, cerebral
infections, cerebral tumors,
cerebrovascular disorders,
hippocampal sclerosis, and
prenatal and infantile causes are
among the causes of acquired
epilepsy (Balestrini et al., 2021).

Virus-induced
meningioma,

meningitis,
cavernous

hemangioma, open head surgery,
and cerebral infarction are a few
examples of epilepsy (Fisher et
al., 2017).

Positive family history, high
fever, mental disability, delayed-
release from NICU or premature
birth, mother's alcohol misuse, and
smoking during pregnancy are the
main risk factors for seizures in
children that doubles the chance of
seizure incidence (Minardi et al.,
2019).

Also, the risk of repeated
seizures is increased in 30% of
children who have their first
seizure in early infancy. Because
epilepsies are more common in
infants and children, it is vital to

take their epidemiological
characteristics into account
(Sartori et al., 2019).

Nowadays, cell phones or

mobile are an essential component
of modern communication in each
person's life. Almost 50% of
people worldwide use mobile
phones, and the market for them is
expanding quickly (Wategaonkar
et al., 2018).

Radiofrequency energy, a type
of non-ionizing electromagnetic
radiation that mobile phones emit,
can be absorbed by tissues close to
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the phone (Wategaonkar et al.,
2018 and Azmy et al., 2020).

The brain is exposed to a
higher specific absorption rate
(SAR) of radio- frequency
electromagnetic fields (RF-EMFs)
from mobile phones than from
other sources of this type of
radiation. Mobile phone use has
been associated with a variety of
negative health effects, including
modifications to sleep patterns,
reaction times, and brain activity
(Kim et al., 2019).

Electromagnetic fields (EMFs)
released by cellular phones may
be the cause of the alterations in
the brain's electrical activity,
according to human experimental
studies (Kim et al., 2019).

AIM OF THE WORK

To investigate the effect of use
of cell phones on the
electroencephalogram (EEG)
finding and quantitative EEG
analysis among children with
epilepsy as well as healthy
Children.

Ethical consideration:

1. Ethical  approval  was
obtained from the local ethical
committee at Al-Azhar University.

2. Written informed consent
from parents was obtained.

3. Privacy and confidentiality
were a maintained throughout the

study process using a unique code
number.

4. The patient has the right to
withdraw from the study at any
time.

5. The author declared there is
no conflict of interest regarding
the study or publication.

6. No  financial  support
regarding the study or publication.

Sample size equation:

The study utilized the Dawson
and Trapp equation to determine
the required sample size (n). Key
factors  influencing  precision
included the critical value (Zo/2)
set at 1.96 for a 95% confidence
level and a reported prevalence of
4% (Henz et al., 2018). With a
specified margin of error (E) of
5%, the calculated sample size
was determined to be 54
participants. To accommodate
potential non-response rates, an
additional 10% was added,
resulting in a final sample size of
60  subjects (40  epileptic
patients&20health control).

Inclusion Criteria: Patients with
idiopathic generalized epilepsy are
controlled on medication with a
normal mentality and the age of
the included children ranges from
5 to 15 years.

Exclusion Criteria: History of
seizures attack in the last three
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days to avoid post ictal phase
(During the postictal phase, an
EEG will usually show slowed
brain activity), cognitive
impairment, drug-resistant
epilepsy and psychiatric disorders,

Study Procedures:

This is a case control study that
was performed on 60 childern
recruited from pediatric
department at Al-Sayed Galal
hospital, Al-Azhar university.
during the period from November
2022 to July 2023. they were
selected by simple random
method.

The total number of children
were divided into three Groups:

Group (A): Twenty children with
idiopathic generalized epilepsy
(real exposure to mobile phone).

Group (B): Twenty children with
idiopathic generalized epilepsy
(Sham exposure to closed mobile
phone).

Group (C): twenty normal
children (real exposure to mobile
phone).

Included patients underwent
EEG recording as follow:

20 mins before use of cell
phone followed by 30 min of use
of cell phone and

a final post-exposure recording
for extra 20 min.

No. 1 Jan. 2024

The number of abnormal EEG
activities were counted before.
During, and after exposure for
each group.

The included children with
subject to the following:

1. Complete history taking
including: age, gender, duration
and type of seizures, last attak and
medical treatment.

2. Thoroughly clinical
assessment: This included careful

general examination, systemic
examination and complete
neurological examination

according to the standard Epilepsy
sheet of the Neurology
department, \ (Al-Sayed Galal
hospital).

3. Neurophysiological

procedure including: Digital
EEG examination: Technique:
EEG recording was carried out
while the patient was lying in a
dorsal recumbent position in a
semi-luminated quiet room with
his eyes gently closed at the
clinical neurophysiology unit,
alsayed galal University Hospitals,
in a separate control room, the
video EEG was continuously
monitored by a technologist
utilizing a video-
electroencephalograph system
with  an  NIHON KOHDEN
MODEL  JE-921A  neurofax
machine and the EEG scalp
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electrodes were applied according
to the International  10-20
electrode placement system. A cap
was used for each recording with
an ear lobe electrode as a
reference. each experiment lasted
70 minutes and included basal
resting EEG activity of 20 minutes
duration. Then the phone call
switched on for the upcoming 30
minutes. The mobile used was
Samsung Galaxy m10 and was
placed 2cm away from the
participant left ear to avoid
heating effect of the machine. The
last 20 minutes of the record the
phone call was switched off. The
patient was instructed not to move
or respond to the phone call.

Analysis of EEG  data:
Interpretation of the
Electroencephalograms: Each
EEG was analyzed by visual
inspection of concurrent split-
screen video and EEG. In this
regard, the presence in the EEG of
the  epileptic  patients  was
visualized for paroxysmal inter-
ictal spike discharges or sharp
waves which is suggestive of
generalized epileptic disturbance.

Quantitative EEG analysis was
carried out for the epileptic and
control groups:

(EQ), before mobile

exposure.

phone

(E1) E1 after starting the phone
call by 15 minutes and,

(E2) after starting the phone call
by 30 minutes

(E3) at the end of record as
follow.

4 artifacts free Epochs (E) were
selected for quantitative EEG
while awake and resting (each of
10 seconds duration), the data of 2
electrodes (O1, O2) were studied
in the following frequency bands:
theta (5-7 Hz), and alpha (8-12
Hz) in occipital region.

Statistical analysis: Normality of
data distribution was evaluated
using Shapiro-Wilk test.
Description of means and standard
deviation for quantitative variables
and frequencies and percentage for
qualitative variables were
calculated using SPSS Version
22.0 (IBM Corp, Armonk, NY). In
order to compare between groups,
Chi-square test was used for
categorical ~ variables,  while
independent sample t-test or one
wan AONVA was used for
numerical variables. Repeated
measures ANOVA was used to
conduct comparisons of pre-
exposure, exposure, and post-
exposure data. Bonferroni test was
used to perform post-hoc analysis
and pairwise comparisons. P value
less than.05 was considered to
declare statistical significance
Correlation analysis was done
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between the number of epileptic
activities detected during the real

exposure and the patients’ clinical
data.

RESULTS
Our study will be demonstrated in the following tables:

Table (1): Clinical data of the studied groups

. Group A GroupB | GroupC
Variables (nzz%) (nzz%) (nzz%) P value
Age, years 104 £3.6 92+31 9.6+3.8 | 0526
Gender - - - 0.410™
Male 10 (50) 11 (55) 9 (45) -
Female 10 (50) 9 (45) 11 (55) -
Seizure Type: - - - 0.879™
Atonic 9 (45) 8 (40) - -
GTC 9 (45) 9 (45) - -
Absence 2 (10) 3 (15) - -
Age of Onset, years 38+25 36+1.2 - 0.457™
Duration of Disease, years 1.2+0.7 15+0.8 - 0.401™"
Last Seizure (weeks) 9.3+6.9 10.9 +£6.3 - 0.423™
AEDs - - - 0.736™
Monotherapy 14 (70) 13 (65)
Polytherapy 6 (30) 7 (35)
No statistically significant the three groups regarding
difference was found between clinical data.

Table (2): Comparison of epileptiform activity between group A and

B:
Variables Group A (n=20) | Group B (n=20) P
epileptiform activity 10 (50%0) 5 (25%0) value*
No.of spikes: Mean+ | SD | Meant SD
Before Exposure 2.4 2.2 1.2 1.6 0.371
During Exposure 16.5 21.5 4.4 1.8 0.030
After Exposure 9 14.7 1.8 14 0.075
P value™ 0.001 0.016
“ Independent sample t test; ™ Repeated measures ANOVA test.

No statistically significant
difference was found between
groups(A&B) regarding No. of
spikes before, during and after
exposure.

While there is significant
increase in spikes number during
exposure than before &after
exposure in both groups A&B.
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Table (3): Alpha Band Analysis comparison in the three studied

groups regarding alpha band changes:

Group A Group B Group C
Variables (n=20) (n=20) (n=20) P value®
Mean | SD | Mean | SD | Mean | SD
Power, pVv
EOQ 16.9 10.1 17.2 10.1 11.0 5.47 0.040
El 14.4 8.0 16.8 7.4 9.8 5.49 0.019
E2 14.6 74 16.5 8.0 9.5 5.49 0.020
E3 16.5 9.9 17.0 9.9 10.8 5.48 0.038
P value™ 0.001 0.215 0.001
Frequency, Hz
PRE 1.7 15 8.3 1.2 9.6 14 0.001
POST 10.2 1.9 8.5 1.2 11.1 14 0.001
P value™ 0.001 0.051 0.001
“ Independent sample t test; ™ Repeated measures ANOVA test.

Epileptic patients compared to healthy individuals
demonstrated significantly higher before, during and after
power and faster frequency exposure.

Table (4): Theta Band Analysis comparison in the three studied

groups regarding theta band changes:

Group A Group B Group C p
Variables (n=20) (n=20) (n=20) lue*
Mean | SD | Mean | SD | Mean | SD | 2°
Power, uVv
EOQ 26.8 | 13.7 19.1 12.1 16.1 4.6 0.005
El 235 | 11.7 18.9 8.9 14.5 4.9 0.006
E2 228 | 12.1 18.5 7.3 14.3 4.5 0.008
E3 265 | 17.0 19.2 11.0 15.7 4.7 0.017
P value™ 0.028 0.145 0.011
Frequency, Hz
PRE 3.9 14 3.8 14 4.9 15 0.046
POST 6.5 1.5 4.1 14 6.8 1.7 0.001
P value™ 0.001 0.052 0.001
Epileptic patients theta band compared to healthy

demonstrated significantly higher
power and faster frequency of
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Table (5): Relation between

Demographics and Epileptiform

Activity
Correlation Coefficient | P value”
Age of Onset, years -0.560 0.030
Duration of Disease, years 0.585 0.022
Last Seizure, weeks -0.543 0.037

“Pearson test

There is a statistically
significant inverse correlation
between the number of epileptic
events detected by visual EEG
analysis during exposure to cell
phone radiation and age of onset.
There is a statistically significant
direct correlation between the
number of epileptic events
detected by visual EEG analysis

during exposure to cell phone
radiation and the duration of the
disease. There is a statistically
significant inverse correlation
between the number of epileptic
events detected by visual EEG
analysis during exposure to cell
phone radiation and the duration
elapsed from the last seizure.

Table (6): Relation between Demographics and Quantitative EEG

| Age of Onset | Duration of Disease | Last Seizure
Alpha Band Power
Correlation Coefficient 0.863 -0.854 0.857
P value” 0.001 0.001 0.001
Alpha Band Frequency
Correlation Coefficient -0.725 0.831 -0.829
P value” 0.001 0.001 0.001
Theta Band Power
Correlation Coefficient 0.688 -0.688 0.705
P value” 0.001 0.001 0.001
Theta Band Frequency
Correlation Coefficient -0.613 0.798 -0.796
P value” 0.001 0.001 0.001
* Pearson test

There is a statistically
significant correlation between
the Power and frequency of
alpha and theta bands during

exposure to cell phone radiation
and age of onset, the duration of
the disease, and the duration
elapsed from the last seizure.
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DISCUSSION
Epilepsy is a common chronic
neurological disorder; the

prevalence of epilepsy is about 7
per 1000 persons worldwide (Fiest
et al., 2017). It affects people at
all ages, from birth to elderly.
Most people with epilepsy (PWE)
often enjoy a normal life, as others
do. Optimal care of PWE includes
addressing risks to their health,
while they are enjoying a normal
lifestyle (eg, driving, use of
smartphone, and exercise).
Identification of these risks and
providing appropriate  counsel
about them may improve their
seizure control and also the quality
of life of PWE (Noe, 2019).

There are more than 5 billion
unique mobile users worldwide,
and more than 3 billion of them
use smartphones; more than 50%
of the world's population are
mobile Internet users (Olson et
al., 2022).

The Egypt Ministry  of
Communications and Information
Technology (MCIT) (Azmy et al.,
2020) estimated that the number
of mobile phone subscriptions was
99.13 million in March 2018, and
this  number is increasing
exponentially. The close proximity
of mobile phones to the user’s
head makes the brain exposed to a
high-specific  absorption  rate
(SAR) of radio-frequency

electromagnetic fields (RF-EMFs)
than other sources of this kind of
radiation (Mohammed, 2022).

The electromagnetic fields of
the Global System for Mobile
Communications phone (GSM-
EMFs) can produce effects on
living organisms and brains due to
thermal and non-thermal
interactions.  The  detrimental
thermal effects on the brain tissue
have been extensively studied, and
exposure limits were established,
but non-thermal effects are still a
matter of debate due to contrasting
evidence (Azmy et al., 2020).

The effects of EMF have been
reported on various experimental
models, in vitro and in vivo in
animals and humans. These effects
included alterations in intracellular
signaling pathways such as ionic
distribution and changes in
calcium (Ca+2) ion permeability,
the increase of cellular
excitability, or the activation of
cellular response to stress. On the
other hand, there are pieces of
evidence in the literature,
reporting no measurable biological
effects on brain functioning
following exposure to the GSM-
EMFs (Parmar et al., 2019).

In  humans, electromagnetic
fields like the ones emitted by
mobile  phones  have  been
suggested to influence the normal
brain physiology through changes
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in cortical excitability modulating
the activity of the neural networks
towards  electrical instability
(Vecchio et al., 2012).

Since people with epilepsy
suffer from abnormal mechanisms
of cortical neural synchronization,
especially before and during the
seizure with a tendency toward
electrical instability of the neural
networks, concerns about the
effects of GSM-EMFs are strongly
justified and should be
investigated (Asadi-Pooya et al.,
2021).

The main aim of this study was
to investigate the effect of use of
cell phone on the
electroencephalogram (EEG)
finding and quantitative EEG

analysis among children with
epilepsy as well as healthy
Children.

This case control study was
conducted at Al-Azhar University
hospitals. ~ This  study  was
conducted on 60 children
undergoing EEG  evaluation
before, during, and after exposure
to cell phone radiation, were
enrolled in our study. Patients
were divided into three groups:
Group A included 20 children
diagnosed with idiopathic epilepsy
undergoing EEG evaluation for
real exposure to cell phone
radiation. Group B included 20
children diagnosed with idiopathic

epilepsy undergoing EEG
evaluation for sham exposure to
cell phone radiation. Group C
included 20 healthy children
undergoing EEG evaluation for
real exposure to cell phone
radiation.

The main results of this study
were as follows:

The current study showed that
there were no  statistically
significant differences between the
three groups regarding the age and
gender. No statistically significant
differences were found between
groups A and B regarding type of
seizures, age of onset, duration of
epilepsy, time since last seizure,
and number of antiepileptic drugs.

Regarding Visual EEG
Interpretation, in control group it
was revealed that before exposure
to cell phone radiation, during
exposure, and after exposure
showed  normal background
activity, with no abnormal focal or
paroxysmal discharges.

This comes in agreement with
Azmy et al., who revealed that the
EEG under real mobile phone
radiation exposure showed no
abnormal discharges in the healthy
control group (Azmy et al., 2020).

However, Parmar et al,
revealed that experimental
application of mobile phones may
lead to some EEG changes and
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certain ill effects on the well-
being. Hence, prolonged use of
these gadgets warrants caution
among 21 medical students
(Parmar et al., 2019).

Our base line record EEG show
Ten (50%) patients in group A and
five (25%) patients in group B
devolped abnormal EEG record
with no difference between group
A and group B.

During exposure the current
study showed that epileptiform
activity was observed in 10 (50%)
patients in group A and five (25%)
patients in group B. Group A
demonstrated a  significantly
higher rate of epileptiform activity
compared to group B (Chi-square
test, P = 0.001).

Before exposure to mobile
phone radiation No statistically
significant difference was found
between groups regarding baseline
EEG activity. During exposure to
mobile phone the number of
epileptiform events increased in
group A and group B with
significant increase in group A
more than group B. after exposure
to mobile phone the number of
epileptiform events decreased in
both groups with no significant
difference between them.

The current study found a
statistically significant difference
in EEG activity of groups A and B

at different exposure intervals
(Repeated measures ANOVA test,
P = 0001, and 0.016,
respectively). By running a post-
hoc analysis for groups, A and B,
a statistically significant increase
in the mean number of
epileptiform events was observed
from pre-exposure to exposure
intervals (PA = 0.001, PB =
0.022). When comparing pre-
exposure or exposure to post-
exposure values in groups A and
B, no statistically significant
differences were found.

The above results suggested
that the exposure to mobile phone
radiation resulted in significant

increase in  abnormal EEG
discharges  and  epileptiform
activity among children with

idiopathic generalized epilepsy.

In concordance with the current
study Azmy et al., assessed the
effect of mobile phone radiation
(MPR) on the
electroencephalogram (EEG) of
30 adult persons with epilepsy and
revealed that in patients with
epilepsy, all of those with
abnormal baseline records showed
a significant increase in the rate of
their interictal EEG discharges on
exposure to MPR. In addition, one
patient with normal basal record
developed left focal temporal
epileptiform discharges taking into
consideration that the mobile
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phone was put on the left side.
Such discharges decreased after
the end of the call but did not
reach the basal pattern in most
patients till the end of the record
(Azmy et al., 2020).

Also, the current study was
supported by Lopez-Martin et al.,
who revealed that 900 MHz GSM
radiation triggered a marked
increase in neuronal excitability in
seizure-prone rats, as manifested
by behavioral indicators, EEG
indicators, and neuronal c-Fos
expression (Lopez-Martin et al.,
2006).

As well, Cinarand et al,,
investigated the effects of
exposure to different frequencies
of EMWs in various durations in a
mouse epilepsy model induced by
pentylenetetrazole (PTZ), and they
found that acute exposure to
EMW may facilitate epileptic
seizures by shortening initial
seizure latency, which may be
independent of EMW exposure
time (Cinar et al., 2013).

Similarly, Persinger  and
Belanger-Chellew, observed an
increase in the incidence of
seizures in rats when mean-field
intensity was raised (Persinger
and Belanger-Chellew, 2019).

Regarding Quantitative EEG
Interpretation, the current study
demonstrated that real exposure to
cell phone radiation in group A

caused a statistically significant
increase of alpha and theta band
power and frequency during E1
and E2 as compared to EO
(Repeated measures ANOVA, P <
0.05). No statistically significant
difference was found between EO
and E3. However, group B
demonstrated insignificant
increase in the alpha and theta
band power and frequency during
sham exposure (Repeated
measures ANOVA, P > 0.05).

In group (C), real exposure to
cell phone radiation caused a
statistically significant increase of
alpha and theta band power and
frequency during E1 and E2 as
compared to EO (Repeated
measures ANOVA, P <0.001). No
statistically significant difference
was found between EO and E3.

The above-mentioned results
established that real exposure to
cell phone radiation caused a
statistically significant increase of
EEG activity particularly
cognitive and memory
performance indicated by EEG
oscillations in the alpha and theta
band.

Also, several studies reported
an increase in the alpha frequency
band due to radiofrequency
electromagnetic fields (RF-EMF)
(Regel et al., 2007, Valentini et
al., 2007 and Croft et al., 2008).
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In line with the current study  placement (Roggeveen et al.,

Relova et al., reported an increase  2015).

in alpha  band pbq\l/ver Epon Also, Wallace et al., revealed

exposure  to  mobile  phONe ot theta  brainwaves  were

radiation in epileptic patients

(Relova et al., 2010).

Our work showed an increase
the alpha frequency band due to
radiofrequency  electromagnetic
fields (RF-EMF) and increase in
alpha band power upon exposure
to mobile phone radiation in
epileptic patients.

However, showed that VVecchio
et al., also reported a reduction in
alpha power after exposure to
mobile phone radiation in epileptic
patients (Vecchio et al., 2012).

Also, ElSawy et al., found that
there was a decrease in alpha band
power in healthy resting adults
and in epileptic patients on
applying MPR. Moreover, the
alpha band power continued to
change in a non-linear manner
after exposure in healthy subjects
and even more profoundly in
epileptic patients (Elsawy et al.,
2019).

Moreover, Roggeveen et al.,
reported  significant  radiation
effects for the alpha, slow beta,
fast beta, and gamma bands. The
results support the notion that
EEG alterations are associated
with mobile phone usage and that
the effect is dependent on site of

significantly modulated during
exposure  to radiofrequency
electromagnetic fields (RF-EMF)
related to mobile phones (Wallace
et al., 2023).

A possible contributing factor
to these varying results may be
found in the diversity of designs
and in the statistical analyses.
Some examples are: type of
exposure (network 2G/3G and a
real mobile phone wversus a
radiating module), duration of
exposure (ranging from minutes to
several hours), and statistical tests
(parametric versus non-parametric
tests). Apart  from these
methodological aspects, it has
been suggested that source of
funding might influence the results
(Huss et al., 2007). It has been
shown that 87% of brain activity
studies are sponsored by the
mobile phone industry (Marino
and Carrubba, 2009). Although
this does not necessarily imply
that the results of these articles are
biased, the issue of conflict of
interest cannot be neglected.

On comparing quantitative
EEG between the studied groups,
it was revealed that in alpha and
theta bands, epileptic patients
demonstrated significantly higher
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power and faster frequency
compared to healthy individuals
(One-way ANOVA, P < 0.05).

Also, Elkholy, concluded that
patients with focal epilepsy had
significant interictal functional
connectivity disruption detected
by coherence and phase lag degree
of delta and theta waves and
correlated with frequency of
interictal epileptiform discharges
(Elkholy, 2023).

As well, Smith et al., stated that
epileptic subjects exhibited
significantly higher EEG power in
all frequency bands and channels
(Smith et al., 2021).

Regarding the effect of
demographics on epileptiform
activity, the current study showed
that there is a statistically
significant correlation between the
number of epileptic events
detected by visual EEG analysis
during exposure to cell phone
radiation and age of onset (r = -
0.560, P = 0.030), the duration of
the disease (r = 0.585, P = 0.02),
and the duration elapsed from the
last seizure (r = — 0.543, P =
0.037).

In concordance with the current
study Azmy et al., showed that
there was a statistically significant
positive correlation between the
number of focal epileptic events
detected by visual EEG analysis
during the real exposure to MPR

and the duration of the disease (R
= 0.391, P = 0.038) while they
correlated negatively with the
duration elapsed from the last
seizure (R = — 0.380, P = 0.046)
(Azmy et al., 2020).

Regarding the effect of
demographics on  quantitative
EEG, it was revealed that there
was a statistically significant
correlation between the Power and
frequency of alpha and theta bands
during exposure to cell phone
radiation and age of onset, the
duration of the disease, and the
duration elapsed from the last
seizure.

In contrast, ElSawy et al.,
revealed that there  were
correlations between alpha band
frequency and the time since last
seizure, age of disease onset, or
seizure semiology (Elsawy et al.,
2019).

CONCLUSION

e The current study showed that
the exposure to mobile phone
radiation resulted in significant
increase in abnormal EEG
discharges and epileptiform
activity among children with

epilepsy.
» Epileptic patients demonstrated
significantly higher power and

faster frequency of EEG
compared to healthy
individuals.
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In healthy children, the EEG

under real MPR exposure
showed no abnormal
discharges.

RECOMMENDATION

Restrict limitations of use of
mobile phone among children
with epilepsy.

Mobile phone should be kept
away from area near by
children with epilepsy.

Sports activity and physical
games to compensate the use
of mobile phone or mobile

phone addiction among
children with or without
epilepsy.

Further studies with larger

sample size and longer follow-
up are needed to confirm our
results.

LIMITATIONS

The number of the studied
patients was not enough.

Unwillingness to participate in
the study due to fear of some
adverse event.

Arising out from application of
mobile phones.

The time period was limited.
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