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Familial aggregation of tinnitus: a European multicentre study

J.-J. Hendrickx*29, J. R. Huyghe?, K. Demeester?, V. Topsakal?, E. Van Eyker?, E. Fransen?, E. Maki-Torkko®, S. Hannul&?,
M. Jensen®, A. Tropitzsch®, A. Bonaconsa®, M. Mazzoli®, A. Espeso’, K. Verbruggen®, J. Huyghe?, P. L. M. Huygen®,
H. Kremer®, S J. Kunst®, M. Manninen®®, A. N. Diaz-Lacava®, M. Seffens®, A. Parving’, |. Pyykk6, |. Dhooge?,
D. Sephens’, E. Orzan®, M. H. F. Pfisters, M. Billet, M. Sorri®, C. W. R. J. Cremers’, L. Van Laer?, G. Van Camp?,
T. F. Wenkert* and P. Van de Heyning*

Department of Otorhinolaryngology, University Hospital of Antwerp, Antwerp, Belgium; 2Department of Medical
Genetics, University of Antwerp, Antwerp, Belgium; *Department of Otorhinolaryngology, University of Oulu, Oulu,
Finland; “Department of Audiology, Bispebjerg Hospital, Copenhagen, Denmark; *Department of Otorhinolaryngology,
University of Tubingen, Tubingen, Germany; *Department of Oto-surgery, University Hospital Padova, Padova, Italy;
"Welsh Hearing Institute, Cardiff University, Cardiff, UK; eDepartment of Otorhinolaryngology, University Hospital of
Gent, Gent, Belgium; *Department of Otorhinolaryngology, UMC Nijmegen, Nijmegen, The Netherlands; *“Department
of Otorhinolaryngology, University of Tampere, Tampere, Finland; “Institute of Medical Biometry, Informatics and
Epidemiology, University of Bonn, Germany

Key-words. Tinnitus; etiology; familial aggregation; heredity; presbyacousis

Abstract. Introduction and aim: Tinnitus is a common condition affecting approximately 20% of the older population.
There isincreasing evidence that changes in the central auditory system following cochlear malfunctioning are respon-
sible for tinnitus. To date, few investigators have studied the influence of genetic factors on tinnitus. The present report
investigates the presence of afamilial effect in tinnitus subjects.

Methods: In a European multicentre study, 198 families were recruited in seven European countries. Each family had at
least 3 siblings. Subjects were screened for causes of hearing loss other than presbyacusis by clinical examination and a
guestionnaire. The presence of tinnitus was evaluated with the question “Nowadays, do you ever get noisesin your head
or ear (tinnitus) which usually last longer than five minutes’. Familial aggregation was tested using three methods: a
mixed model approach, calculating familial correlations, and estimating the risk of a subject having tinnitus if the dis-
order is present in another family member.

Results: All methods demonstrated a significant familial effect for tinnitus. The effect persisted after correction for the
effect of other risk factors such as hearing loss, gender and age. The size of the familial effect is smaller than that for
age-related hearing impairment, with a familial correlation of 0.15.

Conclusion: The presence of afamilial effect for tinnitus opens the door to specific studies that can determine whether
this effect is due to a shared familial environment or the involvement of genetic factors. Subsequent association studies
may result in the identification of the factors responsible. In addition, more emphasis should be placed on the effect of
role models in the treatment of tinnitus.

I ntroduction

Tinnitus is defined as an auditory
perception in the absence of an
external source of sound.* Several
studies have shown a high
prevalence of tinnitus in ageing
populations. Recently, the Blue
Mountain hearing study? reported
that, in an epidemiological study
of a population of subjects aged
55 years and older, 30% reported
the presence of tinnitus. These

findings are in line with previous
papers, which reported a preva-
lence of approximately 30%.%* As
the average age of our society con-
tinues to increase, the €lucidation
of the pathophysiology of tinnitus
will gain in importance.

Severa factors are known to
influence tinnitus. Hearing loss*®
and noise exposure®®® are the best
documented. However, several
other risk factors such asincreasing
age,*® drug-induced ototoxicity,*

dietary factors,*** acohol con-
sumption, hypertension, elevated
blood lipids, liver disease, cervical
arthritis  and  socio-economic
factors* have been suggested.
Neurophysiological investigations
have explored the central nervous
system to decipher the patho-
physiology of tinnitus. This
resulted in the devel opment of the
hypothesis that changes in the
central auditory system following
dysfunction of the cochlear
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receptors are responsible for
tinnitus.*

The possibility of genetic fac-
tors being involved in the devel op-
ment of tinnitus has only been
explored to a limited extent. Tyler
et al.®s recently stated that there
might be a genetic factor associated
with tinnitus.*®* However, little
research has been undertaken
since to confirm this hypothesisin
humans. Several known mono-
genic conditions causing hearing
loss are associated with tinnitus,
eg. WFS1* and COCH.Y
Furthermore, genetic factors may
play a role in the dysfunction of
the centra auditory pathway.*

The presence of genetic factors
for acertain trait can be studied by
analysing familial aggregation,
which implies that a trait is more
commonly found among the fami-
ly members of an affected person
than in the general population.
This may be linked to deficiencies
in certain genes, but also to a
shared familial environment, or
possibly a combination of both
factors. If familial aggregation is
present, the second step will con-
sist of estimating the proportion of
phenotypic variance as a result of
genetic differences, a feature
referred to as “heritability”.

This study reports on familial
aggregation in subjects recruited
by seven European centres. We
calculate the relative risk of tinni-
tus for subjects who have asibling
with tinnitus. As far as we know,
this is the first study of familia
aggregation or of tinnitus heri-
tability.

Materials and methods

Setting

The present study is part of a
larger European study on Age-
Related Hearing Impairment

(ARHI). This project aimsto iden-
tify environmental and genetic
factors for age-related hearing
impairment. To this end, a family-
based study was designed in
which seven research groups from
six European countries recruited
subjects.

Sudy Design

In order to study the familia
aggregation of tinnitus we investi-
gated the presence of tinnitus in
siblings of large families, with a
minimum of three siblings per
family. Large families were
recruited in order to maximise the
accuracy of the estimated effects.
All subjects were asked the same
guestion: “Nowadays, do you ever
get noisesin your head or ear (tin-
nitus) which usualy last longer
than five minutes’. The possible
answers were “yes’, “no” or
“missing”. Depending on their
response, the subjects were cate-
gorised as experiencing tinnitus or
not. We used two approaches to
assess the familial aggregation of
tinnitus: the first approach
involved all subjects with the aim
of identifying a possible familial
effect linked to tinnitus, while the
second approach focused on the
first person recruited (i.e. the
proband) in each family and inves-
tigated whether the presence of
tinnitus in siblings increased the
probability of tinnitus in this indi-
vidual. Using the information about
the siblings in each family, subjects
were categorised into those having
at least one affected sibling and
those having no affected siblings.

Sudy subjects

Seven centres from six European
countries recruited Caucasian
volunteers between 50 and
75 years of age using population
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registers, or through clinical con-
sultation at the respective Ear,
Nose and Throat (ENT) and
Audiological Medicine depart-
ments. An otologically normal
population was identified with
families comprising at least three
siblings. An extended question-
naire relating to medical history
and exposure to environmental
factors such as noise and solvents
was completed by all volunteers.
Strict exclusion criteria based
on general medical conditions
were applied. A full list can be
found in Appendix 1. All subjects
with genera medical conditions
that may have affected hearing
thresholds were excluded from
this study. Exposure to noise
or solvents, however, was not
regarded as an exclusion factor.

All subjects underwent oto-
scopic investigation by an ENT
doctor/audiological physician to
exclude the presence of a middle
ear problem. Hearing thresholds
were measured in a sound-treated
booth. A modified Hughson-
Westlake method was used to test
air conduction thresholds at 0.25,
0.5, 1, 2, 4, and 8 kHz, and bone
conduction at 0.5, 1, 2, and 4 kHz,
for al participating subjects. The
audiological exclusion criteria
were: a conductive hearing loss of
more than 15 dB averaged over
0.5, 1 and 2 kHz or an asymmetri-
cal hearing loss with a difference
in ar conduction thresholds
exceeding 20 dB in at least 2 fre-
guencies between 0.5, 1 and
2 kHz. The Pure Tone Average
(PTA) using four frequencies (0.5,
1, 2, 4kHz) was calculated.
Written informed consent was
obtained from all participants
prior to any form of investigation.
The ethics committees of al the
participating centres approved the
study.
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Satistical analysis

Chi-sguare testing was used to
validate a possible difference in
prevalence between males and
females. Differences in age and
PTA between the group with and
without tinnitus were tested with
an unpaired T-test and a Kruskal-
Wallis test respectively.

Generalised linear mixed model
(GLMM) analysis

Three statistical methods were
applied to identify possible familial
effects in tinnitus. First of al, a
generalised linear mixed model
(GLMM) analysis was performed.
The binary outcome variable was
the presence of tinnitus. A logistic
model was assumed with stan-
dardised age, sex and standardised
PTA (pure tone average of 0.5, 1,
2 and 4kHz), and recruitment
centre as covariates. Testing also
took place to determine whether
there was a significant interaction
between sex and the other covari-
ates. Age and PTA were stan-
dardised for computational reasons
by subtracting the mean for each
subject and dividing it by the
standard deviation. Family was
considered to be a random effect,
i.e. the association between family
members was modelled through
the inclusion of random intercepts.
A random intercept variance that
significantly differs from zero
provides evidence for familial
clustering. Models with and with-
out random effects were therefore
compared using likelihood ratio
(LR) tests and by comparing the
Akaike Information Criteria (AIC)
values. LR testing was carried out
using non-standard LR tests since
the null hypothesis is on the
boundary of the parameter space
(see, for example, Molenberghs
and Verbeke'®).

To integrate the integrals
numerically in the marginal likeli-
hood, adaptive Gaussian quadra-
ture was used. Newton-Raphson
iteration was used to maximise the
log likelihood. We varied the num-
ber of quadrature points to see
whether the approximation to the
marginal likelihood could be
improved further. Convergence
of the models was carefully
checked by inspecting the gradient
values and the final Hessian
matrix.

Familial CORrelations (FCOR)

We calculated the familial correla-
tion using the FCOR (Familial
CORrelations) program of the
Statistical Analysis in the Genetic
Epidemiology (SAGE) software
package.® This method estimates
multivariate familial correlations,
and their asymptotic standard
errors for different relationship
types, in our case sister-sister,
brother-sister, brother-brother and
sibling-sibling. Using the corre-
sponding sample size and stan-
dard error, we used the Fisher Z-
transformation to test for signifi-
cance. To test for differences
between the relationship types, we
used the homozygosity test in the
FCOR programme, which is an
asymptotic test for determining if
the correlation matrices for the
subtypes (e.g. sister-sister) of a
given main type (e.g. sibling-sib-
ling) correlation are equal .?

Relative risk (RR) estimation

In order to estimate the impact of
the familial aggregation, we inves-
tigated whether the presence of a
family member with tinnitusinflu-
ences the risk of tinnitus in sib-
lings. To avoid possible issues
relating to subject dependency, we
used only the probands for these
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analyses. Logistic regression is
suitable for identifying factors
associated with a binary outcome
variable. However, if the outcome
variable has a high prevalence, the
odds ratio obtained by the logistic
regression tends to overestimate
the relative risk when >1 and to
underestimate the relative risk
when <1.2 |n our study group, the
prevalence rate for tinnitus was
21%, so a logistic regression
model was not considered appro-
priate. We therefore used a Cox
proportional hazard  model,
assuming a constant risk period.
This model estimates conditional
hazard ratios which were adapted
to estimate Relative Risk (RR) for
cross-sectional data®? The risk
factors included in the analysis
were age, gender, duration of
noise exposure, migraine, arthri-
tis, hearing loss and the presence
of a sibling with tinnitus. These
analyseswere performed using the
GENMOD, NLMIXED and
PHREG procedure of SAS,
Version 9.1.3 of the SAS System
for Windows.

Results

Descriptions of the recruited
families

A total of 198 families were
recruited. The number of siblings
ranged from 3 to 12, with a medi-
an of 5. Overall, 981 subjectswere
included. Table 1 shows an over-
view of the families recruited by
each centre.

Gender and hearing threshold dif-
ferences across the entire study
population

From the entire study population,
208 subjects answered “yes’ to
the question of whether they expe-
rienced tinnitus. This resulted in a
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Table 1
Number of subjects and families per recruitment centre
Recruitment |Number of Number of Number of siblings Number of Per centage
Centre subjects Families subjectswith |of subjects
tinnitus with tinnitus
Median Minimal Maximal

Antwerp 330 65 5 3 9 60 18%
Copenhagen (119 27 4 3 6 23 19%
Tuebingen 68 15 5 3 6 26 38%

Oulo 60 12 5 4 7 17 28%
Tampere 146 32 5 4 6 35 16%

Padova 78 16 5 3 7 17 21%
Nijmegen 180 31 6 3 12 30 17%

Total 981 198 5 4 5 208 21%

prevalence of 21.2%. Of the male
participants, 25.2% (113 out of
449) experienced tinnitus; the
figure for the female participants
was 17.8% (95 out of 532). Chi-
square testing showed that this dif-
ference was significant (P<0.01).
The average age of a subject
experiencing tinnitus was 60.9
(Standard Deviation = 6.3) years
of age, while in the group without
tinnitus the average age was
61.4 years of age (SD = 6.1), both
with a normal distribution (data
not shown). A standard t-test for
unpaired measures revealed no
significant difference between the
two groups. The mean PTA for the
group with tinnitus was 23.0 dB
(SD=11.8) and 19.3dB for the
group without tinnitus (SD =
10.6), both with a non-normal
distribution (data not shown). The
Kruskal-Wallis test indicated that
this difference between both
groups was highly significant
(P<0.0001).

Gender and hearing threshold
differences in the probands only

Of the 198 probands, 43 experi-
enced tinnitus, a prevalence rate of
21.7%. Of the male participants,

28.9% (24 out of 83) experienced
tinnitus; the figure for the female
participants was 16.5% (19 out of
115) (chi-sguare test, p-value
<0.05). The mean age of the sub-
jects with tinnitus was 61.0 years
of age (SD =5.5), as opposed to
61.3 years of age (SD =5.2) for
the subjects without tinnitus. This
difference was not significant. The
average PTA of subjects with
tinnitus was 22.1 dB (SD = 12.3),
while subjects without tinnitus
had an average PTA of 20.3dB
(SD = 11.8). Again, this difference
between the groups was not
significant (Kruskal-Wallis test).

The mixed model applied to the
entire study population

Table 2 shows the results for the
mixed model analysis. The mixed
model analysis determines the
contribution of the following fac-
tors to the presence of tinnitus:
standardised age, gender, stan-
dardised PTA and the familial
identifier (the family to which
each subject belongs). The effect
of each factor is represented by
the estimate, while the standard
error and p-value indicate signifi-
cance. To assess the proportion of

the familial effect, the family
identifier was modelled as a ran-
dom effect. This method made it
difficult to interpret the extent of
the familial effect. However, it
allowed for the correction of con-
founding factors. The presence of
tinnitus was found to be familially
aggregated and this remained
significant after correction for
standardised age, gender and
standardised PTA.

Results of the familial correlation
in the whole population

Using the FCOR programme in
SAGE we calculated familial cor-
relations for siblings with and
without tinnitus. It is important to
note that, with this technique, we
cannot take confounding factors
such as age, sex and hearing level
into consideration. The sibling-
sibling correlation is 0.16 with a
standard error of 0.03 (95% confi-
dence interval 0.25 to 0.06, p-
value 0.001). Homogeneity testing
of the correlations between sister-
sister, brother-brother and sister-
brother showed no significant
difference (chi-square 0.66, p-
value 0.72).
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Table 2
Results of the mixed model analysis
Dependent variable: All subjects p
Tinnitus
Independent variables Estimate + SE
Fixed effects -2.2412 + 0.3458 <0.001
Standardised Age -0.1798 + 0.1018 0.08
Gender 0.5626 + 0.1901 <0.05
Standardised PTA 0.4409 + 0.1024 <0.001
Random effect
Family identifier 1.1189 + 0.1685 <0.001

The dependent variable is tinnitus. Family identifier is considered as a random effect,
and standardised age, standardised PTA and Gender as fixed effects.

Table 3
Results for the relative risk estimate

Cox Proportional Hazard Model

Covariate Hazard Ratio 95% ClI P-value
Age 0.9968 0.97-1.05 0.845
Gender 1.1081 0.83-1.48 0.481
PTA 1.0000 0.98-1.01 0.992
Having a family member with tinnitus 1.7045 1.21-2.40 <0.005

Tinnitus was adependent variable. Age, Gender, PTA and Having afamily member with

tinnitus were dependent variables.

Relative risk estimation: does a
family member with tinnitus
increase the probability of tinnitus
for the proband?

The risk factors of age, gender,
duration of noise exposure,
migraine, arthritis, family member
with tinnitus and PTA were indi-
vidually tested in the Cox propor-
tional hazard model (data not
shown). Only the effect of afami-
ly member with tinnitus was sig-
nificant. The results of the mixed
model analyses showed effects for
PTA, gender and age. Thisis con-
sistent with the literature and so
we included PTA, gender and age
in our final anaysis. The final
model was constructed using the
aforementioned factors as well as
the variable ‘having a family
member with tinnitus' (Table 3).
These results show that subjects
related to a sibling with tinnitus
were 1.7 times more likely to have

tinnitus themselves than subjects
from afamily without tinnitus.

Discussion

The main finding of this multi-
centre family study was that, in
981 otologicaly normal subjects
from 198 European families, the
presence of tinnitus had a familial
component. The study population
used in this study represented an
ideal otological population, as all
subjects experienced hearing loss
as a result of presbyacusis or the
influence of environmental fac-
tors, and not because of any oto-
logical conditions. Furthermore,
no subjects were suffering from
disorders with a potentia affect
on hearing, as summarised in the
appendix. The mixed model
analysis showed that this finding
was independent of differences
in age, gender and hearing
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thresholds. As a result it can be
stated that the perception of tinni-
tus was influenced by familial
factorsindependent of other patient
characteristics. By applying
familia correlations we were able
to estimate the correlation between
siblings and to compare these
figures with previously published
figures for ARHI. However, the
data we obtained should be treated
with caution because the familial
correlation analysis could not
account for possible confounding
factors. Using a Cox-proportional
model we estimated that tinnitus
in a sibling raises the probability
of tinnitus by afactor of 1.7. This
effect persisted even after correc-
tion for several known risk factors
such as age, gender, hearing loss,
migraine, arthritis and noise expo-
sure.

In our study population, the
prevalence of tinnitus was 21.2%.
In the Blue Mountains Hearing
Study (BMHS), Sindhusake et
al.®? reported a prevalence of
30.3% in a population aged above
55years, which is in line with
other reports** The BMHS
included the following question:
“Have you experienced any pro-
longed ringing, buzzing or other
sounds in your ears or head within
the past year ... that is lasting for
five minutes or longer?’. We
asked a similar question, athough
the wording was slightly different.
Small differences in tinnitus
definition have been found to
result in different tinnitus preva-
lence rates.?* In our study, then, the
difference in prevalence could be
explained by a difference in the
definition of tinnitus. However, a
more likely explanation is that we
excluded subjects with otological
disease, and subjects from this
category were included in the
BMHS.
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Another obvious finding from
our study is that tinnitus is more
prevalent among males (21.2%)
than females (17.8%). In addition,
we observed a significant correla-
tion between PTA hearing loss
and the presence of tinnitus. Other
investigators have also identified
hearing loss**® and sex? as risk
factorsfor developing tinnitus. We
were unable to confirm other pre-
viously published risk factors such
as age,*° drugs-induced ototoxici-
ty,* dietary factors,>** alcohol
consumption, hypertension, ele-
vated blood lipids, liver disease,
cervica arthritis, socio-economic
factors,* migraine or arthritis.2
Thiswas most probably due to our
study design and the small inde-
pendent sample number (198 sub-
jects). In addition, medical condi-
tions like mastoiditis, meningitis,
ear surgery, severe head and neck
injuries and drug-induced ototoxi-
city were al exclusion criteriain
the current study, and could not
therefore be studied.

Familial effect

The mixed model approach
showed a significant familial
effect, even when accounting for
known confounding factors such
as hearing loss, gender and age. In
order to estimate the importance of
this effect we calculated familial
correlations between siblings. The
familial correlation for tinnitus
of 0.16 was lower than those
reported for ARHI. Gates et al.®
calculated sibling-sibling correla-
tions in subjects with a sensory
presbyacusis phenotype between
0.39 and 0.17. This indicates that,
athough a familial effect was
present, the effect for tinnitus is
probably smaller than the familial
effect observed in ARHI. This
could be due to independent

psychological factors such as per-
sonality and fearfulness,® which
are thought to influence tinnitus.

The familia effect observed in
the present study could be due to
severa factors of either genetic or
environmental origin. If genetic
factorsinfluence the occurrence of
tinnitus, these could be responsi-
ble for the familia effect that we
have observed. The environmental
factors can be attributed to a
shared familia environment. All
siblings in the present study grew
up in the same family environment
and probably shared a significant
number of habits. All the siblings
in individual families will there-
fore have been exposed to a com-
mon set of environmental factors.
Some of these factors may play a
role in the occurrence of tinnitus.
So even though they are not genet-
ic, they do contribute to the famil-
ial aggregation of tinnitus we
observed in our study.

Possibility of genetic factors

Considerable familial aggregation
was observed for ARHI.* Several
other studies showed that this
familial aggregation is largely
attributable to genetic factors.®#
The proportion of variance in a
phenotype that can be explained
by genetic variances is known as
the heritability of a specific condi-
tion. One study dealing with
Danish twins  specifically
addressed the contribution of the
shared familial environment and
found no significant effect,
although a modest effect could not
be excluded.® By contrast, the
ARHI consortium and other
researchers have identified several
genetic polymorphisms that are
associated with ARHI.*# For tin-
nitus, however, no specific causal
genes have been identified yet,
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although Tyler et al.*s have sug-
gested the possibility of a poly-
morphism in the serotonin trans-
porter gene (5-HTTLPR), which
is associated with depression® and
could influence tinnitus.

Possibility of shared familial envi-
ronment

Severa possible factors are related
to a shared familial environment.
In the case of tinnitus, several
investigators have shown that a
family history of either tinnitus or
hearing loss has a significant
effect on tinnitus annoyance and
distress. Chéry-Croze and Thai-
Van* showed that a majority of
subjects with a family history of
tinnitus or hearing loss reported an
effect on tinnitus annoyance and
on the impact on the individual’s
life. There have been reports of
both positive effects, e.g. having a
better understanding of the disor-
der or having a role model who
has learned to live with the tinni-
tus, and negative effects, e.g.
being afraid of deterioration in the
future or of psychiatric side
effects. In a different population,
Kennedy and Stephens® con-
firmed these effects, showing that
subjects with a positive family
history of tinnitus and/or hearing
loss were less affected by tinnitus
in terms of ‘annoyance’, ‘ peace of
mind’ and ‘enjoyment’. However,
the effect in individuals was both
positive and negative, mainly
depending on the attitude the
family member adopted towards
the tinnitus.

Furthermore, we can postulate
that the presence of afamily mem-
ber with tinnitus increases overall
awareness of the phenomenon of
tinnitus, and therefore increases
the apparent prevalence of tinnitus
in other family members.
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Other possible factors might be
a familia effect in environmental
noise exposure e.g. workplace
noise or recreational noise, or a
familial effect associated with
dietary patterns. Thereislittle evi-
dence for the first two factors. It
has been observed, however, that a
shared familial environment has a
considerable effect on dietary
habits.* The possible influence of
diet on tinnitus may be caused by
differencesin dietary supplements
associated with tinnitus, such as
vitamins and minerals. Possible
candidates include vitamin B12
and zinc.*

Further research

In the present multi-centre family
study, we have shown that, in oto-
logically normal subjects, there is
significant familial aggregation in
the perception of tinnitus. Severa
authors have aready postulated
the possibility of a genetic factor
influencing tinnitus.

The familial effect observed in
this study was lower than the
effect found in age-related hearing
impairment. There are several
reasons for investigating this
finding in more detail. Firstly, the
differentiation between genetic
and shared environmental factors
could greatly enhance the elucida-
tion of the exact pathophysiology
of tinnitus. It would give direction
to further research, pointing it
either towards the shared familial
environmental factors influencing
tinnitus or to genetic factors,
which will require specific genetic
studies. In the first case, more
emphasis could be laid on the
impact of role models or attitudes
that influence the perception of
tinnitus. If genetic factors were
identified, clinicians would have
the opportunity to personalise

treatment and counsel tinnitus
patients. Differentiating between a
patient in whom there is a genetic
predisposition for tinnitus and a
patient in whom this predisposi-
tion is not present could funda
mentally change counselling and
possible treatment for these
patients. In the first case, gene
therapy may be a possible
approach, or a specific medical
treatment might be advisable. In
the second case, more emphasis
may be laid on avoiding specific
environmental factors.

References

1. Eggermont JJ, Roberts LE. The neu-
roscience of tinnitus. Trends Neurosci.
2004;27:676-682.

2. Sindhusake D, Golding M, Newall P,
Rubin G, Jakobsen K, Mitchell P.
Risk factors for tinnitus in a popula-
tion of older adults: the blue moun-
tains hearing study. Ear Hear. 2003;
24:501-507.

3. Rosenhall U, Karlsson AK. Tinnitus
in old age. Scand Audiol. 1991;20:
165-171.

4. Leske MC. Prevalence estimates of
communicative disorders in the U.S.
Language, hearing and vestibular dis-
orders. ASHA. 1981;23:229-237.

5. Hazell J. Tinnitus and disability with
ageing: adaptation and management.
Acta Otolaryngol Suppl. 1990;
476:202-208.

6. Luxon LM. Tinnitus: its causes, dia-
gnosis, and treatment. BMJ. 1993;
306:1490-1491.

7. Marion MS, Cevette MJ. Tinnitus.
Mayo Clin Proc. 1991;66:614-620.

8. Stouffer JL, Tyler RS. Characteri-
zation of tinnitus by tinnitus patients.
J Speech Hear Disord. 1990;55:439-
453.

9. Smoorenburg GF. Risk of noise-
induced hearing loss following expo-
sure to Chinese firecrackers.
Audiology. 1993;32:333-343.

10. Peifer KJ, Rosen GP, Rubin AM.
Tinnitus: etiology and management.
Clin Geriatr Med. 1999;15:193-204,
viil.

11. Seligmann H, Podoshin L, Ben-
David J, Fradis M, Goldsher M. Drug-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

57

induced tinnitus and other hearing
disorders. Drug Saf. 1996;14:198-
212,

Paaske PB, Pedersen CB, Kjems G,
Sam IL. Zinc in the management of
tinnitus. Placebo-controlled trial. Ann
Otol Rhinol Laryngol. 1991;100:647-
649.

Sourgen PM, Ross E. Perceptions of
tinnitus in a group of senior citizens.
S Afr J Commun Disord. 1998;45:61-
75.

QuarantaA, Assennato G, Sallustio V.
Epidemiology of hearing problems
among adults in Italy. Scand Audiol
Suppl. 1996;42:9-13.

Tyler RS, Coelho C, Noble W.
Tinnitus: standard of care, personality
differences, genetic factors. ORL J
Otorhinolaryngol Relat  Spec.
2006;68:14-19.

Bespalova IN, Van Camp G, Bom SJ,
et al. Mutations in the Wolfram syn-
drome 1 gene (WFSL1) are a common
cause of low frequency sensorineural
hearing loss. Hum Mol Genet.
2001;10:2501-2508.

Verstreken M, Declau F, Wuyts FL, et
al. Hereditary otovestibular dysfunc-
tion and Meniere's disease in a large
Belgian family is caused by a mis-
sense mutation in the COCH gene.
Otol Neurotol. 2001;22:874-881.
Molenberghs G, Verbeke G. Models
for discrete longitudinal data.
Springer-Verlag, New-York; 2005.
SA.G.E. Statistical Analysis for
Genetic Epidemiology, Release 5.3
[computer program]. The S.A.G.E.
Project. Case Western Reserve
University, Department of Epidemio-
logy and Biostatistics; 2006.
Available at: http://darwin.cwru.edu
Keen KJ, Elston RC. Robust asymp-
totic sampling theory for correlations
in pedigrees. Sat Med. 2003;22:3229-
3247.

Zhang J, Yu KF. What's the relative
risk? A method of correcting the odds
ratio in cohort studies of common out-
comes. JAMA. 1998;280:1690-1691.
Lee J. Odds ratio or relative risk for
cross-sectional data? Int J Epidemiol.
1994;23:201-203.

Sindhusake D, Mitchell P, Newall P,
Golding M, Rochtchina E, Rubin G.
Prevalence and characteristics of tin-
nitus in older adults: the Blue
Mountains Hearing Study. Int J
Audiol. 2003;42:289-294.



58

24. Lutman ME, Brown EJ, Coles RR.
Self-reported disability and handicap
in the population in relation to pure-
tone threshold, age, sex and type of
hearing loss. Br J Audiol. 1987;21:45-
58.

Gates GA, Couropmitree NN, Myers
RH. Genetic associations in age-relat-
ed hearing thresholds. Arch Otolaryn-
gol Head Neck Surg. 1999; 125:654-
659.

Christensen K, Frederiksen H,
Hoffman HJ. Genetic and environ-
mental influences on self-reported
reduced hearing in the old and oldest
old. J Am Geriatr Soc. 2001;49:1512-
1517.

DeStefano AL, Gates GA, Heard-
Costa N, Myers RH, Baldwin CT.
Genomewide linkage analysisto pres-
bycusis in the Framingham Heart
Study. Arch Otolaryngol Head Neck
Surg. 2003;129:285-289.

Karlsson KK, Harris JR,
Svartengren M. Description and pri-
mary results from an audiometric
study of male twins. Ear Hear.
1997;18:114-120.

25.

26.

27.

28.

29.

30.

31

32.

33.

Viljanen A, Era P, Kaprio J, Pyykko I,
Koskenvuo M, Rantanen T. Genetic
and environmental influences on hear-
ing in older women. J Gerontol A Biol
Sci Med Sci. 2007;62:447-452.

Unal M, Tamer L, Dogruer ZN,
Yildirim H, Vayisoglu Y, Camdeviren
H. N-acetyltransferase 2 gene poly-
morphism and presbycusis. Laryn-
goscope. 2005;115:2238-2241.

Van Eyken E, Van Laer L, Fransen E,
et al. KCNQ4: a gene for age-related
hearing impairment? Hum Mutat.
2006;27:1007-1016.

Van Eyken E, Van Camp G,
Fransen E, et al. Contribution of the
N-acetyltransferase 2 polymorphism
NAT2*6A to age-related hearing
impairment. J Med Genet. 2007;44:
570-578.

Hoefgen B, Schulze TG, Ohlraun S, et
al. The power of sample size and
homogenous sampling: association
between the 5-HTTLPR serotonin
transporter polymorphism and major
depressive disorder. Biol Psychiatry.
2005;57:247-251.

. Chéry-Croze S, Thai-Van H. The

J.-J. Hendrickx et al.

Influence of a Family History of
Hearing Loss, and/or of Tinnitus, on
Tinnitus Annoyance and Distress. In:
Stephens D, Jones L, eds. The Effects
of Genetic Hearing Impairment in the
Family. John Wiley & Sons,
Chichester; 2006:147-180.

Kennedy V, Stephens D. Tinnitus: The
Impact of Family History. In:
Stephens D, Jones L, eds. The Effect
of Genetic Hearing Impairment in the
Family. John Wiley & Sons,
Chichester; 2006:187-204.

Rankinen T, Bouchard C. Genetics of
food intake and eating behavior phe-
notypes in humans. Annu Rev Nutr.
2006;26:413-434.

McFerran DJ, Phillips JS. Tinnitus.
J Laryngol Otol. 2007;121:201-208.

35.

36.

37.

Jan-Jaap Hendrickx

Department of otolaryngology
University Hospital Antwerp
Wilrijkstraat 10

2650 Edegem, Antwerp, Belgium
Tel.: +32.474.681450

Fax: +32.3.8214451

E-mail: j.j.hendrickx@planet.nl

Appendix 1: Inclusion and exclusion criteriafor subjects in the linkage study by the European ARHI consortium

Pathology
1. Cardiovascular disease
a cardiac disease Included
I.  coronary disease Included
1. angina pectoris Included
2. infarction Included
3. percutaneous transluminal coronary arteriography Included
Il.  congenital heart abnormalities Included
I, cardiac valve pathology Included
IV. arrhythmia Excluded
V. cardiac failure Excluded
VI. cardiac transplantation Excluded
b. pathology of the carotid arteries Included
I. stroke TIA/CVA Excluded
Il. carotid surgery Excluded
c. pathology of the femoral/popliteal arteries Included
d. pathology of the abdominal arteries Included
e. pathology of the rend arteries Included
i. renal hypertension
f.  hypertension
l. primary Included
Il. adrenal hyperplasia Included
g. hypercholesterolaemia Included




Familial aggregation of tinnitus

59

2. hormonal/metabolic disease

a. hormona
i. diabetes Included
1. typel Included
2. typell Included
ii.  thyroid disease Included
1. hypothyroidism Included
2. hyperthyroidism Included
iii. hyperparathyroidism Included
iv. other Excluded
1. Cushing'sdisease
2. Addison’'s disease
3. acromegaly
4. hyperprolactinaemia
5. diabetes insipidus
6. phaeochromocytoma
b. metabolic
i. osteoporosis Included
ii. renal disease Excluded
1. chronic renal insufficiency
2. hemodialysis
3. transplantation
iii. liver disease
1. haemochromatosis Excluded
2. cirrhosis Excluded
3. chronic liver failure Excluded
4. liver transplantation Excluded
5. Gilbert’s disease Included
3. Autoimmune diseases Excluded
a.  rheumatoid arthritis
b. lupus erythematosus
c. inflammatory bowel disease
d. ankylosing spondilitis
e. tempora arteritis
f. gout
g. Cogan’'s disease
h. Bechet's disease
i.  Wegener's granulomatosis
j-  1gA nephropathy
k. Takayasu's disease
|.  polyarteritis nodosa
m. scleroderma
n. dermatomyositis
0. Sjogrens disease
p. other
4. Neoplasms
a intheear Excluded
b.  with therapeutic radiotherapy onto the region of the ear Excluded
¢.  with therapeutic chemotherapy Excluded
d. haematological neoplasms (leukemia, lymphoma, Hodgkin's disease, Excluded
polycythemia vera, Waldenstrom macroglobulinaemia, amyloidosis
e. brain tumours Excluded
f.  metastatic neoplasms Excluded
g. other: loca neoplasms Included

General: no head and neck cancers. No chemotherapy, no local (head) radiotherapy
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5. Neurological disease
a  (Alzheimer's) dementia Excluded
b. Parkinson's disease Excluded
c. multiple sclerosis Excluded
d. epilepsy Included
e. migraine Included
f.  other Excluded
Thisimplies all neurological diseases EX, except epilepsy and migraine
6. Psychiatric disease
a.  severe mental illnesses for which hospitalisation has been necessary Excluded
b. other Included
7. Pulmonary disease
a. COPD/asthma/emphysema Included
b. pneumoconiosis — asbestosis - silicosis Included
c. idiopathic pulmonary fibrosis Excluded
d. cydticfibrosis Excluded
e. sarcoidosis Excluded
8. Haematological disease
a sicklecell anaemia Excluded
b. haemophilia Excluded
c. Von Willebrand's disease Excluded
d. anaemia Included
e. any haematological disease for which the subject is being treated Excluded
9. Dermatological, ophthalmological, gynaecological disease; diseases of the stomach or bowels Included
10. Infectious diseases
a AIDS Excluded
b. syphilis Excluded
c. Lymesdisease Excluded
d. hepatitisB or C Excluded
e. tuberculosis Excluded
f.  meningitis Excluded
g. herpesZoster Excluded
11. Other conditions
a. al congenital syndromes (Down syndrome etc.) Excluded
b. al rare diseases that are severe enough to cause significant handicap according to the subject Excluded




