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Abstract

Introduction

Tinnitus is a multifactorial condition and its prevalence has increased on the past
decades. The worldwide progressive increase of the use of cell phones has exposed the
peripheral auditory pathways to a higher dose of electromagnetic radiofrequency
radiation (EMRFR). Some tinnitus patients report that the abusive use of mobiles,
especially when repeated in the same ear, might worsen ipsilateral tinnitus.

Objective

The aim of this study was to evaluate the available evidence about the possible causal
association between tinnitus and exposure to electromagnetic waves.

Methods

A literature review was performed searching for the following keywords: tinnitus,
electromagnetic field, mobile phones, radio frequency, and electromagnetic
hypersensitivity. We selected 165 articles that were considered clinically relevant in at
least one of the subjects.

Results

EMRFR can penetrate exposed tissues and safety exposure levels have been
established. These waves provoke proved thermogenic effects and potential biological
and genotoxic effects. Some individuals are more sensitive to electromagnetic exposure
(electrosensitivity), and thus, present earlier symptoms. There may be a common
pathophysiology between this electrosensitivity and tinnitus.

Conclusion

There are already reasonable evidences to suggest caution for using mobile phones to
prevent auditory damage and the onset or worsening of tinnitus.

Resumo

Introdução

Zumbido é uma condição multifatorial cuja prevalência vem aumentando nas últimas
décadas. Em todo o mundo, o aumento progressivo do uso de telefones celulares tem
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exposto as orelhas a uma maior carga de radiação eletromagnética de radiofrequência
(REM-RF). Alguns pacientes com zumbido referem que o uso excessivo do telefone
celular, especialmente quando sempre na mesma orelha, é um fator de piora do
zumbido ipsilateral.

Objetivo

O objetivo deste trabalho foi avaliar as evidências disponíveis sobre a possível
associação causal entre zumbido e exposição a ondas eletromagnéticas.

Método

Foi realizada uma revisão de literatura com palavras-chave como: tinnitus,
electromagnectic field, cellular phone, radiofrequency, electromagnectic
hypersensitivity. Foram selecionados 165 artigos com maior relevância clínica em pelo
menos um dos assuntos.

Resultados

As REM-RF podem penetrar tecidos expostos e existem níveis seguros de exposição.
Apresentam efeitos termogênicos comprovados e potenciais efeitos biológicos e
genotóxicos. Alguns indivíduos são mais sensíveis à exposição eletromagnética
(eletrossensibilidade) e, portanto, adquirem sintomas precocemente. A fisiopatologia da
eletrossensibilidade pode ser semelhante à do zumbido.

Conclusão

Consideramos que há evidências suficientes que sugerem maior cautela para o uso
desses aparelhos e assim prevenir lesões na via auditiva e o aparecimento/agravamento
do zumbido.
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Introduction
Tinnitus is characterized by sound perception in the absence of an external source.1 Its
prevalence has been increasing considerably in epidemiological studies, thus several
international scientific events and publications have been devoted to explore this
subject. Among adults from the United States, Shargorodsky2 found a prevalence of
25.3% for tinnitus, as opposed to 15% for the same population, published 15 years
previously (National Institutes of Deafness and Other Communication Disorders, 1995).3

In a study with 506 children between 5 and 12 years old, 31% reported tinnitus
according to rigorous criteria, and 19% were annoyed by the symptom.4

Although many people with tinnitus have no limitation on their quality of life, physicians,
audiologists, and psychologists commonly receive patients who report that tinnitus
leads to sleep disorders,5 and 6 lack of concentration, and impairment in social life and
emotional balance.5 and 7

These findings justify the search for explanations for the gradual increase of tinnitus in
different age groups. Plausible possibilities include increased longevity;8 early and
enhanced exposure to loud noises (environmental or through earphones);8, 9 and 10

higher levels of occupational stress, causing anxiety and depression;9, 11 and 12 increased
use of alcohol, tobacco, and illicit drugs; sedentary lifestyle; cardiovascular or metabolic
diseases; etc.8

Another suspect being strongly considered for the increase of tinnitus onset is the
exposure to electromagnetic radiation (EMR).13 In fact, in clinical practice, some patients
have spontaneously mentioned hearing symptoms during or shortly after using cell
phones, such as warmth or pressure in the ear that is in contact with the device, as well
as tinnitus, reduced understanding, or distortion in hearing frequency. There is even a
small group of patients who report tinnitus onset or worsening associated with living or
working around cellular, radio, and TV antennas.
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Non-ionizing electromagnetic radiofrequency radiation (EMRFR) is routinely used for
telecommunications (radio, TV, WiFi, cellular and cordless phones, and radar). As
exposure to this type of radiation is progressively increasing14 worldwide, there is a
greater interest in its possible harmful effects on health.15 More sensitive individuals
reported broad and unspecific symptoms like headache, dizziness, fatigue, memory
impairment, sleep disorders, anxiety, myalgia, arthralgia, tearing, hearing loss, and
tinnitus.16 The problematic issue regarding unspecific symptoms is that the correct
causal association is rarely confirmed.

Although several hypotheses indicate a possible involvement of EMRFR in the onset or
worsening of tinnitus, this relationship has not been well-established and the
mechanism by which it would happen remains unclear.17

The objective of this study was to perform a systematic review of the current knowledge
on tinnitus and exposure to EMRFR, analyzing the evidence on their possible
relationship.

Methods
It was aimed to conduct the study as close as possible to a systematic review, although
the objective (evaluating evidence of possible causal associations between tinnitus and
exposure to electromagnetic radiofrequency radiation) differs from the typical objective
of systematic reviews (evaluating evidence from randomized clinical trials with regard to
a particular intervention).

A careful literature review was performed in the PubMed database between May and
June of 2014, searching for the following descriptors: tinnitus AND electromagnetic field
(144 results), tinnitus AND cell phones (11 results), tinnitus AND radiofrequency (eight
results), tinnitus AND electromagnetic hypersensitivity (two results). A total of 165 items
were found and read. Afterwards, the 45 studies that demonstrated clinical significance
in at least one of the subjects (tinnitus and electromagnetic radiation) or in the possible
link established between them were selected.

Standards for regulation of exposure to EMRFR postulated by Brazilian National
Telecommunications Agency (Agência Nacional de Telecomunicações) occupational
levels and users18 were also analyzed.

A printed manuscript used to successfully argue against the deployment of cellular
antennas in residential buildings was also included. Despite not having been published,
it contains scientific references in agreement with the data found in PubMed, as well as
standards for safe exposure to EMRFR.

Results
For clarity, the results of this review will be presented as items.

Exposure to electromagnetic radiation (EMR)

EMR can be ionizing or non-ionizing. The latter does not produce ionization of
molecules, but can cause electrical, chemical, and thermodynamic cell damage.19

Examples of this group are infrared, ultraviolet, laser, radiofrequency, and microwave
radiation.

EMRFR consists of electromagnetic waves with frequencies between 3 kHz and
300 GHz,20 so a part of them can stimulate the auditory system. They are produced by
natural or synthetic sources and may penetrate the exposed tissues. The rate of
absorption of such energy depends on the power of the EMRFR and the tissue's
characteristics. The absorbed rate is converted into heat.21 To measure the thermal
effect of electromagnetic radiation on the human body, the specific absorption rate
(SAR) is used, which is a measure of the power density per unit mass. The SAR
quantifies the energy absorbed by the tissue, which is directly proportional to the local
increase of temperature.19
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