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Abstract. Prevalence of tinnitus and audiometric shape. Objectives: Studies of tinnitus are often conducted on patient
populations presenting for treatment. It is, however, difficult to generalise prevalence numbers and aetiological results
from these studies to a healthy, elderly population. The first aim of our study was to determine the prevalence of tinnitus
in an otologically screened population between 55 and 65 years old. Secondly, both prevalence and the specific charac-
teristics of tinnitus were compared in subjects with either a flat audiogram, a high-frequency gently sloping audiogram
or a high-frequency steeply sloping audiogram.

Methods: 1147 subjects (549 males and 598 females) were recruited through population registers and underwent
thorough clinical and audiological examinations. Subjects who reported tinnitus in the general questionnaire about
medical history and environmental exposure were invited to complete an additional questionnaire on tinnitus history.
Results: The prevalence of tinnitus was 19.3% according to the general questionnaire on medical health and environ-
mental exposure and 11.8% according to the additional detailed tinnitus-specific questionnaire. Furthermore, our results
indicate that gender has a significant effect (tinnitusis more common in males than in females), as does audiometric con-
figuration (tinnitus is more common in subjects with a high-frequency steeply sloping audiogram than in subjects with
aflat audiogram). Both effects were significant in noise-/solvent-exposed subjects, as well as in non-exposed subjects.
Finally, comparison of “tinnitus characteristics’ in subjects categorised by audiogram configuration revealed significant
differences in loudness, pitch, temporal variability and family history of tinnitus.

I ntroduction

Although several theories have
been suggested about the patho-
physiology of tinnitus, the aetio-
logical diagnosis and treatment
of tinnitus remain challenging
in clinical practice, especidly in
tinnitus patients who do not
have any patho-otologica history
other than sensorineural hearing
loss due to presbyacusis. The
perceived tinnitus  spectrum
corresponds to the spectrum of
hearing loss,* and both age-related
hearing loss and noise-induced
hearing loss have been shown to
be major risk factors for tinnitus.>
® These facts suggest a functional
relationship between hearing loss
and the onset of tinnitus. However,
this contrasts with studies revealing

that many normal -hearing subjects
suffer from tinnitus®* and the
fact that most of the patients with
age-related hearing loss or noise-
induced hearing loss do not
develop tinnitus.®%84, Moreover, it
remains to be determined whether
the onset mechanism of tinnitus
is the same in all types of age-
related hearing loss or whether
different mechanisms are asso-
ciated with the onset of tinnitus
in patients with presbyacusis.
Evidence from different aetiologi-
cal studies leadsto the assumption
that, even in a homogeneous
population of elderly people with-
out otological problems other than
age-related and/or noise-induced
hearing loss, different pathophysi-
ological mechanisms can trigger
the onset of tinnitus. However, as

most of the studies on tinnitus are
conducted in specific subgroups
of tinnitus patients (for example,
only noise-induced patients,5610151
only normal hearing patients'®** or
only clinic patients reporting tin-
nitus or associated otological
problems#22) - jt is difficult to
estimate to what degree preva
lence numbers and specific aetio-
logical hypotheses of tinnitus can
be applied or generalised to an
elderly population that does not
seek help. This population in-
cludes all healthy, elderly subjects
with or without audiometrically
detectable hearing loss and audio-
gram configurations varying from
completely flat to very steep high-
frequency sloping. In view of this,
the first aim of our study was to
determine the general prevalence
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of tinnitusin a healthy, otologically
screened population (aged 55 to
65yrs) and to determine the
prevalence of tinnitus separately
for subpopulations defined by the
specific shape of the audiogram.
Secondly, we investigated the
hypothesis of audiogram-configu-
ration-specific onset mechanisms
for tinnitus by comparing specific
aspects of tinnitus history and
characteristics of tinnitus in
groups of subjects with different
audiogram configurations. Asit is
dtill unclear whether tinnitus is
more common in males than in
females%41%2 we also compared
the prevaence of tinnitus in both
genders. Finally, as noise expo-
surewas not an exclusion criterion
for our test population, we deter-
mined the prevalence of tinnitus
for exposed and for non-exposed
subjects separately.

2. Materials and methods

2.1. Setting

The setting was the genetic associ-
ation study of the European Age-
related Hearing Impairment pro-
ject (ARHI project: QLRT-2001-
00331).% In the framework of the
ARHI project, a consortium with
representatives from ten European
centres is investigating the genetic
and environmental compounds of
age-related hearing impairment. In
the current study, all analyses were
performed on the Antwerp data set
of the European consortium.

2.2. Sample collection

Unrelated Caucasian subjects
from residential suburbs of
Antwerp (Belgium) aged between
55 and 65years were recruited
through population registers. All
subjects underwent a clinical
examination including otoscopy

and completed an extended ques-
tionnaire on medical history and
environmental exposure. Subjects
with ear diseases, possible mono-
genic forms of hearing impairment
or any other pathologies with a
possible effect on hearing were
excluded using an extensive exclu-
sion list designed by the European
ARHI consortium.* All partici-
pants gave written informed con-
sent and the study was approved
by the Ethics Committee of the
University Hospital of Antwerp,
Belgium (IRB-OGA085).

2.3. Audiological examination

Air conduction thresholds in the
volunteers who met the medica
exclusion criteria were measured
at 125, 250, 500, 1000, 2000,
3000, 4000, 6000 and 8000 Hz
and bone conduction thresholds
were measured at 500, 1000, 2000
and 4000 Hz using current clinical
standards (ISO 8253-1; 1989).»
Audiological exclusion criteria
were: average conductive hearing
loss above 15dB in one or both
ears measured at 500, 1000 and
2000 Hz, and asymmetrical hear-
ing loss with differences in air
conduction thresholds greater than
20 dB on at least two frequencies
out of 500, 1000 and 2000 Hz.
After implementation of all of the
exclusion criteria, 1147 subjects —
598 femal es and 549 males — were
retained for further analysis.

2.4. Tinnitus data registry

The questionnaire dealing with
medical history and environmen-
tal exposure included the ques
tion: “Nowadays, do you ever get
noises in your head or ears (tinni-
tus) which usualy last longer than
five minutes?’. Possible responses
were“yes’, “no” or “missing”. As
there were no missing responses,
al 1147 subjects were allocated to
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the “tinnitus’ or “no tinnitus’
categories. The dichotomous
outcome variable “tinnitus’ was
used to make a first estimate
of the tinnitus prevalence in our
population: 221 subjects initially
reported tinnitus.

To obtain more detailed infor-
mation concerning the kind and
degree of their tinnitus, the sub-
jects with tinnitus were invited to
complete an additional question-
naire on tinnitus. This question-
naire was devel oped after the TRI
(Tinnitus Research Initiative)
Regensburg  meeting  (July,
2006),* which was organised to
reach an international consensus
about tinnitus assessment. The
item list of the additional tinnitus
guestionnaire consisted of six
main topics:

o Background: Age - Gender -
Handedness - Family history of
tinnitus;

e Tinnitus history: Initial onset -
Pattern - Site - Temporal vari-
ability - Loudness - Quality -
Pitch - Percentage of awake
time awarefirritated by tinnitus;

e Madifying influences: Natural
masking - Aggravation by loud
noise - Alterations of head and
neck movement or touching
head or upper limbs - Effect of
daytime nap/ nocturnal dleep/
stress/ medications;

o Related conditions: Hearing
impairment - Hearing aids -
Noise tolerance — Noise-
induced pain — Headaches -
Temporomandibular joint dys-
function - Neck pain - Other
pain syndromes;

» Handicapping effects of tinni-
tus: How annoying? - Keeps
you awake at night? - Gets you
down?

o Professional help sought and
treatment received: Type of
professional help contacted -
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Number of previous tinnitus
treatments - Effectiveness of
treatment

Of the original 221 subjects
reporting tinnitus, 150 subjects
responded to the additional tinni-
tus questionnaire, and 23 of them
stated that they no longer experi-
enced tinnitus and therefore did
not complete the tinnitus ques-
tionnaire. The remaining 127 sub-
jects who completed the whole
tinnitus questionnaire consisted of
78 males and 49 females.
2.5. Characterisation of the
shape of the audiogram

All left and right ear audiograms
were allocated to six categories
(“flat”, “high-frequency gently
sloping”, “high-frequency steeply
doping”, “low-frequency ascending”,
“mid-frequency U-shape” and
“mid-frequency  reverse  U-
shape’), using a Microsoft Access
Query. This approach matched an
audiometric configuration classifi-
cation?” based on earlier approaches
of Parving and Newton?® and Liu
and Xu.® In this classification,
a flat audiogram configuration is
defined as an audiogram where
the difference between the mean
of 250/500 Hz thresholds, the
mean of 1/2 kHz thresholds and
the mean of 4/8 kHz thresholds, is
less than 15 dB. A high-frequency
gently sloping (HFGS) audiogram
configuration is defined as an
audiogram where the difference
between the mean of 500 Hz/
1 kHz thresholds and the mean of
4 kHz/8 kHz thresholds is greater
than 15 dB and less than 29 dB. A
high-frequency steeply sloping
(HFSS) audiogram configuration
is defined as an audiogram where
the difference between the mean
of 500 Hz/1 kHz thresholds
and the mean of 4 kHz/8 kHz

thresholds is greater than 30 dB.
A low-frequency ascending (LFA)
audiogram configuration is defined
as an audiogram where the dif-
ference between the poorer low
frequency thresholds and better
high frequency ones is greater than
15 dB. A mid-frequency U-shape
(MFU) audiogram configuration
is defined as an audiogram where
the difference between the poorest
thresholds in the middle frequen-
cies and those at higher and lower
frequencies is greater than 15 dB.
A mid-frequency reverse U-shape
(MFRU) audiogram configuration
is defined as an audiogram where
the difference between the best
thresholds in the middle frequen-
ciesand those at higher and lower-
frequenciesis greater than 15 dB.

Because these definitions in-
herently suggest different overall
degrees of hearing loss, a two-
factoria repeat-measure ANOVA
was performed on all air conduc-
tion thresholds at the respective
test frequencies, with “audio-
metric configuration” and “left
ear/right ear” as fixed factors. The
analysis showed a significant
main effect of the factor “audio-
metric configuration” (F: 262.818;
df: 7, p<0.001) with air conduc-
tion thresholds being significantly
lower in flat audiogram configura-
tions than in high-frequency
steeply doping audiogram con-
figurations. These results suggest
that further analyses for deter-
mining the prevalence of tinnitus
should not be based on only
“worst ear audiogram configura-
tions’ (assuming “worst ear” = the
ear with the worst average of pure
tone thresholds at 500-1000-2000
and 4000 Hz), because thiswould,
in turn, imply an overrepresenta-
tion of audiogram configurations
which inherently suggest a higher
overall amount of hearing loss
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(i.e. the high-frequency steeply
sloping audiogram configuration).
Similarly, analyses based on only
“best ear audiogram configura-
tions’ (assuming “best ear” = the
ear with the best average of pure
tone thresholds at 500-1000-2000
and 4000 Hz) could lead to an
overrepresentation of audiogram
configurations which inherently
suggest a lower overall amount of
hearing loss (i.e. the flat audio-
gram configuration). Instead, all
further analyses were performed
on the left ear audiograms of all
subjects. No significant main
effect of “left ear/right ear” (F:
0.914; df: 1; p=0.339) and no
significant interaction effect of
“audiometric configuration” and
“left ear/right ear” (F: 1.341; df: 7,
p=0.244) were found. So
although audiogram configura-
tions were not always the same for
the left and the right ear, hearing
thresholds for the left and the right
ear were not significantly different
from each other and the different
audiogram configurations were
equally represented in both ears.

Furthermore, only 6 of the
1147 subjects had a left-ear low-
frequency ascending audiogram
configuration, only 2 subjects had
a left-ear mid-frequency U-shape
audiogram configuration and only
1 subject had a left-ear mid-fre-
guency reverse U-shape audio-
gram configuration. As none of
these subjects reported tinnitus,
these audiogram configurations
will not be included in further
analyses. However, their data
were taken into account when esti-
mating the prevalence of tinnitus
in our population.

2.6. Quantification of the curva-
ture of the audiogram

In addition to the assessment of
audiometric shape, the “bulge



40

depth”, i.e. the difference between
pure-tone averages for 2, 3 and
4 kHz and pure-tone averages for
1 and 6 kHz,* was determined to
characterise the curvature of the
audiogram. Note that a negative
bulge depth suggests an audio-
gram edge® that is located more at
the right sight of the audiogram (at
relatively higher frequencies) and
that a positive bulge depth indi-
cates an audiogram edge® that is
located more to the left sight of
the audiogram (at relatively lower
frequencies).

2.7. Categorisation of the degree
of noise/solvent exposure

In the questionnaire on medical
history and environmental expo-
sure, al subjects had to report
whether they had ever been
exposed to gunfire noise, occupa
tional noise, noise during leisure
time or solvents. Subsequently,
each category of exposure was
evaluated with a subscore “0” or
“1”. Assuming an additive effect
of the different kinds of noise
exposure and assuming a syner-
gistic co-exposure effect between
noise exposure and exposure to
organic solvents,® the (total)
degree of noise/solvent exposure
was then defined as the sum of all
subscores ranging from “0 = no
exposure” up to “5 = noise/solvent
exposure degree 4” (in case subjects
were exposed to al four categories
of exposure), disregarding the exact
kind of exposure.

2.8. Satidtical analysis

Except for the variables: “age”,
“bulge depth” and “loudness of
usual tinnitus, estimated on a 0-10
scale’, al variables in this study
were categorical and were com-
pared to each other using chi-
square tests. Whenever Pearson

chi-square was found to be
significant and the number of
categories of one or both of the
compared variables was more
than two, cumulative prevalence
matrices were constructed to
define the direction of the effect.
In this way the binomial distri-
bution could be used to describe
each of the categorica sample
distributions.

In order to make a statistical
assessment of certain effects or
interactions of categorical vari-
ables on the above-mentioned
numeric variables, multi-factorial
analyses of variance (ANOVA)
were applied to our data.

A significance level of a = 0.05
was adopted in every analysis.
Whenever more than one test was
carried out on a data set, a
Bonferroni correction was applied
to adjust the significance level (a
= 0.05/n for n tests). All data
analysis was carried out using
SPSS 12.0 for Windows (SPSS

Inc., Chicago, IL; www.spss.
com).
3. Results

3.1. Prevalence of tinnitus in
presbyacusis

According to our genera ques-
tionnaire on medical history
and environmental exposure,
the prevalence of tinnitus in our
population was 19.3% (221 of
1147 subjects), whereas the preva-
lence of tinnitus in our population
was only 11.8% (127 of 1076 sub-
jects) according to our additional
tinnitus  questionnaire.  The
difference between these two
values could be due to arewording
of the words “ever get” in
“Nowadays, do you ever get
noises in your head or ears (tinni-
tus) which usually last longer than
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five minutes?’ in the first ques-
tionnaire to “dtill experience” in
the additional tinnitus question-
naire. However, note that 71 of the
221subjects who initially reported
tinnitus did not return the second
guestionnaire. It is possible that
some of these subjects still
experience tinnitus, and that 11.8%
is a conservative estimate.

3.2. Effects of gender and noise/
solvent exposure on the prevalence
of tinnitus in presbyacusis

The numbers of males and
females with and without tinnitus
are depicted in Figure 1A. In the
mal e population, the prevalence of
tinnitus is 15.1% (78 of 517 sub-
jects), whereas the prevalence of
tinnitus in females is 8.7% (49 of
559 subjects). Chi-square tests
applied to the variables “tinnitus’
and “gender” revealed that the
prevalence of tinnitus is signifi-
cantly higher in males than in
females (Pearson chi-square:
10.310; df: 1; p=0.001).

As noise exposure is one of the
most frequently reported risk fac-
tors for tinnitus*® and as it is
assumed that the male population
is more exposed to noise or sol-
vents than females® a possible
causal relationship between the
prevalence of tinnitusin malesand
females and noise/solvent expo-
sure was investigated. Figure 1B
represents the number of non-
exposed males and females with
and without tinnitus. Chi-square
tests on the non-exposed popula
tion show that the difference
between the prevalence of tinnitus
in males (15.1% or 21 of 139 sub-
jects) and females (8.7% or 43 of
494 subjects) remains significant
(Pearson chi-square: 4.894; df: 1,
p =0.027), indicating that the
difference in prevalence between
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males and females cannot be
explained by  noise/solvent
exposure. Moreover, chi-square
tests performed on the variables
“tinnitus” and “noise/solvent
exposure” in the whole test popu-
lation did not reveal a significant
association between tinnitus and
noise/solvent exposure (Pearson
chi-square: 5.100; df: 4; p=10.3).
In addition, our data suggest that,
regardless of gender, the preva-
lence of tinnitus does not increase
significantly with increasing
noise/solvent exposure (Figure 2).

3.3. Effect of audiometric shape
and curvature on the prevalence
of tinnitus in presbyacusis

The numbers of subjects with and
without tinnitus and per category
of audiogram configuration are
shown in Figure 3. The highest
prevalence of tinnitus is found in
subjects with a high-frequency
steeply doping audiogram con-
figuration (19.7% or 55 of 278
subjects), followed by the preva
lence of tinnitus in subjects with
a high-frequency gently sloping

audiogram configuration (12.1%
or 46 of 379 subjects) and the
prevalence of tinnitus in subjects
with a flat configuration (6.1% or
25 of 410 subjects). Chi-square
testing of the variables “tinnitus’
and “audiometric configuration”
and the cumulative binomia dis-
tribution B[126; 1/3] for subjects
with tinnitus (see Table 1) indicate
that this difference in prevalence
is significant (Pearson chi-square:
29.860; df: 5; p<0.001), with the
high-frequency steeply sloping
audiogram configuration appear-
ing to be significantly higher than
chance level (o =0.01) in tinnitus
subjects and the flat audiogram
configuration appearing to be sig-
nificantly below chance level (o =
0.05) in tinnitus subjects.

To investigate the effect of the
audiometric curvature on the
prevalence of tinnitus, a two-fac-
torial analysis of variance
(ANOVA) was performed on the
variable “bulge depth”, with “tin-
nitus’ and “audiometric configu-
ration” as fixed factors. Figure 4
shows box plots representing the
median bulge depth and quartiles

per audiogram configuration for
subjects with and without tinnitus
respectively. The result of the
analysis showed a significant
main effect of “audiometric con-
figuration” on “bulge depth” (F:
5.809; df: 2; p=0.003). Pair-wise
comparisons indicated a signifi-
cantly higher bulge depth in sub-
jects with a flat configuration
compared to subjects with a high-
frequency steeply sloping config-
uration (p=0.002), and in sub-
jects with a high-frequency gently
sloping configuration compared to
subjects with a high-frequency
steeply sloping configuration (p =
0.014). However, there was no
significant main effect of “tinni-
tus’ (F: 0.068; df: 1; p=0.794)
and no significant interaction term
(F: 1.751; df: 2; p=0.174).

In summary, these findings sug-
gest that the occurrence of tinnitus
is more closely correlated with a
steep audiogram slope, and that
“the slope of the audiogram
(dB/octave)” has a greater impact
on the prevalence of tinnitus than
the location of “the audiogram
edge’ .5
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The number of subjects with/without tinnitus for non-exposed
subjects and subjects with different degrees of noise/solvent

exposure.

3.4. Association between audio-
metric shape and characteristics
of tinnitus in presbyacusis

Different aspects of tinnitus histo-
ry and subjective characteristics of
tinnitus were investigated in sub-
jects with flat, high-frequency
gently sloping, and high-frequen-
cy steeply sloping audiogram con-
figurations.

Firstly, with respect to the
possibility of different causes of
tinnitus, possible associations
were investigated between “audio-
metric configuration” and aspects
of tinnitus history like: “initial
onset”, “associated events’,
“pattern”, “site” and “modifying
influences’. Chi-square tests
conducted on each of these
variables separately suggested that
none of the these variables were
significantly associated with one
specific audiogram configuration
(0.219<peni-auae<0.784; see Table 2).
Hence, our findings suggest a
common cause for “presby-
tinnitus” rather than audiometric-
configuration-specific  causes.

However, a significant association
was found for “audiometric con-
figuration” and “family history of
tinnitus’, indicating a higher
familial effect for tinnitus in sub-
jectswith aflat audiogram config-
uration than for subjects with a
high-frequency steeply sloping
configuration (Pearson chi-square:
26.090; df: 6, p<0.001) (see
Table 1). Assuming that the vari-
able “family history of tinnitus’
reflects some kind of familial
predisposition for tinnitus and
assuming that genetic markers or
other familial effects associated
with specific audiogram configu-
rations lead to different patho-
physiological deficits in the
auditory pathway, the above-
mentioned association therefore
supports the idea of different,
audiometric configuration-specific
causes for tinnitus in presbyacusis.

Secondly, regarding the possi-
bility of audiometric configura-
tion-specific characteristics of tin-
nitus, “pitch”, “loudness of usual
tinnitus” (Nominal: see Table 1.
versus Numeric by judging on a

No tinnitus
Tinnitus: "Yes" or "No"

Audiogram
configuration
B Flat
W HFGS
[ HFSS

Tinnitus

Figure 3

The number of subjects with and without tinnitus per category
of audiogram configuration.

visual analogue scale of 0 to 10:
seeFigure 5), “quality”, “temporal
variability” and *“handicapping
effects’ of tinnitus were examined
for the three categories of audio-
metric configuration. A significant
association was found between
“audiogram configuration” and
“pitch”  (Pearson chi-sguare:
12.772; df: 2; p=0.002; subjec-
tive tinnitus pitch is significantly
lower in subjects with a flat con-
figuration than in subjects with a
high-frequency steeply sloping
configuration). The association
was aso significant for “audio-
gram configuration” and the
nominal variable “loudness of
usual tinnitus” (Pearson chi-
square: 23.671; df: 6; p = 0.003;
the subjective loudness of usual
tinnitus is significantly louder in
subjects with a high-frequency
steeply sloping configuration than
in subjects with a flat configura-
tion) and for “audiogram configu-
ration” and “temporal variability”
(Pearson chi-sguare: 10.790; df: 2;
p = 0.029; the prevalence of per-
manent tinnitus is significantly
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Table 1
Cumulative prevalence matrices of tinnitus variables significantly associated with “audiometric configuration
Tinnitus Flat HFGS HFSS B =[n; p] Xiz= 258 Xiz=199) X=19 Xz=259
Subjects without tinnitus 385** 333  223** [941; V3] 277 286 342 350
Subjects reporting tinnitus 25%* 46 55* [126; 1/3] 29 32 52 55
Pearson chi-square ‘ df ‘ p-value
29.896 2 | <0001
Pitch Flaa HFGS  HFSS B =[n; p] Xe-=-259 Xez=19 Xe=19 X=259)
Low to medium freguency 21 22 41** [84; /3] 17 20 36 39
High to very high frequency ik 23+ 14 [40; /3] 6 8 19 21
Pearson chi-square ‘ df ‘ p-value
12.772 2 | o002
Loudness of usual tinnitus Flat HFGS HFSS B =[n; p] Xz=-259) X=-19) X=199 X=259
Barely noticeable 3 13* 3 [19; /3] 2 3 10 11
Moderate 14** 28 37* [79; 1/3] 16 19 34 37
Very intense 6 4 15%* [25; 1/3] 3 6 10 14
Uncomfortably intense o** 1** o** [1; /3] 1 1 0 0
Pearson chi-square ‘ df ‘ p-value
23.671 6 0.003
Temporal variability Flat HFGS HFSS B =[n; p] Xz= 258 Xz=199) Xz=19 Xz=259)
No permanent tinnitus 8** 20 36** [64; 3] 12 14 28 31
Permanent tinnitus 17 25 19 [61; /3] 11 14 28 29
Pearson chi-square ‘ df ‘ p-value
10.790 2 | o002
Family history of tinnitus Fla HFGS HFSS B =[n; p] Xz=-259) X=-19) X=19% X=259
No relatives with tinnitus 15*%* 29 43** [87; V3] 18 21 37 40
Tinnitus in one or more parents o** 7* 3 [10; /3] 1
Ti nr_]i tusin one or more brothers 3 2 4 [9; /3]
or sisters
Tinnitus in other relatives 6** 1 Oo** [7; U3] 1 1 4 5
Pearson chi-square df p-value
26.090 6 <0.001

X =[sort(npg) * 2] + np/ q = (1-p)

*: prevalence is significant at level 0.05 (2-tailed)
**: prevalenceis significant at level 0.01 (2-tailed).

higher in subjects with a high-fre-
guency steeply sloping configura-
tion than in subjects with a flat
configuration) (see Table1). The
variables “quality”, “how annoy-
ing?’, “keeps you awake at
night?” and “gets you down?
were not significantly different for
the different audiogram configura-
tions (0.244<p<0.638) (see
Table 2).

Finally, a univariate analysis of
variance (ANOVA) was per-
formed on the numerical variable
“loudness of usua tinnitus’, with
“audiogram configuration” as a
fixed factor. Figure 5 shows the
distribution of “loudness of usual
tinnitus’ for al tinnitus subjects
and for each category of audio-
gram configuration. The result of
the ANOVA revealed a significant

effect of “audiogram configura-
tion” (F: 3.113; df; 2; p=0.048;
“loudness of usual tinnitus” is sig-
nificantly louder in subjectswith a
high-frequency steeply sloping
configuration than for subjects
with aflat configuration).

In summary, these data suggest
that tinnitus has a significantly
more permanent character, that
subjective loudness is significant-
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ly louder and that pitch is signifi-
cantly higher in subjects with a
high-frequency steeply configura-
tion than in subjects with a flat
configuration. No audiogram-con-
figuration-specific characteristics
were determined for “quality” or

4. Discussion

In this study, we analysed a sam-
ple of 1147 otologically screened
subjects aged between 55 and 65
and determined tinnitus preva-
lence and characteristics. The
prevalence of tinnitus in this age
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group was 19.3% according to a
general guestionnaire on medical
health and environmental expo-
sure and 11.8% according to an
additional detailed tinnitus-specific
guestionnaire. In addition, our
results indicate a significant effect
of gender (tinnitus is more com-
mon in males than in females) and
of audiometric configuration (tin-
nitus is more common in subjects
with a high-frequency steeply
doping audiogram configuration
than in subjects with a flat audio-
gram configuration). Both effects
were significant in noise-/solvent-
exposed subjects as well as in
non-exposed subjects. Finally,
a comparison of “tinnitus
characteristics’ in subjects cate-
gorised by audiogram configura-
tion revedled significant differ-
ences in loudness, pitch, temporal
variability and family history of
tinnitus.

An overview of previous
studies reporting tinnitus is given
in Sindhusake et al.®* According

13.73%]

Percent

T 1
7T 8 39
Loudness, usual tinnitus

“handicapping effects’.
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Figure 5
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The distribution of “loudness, usual tinnitus’ for al tinnitus subjects and per category of audiogram configuration.
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Table 2

Cumulative prevalence matrices of tinnitus variables which are not associated with “audiometric configuration”
Initial onset Flat HFGS HFSS Pearson chi-square df p-value
Less than 1 year ago 0** 1 1 10.857 6 0.210
Between 1 and 5 years ago 10* 24 20
Between 5 and 10 years ago 6 13 15
More than 10 years ago 9 6 19**
Associated events Flat HFGS HFSS Pearson chi-square ‘ df ‘ p-value
Hearing change 2 7 8 9.580 | 8 | o4
Acoustic trauma 3 4 11**
Head trauma o** I** o**
Whiplash 0 0 0
Stress 2 6 7
Other 13 17 24
Pattern Flat HFGS HFSS Pearson chi-square df p-value
Steady 16%* 36 a4 3.618 5 0.728
Pulsatile, associated with heartbeat 3 4 5
Pulsatile, not associated with heartbeat 3 5 2
Ste — Localisation Flat HFGS HFSS Pearson chi-square df p-value
Right ear 7 10 8 6.343 7 0.609
Left ear 3 5 11*
Both ears 11** 27 31
In the head o** O** 1**
Outside the head 3 3 3
Modifying influences Flat HFGS  HFSS Pearson chi-square df p-value
Tinnitus with natural masking 5 12 10 6.106 5 0.411
Tinnitus without natural masking 6* 13 20*
Unsure 12 18 25*
Quality Flat HFGS HFSS Pearson chi-square df p-value
Pure tone 5 11 12 6.210 6 0.400
More than one pure tone O** 3 4
More than one pure tone + noise 5 7 3
Noise 14 24 35**
How annoying Flat HFGS  HFSS Pearson chi-square | df | p-value
Not annoying at all 3 8 12 10.420 | 6 | 0404
Annoying, but ignorable during effort 18* 31 37
Very annoying, not ignorable 1 6 4
Extremely annoying 1 1 o**
Keeps you awake at night Flat HFGS HFSS Pearson chi-square ‘ df ‘ p-value
Never 14* 22 35++ 6.090 | 6 | o637
Occasionally 8 18 15
Often 2 3 3
Very often o** 2% o**
Gets you down Flat HFGS  HFSS Pearson chi-square \ df \ p-value
Never 175+ 33 42+ 8.703 | 6 | 0368
Occasionally 6 10 10
Often 0* * 2* * 0* *
Very often 0 0 0

*: prevalence is significant at level 0.05 (2-tailed)
**: prevalence is significant at level 0.01 (2-tailed).

to this overview, the prevalence
of tinnitus varies from 10% to
14% in population-based studies
including subjects under the age

of 55 years as well as subjects ulation-based studies only includ-
over the age of 55 years’*®® ing subjects of 55 years or
(range: subjects aged 17-80 years older®?®* (range: subjects aged
old) and from 24% to 30% in pop- 57-91.5 years old). The respective
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variation within these two cate-
gories of studies (4% and 6%) is
explained by discrepancies in
definition of tinnitus and the
phrasing of questions in the tinni-
tus questionnaires.® The inclusion/
exclusion of “spontaneous tinnitus
of less than 5 minutes duration”
and “temporary sound-induced
tinnitus” had a significant influence
on the prevalence of tinnitus® In
this respect, areport of the Medical
Research Council’s Institute of
Hearing Research even mentioned
a decline in prevalence from 39%
to 18.6%.5" We noticed that in our
study, only rephrasing the ques-
tion: “Nowadays do you EVER
GET noises in your head or ears
(tinnitus) which usually last
longer than five minutes?’ in
the general questionnaire to
“Nowadays do you STILL EXPE-
RIENCE noises in your head or
ears (tinnitus) which usualy last
longer than five minutes?’ and
refining the answer possibility
“Yes’ into “Yes, daily” and “Yes,
not daily” in the additional tinni-
tus-specific questionnaire led to a
drop-off in tinnitus prevalence.
Disregarding possible varia-
tions due to different definitions
and question phrasing, it is
interesting that the 11.8%
prevalence rate in our population
corresponds most closely to
the results of studies including
subjects under the age of 55 years
(10-14%) compared to studies
that only included subjects older
than 55 years old (24-30%). This
is to be expected given the
assumption that age ranges affect
the difference in prevalence rates
between these groups of studies.
However, no age-related increase
in tinnitus prevalence was found
in the Blue Mountains Hearing
Study® or in a study of Chung
et al.*® It is also possible that

the prevalence in this study is
relatively low due to the fact that
all subjects with conductive
hearing loss, asymmetrical hearing
loss, Meniére's disease or any
other otological problems were
excluded from our study. This
hypothesisis supported by a study
of Puel et al.# which determined
theclinical characteristics of tinni-
tus in 123 patients attending atin-
nitus clinic. Results revealed that
the large magjority of these patients
had endocochlear hearing loss
and that endolymphatic hydrops
(32%), acoustic trauma (32%) and
presbyacusis (23%) were the most
common diagnoses.

Sindhusake et al.®? reported a
tinnitus prevalence of 32.2% and
28.6% in males and females
respectively, and considered “gen-
der” to be more of a confounding
factor in their population-based
tinnitus risk factor model than a
risk factor, because the difference
in tinnitus prevalence between
males and females was not
significant in their population.
Similarly, the population-based
study of Rosenhall and Karlsson?
also found no gender difference.
The gender specificity of tinnitus
also remains controversial in
noise-exposed subjects: Chung et
al.,*» for example, did not find a
significant association between
gender and tinnitus, whereas
Stouffer and Tyler* reported a
highly significant difference in
tinnitus prevalence between males
and females. In our population the
prevalence of tinnitus was signifi-
cantly higher in males than in
females. This effect was signifi-
cant for the whole population, as
well as for non-exposed and
noise-/solvent-exposed subjects
separately, suggesting that the
gender effect cannot be explained
by the fact that males, in general,
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are more exposed to noise than
females. Moreover, evidence for
typical female influences on the
onset mechanism of tinnitus was
found in a study at the Royal
United Hospital in Bath. In this
study, a comparison of the preva
lence of tinnitusin women attending
ante-natal clinics (25%) and the
prevalence of tinnitus in age-
matched non-pregnant members
of the nursing staff (11%) showed
a significant increase in tinnitus
prevalence in pregnant women.®
Our findings may encourage the
idea of developing gender-specific
risk factor models for tinnitus,
instead of one general gender-
adjusted risk factor model.
Compared to the prevalence of
tinnitus in the above-mentioned
population-based studies, tinnitus
prevalence seems to be con-
siderably higher in noise-exposed
populations: 20.7% according
to Hazell,® 28% according to
Axelsson and Sandh,® 42%
according to Pamer et al.* and
49.8% according to Chung et al.*
and McShane et al.” Moreover,
Rosenhall and Karlsson® reported
a significant correlation between
tinnitus and occupational noise.
However, our study did not identi-
fy any significant noise/solvent-
exposure-related increase of tinni-
tus prevalence. On the one hand,
this could be due to the fact that,
in our study, the total amount
of noise/solvent exposure was
guantified using an ordinal scale
ranging from 0 to 5, looking at
noise/solvent exposure in an addi-
tive way and assuming equal
effects of gunfire noise, noise
exposure in leisure time, occupa
tional noise and solvent exposure,
while the above-mentioned
studies took exposure level and
duration of noise exposure into
account. On the other hand, our
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findings could suggest that,
although noise exposure is
considered to be a major risk
factor for tinnitus®® noise expo-
sure cannot directly trigger the
onset mechanism of tinnitus, but
may have an indirect effect on the
prevalence of tinnitus through the
influence that it has on hearing
loss. As a steeply sloping audio-
gram configuration is considered
typical for noise-induced hearing
loss,2# this hypothesis is also
supported by the fact that the
prevalence of tinnitus, in our study
and in the study of Konig et al..®
seems to be associated with a
high-frequency steeply sloping
audiogram configuration.

In addition to Kdnig et al.,* who
explicitly investigated the associa-
tion between the course of hearing
loss and the occurrence of tinni-
tus, and McDermott et al.,“ who
associated enhanced fregquency
discrimination and cortical remap-
ping to the shape of the audio-
gram, the link between tinnitus
and audiogram configuration is
not often made. Several epidemio-
logical studies have reported,
however, that hearing level is one
of the most important variables
associated with the prevalence of
tinnitus.®*®*®4  Moreover, the
increased tinnitus risk associated
with hearing loss has been quanti-
tatively estimated to be approxi-
mately 11% for each 10dB HL
increase in PTA in the better ear.’
Since high-frequency gently slop-
ing and high-frequency steeply
sloping audiogram configurations
inherently suggest hearing loss,
this then raises the question of
whether or not the overall level of
hearing loss has a more important
impact on the prevalence of tinni-
tus than the specific audiogram
configurations. In view of this, we
calculated the Fletcher Index

(average of pure tone hearing
thresholds at 500-1000-2000 Hz),
assuming that this parameter
resembles a configuration-inde-
pendent measurement of overall
hearing loss. Subsequently, a uni-
variate analysis of variance
(ANOVA) was conducted on the
variable “tinnitus’, with “audio-
metric configuration” as the fixed
factor and “Fletcher Index” as the
covariate in the model. The result
of the analysis showed that, even
after adjusting for a configuration-
independent overall level of
hearing loss, the effect of “audio-
metric configuration” was still
significant (F:11.111; df: 2;
p <0.001). These results suggest
that, athough hearing thresholds
at both high and low frequencies
are consistently higher in subjects
reporting tinnitus than in subjects
without tinnitus,*® the shape of the
audiogram has a significant, addi-
tional impact on the prevalence
of tinnitus. Moreover, since the
prevalence of tinnitus is signifi-
cantly higher in subjects with a
high-frequency steeply sloping
audiogram configuration than in
subjects with a flat audiogram
configuration and since no signifi-
cant effect of tinnitus was found
for the variable “bulge depth”, it
is possible that “the slope of
the audiogram (db/octave)” has a
greater impact on the prevalence
of tinnitus than the exact location
of “the audiogram edge’ .

With regard to the hypothesis of
one general pathophysiological
mechanism for tinnitus in presby-
acusis and the dternative hypo-
thesis of audiogram configura-
tionspecific pathophysiological
mechanisms, our data corroborate
both theories. On the one hand,
our results show no significant
differences regarding: “initial
onset”, “associated events’, “pat-
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tern”, “site”, “modifying influ-
ences’, “quality” and “handicap-

ping effects’ of tinnitus between
subject groups categorised by
audiogram configuration. On the
other hand, our data suggest a
larger familia effect on tinnitusin
subjects with a flat configuration
than in subjects with a high-fre-
guency steeply sloping configura-
tion and a significantly more
permanent character, significantly
louder subjective loudness and
significantly higher tinnitus pitch
in subjects with a high-frequency
steeply sloping configuration
compared to subjects with a flat
configuration. Moreover, the
guestion remains why a high-fre-
guency steeply sloping audiogram
is related more to the presence of
tinnitus, tinnitus intensity and
higher pitch than other audio-
metric configurations. One of
the prevailing pathophysiological
models suggests tinnitus can be
thought of as an auditory phantom
perception®®* resulting from audi-
tory deprivation.® It has been sug-
gested that this auditory depriva-
tion leads to a decrease in latera
inhibition with aresultant increase
of activity in the area adjacent
to the deafferentation.”** This
“edge” effect could represent the
neural correlate of tinnitus.5
Based on the tonotopic structure
of the human auditory system®=% a
steeply dloping hearing loss sug-
gests that there will be relatively
more lateral inhibition loss in a
topographically restricted area,
leading to more edge effect and
therefore tinnitus.

5. Conclusion

In conclusion, our data demon-
strate that tinnitus is more com-
mon in males than in females,
both in noise-/solvent-exposed
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subjects and in non-exposed sub-
jects. The presence, constancy,
intensity, and pitch of subjects
with a high-frequency steeply
sloping audiogram is higher than
in subjects with a flat audiogram.
These data fit in with the
prevailing deafferentation/lateral
disinhibition pathophysiological
model of tinnitus generation.
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