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Abstract

Mobile phones are being widely used throughout the world resulting in progressive exposure to
€l ectromagnetic frequency generated by them. The purpose of the current study isto evaluate the adverse
effect of long-term mobile phone usage on auditory brainstem response (ABR). This prospective, cross-
sectional study was conducted in a tertiary care hospital, in the Departments of Physiology and ENT,
Government Medical College, Jammu. The study involved 60 subjects, divided into three groups of 20
each, based on the usage of mobile phone - Group A: Control subjects, Group B: Subjects using mobile
phonefor 30 minutes/day for 4 years; and Group C: Subjectsusing mobile phonefor 30 minutes/day for 4-
8 years. Their ABR was recorded and analyzed for latency of waves| to V, aswell asinterpeak latencies
of I-111, 111-V and |-V in milliseconds. There was statistically no significant differencein ABR parameters
i.e. latencies of wavesandinterpeak |atenciesamong groupsA, B and C. Similar to earlier studiesdone, no
significant delay in ABR parameters was observed in long-term maobile phone users as compared to
Control subjects. The present study suggests that long-term exposure to EMF generated by commercial

mobile phones does not produce measurable effect on ABR parameters.
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Introduction

The everincreasing possession and usage of mobile
phones has produced a revolution in communication
system, thereby alsoin social and environmental domain
and has modified lifestyle in a dramatic way. Mobile
phones have rai sed public concern over possible harmful
physiological effects. Effects and possible health
outcomesof exposureto radiofrequency fieldsfrommaobile
phones and its radiation waves consist of oscillating
electric and magnetic field emitted from these wireless
devices (1).

Numerous studies have shown that usage of mobile
phones may cause adverse health effects such as
headache, sleep disturbance, impairment of short-term
memory, lack of concentration, brain tumors and high
blood pressure (2,3). Therearetwo direct ways by which
exposure to radiofrequency radiation can affect health.
These are thermal effects caused by holding mobile
phonescloseto the body and include headache, sensation
of warmth or burning around the ear, burning sensation

onthefacial skinand ateration of the blood-brain barrier,
whilethe non-thermal effectsat tissue, cellular and sub-
cellular levelsare possibly induced by magnetic field rather
thantheé ectricfield of EMF (el ectromagnetic frequency)
because of its ability to penetrate human bodies. The
non-thermal effects have been implicated in disturbance
of sleep patterns, increase in blood pressure, effect on
cognitive functions and potential carcinogenic effect of
mobile phone particularly acoustic neuroma (4).Increased
permeability of the blood-brain barrier or changes in
activation of endogenous opioids may bethe underlying
factors of the headachesreported by mobile phoneusers.
Other non-cancer health effects of EMF reported are -
fatigue, nausea, impaired thermoregul ation and general
discomfort (5).Dueto close proximity of the antennae of
the mobile phone to the user's ear and head, the inner
ear, 8th cranial nerveand brain areinevitably exposedto
the EMF with aspecifically high specific absorption rate
(SAR). Some authors have reported that approximately
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40-50% of mobile phones radiofrequency output power
energy is absorbed in the user's head (6).

Theauditory brainstem-evoked response (ABR) may
allow quantifying the activity and functions of auditory
organ, including the auditory nerve and subcortical
centers. Theseare potential recorded from ear and vertex
in response to brief auditory (click) stimuliand assess
conduction through the auditory pathway upto the level
of midbrain.Various studies have investigated the
electrophysiological effects of EMF to human body (7,8),
but the results of these studies have been ambiguous and
contradictory. Therefore,the present study was conceived
to investigate the effects of mobile phones on human
auditory brainstem responsesin long-term GSM (global
system for mobile communication) mobile phone users
to provide more clarity into this public health problem.
Material and Methods

After approval from the Institutional Ethical
Committee, Government Medical College, Jammu, the
present study was conducted over aperiod of six months
i.e., January to June, 2015.

The study comprised of 60 subjects of either sex
divided into three groups of 20 each:

. Group A: Subjects who never used a mobile

phone

. Group B: Subjects using mobile phones for the
past 4 years

. Group C: Subjects using mobile phonesfor the
past 8 years

The daily usage by subjectsin groups B and C was
limited to amaximum of 30 minutes.
Subject Selection
The subjects were selected from amongst the
volunteers and patients attending ENT OPD. A written
informed consent was obtained from them and each one
was explained the test procedures they were subjected
to.
Inclusion Criteria
. Subjects between the ages of 15-30 years of
either sex.
. Subjects using GSM phones only,for the past 4
years (for group B) and for 8 years (for group
C).
. Subjects with normal hearing (i.e. with no
apparent impairment of hearing between 0 and
25 dB taking the average of the threshold of
hearing for frequencies 500, 1,000 and 2,000 Hz).
Exclusion Criteria
. Subjects with history of ear discharge, hearing
loss, ear surgery.
. Subjectswith metabolic disordersknown to affect

hearing.

. Subj ectstaking ototoxic drugs (aminoglycosides,

diuretics, analgesics).

. Subjectswith history of chronic smoking and/or

alcohol abuse.

. Noiseinduced hearing loss.

e Any hormonal imbalance e.g., thyroid,

acromegaly.

Special emphasis was laid on history of headache,
dizziness, fatigue, loss of concentration, memory 10ss,
warmth behind ear/on ear, burning skin, tingling/tightness.

Complete medical history was taken in each of the
subjects along with general and complete systemic
examination before recording the ABRs.

Clinical ENT examination was performed including
examination of the external ear to rule out any hearing
lossdueto wax, debris, discharge, polyp and perforation
of the tympanic membrane. Auditory threshold was
determined using pure tone audiometry (PTA).

Along with this a complete history of mobile phone
usage was taken from the subjects: the number of years
he has been using a mobile phone and the average
duration of use per day (for groups B and C).
Recording of ABRs

ABRs were recorded using computerized evoked
potential recording system (EB Neuro, Italy). The subject
was asked to lie down at the time of testing in a sound
proof room at ambient room temperature. Three disc
electrodeswere affixed according to '10-20 International
System' of electrode placement. Active electrode was
placed at ipsilateral mastoid process.Reference electrode
was placed at vertex of the skull and Ground electrode
was kept at the forehead in the midline.Electrical
impedance was kept below 5 k?. Acoustic transients
(alternating clicks) were delivered through earphones.
Each brief click stimuluswas asquarewave pulse of 0.1
ms. A click rate of 21 kHz was used. A total of 2,000
individual sweeps were recorded using filter band pass
of 300-3,000 Hz with artefact rejection level upto 25 =V

Two to three repetitions of the recording were doneto
ensurereproducibility i.e. latency measured on separate
recordings agreed with each other within 0.1 msor less
and absolute peak latency (I, II, IIl, 1V and V)
andinterpeak latencies (IPLs- I-111, 111-V and I-V) were
determined. Both the ears of al the subjects were tested
(one ear at atime), while masking the contralateral ear
with white noise 40dB below theipsilatera click stimuli.
Satistical Analysis

The collected data was tabulated and comparison of
all three groups and intergroup variations were assessed
using one-way analysis of variance(ANOVA) and
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unpaired Student's 't' test respectively. A p value of less
than 0.05 was considered as statistically significant.
Results

Comparison of absolute peak latencies and interpeak
latencies of ABRwaves| toV in Group A, Group B and
Group Cin left ear, right ear and both ears are depicted
in Table 1. Though there was steady increase in peak
and interpeak latenciesin Group B as compared to Group
A, and Group C as compared to Groups B and A, the
overall difference was statistically not significant
[p>0.05]. Intergroup comparison of absolute peak
latenciesand interpeak |atencies of ABR wavesaregiven
in Table 2. The present study did not observe any
statistically significant association duringintergroup
comparison[Group A and Group B, Group B and Group
C and Group A and Group C] in bothabsolute peak
latencies[waves| to V], aswell asininterpeak | atencies
of ABRwaveg[I-I1l, 111-V and I-V], in either | eft or right
ear.When absol ute wave latenciesand interpeak latencies
in ABR were analyzed in both the ears taken together,
again no statistically significant association could be
established [p>0.05]. Theresultsindicate that conduction
of electrical impulse generated to acoustic stimuli from
cochlear nerve to auditory brainstem is not affected by
mobile phones. In the mobile phone users groups B and
C (n=40), 35 subjects said that they used both the ears,
right more than left, while 5 mostly used left ear while
caling. Thus, comparison of |ateralization of mobile phone
usefor each group wasnot possible statistically. 9 patients
among the chronic mobile phoneusers (Group C) reported
headache, 7 complained of loss of concentration and
another 7 complained of warmth behind the ear. Two
patientsreported insomniaand fatigue. None of themohile
phone users complained of tingling sensation, dizziness
or memory loss.
Discussion

M obile phone operates on wireless technology, with
communication typically occurring viaa 900-1800 MHz
signal that is pulsed at 217 Hz. This signal carries
essentially no power when the user is not talking or
receiving but when the user communicates the power of
this pulsed EMF reaches a maximum of 250 mW (9).
The effects of EMF on biological system have been
extensively investigated over the last few years with
particular attention has been given to the effect of
microwave exposure on the central nervous system (10).
A study carried out in USA, UK, New Zealand and
Australia showed that the major complaints of mobile
phoneusersincluded headache, fatigue, genera ill-being,
muscular pains and nausea (11). The degree of adverse
biologica effects of themobile phone microwaveradiation

depends on various factors, likethe duration of the
irradiation, individua characteristicsof thecentra nervous
system and immune systems, genetic susceptibility and
other factorsliketherate of absorption and thedistribution
of EMF energy by different tissues of the body (4,12).

Short term exposure [10-30mins] to EMF from
commercial mobile phones have shown contradictory
resultsby variousauthors(5,7,8,13,14). Still lessdatais
available regarding chronic effects created by EMF.
Cochlear nerves and temporal lobes are the neural
structures most exposed to the pulsed EMF and mobile
phonesareideally positioned to affect the auditory system.
Such fields have been shown to have some adverse
effects on the brain (15).

Panda et al. (16) conducted a study of 112 subjects
who were long-term mobile users (>1 year) and 50
controls. Authors reported that no significant difference
between users and controls for pure-tone audiometry
(PTA), ABR, middle latency responses (MLRs) and
distortion otoacoustic emissions. However, they
concluded that long-term and i ntensive mobil e phone use
may cause inner ear damage. A study conducted by
Kapranaet et al. (17) on rabbits reported prol ongation of
interval latencies |-V and I11-V after exposure and EMF
emitted by mobile phone, thereby reflecting the effect of
EMF onnormal electrophysiologica activity of theauditory
system. The results of the current study revealed that
EMF causesno significant alteration in the latencies and
interpeak latencies of the ABR waves, suggesting that
theneural pathways mediating on auditory stimulus, from
cochlear nerveto mid-brain, are not affected by exposure
to EMF emitted by mobile phones. Similar to the current
study, other authors have reported no significant effect
of EMF generated by mobile phone on auditory
parameters including otoacoustic emissions and ABR
(4,17,18,19,20).

Some authors like Liburdy& Vanek (21) and Khullar
et al. (22) have reported positive findings on microwave
interactions with cell membranes. Khullar et al. in their
study of 60 subjects found that there was no
significantdifference in ABR parameters between non-
usersand moderate users (maximum 30 minutes/day for
5 years). However, the latency of waves | and Il was
significantly prolonged in chronic users (using mobile
phones for 10 years for a maximum of 30 minutes/day)
representing the involvement of peripheral portion of
auditory nerve While Patel and Qureshi (23) reported
increased mean hearing loss on PTA in astudy group of
long-term mobile users (1 hour/day) as compared to
control group of mobile phone users (<15 minutes/day).

Theenergy radiated by amobiletelephoneislow. GSM
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Table 1. Comparison of Absolute Peak latencies, | nterpeak latencies of ABR Waves| to V in GroupsA, B and C (mean+SD)

in left Ear, Right Ear and Both Ears

) Group A Group B Group C Statistical inference
Variables
(Controls) (past 4 years) | (past 8 years) (p-value)
L eft ear (n=20)
Wave l lat. 1.65 + 0.06 1.66 + 0.01 1.66 + 0.01 0.59"
Wave Il lat. 2.57 + 0.04 2.55+ 0.03 2.63+0.22 0.13
Wave Il lat. 3.57 £ 0.03 3.64 +0.40 3.58 + 0.04 0.59
Wave IV lat. 450+ 0.26 458+ 0.16 4.60+0.18 0.27
WaveV lat. 5.59 £ 0.26 5.64 £ 0.27 5.71+0.31 0.40"
Interpeak lat. .
il 1.90 £+ 0.03 1.89 + 0.03 1.92 £ 0.08 0.19
Interpeak lat. .
Y 2.02 £ 0.27 2.09 £ 0.27 2.11+0.30 0.57
Interpeak lat. .
v 3.93+0.26 4.05+0.14 4.08 +0.29 0.11
Right ear (n=20)
Wave l lat. 1.66 + 0.03 1.66 + 0.02 1.65 + 0.03 0.40°
Wave Il lat. 2.62+0.22 2.58 £ 0.03 2.57 £ 0.02 0.43
Wave Il lat. 3.62+0.22 3.58 + 0.03 3.57+0.01 0.43
Wave IV lat. 453+0.31 4.61+0.16 4.63+0.21 0.36
WaveV lat. 5.67 £ 0.24 5.73+ 0.30 5.77 £ 0.32 0.54"
Interpeak lat. .
il 1.90 + 0.03 1.89 + 0.03 1.92 + 0.08 0.19
Interpeak lat. .
Y 2.02 £ 0.27 2.09 £ 0.27 2.11+0.30 0.57
Interpeak lat. .
v 3.93+0.26 4.05+0.14 4.08 +0.29 0.11
Both ears (n=40) o
*Not significant (p>0.05)

mobile phones always emit maximum power for a few
secondsduring theinitiation of acall. Thetelephonerings
only after it hasreceived this powerful transmission and
the power then decreasesto alevel whichisjust sufficient
to sustain the connection. This safety feature of GSM

mobiletelephones may beonereasonsfor thestatistically
insignificant results obtained in the present study (24).

Evidence generated so far has shown that heat generated

by chronic mobile phone use may not be significant
enough to affect the biol ogical tissue, thus not disturbing
the thermoregulation mechanism. Safety guidelines on
mobile phonesimpaose upper limitsontheradiationintensity
to ensure that this does not happen (24,25) so that the
permesbility of theblood brain barrier aswell astheactive
transport of Na+, K+ and release of Cat++ ions by cell
membranes does not get altered. The power of mobile
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Table 2. Intergroup comparison of absolute peak latencies, interpeak latencies of ABR waves| to V in GroupsA, B and C

(meanxSD) in left ear, right ear and both ears

Statistical inference (p-value)
Variables
Group AvsGroup B | Group B vsGroup C | Group A vsGroup C

L eft ear (n=20)

Wave | lat. 0.46 1 0.46"

Wave Il lat. 0.08 0.11 0.23

Wave Il lat. 0.44 0.50 0.37

Wave IV lat. 0.24 0.71 0.16°

Wave V lat. 0.55" 0.45 0.82
Interpeak lat. I-111 0.29 0.12 0.30
Interpeak lat. I11-V 0.41 0.82 0.32
Interpeak lat. -V 0.07 0.67 0.09
Right ear (n=20)

Wave | lat. 1 0.22 0.29

Wave Il lat. 0.42 0.22 0.31°

Wave Il lat. 0.42 0.16 0.31

Wave IV lat. 0.31 0.73 0.23

Wave V lat. 0.48" 0.68 0.27
Interpeak lat. I-111 0.42 1 0.42
Interpeak lat. I11-V 0.58 0.90 0.46
Interpeak lat. -V 0.43 0.87 0.44
Both ears

Wave | lat. 0.24 1 0.24

Wave Il lat. 0.24" 0.10° 0.77

Wave Il lat. 0.84 0.50 0.43

Wave IV lat. 0.12 0.15 0.06

phone handsets and cordless phone base units is very
low so mobile phones do not cause thermal effects on
user organisms. Prolonged use of mobile phones can
causeonly 0.10C increasein temperature of deep tissues
like brain. Such minor increase in temperature cannot
cause any adverse on the body (24,26).
Conclusion

Thelong-term exposure up to 30 minutes/day of mobile
phonesis not the cause of adverse effectson the auditory

system as far as brainstem auditory evoked responses
areconcerned. However, it isnot reasonable to conclude
that exposureto EM Fsduring mobiletelephone use does
not lead to any hazardous health effects. The health
impact of mobile phone on eachindividual isvariableas
the population is genetically heterogeneous. At present
we can guide young mabile phone userswith potentially
longer lifetime exposureto cut short the dial ogue periods
and use the hand-sets for essential purposes only. By
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using speaker phones or hands-free system, the direct
exposureto electromagnetic radiations emitted by mobile
phones can be minimized.
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