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Occurrence of changes in the auditory
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Ocorréncia de alteracbes nos potenciais
evocados auditivos de fumantes:
revisao sistematica da literatura

ABSTRACT

Purpose: To verify the occurrence of abnormal auditory evoked potentials (AEP) tests in adult smokers.
Research strategies: Systematic review of the literature according to the PRISMA guidelines, to answer the
question: “Are there any changes in the AEP results in adult smokers?”, PECOS strategy. Research carried
out on PubMed, Embase, CINAHL, LIVIVO, Scopus, Web of Science, LILACS and Scielo databases.
Additional search of gray literature: Google Scholar and ProQuest hand searching of reference lists of the
included studies. Selection criteria: Cross-sectional studies were selected, without restriction on the year of
publication and language. Data analysis: First, the titles and abstracts of all the studies were analyzed, followed
by the full reading of the eligible studies. Results: 898 articles were collected, after the duplicate studies
were removed and after blind analysis by three researchers, 8 studies of the observational type were selected.
Most studies have found an association between active smoking and changes in electrophysiological tests.
Conclusion: Normal hearing adult smokers present alterations in short and long AEP. In the auditory brainstem
response, the main altered components were the increase in waves latencies of I and IIT and in the interpeaks
I - IIT and III - V, as well as a decrease in the amplitude of the waves. In Mismatch Negativity, there was a
significant increase in wave amplitude and latency. In the long latency potential, P300, there was an increase in
latencies and decreased amplitudes in the components N1 (in Fz) and P3.

RESUMO

Objetivo: Verificar a ocorréncia de alteragdes nos exames de potencial evocado (PEA) auditivo em adultos fumantes
normo-ouvintes. Estratégia de pesquisa: Revisdo sistematica da literatura de acordo com recomendagdes do
PRISMA, buscando responder a pergunta: “Ha alteragdes nos resultados do exame de PEA em adultos fumantes?”,
estratégia PECOS. Pesquisa realizada nas bases de dados PubMed, Embase, CINAHL, LIVIVO, Scopus,
Web of Science, LILACS e Scielo. Busca adicional da literatura cinzenta: Google Scholar e ProQuest e busca
manual das referéncias dos estudos incluidos. Critérios de sele¢do: Foram selecionados estudos com delineamento
transversal, sem restrigdo do ano de publicagdo e idioma. Analise dos dados: Primeiramente foram analisados
os titulos e resumos de todos os estudos encontrados, seguido da leitura na integra dos estudos elegiveis.
Resultados: Foram obtidos 898 artigos, que apds remogao dos duplicados e analise cega por trés pesquisadores,
foram selecionados oito trabalhos. Grande parte dos estudos encontrou uma associa¢ao entre tabagismo ativo
e alteragdes nos testes eletrofisiologicos. Conclusdo: Adultos fumantes normo-ouvintes apresentam alteragoes
nos exames de PEA de curta e longa laténcia. No potencial evocado auditivo de tronco encefélico, os principais
componentes alterados foram o aumento das laténcias das ondas I e III e nos interpicos I — III e III - V, bem
como diminui¢ao da amplitude das ondas. No Mismatch Negativity, houve aumento significativo da amplitude da
onda e da laténcia. No potencial de longa laténcia, P300, houve aumento das laténcias e redugdo das amplitudes
nos componentes N1 (em Fz) e P3.
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INTRODUCTION

Tobacco consumption is considered one of the major
risk factors that cause morbidity and mortality worldwide
and it is known that its consumption is main nicotine release
way, which is highly absorbed into the bloodstream and can
compromise different structures of the organism, producing
several harmful effects, such as heart disease, stroke, chronic
obstructive pulmonary disease, as well as cancer and cognitive
impairment, among others!"-?.

Tobacco also causes decreased cell oxygenation,
vascular blockage, changes in blood viscosity, formation of
atherosclerotic plaque, and decreased oxygen supply, which
can lead to impaired blood supply, including to the auditory
pathways(-).

Therefore, the auditory system can be exposed to harmful
influences from this adverse event and, when it comes to
ototoxicity, its effects can be transient or permanent, depending
on which structures were affected or the characteristics of the
exposure™®. Also, as any type of hearing impairment can lead
to a worsening of the individual’s quality of life, many authors
have explored the association between tobacco use and its effect
on hearing over the years®.

A recent 8-year cohort study verified the prospective
association of tobacco use, intensity, and smoking cessation
with the risk of hearing loss, which included 50,195 participants,
aged between 20 and 64 years and without hearing loss at the
beginning of the study. Pure-tone threshold audiometry was
performed annually, and during monitoring, 3,532 individuals
developed high-frequency hearing loss and 1,575 developed
low-frequency hearing loss. The conclusion was that smoking
is associated with an increased risk of hearing loss, especially
at high frequencies, in a dose-response manner. The excessive
risk of hearing loss associated with smoking disappeared in a
relatively short period after smoking cessation®.

In addition to the occurrence of sensorineural hearing loss at
high frequencies, a study also observed the presence of a high
number of smokers with tube dysfunction, which increases
the incidence of middle ear diseases, as it brings nonspecific
symptoms characterized by ear fullness and difficulty equalizing
the middle ear®.

Furthermore, nicotine can be transported to receptors in
the central nervous system and may involve both peripheral
and central auditory structures’”. It is also known that the
degeneration of the function of the nervous system happens
mostly in a rostrocaudal manner, that is, it starts with the
cortex, passing through the subcortical regions until reaching
the brainstem®. Thus, the investigation of the nicotine
effect on the central auditory nervous system (CANS) has
also been investigated by means of the auditory evoked
potential (AEP).

The AEP is a set of methods that evaluate the electrobiological
activity along the auditory system, from the inner ear to the
cerebral cortex. Thus, the application of these tests allows the
investigation of hearing neurophysiological conditions®.

The AEPs can be divided into three types. The brainstem
auditory evoked potential (BAEP), considered a short-latency

potential, stands out; it appears in an interval of approximately
10 ms after stimulation, which allows the neurophysiological
analysis of the auditory pathway, from the inner ear to the high
brainstem!?. The middle-latency auditory evoked potential,
which appears approximately 80 ms after stimulation,
originates in the primary auditory cortex — more specifically
from the nuclei and auditory pathways to the level of the
thalamus-cortical region and primary auditory cortex'?;
finally, the long-latency auditory evoked potential, which
appears around 100 to 700 ms after stimulation, reflecting
activities of the auditory pathway in the regions of the
thalamus and auditory cortex, providing information about
the CANS functioning?.

Thus, sensorineural hearing loss at high frequencies of
cochlear origin compromises the morphology of AEP waves, as
well as retrocochlear disorders. In this sense, studies indicate
that there are alterations in the parameters of AEP test records
in smokers when compared to non-smokers, such as increased
latencies and decreased response amplitudes, even in the
absence of increased auditory thresholds, and these findings
may somehow influence the correct processing of acoustic
information”1>!9.,

Several anatomical sites, responsible for producing the
neuroelectric activity of the auditory pathway in response
to acoustic stimulation, may behave differently in smokers,
which makes it necessary to assess what evidence is available
in the literature that proves the existence or not of that
association.

In view of the above, studies have pointed to the need to
carry out additional tests for basic audiological assessment in
order to investigate the extent of the injury caused by constant
tobacco exposure, helping in a better understanding of the
alterations found, besides detailing the types of alterations that
smoking causes to the CANSG713:19),

Thus, the AEPs analysis proves to be useful in the differential
diagnosis of sensorineural hearing loss, bringing important
pieces of information that can indicate objectively if the lesion
is located at the cochlear and/or retrocochlear level, as well
as showing early changes in the sites that generate the neural
response, before changes are detected in the basic audiological
assessment®713:14),

PURPOSE

This study aimed to verify the occurrence of abnormal
auditory evoked potentials (AEP) tests in adult smokers with
normal hearing, through a systematic review of the literature.

Research strategy

This systematic review followed the recommendations of
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses — PRISMA®,

Observational studies on adult smokers (aged 18 years and
under 60 years) were considered eligible for this systematic
review, which aimed to assess the integrity of the auditory
pathway by means of the AEP test. There was no restriction
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on the study publication date. The following studies were
excluded: (1) review articles, letters, case studies, and event
abstracts; (2) studies on smokers associated with other diseases;
(3) studies that included individuals younger than 18 years old
or older than 60 years old; (4) studies carried out with smokers
with hearing alterations prior to addiction; (5) studies without
a control group; (6) studies without the full version available.
The following guiding question was used to conduct the study:
“Are there any changes in the AEP results in adult smokers?”
The PECOS approach'® (Patient, Exposure, Comparison,
Outcomes, Studies) was used to formulate the guiding question.
Thus, in this literature review, PECOS stands for P - population
(adults), E - exposure to tobacco; C - tobacco non-exposed
adults; O - any change in auditory evoked potential tests, and
S - design of included, observational cross-sectional studies (S).
Individual electronic search strategies were developed, using
the combination of the following descriptors in Portuguese and
English, respectively: “Fumantes,” “Potenciais Evocados Auditivos,”
“Eletrofisiologia,”, “Nervo Coclear,” “Smokers”, “Auditory
Evoked Potentials,” “Electrophysiology,” “Cochlear Nerve.”
In order to encompass certain thematic axes, the Boolean operators
“OR” and “AND” were used, according to MESH/DECS, for
each of the following databases: PubMed, Embase, CINAHL,
LIVIVO, Scopus, Web of Science, LILACS, and Scielo.
Additional search of gray literature was made by accessing Google
Scholar and ProQuest. Moreover, hand searching of reference
lists of the included studies was conducted, as recommended
by Greenhalgh and Peacock (2005)!'7. EndNote Web®, reference
manager software, was used to collect references and delete
duplicates. The collection date on the databases was held on
March 24,2021. Studies that answered the research question were
selected, without restriction on publication date and language.

Selection criteria

The selection stage had two phases. In phase one, the titles
and abstracts of all identified database citations were screened
by two reviewers independently. Studies that did not meet the
eligibility criteria were excluded. In phase two, the same two
reviewers applied the eligibility criteria to the full text of the
studies. A third reviewer was consulted in case of disagreement
that was not resolved by a consensus discussion between the
two reviewers.

Data analysis

Two authors collected the necessary information from the selected
studies. A third author confirmed the veracity of the information
collected by checking the full text of the articles against the
information selected by the first two authors. Any controversies in
this process were discussed and a consensus was established. The
data extracted from the studies were: characteristics of the studies
(authors, year of publication, country, type of study), characteristics
of the population (sample size, age range of the group studied),
characteristic of exposure (smoking characterization), and
characteristics of the outcome (type of alteration found in the
retrocochlear auditory pathway, type of AEP used, and main
findings presented by the studies).

The risk of bias assessment of the selected studies was
evaluated using the JBI Critical Appraisal Checklist for Studies
Reporting Prevalence Data'®. The first and second authors
performed this assessment independently. Any disagreements
that arose were resolved with the third author’s help.

For each domain of the tool, one of the following responses
was assigned: “Yes,” “No,” “Unclear” or “Not Applicable”(?.
Regarding the percentage of “Yes” of each analyzed study,
classification was as follows: high risk of bias (> 49%), moderate
high risk of bias (50 to 69%), or low high risk of bias (> 70%).

RESULTS

The first phase of the selection process resulted in 898 citations
on electronic databases. After removing duplicates, a total
of 537 were evaluated. After reading the titles and abstracts,
47 references were selected to be screened by full-text reading,
which resulted in the inclusion of eight studies for qualitative
and quantitative evaluation. A new article was added after
hand searching of the reference list of articles included.
Both selection and exclusion processes are shown in Figure 1.

The articles included had been published in different
scientific journals (total of eight). The number of smokers
included in the studies ranged from 10" to 13719, Regarding
the country of origin of the studies, one was from Brazil'¥,
two were from Turkey®®?", two were from India7??, two were
from Egypt!*?¥, and one from Germany'?. Due to the nature
of the guiding question, all included studies used convenience
samples. A summary of the characteristics of the eight included
studies can be found in Chart 1. Regarding the test performed,
three performed BAEP-1422 four performed P300%2!2% and
one performed Mismatch Negativity (MMN) and P3000.

In the analysis of the methodological quality of the studies
included, evaluated according to the JBI Critical Appraisal
Checklist for Studies Reporting Prevalence Data"®, one study
was classified as having a moderate risk of bias, and seven as
having a low risk of bias, according to the number of responses
“yes” for the eight questions in the tool adopted for quality
assessment'®.

The studies evaluated in this review present data that imply
damage in the conductivity of the neural impulse along the auditory
pathway in smokers. Of eight studies reviewed — observational
studies —, one evidenced the relationship between smoking and
the significant increase in the latencies of waves I and III and
in the interpeaks I-III and III-V, as well as a decrease in the
amplitudes of the BAEP waves"!4?2)_ significant increase in wave
amplitude and latency of MMN in the group of smokers"¥, and
also an increase in latencies and lower amplitude in the group
of smokers in P300(%-21.23),

Smoking is the main nicotine release way, as each cigarette
contains about 9-13 mg nicotine, which is rapidly absorbed
and transported by the bloodstream to receptors in the central
nervous system®*2%), Nicotinic acetylcholine receptors are widely
distributed in the auditory pathways, and it is very plausible that
the nicotine absorbed by smoking can influence this pathway,
consequently causing conductive, mixed, sensorineural and/or
central hearing loss®*,
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The degeneration of the function of the nervous system
is often processed by the organism in a rostrocaudal manner.
Thus, it starts with the cortex, passes through the subcortical
regions, and then reaches the brainstem¥. Hence the importance
of investigating the effects of smoking by recording the AEP,
both in the peripheral and central portions, prior to alterations
in the basic audiological assessment.

When studying AEP findings in smokers, changes were
found in several parameters analyzed, and the possible reason for
changes in latency and amplitude of the studied components is
due to the reduction in cochlear blood flow induced by nicotine®.

This reduction causes changes in endocochlear potentials,
cochlear microphonics and eighth nerve potentials, and nicotine
central effects may be due to the alteration in the efferent neural
discharge through the olivocochlear system that leads to the
modulation of the response of the cochlear hair cells®®.

In the studies that performed BAEP7-4?2) there was a significant
increase in the absolute latency of waves 17422 and 11722
and a significant increase in the interpeaks I-II17 and II1-V@9,
Such findings show alteration in the synchrony of the neural
element in the sites that generate the response of this potential, in a
diffuse manner, evidenced by the delay in the response generation.
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n=1a7 n=143 n=2 n=156 n=93 n= 212 PROQUEST
n=14
LIVIVO
c Records identified through the search strategy n=18
= n= 898
o
& CINAHL
E \ n=23
[
=
GOOQGLE SCHOLAR
n=100
Records after duplicate remaval n= 537
h
Records selected from databases n=47
Records from
Reference Lists —>
n=-1
‘S
h 4
Full-text articles evaluated for eligibility n= 43§ }
£
S / Full articles excluded (n= 40) \
= - Six were cohort studies
w - Four included individuals with hearing loss
- One was duplicate
- Ten were clinical trial studies
- Ten were nof found in full
- Two included patients with comorbidities
—_— - One was carried out with passive smokers
- Two were conference abstracts
= - Four used nicotine gum
2
(/]
3 Ne w
]
E h J
Records selected after full reading n=08
—

Figure 1. Flowchart of literature search and selection criteria
Source: Adapted from PRISMA
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The P300 is an endogenous auditory evoked potential, and it
is identified as the result of an internal cognitive event generated
in an active and voluntary manner during the performance of
a specific discriminatory task between two different sound
stimuli®”?®, In other words, one of the stimuli is often presented,
while the other occurs rarely and randomly. This vertex-positive
potential and approximate latency of 300 ms appears once the
individual processes a signal at a cognitive level, thus being
an execution strategy of the central nervous system manifested
electrophysiologically®”2®),

It is known that the brain regions responsible for attention,
discrimination, integration, and memory skills, such as the
hippocampus, auditory cortex and frontal cortex, are the areas
that stand out during the generation of the P300%7?®. In order
for the results to be generated, there is joint and integrate
activation of the inferior parietal lobe with the medial and
lateral prefrontal areas in attention processes, the heteromodal,
paralimbic and hippocampus areas in memory processes, and
also the auditory cortex involved in discrimination processes
and linguistic auditory association®’??,

To record and analyze the results of this test, parameters such
as latency and wave amplitude are considered essential@’-%%.
Studies suggest that the more significant the frequency difference
between the frequent and the rare stimuli is, the more increased
the amplitude of the P300, due to the greater ease of detecting
the difference between them@*, As it is presented by four out
of five articles that used this type of AEP, there was a decrease
in the amplitude of response in the group of smokers!*!%21:3),
and only one showed absence of significant differences between
the values averages between components N1, P2, N2 and P3@°,
There was divergence between the observed latency relationship,
since part of the studies reported increased latency® and
specifically increased N1 (in FZ) for the group of smokers®?,
and results were also found in which no significant difference
values were obtained between latencies'*??, which shows the
need for further studies with this type of potential.

The MMN test is an endogenous auditory evoked potential,
which indicates responses to two stimuli, one of which is a rare
stimulus and the other a frequent stimulus, which occur bilaterally
in the auditory cortex®?. Unlike the P300 test, the MMN does
not require the patient’s attention, thus it is capable of providing
information about the physiological bases for auditory discrimination
without requiring the subject’s speech production®?,

The MMN can be applied as a neural indicator of early
auditory variations, often being used in order to observe disorders
involving auditory cognition, and its main generators are found
in the auditory cortex and receives contributions from the frontal
cortex, thalamus, and hippocampus®®*". Pieces of Research have
used the MMN to assess different aspects such as, among other
factors, attention and hyperactivity disorder, detection of articulation
disorders, and auditory behavior in alcohol or cigarette users®®3D,

The analysis of the MMN is carried out by observing the
latency and amplitude of the wave and clinical alterations can be
questioned when verifying an increase in latencies or a decrease
in amplitudes, where latency informs the course time of the
processing activity, while the wave amplitude demonstrates the
extent of neural allocation involved in cognitive processes®'=%,

As previously described, nicotine triggers the activation
of different receptors that can cause negative effects on the
cortex, even compromising cognition®¥. Thus, research has
been carried out with the use of the MMN to prove the effects
caused by tobacco use on the auditory cortex®¥. One of these
studies selected in this review'¥ pointed to a significant increase
in wave amplitude and MMN latency in smokers, suggesting
that smokers may present delay in information processing, just
as chronic smoking can produce cognitive dysfunction.

Finally, based on the data collected and analyzed in this review,
there was a predominance of alterations in the AEPs — whether
BAEP, P300 or MMN - in smokers without impairment of
hearing acuity. The need for more primary studies on this subject
is highlighted, especially with performance of the three types
of potential in the same study for a better understanding of the
clinical implications observed in the same sample unit.

Some limitations can be pointed out in this systematic review,
such as: small sample size; lack of studies that applied all AEPs
in the same case; convenience samples in all included studies;
some studies had only a single sex, and population heterogeneity.
Therefore, the results should be analyzed with caution.

CONCLUSION

The results presented by this review show that normal-hearing
adult smokers present alterations in the short- and long-latency
AEDP tests. In the BAEP, the main altered components were the
increase in the latencies of waves I and 111 and in the interpeaks
I-1IT and III-V, as well as a decrease in the amplitude of the
waves. In the MMN, there was a significant increase in wave
amplitude and latency. In the long latency potential, P300, there
was an increase in latencies and a reduction in amplitudes in
components N1 (in Fz) and P3.
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