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Abstract

Objectives: 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

Trøndelag 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 2 kHz 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.

K E YWORD S

ageing, hearing decline, longitudinal, noise, notch

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 0.5–4 kHz

in the better hearing ear of ≥35 dB hearing level) among adults

of 5.9%.1

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.2 One study using initial notches in the

audiogram as the exposure variable showed an association with later

accelerated low‐frequency hearing decline.3 Another study found a

greater progression of hearing loss among military veterans compared

with those expected from ISO7029.4 On the other hand, two studies of

occupational noise exposure showed no such relation.5,6

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 Trøndelag 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.7

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.1

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

2.2.1 | 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; 5–15 h

weekly, >15 h weekly». We constructed 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). 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.8 The criteria established by Coles

et al. have been shown to correlate well with clinical assessments.9

2.2.2 | Outcome variable: Hearing threshold decline

Pure tone audiometry was conducted in line with ISO 8253‐1

(International Organization for Standardization, 2010), with fixed

frequencies at test frequencies 0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz,

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 −10 dB. 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.1

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.10

2.2.3 | Covariates

We adjusted for age, sex, education, and impulse noise exposure as

assessed at baseline. We used register data from Norwegian Statistics11 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.12 Further,

the evidence in general for an effect of music listening through personal

music players on hearing has been limited and of low quality.13
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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 α 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.

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.

F IGURE 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 1 kHz 2 kHz 3 kHz 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 (1.4–4.9) 3.2 (1.3–5.0) 1.5 (−0.5 to 3.5)

Some noise exposurea (N = 412) 0.3 (−0.9 to 1.4) 1.0 (−0.2 to 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 exposurea (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) 4.2 (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.
aOccupational 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).

4 | AARHUS ET AL.
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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 3 kHz 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

4.1 | 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 3 kHz 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 Rosenhall5

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.,6 who followed 188 men

aged 60–81 years at entry for 3–12 years (mean 6 years). T
A
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E

3
T
he

as
so
ci
at
io
n
b
et
w
ee

n
o
cc
up

at
io
na

l
no

is
e
ex

p
o
su
re

b
ef
o
re

1
9
9
8
an

d
he

ar
in
g
d
ec

lin
e
fr
o
m

1
9
9
8
to

2
0
1
8
.

Li
ne

ar
re
gr
es
si
o
n
co

ef
fi
ci
en

ts
in

d
B
w
it
h
9
5
%

co
nf
id
en

ce
in
te
rv
al
s

0
.5

kH
z

1
kH

z
2
kH

z
3
kH

z
4
kH

z
6
kH

z
8
kH

z

R
ef
er
en

ce
R
ef
er
en

ce
R
ef
er
en

ce
R
ef
er
en

ce
R
ef
er
en

ce
R
ef
er
en

ce
R
ef
er
en

ce

N
o
is
e
b
ef
o
re

1
9
9
8

N
o
no

is
e
ex

p
o
su
re

(N
=
1
0
4
5
)

A
ny

no
is
e
ex

p
o
su
re

(N
=
6
0
3
)

0
.1

(−
1
.1

to
1
.3
)

−
0
.2

(−
1
.5

to
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
.1

to
1
.5
)

So
m
e
no

is
e
ex

p
o
su
re

a
(N

=
4
1
2
)

0
.1

(−
1
.2

to
1
.4
)

0
.2

(−
1
.2

to
1
.6
)

−
0
.6

(−
2
.1

to
1
.0
)

−
1
.3

(−
2
.9

to
0
.2
)

−
0
.7

(−
2
.3

to
1
.0
)

−
1
.3

(−
3
.2

to
0
.5
)

−
0
.5

(−
2
.4

to
1
.6
)

H
ig
h
no

is
e
ex

p
o
su
re

a
(N

=
1
9
1
)

0
.3

(−
1
.5

to
2
.1
)

−
1
.1

(−
3
.0

to
0
.8
)

−
0
.4

(−
2
.5

to
1
.7
)

−
2
.1

(−
4
.2

to
0
.1
)

−
0
.0

(−
2
.3

to
2
.3
)

−
1
.1

(−
3
.6

to
1
.5
)

0
.2

(−
2
.5

to
2
.9
)

N
o
is
e
an

d
no

tc
hb

N
o
no

is
e
an

d
no

no
tc
h
(N

=
8
3
0
)

N
o
is
e
an

d
no

tc
h
(N

=
1
9
2
)

−
0
.2

(−
2
.1

to
1
.7
)

0
.2

(−
1
.8

to
2
.2
)

0
.8

(−
1
.4

to
3
.1
)

−
4
.8

(−
7
.2

to
−
2
.3
)

−
8
.4

(−
1
0
.9

to
−
5
.8
)

−
0
.8

(−
3
.7

to
2
.0
)

6
.5

(3
.4
–9

.5
)

N
ot
e:

T
he

H
U
N
T
he

ar
in
g
st
ud

y,
N
o
rw

ay
.
B
as
el
in
e
st
ud

y
1
9
9
6
–
1
9
9
8
,
fo
llo

w
‐u
p
st
ud

y
2
0
1
7
–
2
0
1
9
.
B
o
ld

va
lu
es

in
d
ic
at
e
p
<
0
.0
5
.

Li
ne

ar
re
gr
es
si
o
n
co

ef
fi
ci
en

ts
in

d
B
w
it
h
9
5
%

co
nf
id
en

ce
in
te
rv
al
s
fo
r
se
p
ar
at
e
m
o
d
el
s
at

ea
ch

fr
eq

ue
nc

y
ad

ju
st
ed

fo
r
ag

e,
se
x,

ed
uc

at
io
n,

an
d
im

p
ul
se

no
is
e
as
se
ss
ed

in
1
9
9
8
.

a
O
cc
up

at
io
na

ln
o
is
e
ex

p
o
su
re

b
ef
o
re

1
9
9
8
w
as

as
se
ss
ed

as
a
ca
te
go

ri
ca
lv

ar
ia
b
le

w
it
h
th
re
e
ca
te
go

ri
es
:n

o
,n

ev
er

(r
ef
er
en

ce
ca
te
go

ry
in

al
la

na
ly
se
s)
,n

o
is
e
ex

p
o
su
re

≤
1
5
h
w
ee

kl
y
(s
o
m
e
ex

p
o
su
re
),
o
r
no

is
e

ex
p
o
su
re

>
1
5
h
w
ee

kl
y
(h
ig
h
ex

p
o
su
re
).

b
O
cc
up

at
io
na

l
no

is
e
ex

p
o
su
re

b
ef
o
re

b
as
el
in
e
an

d
a
b
as
el
in
e
C
o
le
s
no

tc
h
at

3
,
4
,o

r
6
kH

z
(r
ef
er
en

ce
ca
te
go

ry
no

o
cc
up

at
io
na

l
no

is
e
ex

p
o
su
re

b
ef
o
re

b
as
el
in
e
an

d
no

b
as
el
in
e
no

tc
h)
.

AARHUS ET AL. | 5

 10970274, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajim

.23543 by N
orw

egian Institute O
f Public H

ealt Invoice R
eceipt D

FO
, W

iley O
nline L

ibrary on [30/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



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 ISO7029 (2017).4 The same

author had previously re‐analyzed data from a study from 197114 on

military veterans and compared their progression with ISO7029,

reporting a greater progression of hearing loss at 1 kHz.2 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.15

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.3

The study did not include a history of occupational noise exposure

before baseline.

4.2.1 | Experimental animal studies

A few experimental animal studies have also reported continuing

hearing decline after noise exposure has ceased.16–18 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.17

4.3 | Interpretations of the findings

4.3.1 | 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.6,19 As discussed in prior studies, this

finding could relate to a ceiling effect at frequencies with increased

thresholds and pre‐existing damage.6,19 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 personnel4 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.

F IGURE 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]
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It has been questioned whether the notches in Gates' study

reflect true noise‐induced hearing loss.20 Notches are common

among persons who are not exposed to noise,21 which was also

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.22 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.8 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.
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