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Abstract

the real exposure to MPR and the patients’ clinical data

discharges during real exposure.

devices in epileptic patients.

Background: Recently, an exceptional increase was witnessed in cell phone users. The brain has greater exposure
to the electromagnetic field (EMF) created during mobile phone use than the rest of the body, which may impair
its function. In persons with epilepsy, the brain has more tendencies towards electrical instability.

Objectives: The current study aims at investigating the effect of mobile phone radiation (MPR) on the
electroencephalogram (EEG) of persons with epilepsy as well as healthy adults.

Subjects and methods: Thirty patients with idiopathic epilepsy and 30 matching controls underwent EEG
recording including 15 min of sham exposure followed by 30 min of real exposure to MPR and a final post-
exposure recording for extra 15 min. The number of abnormal EEG events was counted during sham and real
exposure for each subject. Correlation analysis was done between the number of epileptic events detected during

Results: In the control group, the EEG under real MPR exposure showed no abnormal discharges. In persons with
epilepsy, all those with abnormal EEG during sham exposure MPR (33%) showed an increase in the number of
events with real exposure to MPR. One patient showed a change in the pattern of discharge from interictal
changes to an ictal rhythm. Another patient with normal EEG during sham record developed temporal epileptiform

Conclusion: Mobile phone radiation shows recognizable effects on the brain rhythm of persons with epilepsy.
These results should be confirmed by future studies to establish a recommendation addressing the use of such
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Introduction

Shortly after its innovation, the mobile phone became
the most important device in daily human life despite
the considerable concerns that have been and is still
expressed about its possible health risks. The Egypt Min-
istry of Communications and Information Technology
(MCIT) [1] estimated that the number of mobile phone
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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 [2].

The electromagnetic fields of the Global System for Mo-
bile 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

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s41983-020-00167-2&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:reham.shamloul@kasralainy.edu.eg

Azmy et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery

exposure limits were established [3], but non-thermal ef-
fects are still a matter of debate [4] due to contrasting evi-
dence [5, 6].

The effects of EMF have been reported on various ex-
perimental models, in vitro [7-10] and in vivo in animals
[11, 12] and humans [13, 14]. These effects included alter-
ations in intracellular signaling pathways such as ionic dis-
tribution and changes in calcium (Ca+2) ion permeability
[15, 16], the increase of cellular excitability, or the activa-
tion of cellular response to stress [17]. On the other hand,
there are pieces of evidence in the literature, reporting no
measurable biological effects on brain functioning follow-
ing exposure to the GSM-EMFs [18].

In humans, electromagnetic fields like the ones emit-
ted by mobile phones have been suggested to influence
the normal brain physiology through changes in cortical
excitability modulating the activity of the neural net-
works towards electrical instability [19, 20].

Since people with epilepsy suffer from abnormal mecha-
nisms of cortical neural synchronization, especially before
and during the seizure [21, 22] with a tendency toward
electrical instability of the neural networks, concerns
about the effects of GSM-EMFs are strongly justified and
should be investigated. Surprisingly, this possibility ap-
pears to have attracted very little attention, at least as
regards mobile phone radiation (MPR).

Subjects and methods

This is a cross-sectional study carried out on adult epilep-
tic patients and healthy matched controls at Cairo Univer-
sity Hospitals, in the period from January to September
2015. In this study, we aimed at investigating and compar-
ing the potential effects of mobile phone radiations (MPR)
on resting EEG in healthy adults and epileptic patients
using visual EEG analysis.

The patient group included 30 patients, 15 males and
15 females, recruited from the epilepsy clinic with idio-
pathic epilepsy (either focal or generalized) according to
the Commission on Classification and Terminology of
the ILAE [23].

The exclusion criteria were (i) patients who experienced
seizures in the 24 h preceding recording session or who
recently suffered from a status epilepticus (less than one
week), (ii) patients with cognitive impairment, (iii) patients
with drug-resistant epilepsy, (iv) patients with psychiatric
or medical disorders, and (v) patients receiving drugs
interfering with the nervous system other than antiepilep-
tic drugs (AEDs).

The control group included 30 ages and sex-matched
healthy control volunteers. The subjects were instructed
to refrain from caffeine and to maintain their regular drug
administration schedule and cycle of sleeping—waking in
the days before the experiment.
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All participants were subjected to thorough clinical
assessment, including careful general medical assess-
ment and complete neurological examination accord-
ing to the standard epilepsy sheet of the Neurology
Department. Digital EEG recording was carried out
while the candidate was lying in a dorsal recumbent
position in a semi-illuminated quiet room devoid of
any devices omitting radiations as W-LAN or wireless
phones, with their eyes gently closed at the clinical
neurophysiology unit. In a separate control room, the
video EEG was continuously monitored by a tech-
nologist utilizing a video-electroencephalograph sys-
tem with a Neuro Galileo.NT, PMS, USA machine; its
serial number is (DAUNL7HQ4NUSFG) with the
model (Mizar.B8351037899.Version 3.61).

According to the International 10-20 electrode place-
ment system, a cap was used for each recording with an ear
lobe electrode as a reference. The high-frequency filter was
70 Hz, the time constant 0.3 s, and the paper speed 30
mm/s. The EEG epochs with ocular, muscular, epileptic,
and other types of artifacts (including those associated with
experimenters’ verbal warnings, behavioral, or EEG signs of
drowsiness) were offline identified. Two expert electroen-
cephalographers, blind to the effective experimental condi-
tion, visually checked and selected the artifact-free EEG
epochs to prevent artifacts and interictal epileptic activity
from confounding effects of GSM-EMFs.

Each experiment lasted 60 min and included 15 min
of sham exposure to mobile phone radiation (MPR) dur-
ing which the mobile phone was in normal mode, but
the phone call was addressed off, then the phone call
was switched on for the upcoming 30 min (real exposure
to MPR) with no conversation between the sender and
the tested candidate. In the last 15 min of the record,
the phone call was addressed off again. Exposure was
initiated by calling the patient’s phone from a second
phone in the adjoining room; the experimenter was to
enter the test room to ensure that the subject was awake
with eyes closed and turn on the call, which ended by
terminating the phone call from the second phone. The
patient’s phone was set to make no sound/vibration with
the call, and the patient was thus ignorant of whether or
not it was turned on or off. The test persons did not
hold the phone by hand. It was located alongside the
head placed 2 cm away from the participant’s left ear to
simulate the typical distance of a mobile phone during a
call and to avoid the heating effect of the machine. The
sender mobile was kept in the observing room during
the experimental time.

The subjects’ state of vigilance was monitored during the
recording session and was alerted every 5 min with a verbal
command by the observer to avoid drowsiness. Patients
who showed clinical (sluggish response to command) or
electrophysiological signs of drowsiness (rhythmic temporal
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theta of drowsiness or vertex waves) during recording were
excluded from the study. The experimental conditions were
kept the same for all candidates including the timing of the
EEG record.

The mobiles used for the present experiment were the
commercially available Samsung S3 mini which transmits
a typical GSM RF-ON signal with a carrier frequency of
900 MHz and a peak power of 2 W (equivalent to an aver-
age power of 0.25 W) and has specific absorption rate
(SAR) of 1.03 W/kg (head) and 1.28 W /kg (body).

Each EEG was analyzed by expert electroencephalogra-
pher blind to the effective experimental condition by vis-
ual inspection of concurrent split-screen video and EEG.
The EEG was visualized for interictal changes suggestive
of an epileptic disturbance. Epileptiform activity is de-
fined as abnormal paroxysmal activity consisting, at least
in part, of spikes or sharp waves. A spike is defined arbi-
trarily as a potential having a sharp outline and duration
of 20 to 70 msec, whereas a sharp wave has a duration
between 70 and 200 msec. The paroxysmal activity has
an abrupt onset and termination, and it can be distin-
guished clearly from the background activity by its fre-
quency and amplitude [24].

The study was ethically approved by the research com-
mittee and reviewed by the Faculty of Medicine Cairo
University board (clinical trial number NCT02854384)
registration date January 2015. Written informed consent
was obtained from all participants involved in this investi-
gation prior to the conduct of any study-related activities.

Statistical analysis

Data were analyzed using Statistical Program for Social
Science (SPSS Inc., Chicago, IL, USA), version 20.0, IBM
Corp. 2011. Qualitative data were expressed as frequency
and percentage. The number of abnormal EEG events—ei-
ther focal or generalized of each test person, was counted
during sham and real exposure to MPR. For further evalu-
ation, a correlation analysis was performed between the
number of epileptic events detected during the real expos-
ure to MPR and the patients’ clinical data. For probability,
P value < 0.05 was considered significant.

Results
Both groups were matched for age and sex, and most pa-
tients (76.7% in the patient group, 90% in the control
group) involved in the study were > 18 years old with an
equal number of males and females in each group. Further
clinical characteristics are summarized in Table 1. All in-
cluded patients have a normal neurological examination.
The results of the control group before exposure to
MPR (sham exposure), during (real exposure), and after
exposure, EEG showed normal background activity, with
no abnormal focal or paroxysmal discharges.
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Table 1 Clinical data of the epileptic patients

Clinical data Patients n = 30
ltem No. %

Seizure type Generalized 22 733
tonic-clonic
seizures
Absence 1 33
Focal evolving 3 10
to generalized
Mixed seizure 4 134
types

Age of onset < 18 years 26 86.6
2 18 years 4 134

Duration of disease < 5 years 2 6.7
5-15 years 21 70
> 15 years 7 233

Last seizure < 1 week 16 533
1-4 weeks 4 134
4-24 weeks 5 16.6
24 weeks-5 1 33
years
Fit free > 5 4 134
years

Drug profile Monotherapy 10 333
Polytherapy 16 533
Not receiving 4 134

antiepileptic drugs

*P value < 0.05 is considered statistically significant

The results of the epileptic group are the following: 20
epileptic patients (67%) had normal EEG record during
sham exposure and continued to have normal record
during and after real exposure to MPR except one pa-
tient who developed focal temporal epileptiform dis-
charges during real exposure to MPR (Fig. 1a, b). This
33-year-old male patient used to experience generalized
tonic-clonic convulsions and absence seizures, his last
seizure was 2 years ago, and he is not on medication.

Three epileptic patients (10%) had abnormal focal epi-
leptiform discharges during sham exposure to MPR, and 2
had right anterior temporal discharges while the other had
left frontal discharges. The number of abnormal events in-
creased significantly during real exposure and decreased
in the after-exposure period. The increase was just in the
frequency with the same pre-exposure morphology and
distribution (Table 2).

Seven epileptic patients (23%) had abnormal generalized
epileptogenic discharges during the sham exposure to MPR.
In five of them (G1, 2, 3, 5, and 6), the number of abnormal
events increased significantly during real exposure to MPR
and decreased in the after-exposure period (Table 2).

One patient (G4) was an 18-year-old female with ab-
sence seizures, not on regular treatment, and her last
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activity at 9-10 Hz alpha waves.

slow wave complex.

background activity became slightly slowed at 7-8 Hz

a: Normal EEG record in an epileptic patient during sham exposure to MPR shows normal background

b: Abnormal EEG record during real exposure MPR of the same patient shows left anterior temporal sharp-

Fig. 1 a Normal EEG record in an epileptic patient during sham exposure to mobile phone radiation (MPR) shows normal background activity at
9-10 Hz alpha waves, using a referential montage with gain set on 10 uV. b Abnormal EEG record during real exposure to MPR of the same
previous patient shows left anterior temporal (T3/T5) sharp-slow wave complexes, using a referential montage with gain set at 15 uV. The

Table 2 Number of epileptic events during sham, real, and after-exposure to MPR

The number of Patients with baseline focal Patients with baseline generalized discharges
events in EEG discharges
Patient Patient Patient Patient Patient Patient Patient Patient Patient Patient (G7)
(F1) (F2) (F3) (G1) (G2 (G3) (G4) (G5) (G6)
Sham exposure (15 1 1 8 1 2 2 1 1 1 9
min)
Real exposure (30 4 5 30 3 15 15 20 6 10 EEG ictal
min) pattern
After exposure (15 0 1 2 3 3 3 10 2 1
min)

EEG electroencephalogram, F focal, G generalized, min minutes
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a: Abnormal EEG record during sham exposure MPR of patient G4There is generalized, bilateral,

synchronous spike-slow wave complex and sharp wave.

b: Abnormal EEG record during real exposure MPR of the same patient (G4). There is recurrent paroxysm

of generalized, bilateral, synchronous polyspike-slow and sharp-slow wave complex.

¢: Abnormal EEG record after exposure to MPR of the same patient (G4). There is a single paroxysm of

generalized, bilateral and synchronous spike-slow wave complex similar to that recorded during the sham exposure.

Fig. 2 (See legend on next page.)
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(See figure on previous page.)

Fig. 2 a Abnormal EEG record during sham exposure to MPR of patient G4, showing generalized, bilateral, synchronous spike-slow wave
complex, and sharp wave, using a referential montage with gain set at 15 uV. The background activity was 8 Hz. b Abnormal EEG record during
real exposure to MPR of the same patient (G4). There is a recurrent paroxysm of generalized, bilateral, synchronous polyspike-slow, and sharp-
slow wave complexes during which the background activity showed a drop of both frequency and amplitude. A referential montage was used
with gain set at 50 uV. ¢ Abnormal EEG record at the after-exposure period to MPR of the same patient (G4) showing a brief paroxysm of
generalized, bilateral, and synchronous spike-slow wave complexes like that recorded during the sham exposure. A referential montage was used
with gain set at 10 uV. The background activity resumed its original frequency and amplitude

seizure was 2 days ago. Her EEG continued to be highly
abnormal at the after-exposure period (Table 2, Fig. 2a—c)

Patient G7 was an 18-year-old male patient suffering
from mixed types of seizures on polytherapy, and his last
fit was 2 weeks ago; after 12 min of real exposure to
MPR, his EEG showed a significant change to abundant
generalized electrographic ictal discharge. Immediately
on observing such an ictal pattern, the phone call was
terminated, and the mobile phone was removed away
from the patient. The EEG record returned to the basal
pattern of reactive posterior alpha rhythm after 5 min
(Fig. 3a—c). These EEG changes were not associated with
clinical ictal seizure or disturbed awareness.

There is a statistically significant positive correlation
between the number of epileptic events detected by vis-
ual 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).

Discussion

Reports on the effects of EMFs on resting cerebral activ-
ity even though ample but unfortunately contradictory
[25]. In concordance with current study findings, several
studies reported no abnormal effects of RF radiations on
humans [26]; however, some of the available data [27,
28] have shown an influence limited to some EEG
rhythms, especially on the alpha band (8-13 Hz). Similar
findings have also been observed in the spectral content
of EEG recorded both prior to sleep onset [29] and dur-
ing sleep [30].

On the other hand, studies addressing the effects of
EMF on the epileptic brain are remarkably scarce with in-
teresting results suggesting a possible influence of these
radiations on brain activity.

In the current study, a 30-minute mobile phone call
evoked no EEG changes in the control group. No abnor-
mal discharges were developed at any time during or
after the phone call. However, in the group, including
persons with epilepsy, all of those with abnormal base-
line 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 devel-
oped left focal temporal epileptiform discharges taking
into consideration that the mobile 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.

In a study done by Lépez-Martin and colleagues [31],
they found that 900 MHz GSM radiation triggered a
marked increase in neuronal excitability in seizure-prone
rats, as manifested by behavioral indicators, EEG indica-
tors, and neuronal c-Fos expression. Cinarand colleagues
[32] also investigated the effects of exposure to different
frequencies of EMWSs in various durations in a mouse
epilepsy model induced by pentylenetetrazole (PTZ),
and they found that acute exposure to EMW may facili-
tate epileptic seizures by shortening initial seizure la-
tency, which may be independent of EMW exposure
time. Similarly, Persinger and Belanger-Chellew [33] ob-
served an increase in the incidence of seizures in rats
when mean-field intensity was raised.

Vecchio and colleagues found that epileptic patients
showed a statistically significant higher inter-hemispheric
coherence of temporal and frontal alpha rhythms in the
GSM than “sham” condition compared with the control
subjects. These results suggest that GSM-EMFs of a mo-
bile phone may affect inter-hemispheric synchronization
of the dominant (alpha) EEG rhythms in epileptic patients
as a reflection of a higher cortical synchronization in
epilepsy-related condition [20].

On the contrary, other studies highly question hyper-
excitability theory and propose an opposite assumption
that MPR increases the inhibitory GABA neurotransmit-
ter, thus decreasing EEG discharges and clinical seizures.
Curcio and colleagues [25] reported a decrease in spike
firing rates in 12 patients with focal epilepsy. Nagarjuna-
konda and colleagues [34] stated that drug-resistant epi-
lepsy improved with a significant decrease in fits in
mobile users. Taking into consideration that the latter
study monitored clinical fits, not EEG, also they were
assessing chronic, not acute MPR exposure. For the
former study, automated spike count was used and not
visual analysis.

Another debatable point that is still under research is
the effect of MPR on background rhythm. Researchers
have reported contradictory changes concerning the effect
of MPR exposure on alpha activity using quantitative elec-
troencephalography. El Sawy and colleagues [35] found
that there was a decrease in alpha band power in healthy
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a: Abnormal EEG record during sham exposure MPR of patient (G7 There is paroxysm of generalized,

bilateral, synchronous spike-slow, sharp-slow wave complexes

b1: Abnormal EEG record during real exposure MPR for the same patient (G7).

b2: Abnormal EEG record during real exposure MPR for the same patient (G7).

¢: EEG record 5 minutes after termination of the phone call of the same patient (G7).. It shows normalization
of the background activity (8-9 Hz alpha waves).

Fig. 3 (See legend on next page.)
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(See figure on previous page.)

Fig. 3 a Abnormal EEG record during sham exposure to mobile phone radiation (MPR) of patient G7. There is paroxysm of generalized, bilateral,
synchronous spike-slow, and sharp-slow wave complexes, the background activity. A referential montage was used and gain set at 10 uV. b1, b2
Abnormal EEG record during real exposure to MPR for the same patient (G7). A referential montage gain was set on 20 pv. There are
spontaneous bursts of recruiting building up pattern of generalized bisynchronous, symmetrical polyspikes that are discharging “fast”; at a rate of
6 and 10 Hz with extremely short periods of near-normal background activity that lasted for more than 30 s (B1), followed by high-voltage,
irregular 2- to 5-Hz slow waves with intermixed spikes (B2). ¢ EEG record 5 min after termination of the phone call of the same patient (G7). It
shows normalization of the background activity (8-9 Hz alpha waves). Gain set at 10 uV

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. Vecchio and
colleagues [20] also reported a reduction in alpha power
after exposure, while Relova and colleagues [36] reported
an increase in alpha band power upon exposure in epilep-
tic patients. From the previous studies’ results, changes in
the alpha rhythm are expected to occur concurrently with
the epileptiform discharge activation.

To our knowledge, the present results show evidence
of peculiar effects of GSM-EMFs on resting EEG in epi-
lepsy patients and extend to humans the previous evi-
dence of GSM-EMFs induced cortical activation in a
seizure-proneness rat model [37] and also confirms an
increase in the interictal epileptiform activity.

Also, from the present results, we can suggest that pa-
tients who are known to be epileptic for longer periods
or have experienced seizures lately are at a higher risk
from the effects of acute MPR as detected from the cor-
relation analysis.

A note of caution is needed regarding the interpret-
ation of the current study data. Some degree of variabil-
ity of alertness would be expected in comparison with
studies with shorter protocols, as the real exposure to
MPR started after 15 min of staying in a quite semi-
illuminated room. Although the authors tried to elimin-
ate the effect of drowsiness, its provocative effect should
be taken into consideration. Second, the same day proto-
col of real and sham exposure allowed unifying the ex-
posure settings.

Conclusion

By having a top view on these results, one can see that
though changes were detected in some patients, yet no
evident effect was detected in controls as well as most of
the patients with normal baseline records. Thus, a conclu-
sive interpretation of the present results is still premature,
and it can just be speculated that EMFs like the ones emit-
ted by mobile phones may influence the epileptic brain,
probably through changes in cortical excitability. Also,
further studies on humans should be carried out to show
possible dose-related effects, particularly concerning
chronic or repeated exposures.
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