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Background

Reliable and current information on the
prevalence of hearing loss in Germany is
crucial for estimating the demand and
medium-term outlook for hearing re-
habilitation. The epidemiological study
HORSTAT examined the state of hear-
ing in Northwest Germany. With minor
deviations due to alternative weighting
features, projections to the entire pop-
ulation indicated a prevalence of hear-
ing impairment according to the World
Health Organization (WHO) criterion of
approximately 16% [10]. The age-specific
prevalence was, however, mostly lower
than observed in similar international
studies [1, 7, 8].

Extrapolations to a national level
based on epidemiological studies con-
ducted on a regional level are likely to
raise objections. The particularities of
the selected sites might result in an un-
recognized — and therefore uncorrected
- sample bias, which substantially weak-
ens the reliability of the extrapolation.
At about the same time and independent
from HORSTAT, adults in Aalen, located
in Southwest Germany, were audiomet-
rically examined and interviewed, e.g.,
about hearing aid use, in the study
“Hearing in Germany” [5]. The present
article presents results from both studies
and a comparison with international
studies. The data of the two studies were
pooled to extrapolate the prevalence and
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degree of hearing impairment taking the
medium-term demographic trend into
account.

Methods

Study design

The HORSTAT studywasbased ona strat-
ified random sample derived from the
Oldenburg and Emden registration of-
fices. Subjects received an invitation let-
ter and a reminder, if necessary, and
were contacted by telephone, when ap-
plicable. The response rate was 21%
in total and 30% on average in the age
group of 40-80 years. The subjects who
declined participation in the study in
the age groups up to 60 years mostly
cited time constraints; higher-age groups
mostly indicated “other reasons” for not
taking part. The design and conduct of
the survey are described in detail else-
where [10, 11]. For the present analysis,
the validated data of 1866 adults were
used, 585 subjects from Emden (324 fe-
male) and 1281 subjects from Oldenburg
(691 female), aged 18-97 years. Pure-
tone audiometry was performed accord-
ing ISO 8253-1:2010 using a 5-dB step
size [6].

The Aalen survey was split into three
waves and the results were partially
published [5]. The first and the third
waves in May/June 2008 and May 2009,
respectively, were based on a random
sample of 15,000 subjects aged 7 years
and older, derived from the Aalen reg-
istration office. For each 5-year age
band, an equal number of addresses of
males and females were drawn. The
response rate can only be specified for

the first wave and was 13%, mainly due
to the extremely low participation of
young adults. The response rate in-
creased from the middle-age groups on
to retirement age and reached a peak
in the 65-year cohorts of both gen-
ders. After an otoscopic examination,
trained personnel conducted pure-tone
audiometry in sound attenuation booths
using the MA 55 audiometer (Maico)
and HDA 200 headphones (Sennheiser).
Valid air-conduction thresholds from
both ears are available for 1239 adults
(645 females).

Pooling the data from the HORSTAT
and Aalen studies results in 3105 records,
so that the extrapolation of hearing im-
pairment prevalence could be based on
111 subjects per gender in 5-year age
groups.

Definition of hearing impairment

Hearing impairment followed the WHO
classification [13] using the mean of the
air-conduction thresholds at 0.5, 1, 2,
and 4 kHz (PTA4). Hearing was defined
as impaired if PTA4 exceeded 25dB in
the better ear. Comparison of the results
as well as pooling of the data requires
that substantial differences in calibra-
tion can be ruled out. The measurement
data for 18- to 25-year-old participants
from both studies were used to check
whether this assumption holds. For these
very young adults, major differences in
hearing thresholds were neither expected
nor could be tolerated. Grouped median
hearing thresholds at 0.5, 1, 2, and 4 kHz
differ by 0.6 on average (1.2 dB maxi-
mum) in this age group. There is, there-
fore, no evidence for calibration differ-
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Table 1  Control criteria of the weighting model

Weighting models

ESP

- Emden

- Oldenburg

- HORSTAT

- Aalen

- HORSTAT + Aalen
Destatis for 2015 -

Gender, age HORSTAT + Aalen

Gender, age, education HORSTAT + Aalen

Effectivity (%) Critical sample
weights (%)

80 1.2

93 0

90 0

65 2.1

86 0

85 0.6

72 24

ESP European Standard Population, Destatis Federal Statistical Office
Sample weights <0.3 and >3 were defined as critical. The oldest age group comprises population
shares for 80 years and over (for weightings at the study level) and 85 years and over (for weighting

of the pooled data)

Table2 Prevalenceand numberofhearing-impaired adults according to datafrom the HORSTAT

and Aalen studies?

Weighting Gender, age, Gender, age
features professional
education
2015 2015 2020 2025

PTA4 in better ear

Proportion (%),
95% Cl

Proportion (%),
95% Cl

>25db HL 16.2 (14.7-17.7) 15.2(13.8-16.6)
>30db HL 11.9(10.6-13.2)  11.2(10.0-12.4)
>35db HL 8.4 (7.2-9.6) 7.9 (6.9-8.9)
>40 db HL 5.8 (4.8-6.8) 5.5 (4.6-6.4)

= (Cases/million) (Cases/million)
>25db HL 11.1(10.0-12.1)  10.4(9.5-11.3)
>30db HL 8.1(7.2-9.1) 7.7 (6.8-8.5)
>35db HL 5.7 (5.0-6.5) 5.4 (4.7-6.1)
>40 db HL 4.0 (3.3-4.6) 3.8(3.2-44)

Proportion (%),
95% Cl

16.1(14.7-17.5)
12.0(10.8-13.2)
8.5 (7.4-9.6)

5.9 (5.0-6.8)
(Cases/million)
11.1(10.2-12.1)
8.3(7.4-9.1)

5.9 (5.1-6.6)

4.1 (3.5-4.7)

Proportion (%),
95% Cl

17.1(15.7-18.5)
12.7 (11.4-14.0)
9.0 (7.9-10.1)
6.4 (5.5-7.3)
(Cases/million)
11.7 (10.8-12.7)
8.7 (7.8-9.6)

6.2 (5.4-6.9)

4.4 (3.8-5.0)

°Estimates on the basis of the official population projection [3] and the distribution of professional
educational levels according to the microcensus [2]. Possible cohort effects are not considered. The
95% confidence intervals (Cl), calculated using an effective sample size and z-statistic approach, are

reported in parentheses

ences that need to be taken into account
in the analysis.

Sample weights

To compare the study results, the dis-
tributions of gender and age were ad-
justed to the European Standard Popu-
lation (ESP, [4]). Adjustment to ESP fa-
cilitates the comparison of results from
different studies by defining the age dis-
tribution with equal gender shares. For
the purpose of extrapolation, the study
data were pooled and adjusted to the gen-

der and age distribution according to the
population projection for the years 2015
and subsequent years [3]. The weighting
factors are calculated as the ratio of tar-
get and effective share of respective sub-
groups. Professional education was the
lowest common denominator to describe
the social composition of both study sam-
ples. The categories used were “without
formal vocational qualification,” “voca-
tional training (apprenticeship),” “trade
and technical school (technicians, fore-
man),” and “university degree” The dis-
tribution in the pooled data was adjusted

to the distribution of professional educa-
tion levels in the microcensus data [2] for
three age groups (<34, 35-64, 65+ years)
disregarding the minor difference in the
lower age limit. The appropriateness of
these weighting models is reported as ef-
fectivity (Kish’s approximation [9]) and
the proportion of critical low or high
weighting factors (8 Table 1).

Results

Comparison of study samples

@ Fig. 1 shows the age distribution for the
HORSTAT and Aalen study samples and
the pooled data as well as for Germany [3]
andaccording to ESP [4]. Compared with
the overall population, the younger and
medium-aged groups were underrepre-
sentedinthe HORSTAT and even more so
in the Aalen study sample. Females were
slightly overrepresented. Higher levels
of school and professional qualifications
were disproportionately represented in
both study samples.

@ Fig. 2 shows the distribution of pro-
fessional educational levels by study lo-
cation and in the overall population. The
Oldenburg sample is more strongly bi-
ased toward higher professional educa-
tion than the Aalen and the Emden sam-
ples. Adjusted for gender and age, the
proportion of participants with a univer-
sity degree amounts to 31% in the HOR-
STAT (with the study locations Olden-
burg and Emden) and 27% in the Aalen
study, and is thus about twice as high as
in the general population (14%).

Comparison of hearing loss

O Fig. 3 shows the cumulative distribu-
tion of PTA4 in the better ear for the
ESP-adjusted study samples from Aalen,
Emden, and Oldenburg. The PTA4 val-
ues observed in the Oldenburg sample
are slightly better than in the Emden and
Aalen study groups. The comparison of
the PTA4 distribution for different age
groups in B Fig. 4 shows that hearing loss
is more pronounced in adults younger
than 60 years in the Aalen sample than
in the Oldenburg and Emden samples.
For age groups 60 years and older, PTA4
values in the Emden sample were worse
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thaninthe Aalenand Oldenburgsamples.
Adjusted to ESP, the prevalence of hearing
impairment was 17.1% in Emden, 14.4%
in Aalen, and 13.0% in Oldenburg.

International comparison

As the PTA4 distribution is very similar
in the HORSTAT and in the Aalen stud-
ies, it essentially remains unchanged in
the pooled data (B Fig. 4). The prevalence
of hearing impairment in the pooled data
is lower than in international studies, for
which the gender- and age-specific preva-
lence of hearing impairment according
to the WHO criterion was reported for
adults between 20 and 80 years of age
[1, 7, 8]. Owing to the high prevalence
of hearing impairment in age cohorts
over 80 years, the prevalence rates in the
present study are expected to be con-
siderably lower than in samples without
this upper age limit. If age groups from
20 to 80 years only are included, the
prevalence of hearing impairment in the
present study is reduced to 10.8% in the
pooled data. With the same age lim-
its set, prevalence rates were 15.3% in
the U.S. NHANES data [8] and 16.0%
in the Norwegian HUNT study [1]. In
the Swedish study of Johansson and Ar-
linger [7], which excluded subjects with
a strong exposure to occupational noise,
prevalence using a slightly different cri-
terion (PTA4 = 25) and with adjustment
to ESP amounted to 18.6%.

Extrapolation and projection

O Table 2 summarizes the prevalence of
hearing impairment according to the
WHO criterion and the prevalence for
other PTA4 cut-off values for the years
2015, 2020, and 2025. Assuming the
gender and age distribution estimated in
the current population projection, the
prevalence of hearing impairment ac-
cording to the WHO criterion is 15.2%
in 2015, with 10.4 million adults af-
fected. In future, the absolute number
of hearing-impaired adults is expected
to increase annually by 150,000-160,000
adults owing to demographic changes,
if cohort effects are excluded. This cor-
responds to a prevalence increase of
approximately 1% per 5-year period.

S132 | HNO - Suppl 2 - 2017

Mild hearing impairment according to
the WHO classification prevails. Moder-
ate and severe-to-profound hearing loss
with PTA4 >40 in the better ear affected
5.5%, i.e., 3.8 million adults, in the year
2015. This extrapolation is a conserva-
tive estimate, because it only considers
the distribution of gender and age. If
the distribution of professional educa-
tional levels is also considered and the
bias toward higher educational strata in
the study samples is approximately cor-
rected, the prevalence estimate increases
by 1.0 to 16.2% for the year 2015. This
corresponds to 11.1 million adults.

Hearing aid use

The participants were asked about the
uptake and use of hearing aids during
a standardized interview in the HOR-
STAT study and using a questionnaire in
the Aalen study. Adjusted to the popu-
lation statistics, 5.2% of the participants
were fitted with hearing aids in the pooled
data. The proportion varies by location
and is 3.5% in Aalen and 6.0% in Emden.
In the Oldenburg sample, which showed
the lowest prevalence of hearing impair-
ment, 6.1% of the participants also owned
at least one hearing aid. Analysis based
on the receiver operating characteristics
(ROC) showed that the participants in
HORSTAT were more likely to be fitted
with hearing aids, even in cases of milder
hearingloss, thanin the Aalen study sam-
ple (ROC analysis with PTA4 as predictor
for hearing aid possession). The maxi-
mum of the Youden index (sensitivity +
specificity - 1) refers to 29 dB HL in the
Oldenburg, 31 dB HL in Emden, but 38
dB HL in the Aalen sample.

Discussion

The two population-based studies, HOR-
STAT and “Hearing in Germany, exam-
ined the pure-tone hearing of adults from
random samples drawn in Emden and
Oldenburg as well as in Aalen, respec-
tively. The response rates in HORSTAT
and particularly in the first wave of the
Aalen survey were low compared with
international studies, due to the low re-
sponse in young age groups. To estimate
the prevalence of hearing impairment ac-
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Abstract

Background. The HORSTAT study conducted
in Northwest Germany found hearing
impairment in approximately 16% of
adults when applying the World Health
Organization (WHO) criterion. However,
the robustness of extrapolations to

a national level might be questioned, as the
epidemiological data were collected on a
regional level.

Methods. Independently from HORSTAT,
the “Hearing in Germany” study examined
adult hearing in Aalen, a town located in
Southwest Germany. Both cross-sectional
studies were based on stratified random
samples from the general population. The
average pure-tone threshold shift at 0.5,
1,2, and 4 kHz (PTA4), the prevalence of
hearing impairment (WHO criterion: PTA4 in
the better ear >25), and hearing aid uptake
were compared. Data from the Aalen and
HORSTAT studies were pooled (n = 3105)
to extrapolate to the prevalence and the
degree of hearing impairment for the years
2015, 2020, and 2025.

Results. Both studies yielded very similar
results for PTA4. Weighted for official
population statistics, the prevalence of
hearing impairment according to the WHO
criterion is 16.2% in adults, thus affecting
11.1 million persons in Germany. Owing to
demographic changes, the prevalence is
expected to increase in the medium term by
around 1% per 5-year period. With a similar
degree of hearing loss, hearing aid provision
differs from place to place.

Conclusion. When adjusted for gender and
age to the European Standard Population,
the prevalence of hearing impairment
observed both in HORSTAT and the Aalen
sample is considerably lower than reported
for international studies. Since the analysis
refers to cross-sectional data only, possible
cohort effects are not considered in the
prevalence projection.
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HORSTAT Destatis 2015

European
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Fig. 1 < Age distribution
in the Aalen and HORSTAT
study samples as well asin
Germany [3]and according
to the European Standard
Population [4]. Age groups
of 18 years and older are
rescaled to 100%. Differ-
ing gender shares are not
shown. Destatis Federal
Statistical Office

Professional education

Not specified
Without formal qualification
Apprenticeship

M Trade and technical school
M University

cording to the WHO criterion, however,
the age groups between 50 and 80 years
are of particular importance. Inthese age
groups, the response rate was well above
average. Moreover, the HORSTAT study
showed that there is no evidence that
participants and nonresponders differ in
their hearing abilities [10]. The assess-
ment in the highest age groups, however,
is subject to greater uncertainty, because
theresponseis presumablylinked tomore
severe health problems, which are possi-
bly associated with a higher prevalence
of hearing impairment. Given that ap-
proximately 6% of the total population is
over 80 years of age and that the average
prevalence amounts to 75% in this high
age group, the reliability of the estimate
seems not to be compromised. Ifthe gen-
derandage distribution is considered, the
hearing loss at PTA4 does not differ sub-
stantially between the two studies. With
respect to the study locations, however,
there are notable differences that are re-
lated to differences in the social composi-
tion of the samples. The association of so-
cial class, occupational sector, and pure-
tone hearing was confirmed in HOR-

1
50 60 70 80 90 100

Percent

STAT and is discussed elsewhere [10, 12].
For the pooled data from the HORSTAT
and the Aalen studies, the level of profes-
sional education was the only common
feature for comparing the social composi-
tion of the samples. Higher educational
attainment levels were overrepresented
in all three local samples, but were most
pronounced in the Oldenburg sample,
which showed the lowest hearing loss
at PTA4 while the rate of hearing aid
use was high. The comparatively high
proportion of hearing-impaired people
fitted with hearing aids is most proba-
bly a result of the longstanding regional
PR activities of the Oldenburg hearing
research groups. The prevalence rate in
the HORSTAT study was low compared
with international findings, but this low
rate was confirmed by the Aalen study.
Basically, the low prevalence rate can be
traced back to the male participants in
the samples whose hearing loss was not
as pronounced as reported in earlier in-
ternational studies. Explanatory factors
such as less occupational noise exposure
should be considered with regard to the
different time points of data collection.

Fig. 2 « Professional
education in the Aalen,
Oldenburg, and Emden
study samples compared
with the adult population
in Germany [2]

These were already discussed in detail for
HORSTAT [10] and essentially apply to
the Aalen study.

To extrapolate the overall prevalence,
the age and gender distribution was ad-
justed to the national data set. The effec-
tivity and the sample weights are at an
acceptable level and support the reliabil-
ity of the extrapolation. The projection
is based entirely on the expected demo-
graphic change in the age and gender
distribution. Effects such as the decreas-
ing share of adults who experienced war
time, the improvements in medical and
social care, the tightening of noise protec-
tion standards, and the further increase
in service-oriented occupations are dif-
ficult to consider and cannot be assessed
with reasonable accuracy. These possible
effects, which are more likely to attenuate
than to increase the growth in prevalence
of approximately 1% every 5 years, are
not considered in the projection.
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data, for four age groups. Gender and age distribution adjusted to European Standard Population. Outliers are marked with
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