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1 | INTRODUCTION

Hearing loss is a common chronic disability. A recent large study
from Norway showed a weighted population-based prevalence

of disabling hearing loss (pure-tone average of 0.5-4kHz

Ina Molaug MD! | Bo Engdahl PhD?3

Abstract

Obijectives: It has been suggested that noise exposure can accelerate hearing decline
after the noise exposure has ceased. We aimed to assess long-term hearing decline
in persons with and without prior occupational noise exposure.

Methods: We conducted a population-based longitudinal study in Norway using the
Trgndelag Health Study (HUNT) from 1996 to 1998 (baseline) and from 2017 to 2019
(follow-up). The sample included 1648 participants with baseline age =55 years (42%
men, mean age 60 years) and <5 years occupational noise exposure after baseline. We
analyzed the association between occupational noise exposure before baseline and
mean hearing decline between 1998 and 2018 (20-year decline) at each frequency,
adjusted for age, sex, education, and impulse noise exposure before baseline.

Results: Occupational noise exposure before baseline (N = 603) was associated with
baseline hearing loss, but not with later accelerated 20-year decline, at any
frequency. Noise-exposed persons had less subsequent 20-year decline at 3 kHz
than did nonexposed. Restricting the noise-exposed group to persons who also had a
baseline Coles notch (hearing thresholds at 3, 4, or 6 kHz of 10 dB or more compared
with thresholds at 1 or 2kHz and 6 or 8 kHz; N =211), the exposed group showed
less 20-year decline at both 3 and 4 kHz, as well as less accelerated 20-year decline
at 8 kHz, compared with the nonexposed.

Conclusion: Our large long-term longitudinal study shows no increased risk of
continuing hearing decline after occupational noise exposure has ceased. The finding

supports a conclusion that ear damage stops when the noise exposure is ended.
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in the better hearing ear of 235 dB hearing level) among adults
of 5.9%.

Occupational noise exposure is still an important risk factor for
hearing loss. The risk of continuing hearing decline after noise exposure

has ceased is, however, a complex issue. As described in a recent
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review, there are few longitudinal human studies on this topic and the
results are inconsistent.? One study using initial notches in the
audiogram as the exposure variable showed an association with later
accelerated low-frequency hearing decline.® Another study found a
greater progression of hearing loss among military veterans compared
with those expected from 1S07029.# On the other hand, two studies of
occupational noise exposure showed no such relation.>

To assess the risk of continuing hearing decline after occupational
noise exposure has ceased, the present large longitudinal study
examines long-term hearing decline in persons with and without prior

occupational noise exposure.

2 | METHODS

2.1 | Participants

The Trgndelag Health Study (HUNT) is one of the world's largest
population-based health studies. HUNT started in 1984 and has been
conducted in four waves (HUNT 1-4). The HUNT study has been
described in detail previously.”

The second and fourth waves of HUNT (HUNT2 and HUNT4)
included hearing investigations with pure tone audiometry: HUNT2
hearing (1996-1998) and HUNT4 hearing (2017-2019). HUNT2
hearing included 50,560 participants (participation rate 61%), and
HUNT4 hearing included 28,388 participants (participation rate 43%).
The HUNT hearing studies are described in detail.®

This longitudinal study included the 13,022 individuals who
attended both HUNT hearing studies. Among these, we excluded
persons with missing questionnaires (N =886) or incomplete
audiometry (N =54). To assess the risk of continuing hearing
decline after occupational noise exposure has ceased, we
excluded persons <55 years of age at HUNT2 (N =10,282), as
well as persons reporting > 5 years of occupational noise exposure
after baseline (N = 152). Our final sample included 1648 persons.
The study was approved by The Regional Committee for Medical
Research Ethics (23178 HUNT Hearing). All participants in the
HUNT study signed an informed consent form allowing the use of

their data and samples for research.

2.2 | Measurements

2.21 | Exposure variables

We used the baseline questionnaire (HUNT2 in 1996-1998) to define
a history of occupational noise exposure: this asked “Are you exposed
to loud noises at work, or have you been exposed at work earlier in
life, for periods as long as 3 months? «No, never; <5 h weekly; 5-15h
weekly, >15h weekly». We constructed a categorical variable with
three categories: no, never (reference category in all analyses); noise
exposure < 15h weekly (some exposure); or noise exposure >15h
weekly (high exposure). We coded missing (N =97) as no exposure.

We also created a dichotomous occupational noise exposure variable,

defined as none versus any occupational noise exposure before 1998.
This variable was investigated separately.

We also aimed to assess the association for noise-exposed
persons who had a baseline notch. The second exposure variable was
defined as occupational noise exposure before baseline and a Coles
notch at baseline, compared with no occupational noise exposure
before baseline and no baseline notch. The Coles notch is defined as
hearing thresholds at 3, 4, or 6 kHz of 10 dB or more compared with
those at 1 or 2 kHz and 6 or 8 kHz.® The criteria established by Coles

et al. have been shown to correlate well with clinical assessments.”

2.2.2 | Outcome variable: Hearing threshold decline
Pure tone audiometry was conducted in line with I1ISO 8253-1
(International Organization for Standardization, 2010), with fixed
frequencies at test frequencies 0.25, 0.5, 1, 2, 3, 4, 6, and 8kHz,
utilizing an automatic procedure (“press the button as soon as you hear
a sound”) with the ascending method first on the left, then on the right
ear. The sequence of frequencies followed the order stated in ISO
8253-1, that is, starting at 1 kHz and going up in frequency followed by
the lower frequencies. The 1 kHz tone was repeated at the end, and if
10 dB or more improvement or worsening in threshold was discernible,
the ear was retested until agreement to 5 dB or less was obtained. The
maximum threshold that could be recorded was 100 dB for frequencies
from 0.5 to 6 kHz, and 90 dB at 0.25 and 8 kHz. The minimum limit was
set to —10dB. Manual audiometry was offered to elderly or impaired
subjects who were not able to follow the instructions for the automatic
procedure. Hearing thresholds were defined relative to the hearing
threshold levels of the population of otologically normal subjects aged
19-23 years in each wave.!

We defined hearing decline as the difference in hearing threshold
between the baseline study and the follow-up study, at each
frequency. We used the mean of both ears, which is regarded as a
reliable measure. In other words, the 20-year hearing decline was
continuously scored and investigated separately at each frequency
(0.5, 1, 2, 3, 4, 6, and 8 kHz). Generally, occupations have diffuse noise

exposures that do not result in asymmetrical hearing loss.©

2.2.3 | Covariates

We adjusted for age, sex, education, and impulse noise exposure as
assessed at baseline. We used register data from Norwegian Statistics'* to
create a continuously scored variable on the educational level at baseline
(primary school, secondary school, and higher education). We used the
HUNT2 questionnaire to create a binary variable on impulse noise
exposure before baseline. This asked “Are you more often than most
people exposed to impulse noise, such as shooting” (yes vs. no). The
category “don't know, maybe” and missing values were coded as no
exposure. We did not adjust for exposure to music, since this exposure
has not been associated with hearing loss in the HUNT cohort.*? Further,
the evidence in general for an effect of music listening through personal

music players on hearing has been limited and of low quality.*®
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2.3 | Statistical analyses

We analyzed data in Stata version 17.0. Statistical tests were
calculated with 95% confidence intervals. The a level was set at
0.05 for all analyses. We used multiple linear regression analyses to
assess the association between the two exposure variables (occupa-
tional noise exposure before baseline, or occupational noise exposure
before baseline and a baseline notch) and later 20-year hearing
decline at each frequency. We adjusted for age, sex, education, and
impulse noise exposure.

Age was modeled as a restricted cubic spline with four knots to
account for nonlinearity, which created a better model fit than
models with age as a linear variable (likelihood-ratio test, p < 0.001).
We also assessed the adjusted mean 20-year hearing decline for

persons with or without prior exposure.

Prior noise exposure
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1
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Hearing threhold (dB)

40

50

3 | RESULTS
3.1 | Participants

Table 1 displays the characteristics of the final sample (N = 1648). The
sample included 42% men. The mean age at baseline was 60 years.
Compared to persons without occupational noise exposure before
baseline (N =1045), the 603 noise-exposed persons included more
men (68% vs. 27%) and fewer persons with higher education (18% vs.
23%). The prevalence of a Coles notch was 32% and 20% among
persons with or without occupational noise exposure before 1998,
respectively. Figure 1 presents the baseline hearing threshold levels
(descriptive data, not adjusted) for the two exposure variables. The
baseline hearing threshold levels were poorer among the noise-

exposed persons than non-noise exposed.

Prior notch and noise
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Il 1

Hearing threhold (dB)
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Frequency (kHz)

————— Non-exposed
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FIGURE 1 Mean baseline hearing threshold levels (not adjusted) for persons with or without occupational noise exposure before baseline.
The HUNT hearing study, Norway. Baseline study 1996-1998. Error bars are 95% confidence intervals. Prior noise exposure is defined as

occupational noise exposure before baseline (yes/no). Prior notch and noise are defined as occupational noise exposure before baseline and a
baseline Coles notch at 3, 4, or 6 kHz (reference category no occupational noise exposure before baseline and no baseline notch). [Color figure

can be viewed at wileyonlinelibrary.com]

TABLE 2 The association between occupational noise exposure before 1998 and hearing threshold in 1998.

Linear regression coefficients in dB with 95% confidence intervals

0.5 kHz 1kHz 2 kHz 3kHz 4 kHz 6 kHz 8 kHz

No noise exposure (N = 1045) Reference Reference Reference Reference Reference Reference Reference

Any noise exposure (N = 603) 0.4 (-0.7 to 1.4) 1.3 (0.2-2.5) 2.2 (0.8-3.6) 3.4 (1.7-5.0) 3.1(1.4-49) 3.2(1.3-5.0) 1.5(-0.5to 3.5)

Some noise exposure® (N=412) 0.3 (-0.9to 1.4) 1.0(-0.2to 2.2) 1.9 (0.4-3.5) 2.5(0.7-4.3) 2.4(0.5-4.3) 2.7(0.7-4.7) 1.6 (-0.6 to 3.8)

High noise exposure® (N=191) 0.7 (-0.9 to 2.3) 2.2 (0.6-3.9) 3.0(0.9-5.1) 5.5(3.0-7.9) 5.0(2.3-7.7) 42(1.5-7.0) 1.3(-1.8 to 4.3)

Note: The HUNT hearing study, Norway. Baseline study 1996-1998.

Linear regression coefficients in dB with 95% confidence intervals for separate models at each frequency adjusted for age, sex, education, and impulse
noise assessed in 1998.

#Occupational noise exposure before 1998 was assessed as a categorical variable with three categories: No, never (reference category in all analyses),
noise exposure < 15 h weekly (some exposure), or noise exposure > 15 h weekly (high exposure).
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3.2 | Regression analyses
3.2.1 | Occupational noise exposure before baseline
and hearing threshold at baseline

Compared with no occupational noise exposure before baseline,
occupational noise exposure before baseline was associated with a
poorer hearing threshold at baseline, at 1-6 kHz, and especially at 3
and 4 kHz and for the highly exposed group (>15 h/week) (Table 2).

3.2.2 | Occupational noise exposure before baseline
and subsequent 20-year hearing decline

Occupational noise exposure before baseline (yes vs. no) was not
associated with a later accelerated 20-year decline, at any frequency.
Persons with occupational noise exposure before baseline had less
subsequent 20-year hearing decline at 3kHz compared with
nonexposed (Table 3).

Persons with occupational noise exposure before baseline and a
baseline notch had a less 20-year decline at both 3 and 4 kHz, as well
as less accelerated decline at 8 kHz, compared with persons without
prior noise exposure and notch. Figure 2 illustrates adjusted mean
20-year hearing decline for persons with or without exposure, at

each specific frequency.

4 | DISCUSSION

41 | Main findings

Occupational noise exposure before baseline (yes vs. no) was
associated with baseline hearing loss, but not with later accelerated
20-year hearing decline, at any frequency. Noise-exposed persons
had, however, less subsequent 20-year decline at 3kHz than
nonexposed. Persons with occupational noise exposure before
baseline combined with a baseline notch had a less 20-year hearing
decline at both 3 and 4 kHz, as well as less accelerated 20-year

decline at 8 kHz, compared with nonexposed.

4.2 | Comparison of the results with other
longitudinal studies

Our study showed no association between a history of occupational
noise exposure and later accelerated hearing decline, at any
frequency. This complies with prior studies of elderly persons with
prior occupational noise exposure. Hederstierna and Rosenhall®
studied persons at 70 and 75 years of age (5 years follow-up),
showing no differences in hearing decline between previous noise-
exposed (62 men, 22 women) and nonexposed (96 men, 158 women).
Similar results were reported by Lee et al.,® who followed 188 men
aged 60-81 years at entry for 3-12 years (mean 6 years).

TABLE 3 The association between occupational noise exposure before 1998 and hearing decline from 1998 to 2018.

Linear regression coefficients in dB with 95% confidence intervals

8 kHz

6 kHz

4 kHz

3kHz

2kHz

1kHz

0.5 kHz

Reference Reference Reference Reference Reference Reference

Reference

Noise before 1998

1045)

No noise exposure (N

0.1(-1.1to 1.3) -0.2 (-1.5to 1.1) -0.5 (-1.9 to 0.9) -1.6 (-3.0 to -0.1) -0.5(-2.0 to 1.0) -1.3 (-2.9 to 0.4) -0.3 (-2.1to 1.5)

=603)

Any noise exposure (N

0.1(-1.2to 1.4) 0.2 (-1.2 to 1.6) -0.6 (-2.1 to 1.0) -1.3(-2.9t0 0.2) -0.7 (-2.3 to 1.0) -1.3(-3.2t0 0.5) -0.5 (-2.4 to 1.6)

=412)

Some noise exposure® (N

0.3 (-1.5t0 2.1) -1.1(-3.0 to 0.8) -0.4 (-2.5to 1.7) -2.1(-4.2t0 0.1) -0.0 (-2.3 t0 2.3) -1.1(-3.6 to 1.5) 0.2 (-2.5t0 2.9)

191)

High noise exposure?® (N

Noise and notch®

830)

No noise and no notch (N

0.2 (-1.8 to 2.2) 0.8 (-1.4 to 3.1) -4.8 (-7.2 to -2.3) -84 (-10.9 to -5.8) -0.8 (-3.7 to 2.0) 6.5 (3.4-9.5)

-0.2 (-2.1to 1.7)

=192)

Noise and notch (N

Note: The HUNT hearing study, Norway. Baseline study 1996-1998, follow-up study 2017-2019. Bold values indicate p < 0.05.

Linear regression coefficients in dB with 95% confidence intervals for separate models at each frequency adjusted for age, sex, education, and impulse noise assessed in 1998.

20ccupational noise exposure before 1998 was assessed as a categorical variable with three categories: no, never (reference category in all analyses), noise exposure < 15 h weekly (some exposure), or noise

exposure > 15 h weekly (high exposure).

POccupational noise exposure before baseline and a baseline Coles notch at 3, 4, or 6 kHz (reference category no occupational noise exposure before baseline and no baseline notch).
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FIGURE 2 Adjusted mean hearing decline 1998-2018 among persons with or without occupational noise exposure before baseline.
Adjusted mean hearing decline was predicted from linear regression analyses at each frequency adjusted for age, sex, education, and leisure
noise. The HUNT hearing study, Norway. Baseline study 1996-1998, follow-up study 2017-2019. Error bars are 95% confidence intervals. Prior
noise exposure is defined as occupational noise exposure before baseline (yes/no). Prior notch and noise are defined as occupational noise
exposure before baseline and a baseline Coles notch at 3, 4, or 6 kHz (reference category no occupational noise exposure before baseline and no

baseline notch). [Color figure can be viewed at wileyonlinelibrary.com]

Both studies, like this study, showed poorer baseline hearing
thresholds among the noise-exposed than the nonexposed.

On the other hand, a study of 29 former military personnel found
a greater progression of hearing loss among the military personnel
compared with those expected from 1507029 (2017).* The same
author had previously re-analyzed data from a study from 19714 on
military veterans and compared their progression with 1SO7029,
reporting a greater progression of hearing loss at 1 kHz.? Finally, a
partly cross-sectional study reported greater low-frequency hearing
decline between the ages of 70 and 75 years among persons with
prior high-level noise exposure than for those with prior low-level
noise.'®

The present study also evaluated a history of occupational noise
exposure combined with a baseline audiometric notch. Still, there was
no association with later accelerated low-frequency hearing decline.
In contrast, a study that evaluated initial notches among 203 elderly
men measured twice in 15 years found an accelerated loss at 2 kHz.2
The study did not include a history of occupational noise exposure
before baseline.

421 | Experimental animal studies

A few experimental animal studies have also reported continuing
hearing decline after noise exposure has ceased.2"*® For example,
one study observed a substantial, ongoing deterioration of cochlear
neural responses in the noise-exposed mice compared with the
nonexposed,16 a second study reported a worsened synaptopathy in
the noise-exposed mice.'”

4.3 | Interpretations of the findings

431 | Ceiling effect at frequencies with initial
increased thresholds

Our study showed that persons with prior occupational noise
exposure had less subsequent hearing decline at 3 kHz than
nonexposed. Our study also showed that the noise-exposed group
had an increased hearing threshold at baseline, especially at 3 kHz.
This agrees with prior studies, including longitudinal studies of initial
hearing threshold that is not necessarily assessed as a notch or
related to noise exposure.>'? As discussed in prior studies, this
finding could relate to a ceiling effect at frequencies with increased
thresholds and pre-existing damage.®? The exact hearing threshold

level in which the ceiling effect occurs is however not clearly defined.

4.3.2 | Accelerated low-frequency hearing decline

We can only speculate about the inconsistent findings on accelerated
hearing decline after noise exposure has ceased. Different results can
be related to different study designs, materials, and methods,
including different exposure variables and covariates. The study of
former military personnel* evaluated younger persons with better
hearing, which could explain some of the differences. The study was,
however, small (n = 29), did not have its own reference group, and the
participants had claimed compensation for noise-induced hearing loss
5-20 years after the end of military service, which might have
introduced selection bias.
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It has been questioned whether the notches in Gates' study
reflect true noise-induced hearing loss.2° Notches are common

1 which was also

among persons who are not exposed to noise,?
shown in this study. Further, it cannot be excluded that the
association between a notch and later hearing decline could be
hampered by selection problems and regression to the mean.
The adequacy of the methods to assess the relationship between
the baseline value and subsequent change depends on the number of
data waves, the availability of information on measurement error, and
the variability of change between individuals.?? Using a notch as the
exposure variable could introduce a larger threat to internal validity
compared to using a history of occupational noise exposure.

We believe our large long-term study had enough power to reveal
an association. We cannot exclude, however, that our noise-exposed
group experienced a ceiling effect at low frequencies during follow-up,
which could have counteracted a potential accelerated hearing decline.
As such, our results may not apply to younger noise-exposed persons
with better baseline low-frequency hearing thresholds after noise
exposure has ceased. However, the baseline low-frequency hearing
thresholds in the present study were not poor (Table 1, Figure 1), and
there were no marked differences between the groups. To sum up, we
believe this study adds important support to the hypothesis that there
is no continuing hearing decline after noise exposure has ended.

4.4 | Strengths and limitations

Strengths include the standardized audiometric measurements, good
confounder control with prospective measurements, a long observa-
tion time, and a large data set in which the population is
representative of the entire country.2 We also had data on noise
exposure after baseline, which allowed us to exclude persons
reporting substantial noise exposure during follow-up.

An important weakness was that we had only two measure-
ments, which did not allow for mixed-effects modeling. Also, a better
design would include a high number of younger persons who had
ceased occupational noise exposure, to avoid a possible ceiling effect.

However, it would be difficult to realize such a design.

5 | CONCLUSION

Our large long-term study shows no accelerated hearing decline
among persons with prior occupational noise exposure compared
with nonexposed. This indicates that there is little risk of continuing
hearing decline after occupational noise exposure has ceased. Our
study did not, however, include younger adults. We believe our study
adds important support to a conclusion that hearing damage stops

when the noise exposure is ended.

AUTHOR CONTRIBUTIONS
The manuscript has been read and approved by all authors. All
authors made substantial contributions to all of the following:

(1) the conception and design of the study, or acquisition of data,
or analysis and interpretation of data, (2) drafting the article or
revising it critically for important intellectual content, and (3) final

approval of the version to be submitted.

ACKNOWLEDGMENTS

The Nord-Trgndelag Health Study (The HUNT Study) is a collabora-
tion between HUNT Research Centre (Faculty of Medicine and
Health Sciences, NTNU, Norwegian University of Science and
Technology), Trendelag County Council, Central Norway Regional
Health Authority, and the Norwegian Institute of Public Health.

CONFLICT OF INTEREST STATEMENT

The authors declare that there are no conflicts of interest.

DISCLOSURE BY AJIM EDITOR OF RECORD
John D. Meyer declares that he has no conflict of interest in the

review and publication decision regarding this article.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ETHICS APPROVAL AND INFORMED CONSENT

The study was approved by the Regional Committee for Medical
Research Ethics (23178 HUNT Hearing). All participants in the HUNT
study signed an informed consent form allowing the use of their data

and samples for research.

ORCID
Lisa Aarhus "= http://orcid.org/0000-0003-1815-4983
REFERENCES

1. Engdahl B, Strand BH, Aarhus L. Better hearing in Norway: a
comparison of two HUNT cohorts 20 years apart. Ear Hear. 2021;
42(1):42-52.

2. Moore BCJ. The effect of exposure to noise during military service
on the subsequent progression of hearing loss. Int J Environ Res
Public Health. 2021;18(5):2436. doi:10.3390/ijerph18052436

3. Gates GA, Schmid P, Kujawa SG, Nam B, D'Agostino R. Longitudinal
threshold changes in older men with audiometric notches. Hear Res.
2000;141(1-2):220-228. doi:10.1016/s0378-5955(99)00223-3

4. Moore BCJ, Lowe DA. Does exposure to noise during military
service affect the progression of hearing loss with increasing age?
Trends Hear. 2022;26:233121652210769. doi:10.1177/23312165
221076940

5. Hederstierna C, Rosenhall U. Age-related hearing decline in
individuals with and without occupational noise exposure. Noise
and Health. 2016;18(80):21-25. doi:10.4103/1463-1741.174375

6. Lee FS, Matthews LJ, Dubno JR, Mills JH. Longitudinal study of
pure-tone thresholds in older persons. Ear Hear. 2005;26:1-11.

7. Asvold BO, Langhammer A, Rehn TA, et al. Cohort profile update:
the HUNT study, Norway. Int J Epidemiol. 2022;52:e80-e91. doi:10.
1093/ije/dyac095

8. Coles RRA, Lutman ME, Buffin JT. Guidelines on the diagnosis of noise-
induced hearing loss for medicolegal purposes. Clin Otolaryngol Allied Sci.
2000;25(4):264-273. doi:10.1046/j.1365-2273.2000.00368 x

8518017 SUOWWOD BA1ESD) 3|edt|dde 8y} Aq peusenob afe 9 VO '8N J0 S9INJ 10} ARIq1T8UIIUO AS|IA LO (SUONIPUOD-PUR-SLLLBIWOD A8 | 1M Aleq 1 puljuo//Sdny) SUONIPUOD pue swie | 841 89S *[£202/TT/0E] Uo Atelqiauliuo A8|1M ‘04 1838y 810U | 1eaH 11dnd JO aIninsu| ueiBemioN Aq £pSEZ Wi e/Z00T 0T/I0p/W00" A3 (1M Ake.d Ul |UO//:SANY WO papeojumod ‘0 *7/20.60T


http://orcid.org/0000-0003-1815-4983
https://doi.org/10.3390/ijerph18052436
https://doi.org/10.1016/s0378-5955(99)00223-3
https://doi.org/10.1177/23312165221076940
https://doi.org/10.1177/23312165221076940
https://doi.org/10.4103/1463-1741.174375
https://doi.org/10.1093/ije/dyac095
https://doi.org/10.1093/ije/dyac095
https://doi.org/10.1046/j.1365-2273.2000.00368.x

10.

11.

12.

13.

14.

15.

16.

17.

AARHUS ET AL

Rabinowitz PM, Galusha D, Slade MD, Dixon-Ernst C, Sircar KD,
Dobie RA. Audiogram notches in noise-exposed workers. Ear Hear.
2006;27(6):742-750. doi:10.1097/01.aud.0000240544.79254.bc
Aarhus L, Engdahl B. Occupational noise exposure and asymmetric
hearing loss: results from the HUNT population study in Norway. Am
J Ind Med. 2020;63(6):535-542. doi:10.1002/ajim.23105

Statistics Norway. Standard Classification of Occupations. 1998.
Accessed September 23, 2020. https://www.ssb.no/a/publikasjoner/
pdf/nos_c521/nos_c521.pdf

Engdahl B, Aarhus L. Personal music players and hearing loss:
the HUNT cohort study. Trends Hear. 2021;25:233121652110158.
doi:10.1177/23312165211015881

Sliwiriska-Kowalska M, Zaborowski K. WHO environmental noise
guidelines for the European region: a systematic review on
environmental noise and permanent hearing loss and tinnitus. Int
J Environ Res Public Health. 2017;14(10):1139-1158. doi:10.3390/
ijerph14101139

Macrae JH. Noise-induced hearing loss and presbyacusis. Int J Audiol.
1971;10(5):323-333. doi:10.3109/00206097109072569

Rosenhall U, Pedersen K, Svanborg A. Presbycusis and noise-
induced hearing loss. Ear Hear. 1990;11(4):257-263. doi:10.1097/
00003446-199008000-00002

Kujawa SG, Liberman MC. Acceleration of age-related hearing loss
by early noise exposure: evidence of a misspent youth. J Neurosci.
2006;26(7):2115-2123. doi:10.1523/JNEUROSCI.4985-05.2006
Fernandez KA, Jeffers PWC, Lall K, Liberman MC, Kujawa SG. Aging
after noise exposure: acceleration of cochlear synaptopathy in

18.

19.

20.

21.

22.

“recovered” ears. J Neurosci. 2015;35(19):7509-7520. doi:10.1523/
JNEUROSCI.5138-14.2015

Fetoni AR, Pisani A, Rolesi R, et al. Early noise-induced hearing loss
accelerates presbycusis altering aging processes in the cochlea. Front
Aging Neurosci. 2022;14:803973. doi:10.3389/fnagi.2022.803973
Wiley TL, Chappell R, Carmichael L, Nondahl DM, Cruickshanks KJ.
Changes in hearing thresholds over 10 years in older adults. J Am
Acad Audiol. 2008;19(4):281-292. doi:10.3766/jaaa.19.4.2

Lee FS, Matthews LJ, Dubno JR, Mills JH. Threshold changes in older
persons: a reply to gates. Ear Hear. 2006;27:92.

Lie A, Engdahl B, Hoffman HJ, Li CM, Tambs K. Occupational
noise exposure, hearing loss, and notched audiograms in the HUNT
Nord-Trgndelag hearing loss study, 1996-1998. Laryngoscope.
2017;127(6):1442-1450. doi:10.1002/lary.26256

Chiolero A, Paradis G, Rich B, Hanley JA. Assessing the relationship
between the baseline value of a continuous variable and subsequent
change over time. Front Public Health. 2013;1:29. doi:10.3389/
fpubh.2013.00029

How to cite this article: Aarhus L, Molaug |, Engdahl B. No
accelerated 20-year hearing decline after occupational noise
exposure has ceased: the HUNT study. Am J Ind Med. 2023;1-8.
doi:10.1002/2jim.23543

8518017 SUOWWOD BA1ESD) 3|edt|dde 8y} Aq peusenob afe 9 VO '8N J0 S9INJ 10} ARIq1T8UIIUO AS|IA LO (SUONIPUOD-PUR-SLLLBIWOD A8 | 1M Aleq 1 puljuo//Sdny) SUONIPUOD pue swie | 841 89S *[£202/TT/0E] Uo Atelqiauliuo A8|1M ‘04 1838y 810U | 1eaH 11dnd JO aIninsu| ueiBemioN Aq £pSEZ Wi e/Z00T 0T/I0p/W00" A3 (1M Ake.d Ul |UO//:SANY WO papeojumod ‘0 *7/20.60T


https://doi.org/10.1097/01.aud.0000240544.79254.bc
https://doi.org/10.1002/ajim.23105
https://www.ssb.no/a/publikasjoner/pdf/nos_c521/nos_c521.pdf
https://www.ssb.no/a/publikasjoner/pdf/nos_c521/nos_c521.pdf
https://doi.org/10.1177/23312165211015881
https://doi.org/10.3390/ijerph14101139
https://doi.org/10.3390/ijerph14101139
https://doi.org/10.3109/00206097109072569
https://doi.org/10.1097/00003446-199008000-00002
https://doi.org/10.1097/00003446-199008000-00002
https://doi.org/10.1523/JNEUROSCI.4985-05.2006
https://doi.org/10.1523/JNEUROSCI.5138-14.2015
https://doi.org/10.1523/JNEUROSCI.5138-14.2015
https://doi.org/10.3389/fnagi.2022.803973
https://doi.org/10.3766/jaaa.19.4.2
https://doi.org/10.1002/lary.26256
https://doi.org/10.3389/fpubh.2013.00029
https://doi.org/10.3389/fpubh.2013.00029
https://doi.org/10.1002/ajim.23543

	No accelerated 20-year hearing decline after occupational noise exposure has ceased: The HUNT study
	1 INTRODUCTION
	2 METHODS
	2.1 Participants
	2.2 Measurements
	2.2.1 Exposure variables
	2.2.2 Outcome variable: Hearing threshold decline
	2.2.3 Covariates

	2.3 Statistical analyses

	3 RESULTS
	3.1 Participants
	3.2 Regression analyses
	3.2.1 Occupational noise exposure before baseline and hearing threshold at baseline
	3.2.2 Occupational noise exposure before baseline and subsequent 20-year hearing decline


	4 DISCUSSION
	4.1 Main findings
	4.2 Comparison of the results with other longitudinal studies
	4.2.1 Experimental animal studies

	4.3 Interpretations of the findings
	4.3.1 Ceiling effect at frequencies with initial increased thresholds
	4.3.2 Accelerated low-frequency hearing decline

	4.4 Strengths and limitations

	5 CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DISCLOSURE BY AJIM EDITOR OF RECORD
	DATA AVAILABILITY STATEMENT
	ETHICS APPROVAL AND INFORMED CONSENT
	ORCID
	REFERENCES




