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Abstract

Objectives. Tinnitus is a common hearing-related disorder,
which may have a large impact on daily life. With aging
populations worldwide, it is important to gain insight in the
occurrence of tinnitus at older ages and to understand its
relationship with age-related hearing loss. We investigated
the prevalence of tinnitus among a general aging population,
across age strata and hearing status.

Study Design. Cross-sectional.
Setting. The population-based Rotterdam Study.

Methods. A total of 6098 participants underwent tinnitus
assessment, and 4805 had additional hearing assessment.
We determined tinnitus prevalence per 5-year age groups.
Hearing impairment was defined as >25-dB HL worse ear
pure tone average (0.5, I, 2, 4 kHz). We investigated with
multivariable logistic regression the association between
hearing impairment and tinnitus. Tinnitus handicap was
assessed in 663 participants with daily tinnitus via the
Tinnitus Handicap Inventory—screening version (THI-s).

Results. Tinnitus was prevalent in 21.4% (n = 1304).
Prevalent tinnitus was evenly distributed over 5-year age
groups. Participants with hearing impairment were more
likely to have tinnitus (odds ratio, 2.27; 95% CI, 1.92-2.69)
as compared with those without hearing impairment. The
median THI-s score was 4 (interquartile range, 0-10), indi-
cating a slight handicap, and 14.6% of the participants
reported a moderate or severe handicap (THI-s >16).

Conclusions. In a general elderly population, | in 5 persons
has tinnitus. Of those with tinnitus, for | per 10 persons, the
presence of tinnitus interfered with daily life. Participants
with hearing impairment were twice as likely to have tinnitus.
Despite the age-dependent occurrence of hearing impair-
ment, no such age dependency was found for tinnitus.
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innitus is a common disorder in the adult population.’
Tinnitus is defined as a sound that is heard in the
absence of an objective external sound source. For
some, tinnitus is not bothersome at all, whereas others might
experience it as very disturbing and warranting health
care.”” In spite of the clear definition of subjective tinnitus
as a phenomenon in literature, there is no consensus about
when tinnitus becomes pathologic. The lack of a gold stan-
dard for pathologic tinnitus leads to a variety in reported pre-
valence. In several studies based on populations aged >18
years, tinnitus prevalence ranges from 9% up to 35%."
Various risk factors for tinnitus have been reported: otolo-
gic, audiologic, personal, socioeconomic, and disease related.*
It is generally accepted that hearing impairment is one of the
leading risk factors associated with tinnitus.*® As the world-
wide population is aging,” the prevalence of age-related hear-
ing impairment is increasing accordingly.®® As such, it can be
expected that tinnitus prevalence will increase as well.'®
However, limited data are available on the age dependency of
tinnitus in a population of older adults. Most studies that
investigated tinnitus and age dependency did so in middle-
aged populations.' Studies that investigated older populations
reported prevalence numbers of 8.2% up to 30.3%, with sev-
eral citing age dependency''™" and others not.'®?* There is
still a lack of understanding about the prevalence and age
dependency of tinnitus in the general aging population and its
association with age-related hearing loss.
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Therefore, in this study, we aimed to determine (1) the
prevalence of tinnitus in an aging population-based sample;
(2) its age distribution and association with sex and highest
achieved education, taking into account the potential under-
lying association with hearing impairment; and (3) the han-
dicap associated with prevalent tinnitus.

Methods
Setting and Study Population

This cross-sectional study was embedded in the Rotterdam
Study, a prospective population-based cohort study. The
Rotterdam Study was initiated in 1989, and it investigates
determinants and consequences of aging. Details of the study
have been described elsewhere.”® The entire study popula-
tion consists of 14,926 individuals aged >45 years living in
the well-defined Ommoord district in the city of Rotterdam,
the Netherlands.?® All participants were invited to undergo
extensive examinations in the dedicated research center at
study entry and subsequently every 3 to 4 years. In total,
almost 80% of the inhabitants aged >50 years who were
invited to participate in the study between February 2011
and December 2016 were tested, including audiometry.
Participation rates did not significantly vary among age
groups.

Tinnitus and hearing assessment were introduced into the
core study protocol in 2011. Of the 6168 eligible partici-
pants, 6098 had complete case information and were included
in the current study: these patients underwent home interview
regarding the presence or absence of tinnitus, and 663 of
them filled out the Tinnitus Handicap Inventory—screening
version (THI-s) between 2011 and 2016. Of the participants
with information on tinnitus status, 4805 underwent hearing
assessment in the dedicated study center between 2011 and
2016.

Standard Protocol Approvals, Registrations,
and Participant Consents

The Rotterdam Study was approved by the medical ethics
committee of the Erasmus MC (registration MEC 02.1015)
and by the Dutch Ministry of Health, Welfare and Sport
(Population Screening Act WBO, license 1071272-159521-
PG). The Rotterdam Study was entered into the Netherlands
National Trial Register and the World Health Organization’s
International Clinical Trials Registry Platform under a
shared catalog number (NTR6831). All participants provided
written informed consent to participate in the study and to
have their information obtained from treating physicians.

Data Availability

Requests for data from the Rotterdam Study should be
directed toward the management team of the study (secretar-
iat.epi@erasmusmc.nl), which has a protocol for approving
data requests. Because of restrictions based on privacy regu-
lations and the informed consent of the participants, data
cannot be made freely available in a public repository.

Tinnitus Assessment

Tinnitus assessment was performed through a home inter-
view. Participants were asked if they experienced sounds in
the head or one of the ears (eg, whizzing, peeping, or hum-
ming) without an objective external sound source being pres-
ent. Possible answers to this question were as follows: No,
never, Yes, less than once a week; Yes, more than once a
week but not daily; and Yes, daily.

For the current study, tinnitus was investigated as a
binary variable: either not present (No, never, Yes, less than
once a week) or present (Yes, more than once a week but not
daily; Yes, daily). Because of the heterogeneity of the origin
and the often temporary character of tinnitus, the presence of
less than once a week was not recorded as prevalent tinnitus.
All participants who answered that they experienced tinnitus
were asked whether it interferes with daily life (Yes or No).

Only participants experiencing tinnitus on a daily basis
were asked to fill out the THI-s.?* This inventory consists of
10 items, with a possible score of 0, 2, or 4 per item, which
includes questions on the interference of tinnitus in daily life.
A score >16 represented a moderate/severe handicap.?*?’

Hearing Assessment

Audiometric assessment was performed by 1 trained health
care professional in a soundproof booth. For the audiometric
assessment, a computer-based audiometry system (version
210.2.6 with AudioNigma interface; Decos Technology
Group) and TDH-39 headphones were used.”> To determine
hearing levels in decibel hearing level (dB HL), pure tone
audiometry was used according to ISO standard 8253-1.%¢
Air conduction thresholds for both ears were measured on
different frequencies (0.25, 0.5, 1, 2, 4, and 8 kHz). Masking
was performed according to the method of Hood.?’
Conductive hearing losses (air-bone gap >15 dB HL) were
not excluded, as the origin of the hearing loss does not seem
to matter in tinnitus induction.”® The worse-hearing ear was
determined by taking the average decibel hearing level over
all measured frequencies. The worse-hearing ear is chosen as
this is the most probable ear for tinnitus to occur in.?’ Pure
tone average hearing thresholds, averaged over 0.5, 1, 2, and
4 kHz, were determined according to the worse-hearing
ear.”’ Hearing impairment was determined as an average
threshold >25 dB HL.*

Covariables

Sex, age (years), and highest achieved educational level
were investigated as covariables. Educational level was cate-
gorized as lower, middle, or higher education according to the
UNESCO International Standard Classification of Education.

Statistical Analysis

We investigated the prevalence of tinnitus in several steps.
First, we compared the differences in demographic charac-
teristics (sex, age, and highest achieved education) between
participants with and without tinnitus. We used a ¢ test, 1-
way analysis of variance, Mann-Whitney U test, and x> test
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Table I. Participant Characteristics Comparing Tinnitus With No Tinnitus (N = 6098).
Population, No. (%)
Total Tinnitus No tinnitus P value

Participants 6098 1304 (21.4) 4794 (78.6)
Male 2570 (42.1) 606 (46.5) 1964 (41.0) <.001
Age,y 69.4 (10.1) 69.3 (9.8) 69.5 (10.2) .644
Age group .585

50-54 382 (6.3) 79 (6.1) 303 (6.3)

55-59 829 (13.6) 172 (13.2) 657 (13.7)

60-64 953 (15.6) 191 (14.6) 762 (15.9)

65-69 1382 (22.7) 321 (24.6) 1061 (22.1)

70-74 780 (12.8) 174 (13.3) 606 (12.6)

75-79 622 (10.2) 135 (10.4) 487 (10.2)

80-84 677 (11.1) 135 (10.4) 542 (11.3)

>85 473 (7.8) 97 (7.4) 376 (7.8)
Education .149

Lower 2953 (48.4) 661 (50.7) 2292 (47.8)

Middle 1749 (29.4) 374 (28.7) 1420 (29.6)

Higher 1351 (22.2) 269 (20.6) 1082 (22.6)
Hearing (n = 4805)

Threshold, dB HL* 30.5 (17.3) 354 (19.2) 29.1 (16.5) <.001

Impairment >25 dB HL® 1547 (32.2) 449 (43.2) 1098 (29.2) <.001
Tinnitus impairment, daily life 160 (2.6) 160 (12.3) —
THI-s (n = 663)

Score® 4 (0, 10) 4 (0, 10) —

>16° 97 (1.6) 97 (14.6) —

Abbreviations: dB HL, decibel hearing level; THI-s, Tinnitus Handicap Inventory—screening version.

?Mean (SD) for normally distributed continuous variable.

®Hearing impairment was averaged over the 0.5-, |-, 2-, 4-kHz frequencies in the worst ear.

“Median (interquartile range) for nonnormally distributed continuous variable.
9Participants experiencing a moderate/severe handicap from tinnitus.

when appropriate. Second, we performed a multivariable
logistic regression analysis for the association between hear-
ing impairment and tinnitus, adjusted for sex and age. We
repeated this analysis while stratifying in 5-year age groups.
Next, we described the severity of the tinnitus complaints, as
reported with the THI-s. The THI-s score was described as
median (interquartile range) and as percentage with a score
>16 (ie, reporting a relevant tinnitus-associated handicap).
We compared demographics between participants with a rel-
evant handicap and a low handicap. Finally, we performed a
sensitivity analysis with an altered definition of tinnitus
(only daily) and no tinnitus (never tinnitus) in the demo-
graphics of the population and between participants with and
without tinnitus according to this definition.

Results

Tinnitus Prevalence and Demographic Characteristics
We found that 21.4% of 6098 participants reported tinnitus
(Table 1). The prevalence of tinnitus did not vary signifi-
cantly among the age groups: it ranged between 23.2% in
the 65- to 69-year-old group and 19.9% in the 80- to 84-
year-old group (x> test, P = .585; Figure |). Participants

with prevalent tinnitus were more often male than partici-
pants without tinnitus (46.5% vs 41.0%, P < .001). A similar
difference in the proportion of males was found in the age
groups spanning 60 to 74 years, not in the other age groups.
There was no difference in highest achieved education
between the participants with and without tinnitus, neither in
the entire population nor by age group.

Tinnitus and Hearing Impairment

The average hearing threshold in the study population was
30.5 dB HL (SD, 17.3; Table I). In all age groups, except
>85 years, participants with tinnitus had a significantly
higher average hearing threshold (Table 2).

The prevalence of hearing impairment was 25.4% in the
entire population and significantly higher in the participants
with tinnitus as compared with those without (43.2% vs
29.2%, P < .0001; Table I). Participants with prevalent tin-
nitus in the youngest age group in our population (50-54
years) more often had hearing impairment (16.2%) than par-
ticipants without tinnitus (4.0%, P < .001; Table 2, Figure
2). The increase of the prevalence of hearing impairment is
similar in participants with and without tinnitus. Participants
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Figure 1. In participants with hearing assessment (n = 4805), tinnitus prevalence (95% Cl) and average hearing threshold (=1 SD) per
5-year age groups. Hearing threshold: 0.5, 1, 2, and 4 kHz in the worse-hearing ear.
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Figure 2. The prevalence of hearing impairment in participants with and without tinnitus (n = 4805), per age category. Odds ratios are
adjusted for age and sex. Hearing impairment: >25 dB HL over 0.5 to 4 kHz in worse-hearing ear. Values represent proportion = 95% CI.

with hearing impairment were twice as likely to have tinni-
tus as compared with participants without hearing impair-
ment (odds ratio, 2.27; 95% CI 1.92-2.69), a result that was
found across all age groups.

Tinnitus Handicap

Of all participants with tinnitus (n = 1304), 160 (12.3%)
reported that their tinnitus interfered with daily life. This
reflected 2.6% of the entire population. The THI-s was avail-
able for 76% of the participants with daily tinnitus (Table
I). The median THI-s score was 4 (interquartile range, O-
10), representing a slight handicap or none. A relevant tinni-
tus handicap (score >16) was found in 14.6% (n = 97) of the
participants who filled out the THI-s. The median THI-s
score was 4 for almost all age categories. The prevalence of
a relevant handicap hardly showed differences among age
categories, except for a slightly higher percentage in the

group 60 to 64 years old (Table 2). We also did not find a
significant difference between the sexes (male, 12.2%;
female, 16.8%; P = .092) or by hearing threshold (no hearing
impairment, 14.0%; hearing impairment, 16.1%; P = .481).

Sensitivity Analysis

Finally, we ran a sensitivity analysis in which finnitus was
defined as daily tinnitus and no tinnitus as never tinnitus.
Here, we found that an altered definition of tinnitus did not

lead to significant differences in the results (Table 3 vs
Table I).

Discussion

In this study, we found that the prevalence of tinnitus was
21.4% in a general Dutch population-based sample of older
adults (>50 years), using a definition of tinnitus being pres-
ent more than once a week regardless of the tinnitus burden.
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Table 2. Participant Characteristics Comparing Tinnitus With No Tinnitus per 5-Year Age Category.

Population, No. (%)

No. Total Tinnitus No tinnitus P value
50-54y
Participants 382 382 79 (20.7) 303 (79.3)
Male 382 159 (41.6) 36 (45.6) 123 (40.6) 424
Education 382 A57
Lower 125 (32.7) 28 (35.4) 97 (32.0)
Middle 144 (37.7) 25 (31.6) 119 (39.3)
Higher 113 (29.6) 26 (32.9) 87 (28.7)
Hearing
Threshold, dB HL* 317 18.7 (11.0) 22.1 (10.8) 17.7 (10.9) .004
Impairment >25 dB HL® 317 21 (6.6) I (l6.2) 10 (4.0) <.001
Tinnitus impairment daily life 382 8 (2.1) 8 (10.1) —
THI-s
Score® 39 4 (0, 8) 4 (0, 8) —
>16° 39 6 (1.6) 6 (15.4) —
55-59y
Participants 829 829 172 (20.7) 657 (79.3)
Male 829 360 (43.4) 80 (46.5) 280 (42.6) 406
Education 829 AR
Lower 289 (34.9) 63 (36.6) 226 (34.4)
Middle 263 (31.7) 56 (32.6) 207 (31.5)
Higher 277 (33.4) 53 (30.8) 224 (34.1)
Hearing
Threshold, dB HL* 671 19.9 (11.6) 234 (14.8) 19.0 (10.3) .001
Impairment >25 dB HL® 671 56 (8.3) 18 (12.7) 38(7.2) 036
Tinnitus impairment daily life 829 27 (3.3) 27 (15.9) —
THI-s
Score® 87 4 (0, 12) 4 (0, 12) —
>16° 87 14 (1.7) 14 (16.1) —
60-64y
Participants 953 953 191 (20.0) 762 (80.0)
Male 953 406 (42.6) 98 (51.3) 308 (40.4) .007
Education 953 .596
Lower 439 (46.1) 93 (48.7) 346 (45.4)
Middle 253 (26.5) 51 (26.7) 202 (26.5)
Higher 261 (27.4) 47 (24.6) 214 (28.1)
Hearing
Threshold, dB HL* 807 24.1 (12.8) 28.6 (13.2) 23.0 (12.4) <.001
Impairment >25 dB HL® 807 117 (14.5) 38 (23.5) 79 (12.2) <.001
Tinnitus impairment daily life 953 27 (2.8) 27 (14.1) —
THI-s
Score® 90 6 (0, 14) 6 (0, 14) —
>16° 90 22 (23) 22 (24.4) —
65-69y
Participants 1382 1,382 321 (23.2) 1,061 (76.8)
Male 1382 624 (45.2) 167 (52.0) 457 (43.1) .005
Education 1382 192
Lower 691 (50.0) 154 (48.0) 537 (50.6)
Middle 356 (25.8) 95 (29.6) 261 (24.6)
Higher 335 (24.2) 72 (22.4) 263 (24.8)

(continued)
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Table 2. (continued)

Population, No. (%)

No. Total Tinnitus No tinnitus P value
Hearing
Threshold, dB HL? 1173 284 (14.4) 34.0 (17.3) 26.7 (12.9) <.001
Impairment >25 dB HL® 1173 278 (23.7) 105 (38.6) 173 (19.2) <.001
Tinnitus impairment daily life 1382 37 (2.7) 37 (11.5) —
THI-s
Score® 165 4 (0, 10) 4 (0, 10) —
>16° 165 21 (1.5) 21 (12.7) —
70-74y
Participants 780 780 174 (22.3) 606 (77.7)
Male 780 340 (43.6) 92 (52.9) 248 (40.9) .005
Education 780 .384
Lower 419 (53.7) 100 (57.5) 319 (52.6)
Middle 229 (29.4) 50 (28.7) 179 (29.5)
Higher 132 (16.9) 24 (13.8) 108 (17.8)
Hearing
Threshold, dB HL? 638 34.6 (16.4) 40.5 (20.3) 329 (14.7) <.001
Impairment >25 dB HL® 638 258 (40.4) 74 (52.9) 184 (36.9) .001
Tinnitus impairment daily life 780 20 (2.6) 20 (11.5) —
THI-s
Score® 75 2(0,8) 2(0,8) —
>16° 75 10 (1.3) 10 (13.3) —
75-79y
Participants 622 622 135 (21.7) 487 (78.3)
Male 622 260 (41.8) 57 (42.2) 203 (41.7) 911
Education 622 .030
Lower 337 (54.2) 84 (62.2) 253 (52.0)
Middle 191 (30.7) 29 (21.5) 162 (33.3)
Higher 94 (15.1) 22 (16.3) 72 (14.8)
Hearing
Threshold, dB HL* 486 38.1 (16.0) 445 (17.2) 36.2(15.2) <.001
Impairment >25 dB HL® 486 274 (56.4) 78 (71.6) 196 (52.0) <.001
Tinnitus impairment daily life 622 17 (2.7) 17 (12.5) —
THI-s
Score® 79 4 (0, 10) 4 (0, 10) —
>16° 79 I (1.7) 11 (13.9) —
80-84 y
Participants 677 677 135 (19.9) 542 (80.1)
Male 677 276 (40.8) 48 (35.6) 228 (42.1) .168
Education 677 .366
Lower 351 (51.8) 77 (57.0) 274 (50.6)
Middle 228 (33.7) 42 31.1) 186 (34.3)
Higher 98 (14.5) 16 (11.9) 82 (15.1)
Hearing
Threshold, dB HL? 463 44.4 (17.7) 49.5 (19.1) 432 (17.1) .003
Impairment >25 dB HL® 463 325 (70.2) 71 (80.7) 254 (67.7) 017
Tinnitus impairment daily life 677 16 (2.4) 16 (11.9) —
THI-s
Score® 82 4(0, 8) 4 (0, 8) —
>16° 82 9 (1.3) 9 (11.0) —
>85y
Participants 473 473 97 (20.5) 376 (79.5)

(continued)
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Table 2. (continued)
Population, No. (%)
No. Total Tinnitus No tinnitus P value

Male 473 145 (30.7) 28 (28.9) 117 31.1) .668
Education 473 964

Lower 302 (63.8) 62 (63.9) 240 (63.8)

Middle 130 (27.5) 26 (26.8) 104 (27.7)

Higher 41 (8.7) 9(9.3) 32 (8.5)
Hearing

Threshold, dB HL? 250 52.7 (18.4) 55.3 (19.2) 51.9 (18.2) 221

Impairment >25 dB HL® 250 218 (87.2) 54 (93.1) 164 (85.4) 125
Tinnitus impairment daily life 473 8 (1.7) 8 (8.2) —
THI-s

Score® 46 2 (0, 4) 2 (0, 4) —

>16° 46 4 (0.8) 4(8.7) —
Abbreviations: dB HL, decibel hearing level; THI-s, Tinnitus Handicap Inventory—screening version.
?Mean (SD) for normally distributed continuous variable.
®Hearing impairment was averaged over the 0.5-, |-, 2-, 4-kHz frequencies in the worst ear.
“Median (interquartile range) for nonnormally distributed continuous variable.
9dParticipants experiencing a moderate/severe handicap from tinnitus.
Table 3. Sensitivity Analysis Comparing Daily Tinnitus With Never Tinnitus.

Population, No. (%)
No. Total Tinnitus No tinnitus P value

Participants 4920 4920 827 (16.8) 4093 (83.2)
Male 4920 2100 (42.7) 399 (48.2) 1701 (41.6) <.001
Age,y 4920 69.6 (10.1) 69.5 (9.6) 69.7 (10.2) 690
Age group 4920 170

50-54 290 (5.8) 45 (5.4) 245 (6.0)

55-59 670 (13.6) 104 (12.5) 566 (13.8)

60-64 751 (15.3) 115 (13.9) 636 (15.5)

65-69 1105 (22.5) 210 (25.4) 895 (21.9)

70-74 646 (13.1) 119 (14.4) 527 (12.9)

75-79 506 (10.3) 89 (10.8) 417 (10.2)

80-84 572 (11.6) 93 (11.2) 479 (11.7)

>85 380 (7.7) 52 (6.3) 328 (8.0)
Education 4920 478

Lower 2357 (47.9) 409 (49.5) 1948 (47.6)

Middle 1467 (29.8) 246 (29.7) 1221 (29.8)

Higher 1096 (22.3) 172 (20.8) 924 (22.6)
Hearing

Threshold, dB HL? 3896 30.4 (17.1) 37.0 (19.2) 29.0 (16.3) <.001

Impairment >25 dB HL® 3896 1264 (25.7) 320 (47.5) 944 (29.3) <.001
Tinnitus impairment daily life 4920 110 (2.2) 110 (13.3) —
THI-s

Score® 663 4 (0, 10) 4 (0, 10) —

>16° 663 97 (2.0) 97 (11.7) —

Abbreviations: dB HL, decibel hearing level; THI-s, Tinnitus Handicap Inventory—screening version.

*Mean (SD) for normally distributed continuous variable.

PHearing impairment was averaged over the 0.5-, |-, 2-, 4-kHz frequencies in the worst ear.
“Median (interquartile range) for nonnormally distributed continuous variable.
9dParticipants experiencing a moderate/severe handicap from tinnitus.



866

Otolaryngology—Head and Neck Surgery 164(4)

For 1 out of 10 persons with tinnitus, the presence of tinnitus
interfered with their daily life. Furthermore, participants
with hearing impairment were twice as likely to have tinni-
tus. Despite the age-dependent occurrence of hearing impair-
ment, no such age dependency was found for tinnitus.

In this study, we found a similar prevalence of tinnitus
over the age groups, whereas the proportion of participants
with hearing impairment was, as expected, much higher in
the older groups. Interestingly, we found a similar increase
of percentage hearing impairment above the age of 54 years
for the tinnitus and no-tinnitus groups. This suggests that tin-
nitus in itself is, unlike hearing impairment, probably not
associated with aging processes. We propose several possi-
ble mechanisms for this. First, aging does not put individuals
at greater risk of developing tinnitus. This implies that age-
related change/decline of the brain does not lead to an
increased vulnerability for developing tinnitus. Second,
although hearing loss in general is an important risk factor
for tinnitus, age-related aspects of hearing impairment are
not likely to induce tinnitus. One of the explanations may be
the gradual development of age-related hearing impairment.
It is suggested that a sudden lack of input to the brain from
the cochlea can result in tinnitus.>*>> In contrast to this
hypothesis stands age-related hearing impairment, which is a
slowly progressing disease of the auditory system; therefore,
the brain has time to adjust to the increasing lack of input.*
Another possible explanation is that the pathophysiology of
age-related hearing impairment is principally different from
other types of hearing loss that are more likely to induce tin-
nitus (eg, noise-induced hearing loss).>*~**” We therefore
hypothesize that tinnitus and hearing impairment in the
elderly co-occur, but the age-related aspect of hearing
impairment does not seem to contribute to the found associa-
tion between hearing impairment and tinnitus.

The reported prevalence of tinnitus in our cohort, 21.5%,
is in the middle of the range reported by the McCormack
et al review (5.1%-42.7%), consisting of larger and smaller
populations.! Specifically, tinnitus prevalence from other
large population-based studies ranges from 9.6% up to
30.3%. 415223890 Tg our knowledge, no other study has yet
reported the prevalence of tinnitus in 5-year age intervals, in
which we unexpectedly found no differences. This is in con-
trast to what McCormack et al reported in their review:
“The prevalence figures generally show an increase in tinni-
tus prevalence as age increases.”' It should be noted,
though, that this statement is based on studies reporting tin-
nitus prevalence in populations aged >20 years and not
solely in an elderly population, as in our study. Only a few
studies describe prevalence trends in 10-year intervals in
populations consisting of older participants (>45 years).
These studies report ambiguous conclusions about tinnitus
prevalence in these older participants: both an increased pre-
valence'""'* and a similar prevalence'*'® with increasing
age. Interestingly, these 4 studies are comparable in their
assessment of tinnitus and consist of larger populations (N >
1320), similar to our current study.

Comparing tinnitus prevalence among studies is compli-
cated, as there is no gold standard for the assessment. The
frequency of tinnitus being present is one of the main differ-
ences in definition among studies. This frequency ranges
between Daily >5 minutes and Ever." For example, when
we alter the definition of tinnitus in our study, the reported
prevalence changes as well. The prevalence increases from
21.4% to 32.9% when a broader definition is applied, includ-
ing any form of tinnitus. This might result in effect dilution,
as it increases the chance of misclassifying temporary tinni-
tus related to specific conditions (eg, noise exposure) as
chronic tinnitus. Conversely, if we classify participants with
daily tinnitus as having prevalent tinnitus, the prevalence in
our population decreases toward 13.6%. This number
decreases further toward 2.1% in our population when tinni-
tus is defined as experiencing it on a daily basis and when it
interferes with daily life.

Population-based studies have shown that the handicap
associated with tinnitus is generally mild, yet for some, it
interferes with life on a daily basis.**"*** This is similar to
what we found in the current study: bothersome tinnitus was
reported by 1 of 10 participants with prevalent tinnitus. Of
these participants, most answered being bothered by tinnitus
on a daily basis. Of the participants with daily tinnitus,
11.7% had a score >16 on the THI-s, reflecting moderate or
worse handicap associated with tinnitus. One should be care-
ful to extrapolate these results to clinical tinnitus popula-
tions. The clinical tinnitus population is a highly selected
group with a large burden of disease, which is probably only
a subgroup of our participants who report tinnitus to interfere
with daily life.'°

Even though hearing impairment is regarded as the main
risk factor for tinnitus, there are other potential risk factors
for tinnitus that may affect the prevalence, such as depres-
sion, anxiety, cardiovascular risks, or genetics.“’ls’“"‘5
Deteriorated mental health is often reported in clinical tinni-
tus populations and to be associated with a high tinnitus
burden.*** As the Rotterdam Study consists of relatively
healthy older individuals with a low tinnitus burden, we do
not expect this to affect the overall tinnitus prevalence
reported in the present study.

The current study is one of the larger population-based
studies investigating tinnitus prevalence and its relation to
hearing impairment measured with pure tone audiometry.
The large sample size and pure tone audiometry allowed for
proper investigation of the association of hearing impairment
in an elderly population. Some limitations in the current
study should also be acknowledged. First, it remains
unknown in which ear the tinnitus is present, which would
have allowed for closer investigation of the association with
hearing impairment. Second, no information was available
on tinnitus onset and duration. Third, this study was of a
cross-sectional origin, limiting the ability to infer on causality.

To conclude, tinnitus is present in 1 out of 5 older adults,
and every 1 out of 10 with tinnitus experience severe tinnitus
that is interfering with daily life. Participants with hearing
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impairment were twice as likely to have tinnitus as com-
pared with participants without hearing impairment. In spite
of the strong age-related character of hearing impairment, no
such age dependency was found for the prevalence of tinnitus.
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