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Abstract

Background: audiological evaluation of parents of individual swith autosomal recessive hearing loss. Aim:
to study the audiological profile of parents of individuals with autosomal recessive hearing loss, inferred
by family history or by molecular tests that detected heterozygous mutationsin the GJB2 gene. Thisgene
codes Connexin 26. Method: participants were 36 subjects, ranging between 30 and 60 years, who were
divided into two groups: a control group composed by individuals without auditory complaints and
without family history of hearing loss, and a research group composed by heterozygous parents of
individualswith autosomal recessive hearing loss or heterozygousfor connexin 26 mutations. All subjects
underwent pure tone audiometry (0,25 to 8kHz), high frequencies audiometry (9 to 20kHz) and distortion
product otoacoustic emissions (DPOAE). Results: there were significant differences between the groups
when considering the amplitude of DPOAE in thefrequencies of 1001 and 1501Hz. Amplitude was higher
in the control group. There was no significant difference between the groups for pure tone thresholds
from 0.25 to 20KHz. Conclusion: the DPOAE were more effective, in comparison to the pure tone
audiometry, to detect auditory differences between the groups. More studies of this type are necessary to
confirm the observed results.

Key Words: Deafness; Audiometry; Spontaneous Otoacoustic Emissions.

Resumo

Tema: avaliagéo audiol 6gica de pais de individuos com perda auditiva de heranca autossomica recessiva.
Objetivo: estudar o perfil audioldgico de pais de individuos com perda auditiva, de heranga autossdmica
recessiva, inferidapelahistériafamilia ou por testes molecul ares que detectaram mutagdo no gene GJB2,
responsavel por codificar a Conexina 26. Método: 36 individuos entre 30 e 60 anos foram avaliados e
divididos em dois grupos. grupo controle, sem queixas auditivas e sem histéria familiar de deficiéncia
auditiva, e grupo de estudos composto por pais heterozigotos em relagdo a genes de surdez de heranga
autossdmica recessiva inespecifica ou portadores heterozigotos de mutagdo no gene da Conexina 26.
Todos foram submetidos a audiometria tonal liminar (0,25kHz a 8), audiometria de altas frequéncias
(9kHz a 20) e emissdes otoacusticas produtos de distor¢do (EOAPD). Resultados: houve diferencas
significativas na amplitude das EOAPD nas fregiiéncias 1001 e 1501Hz entre os grupos, sendo maior a
amplitude no grupo controle. N&o houve diferenca significativa entre os grupos para os limiares tonais de
0,25 a 20KHz. Conclusdo: as EOAPD foram mais eficazes, em comparacdo com a audiometria tonal
liminar, paradetectar diferengas auditivas entre os grupos. Mais pesqui sas s80 necessarias paraverificar a
confiabilidade destes dados.

Palavras-Chave: Surdez; Audiometria; Emissdes OtoacUsticas Espontaness.
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Introduction

Genetic hearing loss is highly heterogeneous and
its basis is complex. Hereditary hearing loss may be
dassfiedinsyndromic (30%of cases), whenit co-occurs
with severd other manifestations (learning difficulties,
cognitive disorders, attention disorders, visual
disorders, among others)1. Non-syndromic hearing
loss, corresponding to 70% of cases, may present
severd inheritance patterns, including autosomal
dominant, autosomd recessive, X-linked inheritance
and mitochondrial inheritance2.

Approximately 80% of cases of nonsyndromic
hereditary hearing loss is autosomal recessive 3.
Autosomal recessive hearing loss is caused by a
combination of two dlelic recessve mutationsin the
sameindividud, that is, in the same gene or even, in
some exceptiona cases, in different genes of the same
group of functions4. It is believed that 1% of human
genes may beinvolved in the hearing processs.

Hearinglossassociated to theautosomal recessive
inheritance patternisusudly moresevere, caused dmost
exclusively by cochlear defectst. In these cases, the
parents of the hearing impaired individual possess a
recessvedlde, inheterozygosis, that causesdeafness,
and they will most likely have normal or near normal
hearing.

Mutations in DFNB1 locus, in the chromosomdl
region13g11-12, areresponsiblefor goproximately half
of the cases of autosomal recessive hearing loss7
characterized, in the mgority of the congenital cases,
by being non-progressive and having a moderate to
profound degree. Thislocuscontainstwo genes, GJB2
and GJB6. Thefirst oneencodesthe Connexin 268 and
the second, the Connexin 309.

Mutations of gene GJB2 accountsfor many cases
of recessive nonsyndromic hearing loss. The great
expression of connexins in the cochlea demonstrates
its importance for the hearing process10. Mutation
¢.35del G isthe deletion of one, within six, guanine at
the position 35 of the gene that encodes Connexin 26,
resultinginaprematureinterruption of itstrand ation11.
It isthe most frequent mutation found in patientswith
hereditary hearingloss, especidly in\Western countries,
and, morerecently, alsointhe population of So Paulo,
ethnically heterogeneous12.

The study of hearing measures of these subjects
parentscould beuseful for theidentification of discrete
hearingimpairments. Thischaracterization could, inthe
future, indicatefamiliesinwhich subjectsaremorelikely
tocarry recessivealdesthat causedeafness, especialy
in casesinwhich molecular testsare not yet available.

The purpose of this study is to assess the
audiologica profile of parents of autosoma recessive
hearingimpaired subjects, inferred by genealogy or by
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molecular tests that detected heterozygous mutations
intheGIB2gene

Methods

All subjects of this research confirmed their
participation by signing thelnformed Consent Term,
approved by the Ethics Committee for Research
ProjectsAnalysis- CAPPesq - Hospital dasClinicas
of the School of Medicineof University of Sdo Paulo,
protocol number 0581/08, inAugust 06, 2008.

This research was carried out in the Human
Hearing Laboratory of the Speech and Hearing
Sciences Course of the School of Medicine of the
University of S8o Paulo, from September 2008 to
December 2009.

Thirty six individualsranging in age from 30 to
60 years old took part in the research, composing
two different groups:

Research Group (RG): 14 subjects, fathers and
mothers of at least one individua with autosomal
recessive hearing loss. The children presented
moderate to profound prelingual deafness. The
inclusion criteriawere: consanguineousparents (with
at least one child with hearing l0ss), asymptomatic
parents with more than one child with hearing loss
or individua swith mutation in thegene of Connexin
26 (GJB2) detected by molecular tests.

All individua swith hearing loss, whose parents
were selected to participate in the Research Group,
wereprevioudly studied regarding the main mutations
responsible for hereditary deafness. The mutation
¢. 35dd Ginthe Connexin 26 gene (GJB2) wasstudied
by the polymerase (PCR) chain reaction, followed
by the digestion of DNA with restriction enzyme
BstN 113. Themutation ¢.167del T of the Connexin 26
gene (GJB2) was studied by the polymerase (PCR)
chain reaction, followed by the digestion of DNA
with restriction enzyme Pstl14. The deletion-type
mutations, called AGJB6-D13S1830) and A(GJB6-
D13S1854) in the Connexin 30 gene (GJB6) were
studied by polymerase (PCR) chain reaction, specific
for these deletions15. The mutation A1555G in the
geneof thesubunit 12S of theribosome (MT-RNR1)
was studied by polymerase (PCR) chain reaction,
followed by the digestion of DNA with restriction
enzymeHaelll16.

In cases of deaf individualswith mutation inthe
Connexin 26 ou 30 genes, their parentswere equally
tested to verify whether they carried the mutationin
heterozygosis. Therefore, nine individuals of the
research group were parents of individuals who
presented normal molecular tests (autosomal
recessive hearing losswithout molecular diagnosis)
and five individuals from the research group were
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parents of individuals with 35delG in homozygosis
and, therefore, carried the 35delG in heterozygosis.

The age distribution was:. 4 subjects from 30 to
40yearsold, 6 subjectsfrom 40to 50 yearsold and 4
subjectsfrom 50to 60 yearsold.

Control Group (CG): 22 subjects, fathers and
mothers of individual s without hearing impairment
and without familiar history of hearingloss. Theage
distribution was: 10 subjectsfrom 30to 40 yearsold,
5 subjects from 40 to 50 years old and 7 subjects
from50to 60 yearsold.

Theexclusion criteriawere: presence of acquired
hearing loss, history of intense noise exposure
without hearing protecti on equi pment, use of alcohol
and drugs, and presence of pigmentation disorders,
such asvitiligo.

Each participant underwent peak compensated
static acoustic admittance (Y tm) tympanometry with
aprobetonefrequency of 226 Hz; ipsilateral acoustic
reflexestesting at 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz
and Broad Band Noisestimuli; puretoneaudiometry
from 250t0 20000 Hz.

Thetympanometry and theacoustic reflex testing
werenecessary inorder to eliminate cases of middle
ear disorders, not included in this research.

Specific normality criteriafor the conventional
audiometry17 and a standardization for extended
high frequency audiometry18 (9,000 to 20,000 Hz)
were adopted.

For the statistical analysis, the parametric test t-
Student for paired samples and the non-parametric
test Mann-Whitney were used, with supplies from
the Software Minitab version 15.1. Thesignificance
level adopted was 5%.

Results
Four subjects of the Research Group (all of them

inthe age group from 50 to 60 years ol d) presented
hearing loss, and therefore, were not submitted to
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otoacoustic emission and extended high
frequencies thresholds assessment.

Thet- Student test for paired sampleswas used
to verify the ear effect at the tested frequencies. It
was verified that there was ear effect only at the
frequency 9000 Hz, and its analysis was not
included in this research.

Since there was no ear effect at the included
frequencies, the averages of hearing thresholds
were calculated, for the right and the left ears, of
individuals from the Control Group and from the
Research group from 10,000 to 20,000 Hz, in order
to compare them to the distortion product
otoacoustic emission resullts.

The audiological data regarding the
conventional audiometry and the extended high
frequency audiometry are presented in Tables 1 and
2, respectively.

Concerning the distortion product otoacoustic
emissions, it was cal cul ated the average of signal-
to-noiseratio (SNR) of subjectsfrom both groups.
Results are presented in Table 3.

It can be verified, by the values with asterisks,
that therewas statistically significant differencefor
frequencies1001 and 1501 Hz.

The t- Student test for paired samples and the
Mann-Whitney test showed no statistically
significant differences (p<0.05) between the two
groups, neither for the ultra-high frequency
audiometry thresholds nor for the distortion product
otoacoustic emission, except for frequencies 1001
and 1501 Hz at DPOAE. Nevertheless, the
audiometric thresholds of subjectsfrom the Control
Group were higher in comparison to subjectsfrom
the Research Group (except for thefrequency 20,000
Hz) and the amplitudes of DPOAE were lower in
the Research Group in comparison to the Control
Group, suggesting a slight advantage concerning
the hearing measuresfor subjectswho do not carry
themutated allele.
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TABLE 1. Reaults of the intergroup analysis for pure tone audiometry.
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uency (H2) Group Average Median D P-value (M ann- P-value (t-test)
Whitney)
GP 7.75 750 5.83 0.2373 0.213
GC 5119 5.000 3577
GP 75 5.00 7.07 0.4020 0.329
GC 5.00 474 4.74
GP 8.75 750 7.00 0.1844 0.168
GC 5.238 5.000 4176
GP 725 375 8.37 0.7952 0.447
GC 5.00 5.00 5.00
GP 8.75 6.25 7.00 0.1845 0.182
GC 5.24 5.00 5.24
GP 8.75 8.75 6.80 0.2744 0.241
GC 5.83 5.00 4.63
GP 14.75 16.25 7.21 0.1075 0.116
GC 10595 10.000 3945
GP 11.75 12.50 6.67 0.7165 0.687
GC 10.71 10.00 6.38
Legend: CG — control group; RG — research group.
TABLE 2. Reaults of the intergroup analysis for extended high frequency audiometry.
Frequency (H2) Group Average Median sb P-value (Mann- P-value (t-test)
Whitney)
10000 GP 19.25 20.00 12.25 0.4838 0.626
GC 16.79 1500 14.36
11200 GP 28.25 2250 20.17 0.2187 0.245
GC 19.29 1500 17.20
12500 GP 30.25 30.00 26.63 0.8489 0.741
GC 27.02 30.00 20.88
14000 GP 41.75 36.25 21.51 0.7506 0.759
GC 39.05 4250 24.73
16000 GP 45.25 5125 12.72 0.3086 0.231
GC 38.10 4500 19.35
18000 GP 25.75 2750 782 0.6551 0.503
GC 23.45 2750 10.53
20000 GP 425 3.73 392 0.4366 0.300
GC 6.07 5.00 545
Legend: CG — control group; RG — research group
TABLE 3. Reaults of the intergroup analysis for otoacoustic emissions.
Frequency (H2) Group Average Median Ssb P-value (Mann- P-value (t-test)
Whitney)
1001 GP 13.24 1295 6.54 0.0447* 0.047*
GC 18.79 1965 741
1501 GP 13.60 14.25 417 0.0013* 0.000*
GC 21.20 2225 561
2002 GP 10.78 1205 9.87 0.0545 0.054
GC 18.05 19.20 573
3003 GP 12.12 1453 838 0.0870 0.183
GC 16.51 1840 781
4004 GP 13.64 1518 6.59 0.0725 0.075
GC 18.70 1960 18.93
6006 GP 887 1155 11.32 0.4856 0.443
GC 10.78 1205 9.87
Legend: CG — control group; RG — reearch group.
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Discussion

Theaudiologica profile (extended high frequency
thresholds and otoacoustic emissions) of parents of
subjectswithhearingimpairment of recessiveinheritance
was assesed, in order to test the hypothesis that they
could also present discrete hearing impairment, not
evidenced by conventional audiological tests. Such
discreteimpairment could beduetothefact that they are
heterozygotes concerning the genetic mutationsthat, in
homozygosis resulted in their children's autosomal
recessve hearing loss.

However, four parentsof theresearch group from50
to 60 years old (al with the mutation 35delG in
heterozygosis), actudly presented hearing loss. Itisnot
knownwhether the hearing lossisdueto environmenta
factors, or if the presence of the dlele responsible for
deafnessin heterozygos s could account for the hearing
loss, making thesubject moresusceptibleto preshyacuss
or any other environmental factors that are hearing
damaging. The environmental factors cannot be
disregarded evenin casesof genetic hearinglosso. Itis
asopossibleto speculatethat dlelesthat causerecessive
deafness, inheterozygos scould actualy provokemilder
hearing | ossthan the one presented by their homozygous
children. Alarger samplecould confirmthishypothesis.

Threestudies?0,21,22 found significant differences
in responses for high frequency audiometry and
otoacoustic emissions of subjects, carriers and non
cariers, of mutation 35del G in heterozygosis(themost
frequent mutationinf Connexin 26 gene).

Concerning the extended high frequencies, the
9000Hz frequency wasunconsidered, sinceit presented
a sgnificant detidticd difference (t- Student test) of
responses between the ears. Such result may have been
aconsequence of the order of simuli presentation, first
in the right ears and then in the left one, resulting in a
better sensihility of the second ear.

A tendency of better audiometric thresholdsin the
CGwasobserved, however withnogaigtica relevance.
A study23 found great variability of ultra-high
frequenciesthresholdsinandysisinter andintrarsubjects
with norma hearing thresholds. Thegrest variability in
pure tone thresholds and the smdl sample suggest the
necessity of studies with larger samples in order to
guaranteethe precision of audiologica data.

Concerning the distortion product otoacoustic
emisson, adifferencewasfound betweenthethresholds
of CGand RG: theCG presented greater sgnal-to-noise
ratio (SNR) than the RG indicating a better hearing

regarding the parentsof hearingimpaired subjects. Such
differencewasnot satisticaly sgnificant, exceptfor the
frequencies1001and 1501 Hz.

Some studies investigated the high frequency
hearing (9000t0 20,000 Hz) inindividuaswithtinnitus
complaint and normal hearing at 250 to 8000 Hz24,25.
The authors found significant difference between the
groups for high frequency thresholds (9000 to 20,000
Hz), suggestingthat it could bean gppropriateinstrument
for cochlear disorderseva uation beforetheir gppearance
intheaudiogram. Inthepresent study, thehigh frequency
audiometry (900010 20,000kHz) did nat differ thegroups
assesed, only the results obtained at DPOAE.

Another study26 found that subjects from generd
population with increased ultra-high frequencies
thresholdspresent statisticaly Significant differencesfor
frequenciesf2 of 6348 Hz and at thefrequency 1001 Hz,
being thislast finding compatiblewith the present study.
The author reports that such result means the
confirmation that the decrease of high frequency
thresholds interferes in the amplitude of DPOAE.
Literature?7,28 gatesthat amd| dterationinthecochleds
hair cdlsmay influencetheresponseof lower frequencies
of otoacousdtic emissionsthat are generated by the basal
region of the cochlea. Such results would be highly
influenced by ultra-high frequencies, and thesame was
not observed inthisstudy sincetherewasno significant
relationship in any of the ultra-high frequencies.
Neverthdess, this result may be justified by the small
sample, and thus, further researcheswith larger ssmples
are necessay.

Population studies analyzing family members of
subjects with genetic hearing loss contribute for the
advance of knowledge in the area. More specificaly,
finding indicatorsto enable the correlation between the
phenotype (hearing findings) and the genotype would
cause agreat impact in the clinica practice and in the
genetic counsdling of deafness22.

Conclusion

Within the procedures adopted in this research,
the DPOAE were moreefficient to detect differences
between the groups, revealing agreater tendency of
alteration intheresearch group. A tendency for worse
results was also verified in audiological tests
presented by parents of individuals with autosomal
recessive hearing loss, verified inthresholdsof 250
to 8000 Hz of conventional audiometry.
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