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Does mobile phone use of women during pregnancy
cause hearing problems in infants?
Preliminary observation
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Abstract

Objective: Some studies have claimed that long-term conversa-
tion with mobile phones can cause hearing loss. However, it has
not been investigated whether exposure to mobile phones during
pregnancy affects the hearing of babies in the womb. Therefore,
the aim of this human study was to investigate the effects of
intrauterine radiofrequency radiation (RFR) exposure emitted
from mobile phones on the hearing of newborns.

Methods: The study population comprised 149 newborns.
Pregnant women in this study were divided into 4 groups according
to RFR exposure duration, such as non-exposure to RFR, exposure
to RFR for 2-15 min/day, exposure to RFR for 15-60 min/day, and
exposure to RFR for more than 60 min/day. The results of the hear-
ing screening analyses of the newborns, which were performed
using transiently evoked otoacoustic emission and auto auditory
brainstem response, were investigated retrospectively.

Results: The results of this study indicated that 900 and 1800
MHz RFR exposure during pregnancy did not cause hearing loss
in newborns.

Conclusion: In conclusion, we observed that the hearing sensitiv-
ity and peripheral sound perception of newborns were not affect-
ed by RFR exposure emitted from mobile phones during the
intrauterine period. Further studies should be performed to illu-
minate the subject.

Keywords: Radio frequency radiation, mobile phone, pregnant
women, infant, hearing loss.

Introduction

In recent years, exposure to radiofrequency radiation
(RFR) emitted from wireless devices such as mobile
phones, game consoles, internet service providers, etc.,

Ozet: Kadinlarin gebelik esnasinda cep telefonu
kullanimi bebeklerde isitme sorunlarina sebep
oluyor mu? On g6zlem

Amac: Baz1 calismalarda, cep telefonlar ile uzun siireli goriisme
yapmanin isitme kaybma neden olabilecegi ileri siirtilmektedir.
Ancak gebelik esnasinda cep telefonu kullaniminin anne karninda-
ki bebeklerin isitme yetileri iizerinde etkileri olup olmadig: arasti-
rilmamustir. Bu nedenle, insan popiilasyonu tizerindeki bu ¢alisma-
muzdaki amacimiz cep telefonlarindan yayilan intrauterin radyof-
rekans radyasyonuna (RFR) maruz kalmanin yenidoganlarin isit-
me yetileri tizerindeki etkilerini aragtirmaktr.

Yontem: Calisma popiilasyonu 149 yenidogandan olugmaktadir.
Calismadaki gebeler, RFR maruziyet siiresine gore 4 gruba ayril-
mis olup bunlar, RFR’ye maruz kalmama, RFR’ye 2-15 daki-
ka/giin maruziyet, RER’ye 15-60 dakika/giin maruziyet ve RER’ye
60 dakika/giin’den fazla maruziyet gruplaridir. Yenidoganlarda ge-
cici uyarilmis otoakustik emisyon ve oto-isitsel beyin sap1 yanit
seklinde gergeklestirilen isitme taramasi analizlerinin sonuclari
retrospektif olarak arastirilmigtir.

Bulgular: Bulgular, gebelik esnasinda 900 ve 1800 MHz RFR ma-
ruziyetinin yenidoganlarda isitme kaybina yol agmadigini goster-
mistir.

Sonug: Sonug olarak, yenidoganlarda isitme hassasiyetinin ve ¢ev-
re sesi algisinin intrauterin dénemde cep telefonlarinin yaydig:
RFR maruziyetinden etkilenmedigini gézlemledik. Konuyu acikli-
ga kavusturmak icin ek calismalar yapilmalidir.

Anahtar s6zciikler: Radyofrekans radyasyonu, cep telefonu, ge-
beler, bebek, isitme kaybi.

has significantly increased due to the widespread usage
these devices. Various studies regarding this topic have
reported that exposure to RFR could influence neu-
rodevelopment, the blood-brain barrier, demyelina-
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tion, neurotransmitter release, lead to alterations in the
regulation of the cell cycle, and change intracellular
and some molecular pathways, and cause alterations in
the central nervous system."’

The most important groups in terms of health
problems that electromagnetic field (EMF) exposure
can affect are pregnant women and children. In a
workshop organized by the World Health
Organization in Istanbul, Turkey, in 2004, the sensitiv-
ity of children to EMFs was discussed and it was
emphasized that studies on this subject should be
increased.”

The studies have shown that RFR may disrupt the
structure of biomolecules, such as proteins, lipids, and
DNA," change gene expression” and result in oxida-
tive stress during the early pregnancy period. The
amount of RFR absorbed by the body has shown alter-
ations during the gestation period due to changes in the
amount of water in the body."” The nervous system of a
baby forms rapidly during the prenatal period and the
brain tissues have high conductivity owing to their high
water content.” Maskey et al."” reported that the audi-
tory brainstem region is sensitive to chronic exposure to
RFR [835 MHz, 4.0 W/kg specific absorption rate
(SAR)], which may influence the function of the central
auditory system. Moreover, the results of ABR tests on
rats exposed to RFR also displayed a significant thresh-
old elevation that might have originated from auditory
dysfunction."”

Hearing loss, which is loss of the sense of auditory
partially or completely, originates from some defects in
the outer or middle ear. These defects may slow the
transfer of sound waves and even prevent them from
transferring. Another type of the hearing loss origi-
nates from damage to hair cells in the inner ear.
Damage in the auditory nerve itself or in the brain
pathways may cause central hearing loss. The inci-
dence of hearing loss in live birth newborns in was
reported as 1-6/1000 babies, and this rate increased up
to 10/1000 in newborns in risk groups."’ About
50%-60% of congenital hearing loss are hereditary. It
was reported that 40%-50% of congenital hearing
losses arise from disorders, such as intrauterine infec-
tions, hypoxia, hyperbilirubinemia, prematurity, low
birth weight, ototoxic drug usage, hypothyroidism,
sepsis, meningitis, and persistent pulmonary hyperten-
sion."” These risk factors adversely affect cochlea.
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Transient evoked otoacoustic emissions (TEOAE)
and auditory brainstem response (ABR) tests are analy-
ses that are used to detect hearing loss in infants dur-
ing the early period. These tests are non-invasive and
they ensure objective and physiological measure-
ments."” Eighth nerve and auditory brain stem dys-
function cannot be detected by the TEOAE test.
Despite hearing loss, a normal TEOAE response may
be received in these types of pathologies. Therefore,
TEOAE is not an adequate screening test for infants
with neurological hearing loss risk factors. ABR has
been used for many years as an electrophysiological
measurement that evaluates the hearing function in the
section from the 8th nerve to the brainstem. In the
ABR test, the electrical responses of the brainstem
auditory way and auditory nerve are evaluated against
click stimulus given by electrodes placed on the fore-
head, mastoid, and neck of the patient. Nowadays, the
TEOAE and ABR tests are generally used together in
newborn clinics for hearing loss screening. If the new-
born does not pass the TEOAE test at least twice, the
ABR test needs to be applied 3 months afterwards.
However, if one or more of the hearing loss risk factors
are present in the newborn, it is appropriate to perform
the ABR test without waiting.

Studies carried out on the effects of RFR emitted
from mobile phones on the auditory systems of fetuses
and newborns are very limited. Investigations regard-
ing this issue, the majority of which were carried out
on animals, have had differences in terms of parame-
ters, such as experimental setups, techniques, and
SARs. These differences in the experimental setups
and inconsistencies in the results of the studies have led
to contradictions.

Some of previous studies have shown that RFR can
cause hearing loss in both humans and animals.""*"**"
The aim of the current study was to reveal whether the
auditory system development of babies in the womb
was affected by the mobile phone usage of their moth-
ers during pregnancy. The mobile phones used by
pregnant women in this study consisted of smart
phones (SAR values were between 0.57-0.65 W/kg).
3G technology was used in Turkey at the time of this
study. Digitally enhanced cordless telecommunication
was not used by the pregnant women. The results of
the TEOAE and ABR tests carried out on infants who
met the acceptance criteria, which had previously been
determined for this study, were used.
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Methods

The study was conducted in accordance with the
Declaration of Helsinki and the protocol was approved
by the Ethics Committee of the Medical Faculty, Van
Yiiztinci Yil University (Report No: 2019/14-04).
Primarily, the pregnant women accepted into the study
were identified by excluding women who had received
any medical treatment, had a chronic systemic disease,
multiple pregnancies, hearing loss in their families, and
consanguineous marriage. The study comprised 149 vol-
unteer pregnant women aged between 18 and 40 years.
All of the pregnant women gave their signed informed
consent prior to beginning the study. The pregnant
women were divided into 4 groups depending on the
daily usage time of their mobile phones. Control Group:
Non-mobile phone users during pregnancy (n=37),
Group 1: Mobile phone users for 2-15 min per day
(n=39), Group 2: Mobile phone users for 15-60 min per
day (n=37), Group 3: Mobile phone users for more than
60 min per day (n=36). Daily mobile phone usage times
of the pregnant women were confirmed using the bills
obtained from their GSM service providers.

Before the babies were discharged, TEOAE tests
(TEOAE1 and TEOAE?2), which were first hearing tests
used, were conducted. The tests were administered with
an Ero-scan (Madsen Accuscreen, Natus Medical
Denmark ApS., Taastrup, Denmark) in a test environ-
ment of self-noise at <45 dB. The probe was inserted
into the external auditory canal of the patients for cali-
bration and then the test was started. The stimulus
intensity given in the TEOAE was 26-36 dB. The
screening results were automatically determined by the
Ero-scan with passed/failed criteria. If Pass was dis-
played, the hearing screening was recorded as a pass. In
this study, babies who had risk factors that would cause
hearing loss (hearing loss in the family and consan-
guineous marriage, birth defects, infections such as tox-
oplasmosis, measles, or herpes, etc.) were excluded.

The ABR test was administered using an auditory
evoked potential analyzer (EP25, Interacoustics,
Middelfart, Denmark) in a soundproof room. When the
subjects were in natural sleep or hypnosis after being
given 10% chloral hydrate, the reference electrode and
recording electrode were placed onto the ipsilateral mas-
toid and forehead, and alternating click stimuli was
administered with an interelectrode resistance of <5K€
and a filtering bandwidth of 100-3000 Hz. The scan was
performed for a duration of 10 ms. The results of the

hearing screening analyses of the newborns performed
using the TEOAE and ABR tests were achieved with
archive scan.

It was determined by the covariance analysis if the
confounding factors such as maternal and paternal age;
age of the father; weight gained by the mother during
pregnancy; number of doctor visits during pregnancy;
phone SAR value; type of birth; fetal distress; presence of
meconium; toxoplasmosis; rubella; cytomegalovirus;
presence of herpes simplex and HIV; placental disease;
systemic diseases; condition of the amniotic fluid; mult-
ple pregnancies; stillbirth; gestational vitamin usage
comprising ferritin, vitamin D, and folic acid; exposure
to radiation; urinary tract infections; vaginitis; chorioam-
nionitis; smoking and alcohol consumption; amount of
daily cigarettes smoked; presence of a base station in the
neighborhood, etc. had any impact or not. It was found
that the confounding factors had no impact on the
groups as p value was >0.05.

Descriptive statistics for the continuous variables
were presented as the mean, standard deviation, and min-
imum and maximum values, while count and percentages
were used for the categorical variables. For determina-
tion of linear relationships between the categorical vari-
ables, the chi square test was performed. Statistical signif-
icance was accepted as p<0.05 and the Statistical Package
for the Social Sciences (SPSS) v.13 (SPSS Inc., Chicago,
IL, USA) software was used for all of the statistical com-
putations. Moreover, due to the fact that the rate of suc-
cess in hearing tests (p) ranged from 75% to 95% in the
results of a previous study by Yorgancilar et al.,"" the suc-
cess rate was accepted as 85% in the current study.
Furthermore, for the 0.05 type I error rate, the Z value
and the effect size were assumed as 1.96 and 6%, respec-
tively. Based on this information, the necessary sample
size was determined as a minimum of 136 individuals
according to the equation for sample size calculation
[n=Z2 (pxq)/d2]. In other words, the statistical power
(sample size) of the current study was appropriate.

Results

Herein, 91.9% of the newborns in the control group,
89.7% of those in Group 1, 97.3% of those in Group 2,
and 80.6% of those in Group 3 passed the TEOAELI test
(Table 1). Since p>0.05, the results of the TEOAELI test
were not statistically associated with speech groups.
Herein, 80.0% of the newborns in the control group,
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50.0% of those in Group 1, 100.0% of those in Group
2, and 65.0% of those in Group 3 passed the TEOAE2
test (Table 2). No significant difference was found
when the groups were compared in terms of the results
of TEOAE2 test (p=0.280). Only 58 of the babies
included in the study were administered the ABR test
because they had passed the 2 earlier tests (TEOAEL
and TEOAE2) and they eventually passed all of the
tests.

Discussion

"The newborns successfully passed the TEOAE and ABR
tests. Mobile phones used by the pregnant mothers
emitted between 900 and 1800 MHz RFR according to
the information that was received from the GSM service
providers. No statistically significant differences were
found among the speech groups according to the results
of the hearing tests. The results showed that exposure to
between 900 and 1800 MHz RFR during the intrauter-
ine period did not affect the hearing status of the new-
borns. Moreover, exposure durations of the infants to
RFR during the prenatal period were also found to not
have any effect.

Table 1. Results of the TEOAE1 test.

The effects of RFR exposure on fetuses and new-
borns are still not well known. Several studies have
reported that even RFR exposure below the safety stan-
dards of the International Commission on Non-
Ionizing Radiation Protection have caused harmful
effects on human health.””

Fetuses have a high number of stem cells, which are
responsible for the formation of the fetal neural sys-
tem.” Stem cells are very susceptible to toxins and
RFR. Thus, exposure of the fetus to EMFs can increase
the risk of adverse health outcomes.”” Several studies
have reported harmful effects related to RER exposure
in human stem cells.”*”" A study carried out on the
Danish National Birth Cohort indicated a positive and
dose-dependent relationship between the use of the
mobile phones by mothers during pregnancy and the
behavioral problems of their offspring.”” ™ Moreover,
brain development is quite responsive to RFR exposure
during the prenatal period.”” Hardell and Sage”" noted
that RFR exposure could induce some changes in the
brain and neural system functions, and children should
be warned about the unknown biological complications
of prolonged RFR exposure. Furthermore, it was stat-

TEOAE1

Talking Passed Failed (bilateral) Failed (unilateral)

Control Count 34 2 1 37
% while talking 91.9% 5.4% 2.7% 100.0%
% within TEOAE1 25.4% 20.0% 20.0% 24.8%
% of total 22.8% 1.3% 0.7% 24.8%

2-15 min/day (Group 1) Count 35 3 1 39
% while talking 89.7% 7.7% 2.6% 100.0%
% within TEOAE1 26.1% 30.0% 20.0% 26.2%
% of total 23.5% 2.0% 0.7% 26.2%

15-60 min/day (Group 2) Count 36 0 1 37
% while talking 97.3% 0.0% 2.7% 100.0%
% within TEOAE1 26.9% 0.0% 20.0% 24.8%
% of total 24.2% 0.0% 0.7% 24.8%

>60 min/day (Group 3) Count 29 5 2 36
% while talking 80.6% 13.9% 5.6% 100.0%
% within TEOAE1 21.6% 50.0% 40.0% 24.2%
% of total 19.5% 3.4% 1.3% 24.2%

Total Count 134 10 5 149
% while talking 89.9% 6.7% 3.4% 100.0%
% within TEOAE1 100.0% 100.0% 100.0% 100.0%
% of total 89.9% 6.7% 3.4% 100.0%

Pearson'’s chi-square test= 6.674; p=0.352.
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ed that RFR exposure during pregnancy could cause
adverse health effects in the fetuses, even if the expo-
sure levels were within the legal levels accepted by
many countries.”’ Some studies have reported that
exposure to RFR could change gene expression during
gestation.””! However, the few epidemiologic studies
that have been conducted were insufficient to exhibit a
potential association between developmental conclu-
sions and prenatal RFR exposure.” "

Many studies have researched the effects of RFR on
the central or peripheral auditory system. Some
researchers have investigated the effects of exposure to
RFR on the central auditory system using the ABR test
or potentially related auditory incidents; however, no
effects were determined. Similarly, several studies have
been performed using otoacoustic emissions; however,
it was reported that RFR exposure did not cause any
effects on the inner ear.""” When the effects of mobile
phone-like 900 MHz RFR on the cochlear function of
rats was investigated, no variations in the DPOAE val-
ues were determined.”” Similarly, in another study, it
was reported that 10 min RFR exposure at maximum
power (2 W at 900 MHz or 1 W at 1800 MHz) did not

Table 2. Results of the TEOAE?2 test.

cause any alterations in the DPOAE values.”" On the
other hand, it was reported that 24 h/day long-term
exposure (1 year) to 2.4 GHz RFR significantly affect-
ed DPOAE values and could cause impairment the
hearing of adult Wistar rats."” In a recent study of mice
during the postnatal period, following exposure to
1850 MHz RFR, no significant changes were observed
in the hearing threshold of the ABR test. It was report-
ed that RFR might directly affect brainstem auditory
circuits, but did not change the general sound percep-
tion."” In another study, no significant effects were
observed in the TEOAE results of 30 cases after expo-
sure to between 900 and 1800 MHz RFR emitted from
mobile phones.”” These contradictory results may
have been due to the dissimilar designs of the RFR
sources.” In a study of the cochlear functions of
infant rabbits exposed to RFR during the intrauterine
and extrauterine periods, it was reported that GSM-
like RFR during the intrauterine period was less harm-
ful when compared to that in the extrauterine period.
This was due to the fact that the water content of the
middle and inner ear, and the amniotic fluid during the
intrauterine period, have a protective role.””

TEOAE2
Talking Passed Failed (bilateral) Failed (unilateral)
Control Count 12 2 1 15
% while talking 80.0% 13.3% 6.7% 100.0%
% within TEOAE2 30.0% 20.0% 25.0% 27.8%
% of total 22.2% 3.7% 1.9% 27.8%
2-15 min/day (Group 1) Count 4 3 1 8
% while talking 50.0% 37.5% 12.5% 100.0%
% within TEOAE2 10.0% 30.0% 25.0% 14.8%
% of total 7.4% 5.6% 1.9% 14.8%
15-60 min/day (Group 2) Count 1 0 0 1
% while talking 100.0% 0.0% 0.0% 100.0%
% within TEOAE2 27.5% 0.0% 0.0% 20.4%
% of total 20.4% 0.0% 0.0% 20.4%
>60 min/day (Group 3) Count 13 5 2 20
% while talking 65.0% 25.0% 10.0% 100.0%
% within TEOAE2 32.5% 50.0% 50.0% 37.0%
% of total 24.1% 9.3% 3.7% 37.0%
Total Count 40 10 4 54
% while talking 74.1% 18.5% 7.4% 100.0%
% within TEOAE2 100.0% 100.0% 100.0% 100.0%
% of total 74.1% 18.5% 7.4% 100.0%

Pearson'’s chi-square test= 7.470; p=0.280.
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A possible explanation for the results of the current
study may be the protective effects of maternal estrogen
and corticosteroids. It is well-known that maternal estro-
gen increases during pregnancy. The estrogen receptor,
which has p-mediated neuroprotective efficacy involving
the brain-derived neurotrophic factor in the auditory
system, protects the functions of the inner ear.””
Moreover, maternal corticosteroids, which increase dur-
ing the prenatal period, develop the hearing system and
protect the ear from the detrimental effects of the RFR
emitted by mobile phones."”

Conclusion

Consequently, the data herein showed that the hearing
sensitivity and peripheral sound perception of newborns
were not affected by RFR exposure emitted by mobile
phones during the intrauterine period. However, it
should be stated that RFR exposure during the prenatal
period could cause circuit alterations in the auditory
nervous system, without influencing the functions of
sound perception. To our knowledge, this study was the
first human study to investigate the effects of mobile
phone use by mothers during the prenatal period on the
sense of hearing of newborns. To date, among the stud-
ies carried out on this subject, there has not been any
consistency in terms of experimental parameters and the
results of the investigations. Thus, characterization of
the exposure to RFR may be significant to further
research the mechanisms of the action EMFs.

Conflicts of Interest: No conflicts declared.
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