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Context: Young people expose themselves to high levels of noise during various leisure activities and might thus be at risk of acquiring
hearing-related problems due to leisure noise exposure.
Aim: The aim of this study was to compare the hearing status, amount of leisure noise exposure, and attitudes and beliefs toward noise, hearing
loss, and hearing protection devices (HPDs) in university students at the moment of their enrollment in higher education and after
approximately 3 years.
Settings and Design: Thirty-four female university students were tested at the moment of their enrollment in higher education and after
approximately 3 years.
Method andMaterial:Hearing was evaluated using pure-tone audiometry and transient evoked and distortion product otoacoustic emissions.
A questionnaire was used to evaluate leisure noise exposure and attitudes and beliefs toward noise, hearing loss, and HPDs.
Results: There were significant differences after the 3-year period: a deterioration in hearing at some tested frequencies, an increase in the
occurrence of temporary tinnitus after leisure noise exposure, an increase in noise exposure related to visiting nightclubs and music venues,
and differences in attitudes and beliefs toward noise, hearing loss and HPDs.
Conclusions:More longitudinal studies are needed to evaluate the onset and progression of hearing loss due to leisure noise exposure. In the
meantime, hearing conservation programs targeting young people should be optimized.
Keywords: Attitudes, hearing, leisure noise exposure, young adults
KeyMessages: There were differences in hearing status and the experience of hearing-related symptoms as well as differences in the amount
of leisure noise exposure and the attitudes toward noise, hearing loss, and hearing protection after the 3-year period. Therefore, the long-term
effects of noise exposure should be further investigated.
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INTRODUCTION
One of the most common preventable causes of acquired
hearing loss in developed countries is noise exposure.[1]

Besides occupational noise exposure, there is concern
regarding the increase in social noise exposure.[2] Young
people expose themselves voluntarily to high levels of noise
during various leisure activities, of which visiting nightclubs,
discotheques, and live concerts are considered as major
sources[2-7] in combination with the use of personal music
players.[8] It is also known that listening or attendance habits
for activities with leisure noise exposure change during
different phases of life.[8,9]
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Noise exposure can result in alterations in the structural
elements of the organ of Corti[10] leading to a loss of
hearing sensitivity and impaired speech discrimination.[11]

To evaluate the effects of leisure noise exposure on hearing
This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows
others to remix, tweak, and build upon the work non-commercially, as long as
appropriate credit is given and the new creations are licensed under the identical
terms.

For reprints contact: reprints@medknow.com

How to cite this article: Degeest S, Corthals P, Keppler H. Evolution of
Hearing in Young Adults: Effects of Leisure Noise Exposure, Attitudes,
and Beliefs toward Noise, Hearing Loss, and Hearing Protection Devices.
Noise Health 2022;24:61-74.

61

mailto:Sofie.Degeest@ugent.be
www.noiseandhealth.org


Degeest et al.: The evolution of hearing in young adults
thresholds, mostly cross-sectional studies were
conducted.[4,12] Although an increase in the prevalence of
noise-induced hearing loss due to leisure noise was
reported,[13] it was recently stated that there is insufficient
evidence that abnormal hearing thresholds caused by leisure
noise exposure in young populations are widespread or
increasing over time.[14] One possible reason for this
insufficient evidence may be attributed to the use of pure-
tone audiometry to detect noise-induced hearing loss, as the
effectiveness of this technique to detect minimal hearing loss
is debated.[15] Hence, the use of other techniques such as
speech-in-noise tests,[16] a dual-task paradigm to evaluate
listening effort,[17] and otoacoustic emissions (OAEs)[18]

should be further explored. Nevertheless, noise-induced
hearing damage can initially be recognized by the presence
of hearing-related symptoms such as tinnitus and noise
sensitivity.[19] In Flanders, that is, the Dutch-speaking part
of Belgium, pure-tone hearing thresholds in 517 young adults
aged between 18 and 30 years were within the normal
range.[20] Within these subjects, however, temporary and
chronic tinnitus due to leisure noise exposure in at least
one ear was present in 68.5% and 6.4%, respectively.
Furthermore, subjects with chronic tinnitus had
significantly higher lifetime equivalent noise exposure
levels in nightclubs and music venues as compared to
subjects with temporary tinnitus or without tinnitus.[21]

Besides the association between hearing and leisure noise
exposure in young people, investigating an individual’s risk-
taking behavior is also important. Widen[22] constructed a
theoretical framework to explain such individual’s risk-taking
behavior. Within this framework, all factors from the Theory
of Planned Behavior[23] and barriers to behavioral change and
triggers to action from the Health Belief Model[24] are used.
The model of Widen also adds a factor “risk perception,” that
is, an indicator of an individual’s awareness of the
harmfulness of leisure noise exposure.[22] Based on this
theoretical framework, risk-taking behavior regarding
leisure noise exposure can be evaluated in association with
hearing-related symptoms. For example, previous research
showed that young adults between 18 and 30 years with more
problematic attitudes regarding noise exposure had
significantly worse hearing as compared to those with
more negative attitudes and beliefs.[25] The hearing status
of young adults experiencing more barriers to preventive
action, for example, during the use of hearing protector
devices (HPDs), was significantly worse in comparison to
those youngsters indicating to experience less barriers to
preventive actions.[25] Further, significant differences in
attitudes and beliefs toward noise, hearing loss, and HPDs
were found between young adults with chronic tinnitus and
young adults without tinnitus as well as between young adults
with temporary tinnitus and without tinnitus.[21] Finally, it
was also shown by previous research that the theoretical
framework of Widen[22] can be used to evaluate behavioral
change in young adults longitudinally, for example, after the
implementation of a hearing conservation program.[26]
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Knowledge from longitudinal studies would provide more
insight into the age onset and progression of hearing-related
problems due to leisure noise exposure, which might be
important for the optimization of hearing conservation
programs targeting young people. However, information
regarding the progression of hearing-related problems
associated with leisure noise exposure is limited as
longitudinal studies pose logistical challenges,[14] for
example, an adequate long-term planning and identical
methodological conditions. One study found that during a
4-year period, mean hearing thresholds of high school
children in Argentina increased.[5] Moreover, they found
that within the subgroup of adolescents with hearing level
thresholds of more than 20 dB for one or more frequencies in
the third year of the study, there was a high preference or
increase in preference for musical activities.[27] More
recently, a significant reduction in hearing thresholds as
well as in transient evoked otoacoustic emissions
(TEOAEs) amplitudes was found in adolescents tested at
14 or 15 years and retested approximately 3 years later.[28]

Also, among young adults with normal hearing ranging in age
between 18 and 30 years, those with absent TEOAEs or
distortion product otoacoustic emissions (DPOAEs) were
significantly older as compared to the subgroup of subjects
with present TEOAEs or DPOAEs.[20] In addition to this
limited information regarding the progression of hearing-
related problems, its association with an individual’s risk-
taking behavior is to the best of our knowledge unknown.

The aim of the current study was to compare the hearing
status, the amount of leisure noise exposure, and the attitudes
and beliefs toward noise, hearing loss, and HPDs in university
students at the moment of their enrollment in higher education
and after approximately 3 years. A questionnaire was used,
and hearing status was evaluated using pure-tone audiometry,
TEOAEs, and DPOAEs. These outcomes were described and
compared between both test moments. In addition, the present
study evaluated whether there might be a relation between
changes in attitudes toward noise, hearing loss, and HPDs and
the actual use of HPDs.
SUBJECTS AND METHOD

Study sample
The subject group consisted of students entering the Bachelor
program in Speech, Language, and Hearing Sciences at Ghent
University (Belgium) during the academic year 2012-2013.
Students were first evaluated when they entered the first year
of the Bachelor program (further denoted as test A) and were
retested when they entered the final Master program during
the academic year 2015-2016 (further denoted as test B). At
both test moments, a questionnaire regarding hearing-related
symptoms, leisure noise exposure, and attitudes and beliefs
toward noise, hearing loss, and HPDs was administered.
Further, hearing status was assessed during both tests by
means of an otoscopic evaluation, admittance measures, pure-
tone audiometry, and measurements of TEOAEs and
Noise & Health ¦ Volume 24 ¦ Issue 113 ¦ April-June 2022
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DPOAEs. All testing was carried out in a sound-treaded room
where ambient sound pressure levels did not exceed any of
the levels specified by the ISO 8253-1 guidelines.[29] Besides,
a noise-free period of at least 12 hours before testing was
required in order to rule out the presence of transient
threshold or emission shifts.

A total of 36 students voluntarily participated in the study.
Students were excluded in case of abnormalities of the
external ear, abnormal middle ear function as measured by
tympanometry or acoustic stapedius reflex thresholds, or
when they did not complete the questionnaire correctly for
more than 95% of the questions. The responses of 34 students
were further analyzed, that is, a drop out of 5.6%. Hence, the
final sample at test A consisted of 34 females (mean 18.1
years; standard deviation [SD] 0.29; range 18–19 years) who
all participated again during test B (mean 21.0 years; SD 0.46;
range 21–22 years). The average time between test A and test
B was 34.62 months (SD 0.49, range 34–35 months).

The study was approved by the local Ethical Committee and
was conducted in accordance with the ethical standards
stipulated in the Helsinki declaration for research
involving human subjects. All participants agreed with the
informed consent, in which the aims of the study were
described.

Questionnaire
The questionnaire, which was based on the literature
regarding leisure noise exposure and the assessment of
noise-induced hearing loss and tinnitus,[30-32] consisted of
44 items distributed over five sections. More details about the
questionnaire are described elsewhere.[20,21]

The first and second section, respectively, included several
sociodemographic variables and questions regarding
subjective hearing status and medical history concerning
ear-related disorders. Subjects were required to have no
hearing disorders other than noise-induced hearing loss
(e.g., congenital hearing loss or conductive hearing loss
due to malformations of the ossicular chain).

In the third section of the questionnaire, the amount of
leisure noise exposure and the amount of time the
respondent wore HPDs was questioned for several leisure
activities that are common among young adults, such as
visiting nightclubs and playing musical instruments.
Participants were asked how many times per year, month,
week, or day they attended each type of activity, the duration
of their average visit to each of these (in hours), the total
time of exposure to each activity (in years), as well as their
estimation of loudness in terms of communicative effort.
Five levels of loudness were considered: (1) the level of a
normal conversation, (2) the level of a loud conversation, (3)
the level at which one must shout over 1m in order to be
heard (e.g., over a table), (4) the level at which one must
shout over a near distance in order to be heard (e.g., someone
less than an arm’s length away), and (5) the level that makes
Noise & Health ¦ Volume 24 ¦ Issue 113 ¦ April-June 2022
communication impossible. Based on these parameters, the
lifetime equivalent noise exposure (LAeq,l) was calculated for
each activity: LAeq,l=LAeq,w + 10*log10(Ty), where LAeq,w
reflected the weekly noise exposure and Ty the time of
exposure in years.[30] More details regarding the calculation
methods can be found elsewhere.[20,21] Finally, for each of
the activities, participants had to indicate how often they
wore HPDs. Specifically, participants were asked for each
activity if they wear HPDs “always”, “sometimes,” or
“never”. Participants who indicated to wear HPDs
“sometimes” or “never” were for statistical reasons
categorized into the umbrella category “not wearing HPDs.”

The fourth questionnaire section consisted of Dutch modified
versions of the “Youth Attitude to Noise Scale” (YANS)[32,33]

and “Beliefs about Hearing Protection and Hearing Loss”
(BAHPHL) instrument.[31,33] The YANS evaluates a
subject’s attitude toward noise and consists of 19 items
that are divided over four factors: (1) attitudes toward
noise associated with elements of youth culture, for
example, loud music at concerts or discos (factor 1: eight
items), (2) attitudes toward the ability to concentrate in noisy
environments (factor 2: three items), (3) attitudes toward
daily noise, for example, environmental noise such as
traffic (factor 3: four items), and (4) attitudes toward the
intent to influence the sound environment (factor 4: four
items).[32] The BAHPHL instrument evaluates the beliefs
toward hearing loss and HPDs and contains 24 items that
can be divided over seven factors: (1) susceptibility to hearing
loss (factor 1: six items), (2) severity of consequences of
hearing loss (factor 2: three items), (3) benefits of preventive
action, that is, wearing HPDs (factor 3: three items), (4)
barriers to preventive action (factor 4: four items), (5)
behavioral intentions, that is, the will to perform a given
behavior, such as wearing HPDs (factor 5: three items), (6)
social norms, for example, how the environment thinks about
wearing HPDs (factor 6: two items), and (7) self-efficacy, that
is, the extent of one’s belief to execute the behavior necessary
to protect hearing (factor 7: three items).[31] Both the YANS
and the BAHPHL instrument use a five-point Likert scale
ranging from “totally disagree” to “totally agree”. A higher
score on the YANS indicates a positive attitude, where noise
is seen as unproblematic. Consistent with the YANS, higher
scores on the BAHPHL instrument also correspond with a
more positive attitude, meaning that one does not care about
the possible consequences of hearing loss and is unaware of
the benefits of wearing HPDs.

The fifth and last part of the questionnaire included questions
regarding the presence of tinnitus after leisure noise exposure
and whether the tinnitus was temporary or chronic.
Temporary tinnitus was defined as disappearing within 72
hours after the exposure to leisure noise.

Admittance measures
The tympanogram and acoustic stapedius reflex thresholds
were, respectively, measured using a 226Hz probe tone at
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85 dB sound pressure level (SPL) and an ipsilateral 1.0 kHz
probe tone (AA222 Audio Traveler and TDH39 headphones
Interacoustics, Assens, Denmark). Type A tympanograms
and normal acoustic stapedius reflex thresholds were
required to be included in the study.
Audiometric evaluation
Pure-tone audiometry was performed using the modified
Hughson-Westlake method for air conduction thresholds at
the conventional octave frequencies from 0.25 to 8.0 kHz and
half-octave frequencies 3.0 and 6.0 kHz (AA222 Audio
Traveler and TDH39 headphones Interacoustics, Assens,
Denmark). Specifically, the intensity level of the pure
tones was decreased from the starting level of 30 dB HL in
15 dB steps until there was no response. Subsequently, the
intensity level was decreased by 10 dB after each correct
detection of the pure tone and increased by 5 dB for each
nonresponse. The hearing threshold was determined as the
lowest intensity at which the participant respond at least 50%
of the time (i.e., two out of three responses). Furthermore, it
was ensured that the ambient sound pressure levels did not
exceed any of the levels specified by the ISO 8253-1
guidelines for measuring down to a minimum of −10 dB
HL.[29]
Otoacoustic emissions
Both TEOAEs and DPOAEs were measured using the
DPOAE probe and ILO 292 USB II module with ILOv6
software (Otodynamics Ltd., Hatfield, the UK). The probe
was calibrated before each measurement using the 1 cc
calibration cavity provided by the manufacturer.

TEOAEs were recorded using a nonlinear differential
stimulus paradigm and rectangular pulses of 80ms at a
rate of 50 clicks per second and an intensity of 80 ± 2 dB
SPL. Registration of TEOAEs was terminated after 260
accepted sweeps with a noise rejection setting of 4 mPa.
Emissions and noise amplitudes were calculated in half-
octave frequency bands centered at 1.0, 1.5, 2.0, 3.0, and
4.0 kHz using ad hoc software. A probe stability of 90% or
more was needed, and TEOAEs were considered present if
the signal-to-noise ratio was at least 3 dB per half-octave
frequency band.

DPOAEsweremeasuredwith primary tone level combinations
of L1/L2= 65/55 dB SPL and a primary tone frequency ratio f1/
f2= 1.22, with f2 ranging from 0.841 to 8.0 kHz at eight points
per octave. The whole frequency range was looped until the
noise amplitude fell below−5 dBSPLat individual frequencies
with a noise artifact rejection level of 6 mPa. DPOAEs were
considered present if the signal-to-noise was at least 3 dB and
averaged for half-octave frequency bands with center
frequencies 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, and 8.0 kHz.

For both TEOAEs and DPOAEs, amplitudes were compared
with the age-corrected normative values as well as their test-
retest variation.[34,35]
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Statistical analysis
Statistical analysis was performed using The Statistical
Product and Service Solutions (SPSS) version 21 (SPSS
Inc. Chicago, IL, USA). Descriptive parameters were
established for the hearing assessment as well as for the
questionnaire outcomes, that is, the presence of hearing-
related symptoms, YANS and BAHPHL outcomes, the
average time spent per week at different leisure activities,
and the resulting lifetime equivalent noise exposure per
activity. Furthermore, pure-tone thresholds were compared
with the 95th percentile value for gender- and age-corrected
frequency-specific threshold norms according to ISO 7029.[36]

Subsequently, differences in hearing status between test A
and B were evaluated. First, differences in pure-tone
thresholds were evaluated using a three-way repeated
measures analysis of variance (ANOVA), with ear (right
versus left ear), frequency (0.25–8.0 kHz), and test
moment (test A versus B) as within-subject factors.
Second, differences in TEOAE and DPOAE amplitudes
were evaluated. For TEOAE amplitudes, a three-way
repeated measures ANOVA was used with ear (right
versus left ear), frequency (half-octave frequency bands
1.0–4.0 kHz), and test moment (test A versus B) as within-
subject factors. For DPOAE amplitudes, also a three-way
repeated measures ANOVA was used with ear (right versus
left ear), frequency (half-octave frequency bands
1.0–8.0 kHz), and test moment (test A versus B) as within-
subject factors. For each repeated measures ANOVA model,
the underlying assumption of sphericity was assessed by the
Mauchly’s test. In case of violation of the sphericity
assumption, the Greenhouse-Geisser adjustment was
applied to adjust the degrees of freedom. If the main
effects or interactions were found to be significant, tests of
within-subjects contrasts were performed in order to compare
the different levels of the within-subject factors.

In addition to the differences in hearing status, differences in
hearing-related variables, leisure noise exposure, and
attitudes toward noise and HPDs were evaluated between
test A and B. In case of continuous variables, paired samples
t-tests were used. To examine possible correlations between
categorical variables, x2 tests were performed. If one or more
cells had an expected count less than five, Fisher exact test
was used.

Finally, the number of students showing a real change in
attitudes over time was determined. Therefore, the test-retest
variability and in particular the minimal detectable difference
(MDD) of both the total YANS and BAHPHL scores and
each of their factors was used.[37] TheMDD can be defined as
the difference between the scores of YANS and BAHPHL at
test A and B that must exist in order to conclude that there is a
real change in attitudes. If the score at test B exceeds the
MDD based on the scores at test A,[37] the score at test B may
be considered as a result of a real difference not due to
personal variation or measurement error.[38] Hence, based on
the individual scores at test A and the MDD, a score interval
Noise & Health ¦ Volume 24 ¦ Issue 113 ¦ April-June 2022
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was determined for each student separately for both the total
YANS and BAHPHL scores and each of their factors:
[MDD+individual score;MDD-individual score]

If the score for an individual was higher than the upper limit
of the interval, this was considered as a real change toward
more positive attitudes. Likewise, if the score for an
individual was lower than the lower limit of the interval,
this was considered as a real change toward more negative
attitudes.

For all statistical analyzes, a significance level of 0.05 was
used.
RESULTS

Hearing assessment
All subjects had type A tympanograms and normal acoustic
stapedius reflex thresholds at both test A and B. Regarding
pure-tone audiometry, the mean pure-tone thresholds for the
right and left ears of all participants obtained at test A and B
are presented in Figure 1. A three-way repeated measures
ANOVA was used to evaluate differences in pure-tone
thresholds based on the factors “ear,” “frequency,” and
“test moment”. There was a significant main effect of
frequency on pure-tone thresholds, F(4.1, 119.7)= 33.846;
Figure 1: Comparison of pure-tone air-conduction hearing thresholds (mean
test A (solid line) and B (dashed line)
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P < 0.001. Tests of within-subject contrasts were performed
with the frequency of 4.0 kHz as reference since noise-
induced hearing loss often begins at this frequency.
Results revealed that pure-tone thresholds were
significantly higher (i.e., poorer) at the frequencies of
0.25 kHz (F[1,29]= 99.771; P < 0.001), 0.5 kHz (F
[1,29]= 72.149; P < 0.001), 1.0 kHz (F[1,29]= 5.740;
P= 0.023), 6.0 kHz (F[1,29]= 67.289; P < 0.001) and
8.0 kHz (F[1,29]= 32.948; P < 0.001). At 3.0 kHz, the
pure-tone threshold was significantly lower compared to
4.0 kHz, F(1, 29)= 11.897, P= 0.002. No significant
difference was found with the pure-tone threshold at
2.0 kHz (F[1,29]= 0.010; P > 0.05). In addition, a
significant main effect of the test moment on pure-tone
thresholds was found (F[1.0, 29.0]= 54.969; P < 0.001),
indicating that the pure-tone thresholds were overall higher
(i.e., poorer) for test B compared to test A. No significant
interactions between the factors ear, frequency, and test
moment were found (P > 0.05).

Regarding TEOAE and DPOAE amplitudes, the mean
amplitudes for the right and left ears of all participants
obtained in test A and B are presented in Figures 2 and 3,
respectively. Furthermore, a three-way repeated measures
ANOVA was used to evaluate differences in TEOAE and
DPOAE amplitudes based on the factors “ear,” “frequency,”
±one standard error) of right (panel A) and left ears (panel B) obtained at
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and “test moment”. For the TEOAE amplitudes, a significant
main effect of frequency was found,F(4.0, 72.0)= 5.678; P<
0.001. Based on the tests of within-subjects contrasts with the
half-octave frequency band 4.0 kHz as the reference, TEOAE
amplitudes were significantly higher at half-octave frequency
bands 1.5 kHz (F[1,18]= 18.533; P < 0.001) and 2.0 kHz (F
[1,18]= 7.719; P= 0.012). There was also a significant main
effect of the test moment on TEOAE amplitudes (F[1.0,
18.0]= 10.553; P= 0.004), indicating that TEOAE
amplitudes were overall lower at test B compared to test
A. No significant interactions between the factors ear,
frequency, and test moment were found (P > 0.05).

Similar to the TEOAE amplitudes, a significant main effect of
frequency on DPOAE amplitudes was found, F(2.9,
49.2)= 25.744; P < 0.001. Using the half-octave
frequency band 4.0 kHz as the reference, tests of within-
subjects contrasts revealed that DPOAE amplitudes were
significantly higher at half-octave frequency bands 1.5 kHz
Figure 2: Comparison of present TEOAE amplitudes (mean±one standard
line) and B (dashed line)
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(F[1,17]= 32.772; P < 0.001), 2.0 kHz (F[1,17]= 12.811;
P= 0.002), and 6.0 kHz (F[1,17]= 43.843; P < 0.001).
Besides, DPOAE amplitudes were significantly lower at
half-octave frequency bands 3.0 kHz (F[1,17]= 9.674;
P= 0.006) and 8.0 kHz (F[1,17]= 17.554; P= 0.001). No
significant difference was found with the DPOAE
amplitude at 1.0 kHz (F[1,17]= 0.741; P > 0.05). In
contrast to the pure-tone thresholds and TEOAE
amplitudes, the main effect of the test moment on DPOAE
amplitudes was borderline nonsignificant (F[1.0,
17.0]= 3.636; P= 0.074). However, a trend toward lower
DPOAE amplitudes at test B compared to test A could be
observed. There was, however, a significant interaction effect
between the test moment and frequency, F(2.8, 47.3)= 4.172;
P= 0.012, indicating that the difference in DPOAE
amplitudes between test A and B differs for the different
half-octave frequency bands. Specifically, tests of within-
subjects contrasts with the half-octave frequency band
4.0 kHz as reference showed that DPOAE amplitudes
error) of right (panel A) and left ears (panel B) obtained from test A (solid

Noise & Health ¦ Volume 24 ¦ Issue 113 ¦ April-June 2022



Figure 3: Comparison of present DPOAE amplitudes (mean±one standard error) of right (panel A) and left ears (panel B) obtained from test A (solid
line) and B (dashed line)
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increased at test B compared to test A at half-octave
frequency bands 1.0 kHz (F[1.0, 17.0]= 5.001; P= 0.039)
and 8.0 kHz (F(1.0, 17.0)= 10.609; P= 0.005) Table 1.

Hearing-related symptoms
In Table 2, the percentage of self-reported hearing-related
symptoms after leisure noise exposure is given for test A and
B. In general, tinnitus was often reported by the subjects in
this study. At test A, 73.5% of the subjects reported temporary
tinnitus, while 8.8% of the subjects reported chronic tinnitus.
Comparing these results with those at the test B showed no
differences in the occurrence of chronic tinnitus, though the
occurrence of temporary tinnitus increased with 11.8% as
compared with the test A. This difference in occurrence of
temporary tinnitus was statistically significant according to
the Fisher exact test (P < 0.001). Regarding the subjective
experience of hearing loss, it can be seen from Table 2 that all
subjects (100%) reported to have good hearing capabilities at
Noise & Health ¦ Volume 24 ¦ Issue 113 ¦ April-June 2022
both test A and B. No significant differences in the occurrence
of dullness were found between both tests (Fisher exact test,
P > 0.05).
Leisure noise exposure and the use of hearing
protector devices
Table 3 provides an overview of the subjects’ attendance,
average time spent per week, number of years, self-estimated
median loudness, and LAeq,l for the different leisure activities
at test A and B.

At test A, the highest attendance was found for watching
movies or plays (100.0%), attending musical concerts or
festivals (100.0%), and visiting nightclubs or music venues
(97.1%). Furthermore, attending musical concerts and
festivals as well as visiting nightclubs and music venues
were described as the loudest, where one must shout over
a near distance. Out of these activities, visiting nightclubs and
67
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music venues amounted to the highest noise exposure, with an
average LAeq,l of 76.5 dB (SD 13.92; range 43.63–97.96 dB).
Regarding test B, the percentage of subjects’ attendance and
mean hours per week participating in each activity as well as
the median loudness and the average LAeq,l for each activity
was largely the same as at test A. Paired samples t-tests
showed no significant differences in mean hours per week
participation and LAeq,l between test A and B for all activities
(P > 0.05), except for visiting nightclubs and music venues.
More specifically, subjects spent significantly more hours per
week visiting nightclubs and music venues (mean 5.9 hours
per week; SD 4.87) at test B compared to test A (mean 3.8
hours per week; SD 3.20), t(32)= –2.655; P= 0.012.
Furthermore, LAeq,l for nightclubs and music venues was
significantly higher at test B (mean 83.6 dB; SD 10.93)
Table 3: Comparison of the subject’s participation in each leisu

Activity Attendance Time spe

(%) Hours per week

mean (SD)

Test A B A B

Watching movies or plays 100 97.1 0.3 (0.26) 0.2 (0.12) 8.6

Attending musical concerts or festivals 100 91.2 0.8 (2.53) 0.3 (0.23) 2.8

Visiting nightclubs or music venues 97.1 100 3.8 (3.20) 5.9 (4.87) 3.0

Listening to PMPs through headphones 91.2 88.2 3.9 (4.12) 3.1 (4.60) 5.2

Listening to a home stereo or radio 82.4 73.5 7.1 (5.60) 7.1 (5.74) 9.0

Practicing a musical instrument 41.2 32.4 2.9 (3.96) 1.0 (0.96) 7.9

Attending sport events 35.3 52.9 1.9 (2.05) 1.3 (2.13) 5.8

Playing in a band or orchestra 26.5 17.6 0.8 (0.74) 0.8 (0.71) 4.1

Other noisy leisure time activities 20.6 11.8 4.8 (2.45) 2.4 (1.62) 7.6

Using noisy tools 2.9 11.8 N.A. 1.1 (1.93)

HPDs, hearing protector devices; PMPs, personal music players; SD, standard de
(1) level of a normal conversation, (2) level of a loud conversation, (3) level at wh
which one must shout over a near distance in order to be heard (e.g., someone
impossible.

Table 1: Comparison of present TEOAEs and DPOAEs at
test A and B. At all tested half-octave frequency bands
(in kHz), the number and percentage of present TEOAEs
and DPOAEs are given (n= 34)

Frequency (kHz) Test A Test B

n % n %

TEOAEs 1 32 94.12 32 94.12
1.5 33 97.06 32 94.12
2 33 97.06 32 94.12
3 33 97.06 30 88.24
4 27 79.41 28 82.35

DPOAEs 1 31 91.18 32 94.12
1.5 33 97.06 34 100
2 33 97.06 34 100
3 32 94.12 33 97.06
4 34 100 33 97.06
6 34 100 34 100
8 27 79.41 31 91.18
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compared to test A (mean 76.5 dB; SD 13.92),
t(32)= –2.787; P= 0.009.

Table 3 further shows the use of HPDs at both test A and B for
all activities. For test A, the participants never wear HPDs for
the majority of activities. Subjects only wore HPDs at musical
concerts or festivals (50%), visits of nightclubs and music
venues (18.2%), playing in a band or orchestra (11.1%), and
practicing musical instruments (7.1%). Similar to test A,
subjects did not report wearing HPDs in the majority of
activities at test B. However, in case of attending concerts
or festivals, visiting nightclubs and music venues, practicing
musical instruments, and playing in a band or orchestra, the
frequency of wearing HPDs was higher compared to test A.
According to the Fisher exact test, the difference in wearing
HPDs was statistically significant when visiting nightclubs
and music venues (P= 0.018).
re activity at both test A and B (n= 34).

nt Median

loudness

LAeq,l in dB Wearing

HPDs

Years mean (SD) n(%)

mean (SD)

A B A B A B A B

(3.95) 10.0 (4.70) 2 2 59.6 (7.41) 59.1 (8.00) 0 0

(1.23) 5.0 (2.07) 4 4 67.8 (13.77) 71.4 (7.62) 50 58.1

(1.09) 5.0 (1.34) 4 4 76.5 (13.92) 83.5 (10.81) 18.2 50

(2.70) 7.6 (3.53) 2 2 60.0 (8.41) 61.0 (10.56) N.A. N.A.

(4.94) 9.3 (4.97) 1 1 62.5 (6.85) 63.8 (7.37) 0 0

(2.89) 10.2 (2.75) 2 2 64.1 (13.13) 62.2 (8.26) 7.1 18.2

(4.31) 5.6 (4.30) 2 2 60.0 (13.10) 58.6 (10.30) 0 0

(1.90) 6.7 (3.83) 3 3 67.9 (9.56) 67.3 (11.77) 11.1 16.7

(6.16) 9.3 (6.65) 2 2 69.0 (6.85) 64.3 (9.02) 0 0

N.A. 7.0 (4.24) N.A. 3 N.A. 67.7 (5.53) 0 0

viation.Note: LAeq,l is the lifetime equivalent noise exposure. Loudness scale:
ich one must shout over 1m in order to be heard (e.g., over table), (4) level at
less than an arm’s length away), and (5) level that makes communication

Table 2: Comparison of the self-reported hearing
symptoms obtained at test A and B (n= 34)

Test A Test B

n % n %

Tinnitus
Temporary tinnitus 25 73.5 29 85.3

Chronic tinnitus 3 8.8 3 8.8

No tinnitus 6 17.6 2 5.9

Subjective hearing loss
Good 34 100 34 100

Poor 0 0 0 0

Dullness
Yes 18 52.9 20 58.8

No 16 47.1 14 41.2

Note: Subjective hearing loss concerns the participants’ opinion of their
hearing ability.
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Attitudes toward noise, hearing loss, and hearing
protector devices
Table 4 reflects for both test A and B the mean and standard
deviation of the total scores on the YANS and BAHPHL
instrument as well as their factors. Concerning the YANS for
both test A and B, the highest average score was found for the
attitudes regarding daily noise, indicating that the subjects
have problematic positive attitudes toward daily noises, such
as traffic noise. The lowest average score was related to the
attitudes intending to influence the sound environment,
indicating that the subjects tend to do something to make
the environment quieter. For the factors of the BAHPHL
instrument, the highest average score at both test A and B was
found for the barriers to preventive action, which means that
the subjects tend to experience more barriers against
modifying their behavior. The lowest average score at test
A was found for the severity of consequences of hearing loss,
indicating that the subjects are more aware of the
consequences of hearing loss. For test B, the lowest
average score was found for the susceptibility to hearing
loss, indicating that the subjects felt more susceptible to
hearing loss at that time.

Table 4 further shows the results of a paired samples t-test to
compare the scores on the YANS and BAHPHL instrument at
test A and B. Regarding the YANS, significant lower scores
were found for the factor “elements of youth culture”
(P= 0.012), which means that the subjects became more
aware of the effects of loud music, for example, at
concerts or nightclubs. In contrast, the scores for the factor
“daily noise” were significantly higher (P= 0.014),
suggesting that the subjects became less aware of the
effects of noise during daily activities. As for the subscales
of the BAHPHL instrument, significant lower scores were
found for the factors “susceptibility to hearing loss”
Table 4: Comparison of the mean scores on the entire YANS an
(n= 34)

Mea

YANS Elements of youth culture 2.4
Concentration in noisy environments 2.6
Daily noise 3.2
Intent to influence sound environment 2
Entire YANS 2.5

BAHPHL instrument Susceptibility to hearing loss 1.7
Severity of the consequences of hearing loss 1.5
Benefits of preventive action 1.7
Barriers to preventive action 3.1
Behavioral intentions 2.2
Social norms 2.4
Self-efficacy 2.8
Entire BAHPHL 2.2

BAHPHL, Beliefs about Hearing Protection and Hearing Loss; SD, standard devi
YANS and the BAHPHL are associated with more pro-noise attitudes. For both
scores are reflected as well as the t and p values from the paired samples t-tes
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(P= 0.002) and “self-efficacy” (P= 0.001), indicating that
the subjects felt more susceptible to hearing loss over time
and were more convinced about being able to execute the
behavior necessary to protect their own hearing.

Finally, Table 5 shows the number of students showing a real
change in attitudes over time based on their individual scores
at test A and the MDD for each factor of the YANS and
BAHPHL separately. In general, less than 50% of the students
showed a real change in attitudes on each of the factors of
both YANS and BAHPHL. In the majority of these students,
the attitudes becamemore negative for the entire YANS score
as well as the factors related to “youth culture” and
“concentration in noisy environments.” Likewise, for the
entire BAHPHL score as well as for the factors related to
“susceptibility to hearing loss,” behavioral intentions,”
“social norms,” and “self-efficacy,” the attitudes became
more negative in the majority of the subjects showing a
real change in attitudes over time [Table 5].
DISCUSSION

A longitudinal study of 34 female university students at the
moment of their enrollment in higher education and after
approximately 3 years was conducted to evaluate hearing
status by means of pure-tone audiometry, TEOAEs, and
DPOAEs on the one hand and leisure noise exposure and
attitudes and beliefs toward noise, hearing loss, and HPDs by
means of a questionnaire on the other hand.

With regard to the hearing assessment, results showed that
pure-tone thresholds were within the normal range of hearing
at both test A and B and that TEOAEs and DPOAEs were
present in the majority of the students.[34,36] These findings
are in accordance with the studies of Mostafapour et al.[39]

and Williams et al.,[40] who also did not find a clinically
d BAHPHL as well as their factors obtained at test A and B

Test A Test B Paired
samples t-test

n SD Range Mean SD Range T P

0.45 1.63–3.50 2.1 0.48 1.38–3.25 2.66 0.012
0.89 1.00–4.33 2.5 0.74 1.33–4.00 0.247 0.806
0.76 1.75–5.00 3.5 0.76 2.00–5.00 –2.587 0.014
0.45 1.25–5.00 1.8 0.48 1.00–2.75 1.888 0.068
0.4 1.79–3.16 2.4 0.41 1.58–3.32 1.323 0.195

0.34 1.00–2.33 1.4 0.41 1.00–2.50 3.297 0.002
0.41 1.00–2.67 1.5 0.55 1.00–2.67 -0.257 0.799
0.49 1.00–2.67 1.7 0.6 1.00–3.00 -0.163 0.871
0.6 2.00–4.25 3 0.91 1.25–4.75 0.733 0.469
0.78 1.00–3.67 1.9 0.96 1.00–4.33 1.764 0.087
0.69 1.00–4.00 2.3 0.83 1.00–4.00 0.7 0.489
0.74 1.67–4.33 2.3 0.65 1.00–3.33 3.628 0.001
0.29 1.67–2.83 2 0.42 1.29–3.04 3.121 0.004

ation; YANS, Youth Attitude to Noise Scale. Note. Higher mean values on the
YANS and BAHPHL instrument, the mean, standard deviation, and range of
t are given. Significant differences are indicated in bold.
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Table 5: The number of subjects showing a real change in attitude over time according to YANS and BAHPHL
questionnaires

Change in attitude between test A and B

More negative attitude More positive attitude

n(%) n(%)

YANS Elements of youth culture 7 (87.5%) 1 (12.5%)
Concentration in noisy environments 4 (66.7%) 2 (33.3%)
Daily noise 0 (0.0%) 1 (100.0%)
Intent to influence sound environment 1 (100.0%) 0 (0.0%)
Entire YANS 4 (80.0%) 1 (20%)

BAHPHL Susceptibility to hearing loss 8 (80.0%) 2 (20%)
Severity of the consequences of hearing loss 3 (42.9%) 4 (57.1%)
Benefits of preventive action 4 (50.0%) 4 (50.0%)
Barriers to preventive action 8 (53.3%) 7 (46.7%)
Behavioral intentions 7 (70.0%) 3 (30.0%)
Social norms 6 (60.0%) 4 (40.0%)
Self-efficacy 8 (100.0%) 0 (0.0%)
Entire BAHPHL 11 (91.7%) 1 (8.3%)

BAHPHL, Beliefs about Hearing Protection and Hearing Loss; YANS, Youth Attitude to Noise Scale.Note:A real change in attitude between test A and Bwas
determined by using the test-retest variability and in particular the minimal detectable difference (MDD) of both the total YANS and BAHPHL scores and each
of their factors.
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significant hearing loss in young adults. In contrast with their
hearing status, the majority of the students reported to have
experienced tinnitus at the first test, of which 73.5% was
temporary and 8.8% was chronic tinnitus. The presence of
temporary and chronic tinnitus is similar to the previous
studies[8,30,41-45] but is higher as compared to the
epidemiologic data in Flemish young adults ranging from
18 to 30 years.[21] However, the study of Gilles et al.[46] also
reported a higher prevalence of chronic tinnitus in Flemish
medical students. Hence, the differences in prevalence of
temporary and chronic tinnitus might be explained by the
studied sample in the current study, which only consisted of
students.

Exposure to excessive noise levels has been reported as a risk
factor for hearing damage.[7,8,47] Hence, the current study
evaluated the amount of noise exposure during several leisure
activities. In accordance with previous research,[4,21] it was
found that visiting nightclubs or music venues contributed
more to the lifetime equivalent noise exposure as compared to
listening to personal music players. However, it should be
emphasized that listening habits change during different
phases of life,[8,9] whereby personal music players are used
more frequently and at higher levels by adolescents than
subjects above 19 years of age.[2,48,49] Furthermore, risk-
taking behavior regarding leisure noise exposure was
evaluated using the YANS and BAHPHL instrument.
Regarding the factors of the YANS, comparable[21,25] and
lower[32,46] mean scores were found, which might be related
to variables such as gender, cultural differences, and
socioeconomic status in the studied sample.[32,50,51] The
mean scores on the BAHPHL instrument for the factors
behavioral intentions and social norms are better as
compared to previous studies.[21,25] This might be related
to the inclusion of only women in this study. Specifically,
previous research has demonstrated that young men are more
70
likely to put their health at risk compared to women.[52]

Hence, gender may have an effect on social norms,
persons’ risk perception and attitudes toward noise, and
the resulting behavioral intentions.[22] In addition, better
mean scores on the BAHPHL instrument may be related to
the effects of preventive campaigns conducted in Flanders in
the previous years[53] as well as to the specific study program
of the students included in the current study, whereby the
behavior of the students might have been influenced by these
campaigns (e.g., the Flemish government campaign “help ze
niet naar de tuut”) or the courses (e.g., course in preventive
audiology) provided in their study program.

The results of the hearing assessment and the outcomes on the
questionnaire in students entering higher education were
compared with their results after approximately 3 years. A
repeated measures ANOVA was used to evaluate differences
in pure-tone thresholds as well as TEOAE and DPOAE
amplitudes based on three factors, that is, the ear of the
participant, the test frequency, and the test moment.
Regarding the factor ear, no significant main effects were
found pertaining to the pure-tone thresholds as well as
TEOAE and DPOAE amplitudes. In contrast, a significant
main effect of frequency on pure-tone thresholds as well as
TEOAE and DPOAE amplitudes was found. The highest (i.e.,
poorest) pure-tone thresholds were found at the frequencies of
6.0 and 8.0 kHz. Although it had been described that noise-
induced hearing loss is a sensorineural hearing deficit that
begins at the higher frequencies,[54,55] it is not possible to
draw conclusions about the possible relation with leisure
noise exposure. As stated above, pure-tone thresholds were
within normal limits at all tested frequencies. Moreover,
according to the gender- and age-corrected frequency-
specific threshold norms,[36] pure-tone thresholds can be
slightly higher at 6.0 and 8.0 kHz, even for young adults.
With regard to the TEOAE and DPOAE amplitudes, higher
Noise & Health ¦ Volume 24 ¦ Issue 113 ¦ April-June 2022
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responses were found at 1.5 and 2.0 kHz for TEOAEs and at
1.5, 2.0, and 6.0 kHz for DPOAEs. These results could be
expected based on the known response characteristics of both
TEOAEs and DPOAEs, whereby TEOAEs show a maximum
response between 1.0 and 2.0 kHz[56] and DPOAEs show a
maximum response at 1.5 and 5.5 kHz.[57]

The present study was, however, mainly interested in the
evolution of the hearing status over the 3-year period. First, a
significant deterioration of the overall pure-tone thresholds
was found between test A and B. Based on the well-known
relation between age and hearing deterioration,[36] we would
not expect age-related hearing changes in this group of
students. In the present study, pure-tone thresholds
increased by 2 to 5 dB from test A (i.e., subjects’ mean
age was 18 years) to test B (i.e., subjects’ mean age was
21 years). According to the gender- and age-corrected
frequency-specific threshold norms,[36] the estimated
change in pure-tone thresholds over a 3-year period for
young adults between 18 and 21 years ranges between 0
and 1 dB, which is lower than the 3-year changes found in this
study. In contrast, the changes that were found were less than
5 dB HL, which is within the scope of normal test-retest
variation of pure-tone audiometry. Second, a significant main
effect of the test moment on TEOAE amplitudes was found,
whereby the overall TEOAE amplitudes decreased after 3
years. For DPOAEs, no significant main effect of the test
moment was found, though a trend toward lower DPOAE
amplitudes at test B compared to test A could be observed.
These deteriorations in TEOAE and DPOAE amplitudes may
be an indication of progressive hearing changes. However,
the differences in TEOAE and DPOAE amplitudes between
test A and B were within the scope of normal test-retest
variation of TEOAEs and DPOAEs described by Keppler,
et al.[35] According to the literature, the OAE responses can
vary as a result of some nonauditory factors, such as probe
placement, test parameters, and the recording instrument,[33]

which limit the reliability of OAEs to detect minimal cochlear
changes.[35] Finally, with regard to DPOAEs, a significant
interaction was found between the test moment and the tested
frequency. Specifically, DPOAE amplitudes decreased over
the 3-year period, except at half-octave frequency bands 1.0
and 8.0 kHz. This result can be explained by the response
characteristics of DPOAEs, whereby it is known that they can
be recorded reliably in the frequency region of 1.5 to 6.0 kHz.
Therefore, as also described by Keppler et al.,[35] the
reliability of DPOAE amplitudes is lower at 1.0 and 8.0 kHz.

Although the deteriorations of pure-tone thresholds as well as
TEOAE and DPOAE amplitudes are within the scope of their
test-retest variation and, therefore, may be not clinically
relevant, systematic negative changes in hearing status
over the 3-year period could be observed in this study. In
addition, there was a significant increase of 11.8% in the
occurrence of temporary tinnitus during the 3-year period.
The question may, therefore, arise whether changes in the
amount of leisure noise exposure may have led to even
minimal changes in hearing and the increase in the
Noise & Health ¦ Volume 24 ¦ Issue 113 ¦ April-June 2022
occurrence of temporary tinnitus. In the current sample,
there was a significant increase in average time spent per
week and in lifetime equivalent noise exposure for nightclubs
and music venues during the 3-year period, while other
activities remained stable regarding attendance, time spent
per week, and lifetime equivalent noise levels. These changes
in leisure noise exposure during lifetime are consistent with
earlier studies,[2,9,28] in which nightclubs and music venues
were mostly attended during adolescence with a decrease of
the number of people older than 30 years in these leasure
activities. Hence, the change in frequency of attendance in
different leisure activities during the 3-year period, and
therefore noise exposure levels, did not vary enough
among the students in this study in order to evaluate a
possible relation between leisure noise exposure and the
changes in hearing. Moreover, in the literature, it is
assumed that it is too soon to detect the effects of leisure
noise exposure on hearing,[58] whereby it is possible that these
effects will be present in the long term. This could be
supported by the finding that age resulted in significant
differences in hearing in a group of young adults between
18 and 30 years.[20] Longitudinal studies monitoring the
changes in leisure habits from adolescence to adulthood
are, therefore, needed to evaluate a possible relation with
an individual’s hearing status.

Based on the model of Widen,[22] changes in hearing or
experiencing symptoms such as tinnitus may serve as a
trigger to more anti-noise attitudes and more preventive
behavior. Moreover, the study of Rawool and Colligon-
Wayne[59] showed that the use of HPDs is associated with
the previous experience with hearing loss and tinnitus. The
present study evaluated the change in the scores for the entire
YANS and BAHPHL and each of their factors between test A
and B. A significant difference in the mean score was found
for the factors related to “youth culture” and “daily noise” of
the YANS and the factors related to “susceptibility to hearing
loss” and “self-efficacy” of the BAHPHL. However, to
conclude that the score at test B can be considered as a
result of a real difference, the present study used the MDD of
each of the factors of the YANS and BAHPHL.[37,38] In
accordance with the theoretical model of Widén,[22] more
negative attitudes were found in the majority of subjects
showing a real change in attitudes over time for the factors
of the YANS related to the “elements of youth culture” and
the “ability to concentrate in noisy environments.” Besides,
based on the BAHPHL instrument, these subjects also
indicate to be more susceptible to hearing loss and had
also more negative attitudes regarding the factors related
to “social norms” and “self-efficacy”. Such changes might
also have led to a more negative attitude toward noise (i.e.,
more awareness of the negative effects of noise).[22]

Moreover, the model of Widen[22] stated that more
awareness about the effects of noise exposure may also
lead to a more consistent use of HPDs. Indeed, the present
study observed a trend whereby the majority of the students
showing a real change in attitudes indicated they have the
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intention to wear HPDs. Furthermore, the use of HPDs while
attending nightclubs andmusic venues significantly increased
during the 3-year period.

Notwithstanding, it should be mentioned that, in general, a
real change in the attitudes over time was found in less than
50% of the students in this study. Moreover, the actual use of
HPDs during different leisure activities also remained low.
The question may, therefore, arise whether there are potential
variables that cause no change in attitudes and nonuse of
HPDs. Although behavioral changes might be induced by the
effects of preventive campaigns conducted in Flanders in the
last years[53] as well as to the study program of the students
included in the current study, the present study did not
evaluate the students’ familiarity with preventive
campaigns or information regarding the risks of noise
exposure provided during their study program. Two
Flemish studies found a significant decrease in several
subscales of the YANS and BAHPHL after educating
youth about the impact of noise on hearing, which implies
a more negative attitude toward noise and more awareness of
the benefits of wearing HPDs.[26,60] However, both studies
measured the effect only after 6 months, and so it is possible
that the changes in attitudes that were found did not persist in
the long term. Hence, it is possible that for some students in
this study changes in attitudes did not persist over the 3-year
period. Furthermore, factors such as cost, comfort, looks, and
communication while wearing HPDs may be important for
the nonuse of HPDs.[61] Further longitudinal research is,
therefore, needed to evaluate changes in attitudes toward
noise as well as possible variables leading to the nonuse of
HPDs.

The results of the current study should be considered taking
into account some limitations. First, due to the small sample
size and consequently large standard deviation of pure-tone
thresholds, TEOAE and DPOAE amplitudes, it can be
hypothesized that significant difference between test
moments is hampered. Second, as also stated above, the
sample of the current study contained only female
university students entering the study program of Speech,
Language, and Hearing Sciences, which might have
influenced the results that were found. Finally, the lifetime
equivalent noise exposure levels are potentially subject to
errors since they are based on a retrospective estimation of
leisure noise exposure in hours per week, number of years,
and subjective loudness, which might be imprecise. However,
the study of Beach et al.[62] indicated that persons can make a
reasonable estimate of the loudness of activities they
participated in. Nevertheless, large-scaled longitudinal
studies spanning lower to higher education and eventually
at the time of employment are needed. This would allow a
thorough evaluation of hearing from an age where only
minimal noise exposure is present to an age where habits
regarding leisure noise exposure have changed. Within such
studies, a group of students who are not exposed to leisure
noise should also be included. Such information would be
useful for existing or future hearing conservation programs.
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Hearing conservation programs aim to increase knowledge
and awareness regarding the effects of noise exposure, thus
inducing a more health-orientated behavior.[63] The
effectiveness of preventive campaigns targeting young
populations is equivocal[26,60,64]; therefore, there is room
for improvement of hearing conservation programs. First,
self-experienced symptoms such as temporary tinnitus due to
leisure noise exposure as part of an individual’s risk-taking
behavior could be used as a warning sign or trigger for more
health-orientated behavior.[22] Second, more attention to the
relevant leisure noise exposures and their changing pattern
during lifetime could be beneficial. Third, improving the
design, looks, marketing, and packaging of earplugs could
make them more attractive to young people.[61] Finally,
behavioral change should not only be restricted at an
individual’s level, but also in society,[65] for example, by a
strict compliance of the existing regulations for noise levels at
indoor and outdoor music venues.

CONCLUSION
During a 3-year period, there was a slight deterioration in
hearing thresholds, TEOAE and DPOAE amplitudes, as well
as a significant increase in the occurrence of temporary
tinnitus after leisure noise exposure. There were also
significant differences in attitudes and beliefs toward
noise, hearing loss and HPDs, as well as a significant
increase in noise exposure related to visiting nightclubs
and music venues. As such, the current study adds
knowledge regarding the progression of hearing and
change in leisure noise exposure and attitudes and beliefs
toward noise, hearing loss, and HPDs in young adults.
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