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Abstract

Purpose To give a systematic review of the development
of noise-induced hearing loss (NIHL) in working life.
Methods A literature search in MEDLINE, Embase,
Web of Science, Scopus, and Health and Safety Abstracts,
with appropriate keywords on noise in the workplace and
health, revealed 22,413 articles which were screened by
six researchers. A total of 698 articles were reviewed in
full text and scored with a checklist, and 187 articles were
found to be relevant and of sufficient quality for further
analysis.

Results Occupational noise exposure causes between
7 and 21 % of the hearing loss among workers, lowest in
the industrialized countries, where the incidence is going
down, and highest in the developing countries. It is diffi-
cult to distinguish between NIHL and age-related hearing
loss at an individual level. Most of the hearing loss is age
related. Men lose hearing more than women do. Heredity
also plays a part. Socioeconomic position, ethnicity and
other factors, such as smoking, high blood pressure, dia-
betes, vibration and chemical substances, may also affect
hearing. The use of firearms may be harmful to hearing,
whereas most other sources of leisure-time noise seem to
be less important. Impulse noise seems to be more deleteri-
ous to hearing than continuous noise. Occupational groups
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at high risk of NIHL are the military, construction workers,
agriculture and others with high noise exposure.
Conclusion The prevalence of NIHL is declining in most
industrialized countries, probably due to preventive meas-
ures. Hearing loss is mainly related to increasing age.

Keywords NIHL - ISO - Population studies - Vibration -
Cardiovascular risk factors - Chemicals - Leisure-time
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Introduction

Hearing loss due to noise exposure in the workplace
is a significant health problem with economic conse-
quences. Noise-induced hearing loss (NIHL) is the occu-
pational disease most frequently reported to the Nor-
wegian Labour Inspection Authority and the Petroleum
Safety Authority. Every year the two authorities receive
close to 2000 and 600 new reports of NIHL, respec-
tively, accounting for 60 % of all reported work-related
diseases (Samant et al. 2008) in a working population of
2.7 million.

NIHL is also regarded as a serious problem and one of
the most recorded occupational disorders in Europe and in
the rest of the world and amounts to between 7 and 21 %
of the hearing loss (Nelson et al. 2005; Dobie 2008). While
the incidence of NIHL seems to decrease in other Euro-
pean countries (EASHW 2005), the figures have been sta-
ble in the Norwegian mainland sector for the last 20 years
and increasing in the Norwegian offshore sector, in spite of
comprehensive preventive measures.

On this background, the Norwegian Ministry of Labour
and Social Affairs requested the National Institute of Occu-
pational Health to conduct a systematic literature review of
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occupational noise exposure and health. This paper reviews
the literature on occupational noise exposure and hearing.

Methods

We searched the following databases for peer-reviewed
studies on occupational noise and hearing loss, and other
health outcomes: Ovid MEDLINE (1946-), Ovid Embase
(1974-), Web of Science (1950-), Scopus (1995-), and
ProQuest Health and Safety Sciences Abstracts (1981-).
A search strategy was developed for each database. In the
databases that are indexed by a hierarchical controlled
vocabulary (MEDLINE and Embase), we used a combina-
tion of free text terms and controlled vocabulary (MeSH
and EMTREE). The search strategy was developed with
low specificity to the advantage of high sensitivity, i.e.,
high probability of hits on potentially relevant studies. The
search was completed in May 2013. For more information,
see the supplementary file.

Inclusion and exclusion criteria

Inclusion criteria were exposure to occupational noise
alone or in combination with other factors, hearing loss
and other health outcomes and the statistical association
between occupational noise and hearing loss/other health
outcomes. Papers in other languages than in English and
animal studies were excluded.

All titles and abstracts from the literature search were
assessed against the inclusion criteria for possible rel-
evance. References that we judged to be potentially rele-
vant were read in full text and evaluated. Relevant origi-
nal studies (698 papers) were quality-assessed by at least
one researcher using a comprehensive checklist for obser-
vational studies developed by the National Institute of
Occupational Health based on the checklist of Ariéns et al.
(Ariens et al. 2000) and Hoogendoorn et al. (1999).

The checklist consisted of two parts:

1. Internal validity related to the study population, expo-
sure and outcome measures, data analysis, data presen-
tation and control for confounding.

2. External validity related to the representativeness of
the study populations.

As to the present review, only articles regarding noise
and hearing but not other health outcomes were included,
both cross-sectional and longitudinal studies. A total of
187 papers met the inclusion criteria. These were cross-
sectional studies (N = 106), longitudinal studies (N = 52),
reviews (N = 22) and others (N = 7). Figure 1 is the prisma
flow diagram of the study.
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Results
Noise-induced hearing loss: different definitions

There are several audiological definitions of noise-induced
hearing loss. Some focus on hearing loss in the frequency
range 0.5-2 kHz and some on the range from 0.5 to 4 kHz,
while others again put emphasis on high-frequency hearing
loss from 3 to 6 kHz. Some definitions calculate the hear-
ing loss as the average of both ears, others for the better
ear and still others for the worse ear. The criteria for occu-
pational noise-induced hearing loss also vary from country
to country (Rabinowitz 2012). Thus, the divergent outcome
measures used in previous research make it difficult to
compare the results.

Normal hearing

Initially, studies describing normal hearing should be men-
tioned. It is not possible to assess causes of a hearing loss
without a reference for comparison. ISO 1999 is an inter-
national standard based on US studies from the 1960s and
the 1970s (ISO 1990a, b) describing what is a normal hear-
ing threshold for both sexes at various ages. The standard
indicates that the hearing threshold increases with age
in the frequency range of 3-8 kHz and that women lose
less hearing than men. Annex A of the standard tabulates
the expected hearing loss in a highly screened popula-
tion, where people with noise exposure and ear disease
have been removed. In Annex B, both of these groups are
included; accordingly, the expected hearing loss is greater
in Annex B than in A.

Figures 2 and 3 show the mean hearing threshold in the
“noise-sensitive area” of 3-6 kHz, in men and women,
respectively, in relation to age. The figures are based on
ISO 1999, Annex B. The hearing threshold increases mark-
edly with age, but the individual differences are large. The
hearing thresholds are highest in men. The median hearing
threshold for a 60-year-old is 37 dB for men and 21 dB for
women, but the central 80 % distribution spans some 40 dB
in women and 55 dB in men.

There are also reference values of the hearing loss at
different frequencies for different levels of noise exposure
(ISO 1999, Annex E) (ISO 1990a, b). Most of the hearing
loss occurs during the first 10 years of noise exposure. For
example, the median expected noise-induced permanent
threshold shift (NIPTS) of 3—6 kHz at a 85-dB noise expo-
sure level normalized to a nominal 8-h working day (daily
noise exposure level, L., g,) for 10 years is 4 dB (2-5 dB
for the 10-90 percentile) and after 40 years 5 dB (3—7 dB
for 10-90 percentile) (Fig. 4). This means that the expected
noise-induced hearing loss at a daily noise exposure level
of 85 dB will be small compared with the age-related
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Fig. 1 Prisma flow diagram for

the study

Fig. 2 Expected hearing
threshold in men, 10, 50 and
90 percentile, 3—6 kHz, better
ear by age. Based on ISO 1999
(1990), Annex B

hearing loss. The NIPTS after 40 years of exposure at L,
gnh = 100 dB of 3-6 kHz will be 36 dB. (The actual NIPTS,
however, will be somewhat smaller since it should be
adjusted according to the term (N — H x N/120), where N

] [ identification |

] Screening

Eligibility

J |

Included

PRISMA 2009 Flow Diagram

Records identified through
database
(n = 34592)

Additional records identified

through other sQurees
(n=119)

Records after removal of duplicates
(n 22532 )

Records gxcluded
(n = 21834)

Y

Full-text articles excluded
due to quality and other
outcomes than hearing
In=511)

Full-text articles assessed

for gligiRilizy
(n = 698)

Y

Studies included in the
analysis
(n=187)

Men
80
70
2 40
s 30 S —
a e
o — p—-
10 . —l—
(1] =
-10
30vyears 40 years SOyears 60 vyears
=10 parc 2 6 10 14
=50 parc 12 18 25 37
w90 perc 30 51 56 70

is NIPTS and H the expected age-related permanent thresh-
old shift (ISO 1990a, b). In a 60-year-old man with a noise
exposure at L, g, = 100 dB, the actual NIPTS of 3-6 kHz
will be reduced from 36 dB down to 25 dB.)
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Hearing loss is often familiar. Twin studies (Karlsson
et al. 1997; Christensen et al. 2001; Viljanen et al. 2007,
Wingfield et al. 2007) and studies of siblings and parent—
child (Gates et al. 1999; Raynor et al. 2009; Demeester
et al. 2010) have shown that genetic predisposition is very
important for hearing. Most studies show that between half
and two-thirds of the variation in hearing acuity, adjusted
for age, can be attributed to individual differences in
genetic susceptibility. Many of the studies, however, are of
small or moderate size, and the results differ substantially.
A large sample study of siblings by Kvestad et al. shows
a heritability (the proportion of variation in the population
attributable to genes) of approximately 0.4 (Kvestad et al.
2012).

In recent years, there have also been a number of
molecular genetic studies of the relationship between
genetics and hearing impairment (Carlsson et al. 2005;
Chang et al. 2009, 2011; Konings et al. 2009; Lin et al.
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2009; Pawelczyk et al. 2009; Liu et al. 2010; Shen et al.
2012; Li et al. 2013). Genes involved in the management
of oxidative stress, endolymphatic potassium transport
and “heat shock” proteins have been most studied. As of
today, however, there is no genetic test that can distinguish
between those who are susceptible or resistant to noise-
induced hearing loss.

Occupations and hearing

We identified 96 published studies describing hearing loss
in various professions: 65 cross-sectional, 27 with a longi-
tudinal design and 4 review articles.

Generally the quality of the hearing data is good, while
the noise exposure data are often blunt or incomplete. In
the following, we have highlighted some research on vari-
ous specific professions to identify the relationship between
occupation and hearing.
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Industrial workers

In a Swedish cross-sectional study, Ivarsson et al. compared
hearing in employees in the automotive industry, shipyards
and quarries (N = 1796) (L., g, > 95 dB) for the period
1983-1990 with hearing in office workers (L., g, < 80 dB)
and found that among blue collar workers over the age of
50, only 8-28 % had a normal hearing, compared to 70 %
among office workers (Ivarsson et al. 1992). The results
were compared with another Swedish study from 1970 to
1971. Exposed workers more than 50 years had about the
same level of hearing acuity in the 1980s as in the 1970s,
while exposed workers aged 20-30 had a significantly bet-
ter hearing in the 1980s compared to the 1970s and about
as well as nonnoise-exposed workers.

In a longitudinal study for the period 1983-1989, Lee-
Feldstein compared the hearing loss in the range 2—4 kHz
of 11,435 US automobile workers in five plants over a
5-year period with 331 nonexposed controls (Lee-Feldstein
1993). The aim of this study was to evaluate the efficacy
of preventive measures. The noise exposure was from L,
gh = 85 to 114 dB. In four of the five factories, the dif-
ference in hearing between exposed and controls was not
significant.

In a retrospective study of male metal workers at a
Swedish car factory, the hearing loss for 1964, 1972,
1980, 1987 and 1989 was compared to ISO 1999, Annex
A (Bruehl et al. 1994). The study showed that during the
period 1964-1989, the hearing loss decreased from about
20 to 5 dB in the age group of 20-29 years and from 30 to
10 dB in the age group 50-59 years, all values compared
to ISO 1999 A. The authors attributed this improvement
to better access to and use of hearing protection and lower
noise exposure during the period. If the results had been
compared to recent Swedish reference values (Johansson
2002) instead of the ISO 1999 Annex A, hearing among the
youngest in 1989 would have been found close to normal.

Hearing loss was also found in a Russian study of the
personnel in two workshops, revealing that impulse noise
caused a greater hearing loss than one would expect from
the estimated A-weighted noise dose (Suvorov et al. 2001).
The authors suggested that an extra safety margin of 5 dB
should be subtracted from the threshold value for what is
considered harmful impulse noise.

Martin et al. (1975) examined hearing in 228 Canadian
smelter workers in three different departments and com-
pared it to nonexposed employees from the same factory.
The daily noise exposure level was mostly below 90 dB,
which was then the Canadian threshold limit value (TLV),
and therefore hearing protection was not found to be neces-
sary. The prevalence of a hearing loss, defined as the aver-
age >25 dB for the 0.5-2-kHz area, ranged from 14 to 32 %
in exposed >50 years, compared to 4 % of the controls.

The hearing loss was greatest in areas with impulse noise
and lowest in areas with a continuous noise level, Ly, of
85-90 dB.

Keatinge and Laner examined 63 factory workers
younger than 40 years with a noise exposure, from 115
to 128 dB (sound pressure level, SPL), without the use of
hearing protection, and with short service time, and com-
pared their hearing with hearing in a control group. They
found that most of the hearing loss occurred during the first
3 years of employment (Keatinge and Laner 1958).

Noise-exposed industrial workers (N = 47,388), 85 %
men, mostly between 20 and 55 years, and with a daily
noise exposure level between 86 and >105 dB, were exam-
ined in Austria. The strongest estimated effect of noise,
adjusted for age, gender and other covariates, was a stand-
ardized regression coefficient of 0.08 for 4 kHz (Bauer
et al. 1991). This corresponds to a 5-dB difference between
nonexposed and heavily exposed subjects.

In a cross-sectional study, Somma et al. (2008) exam-
ined hearing of 184 male cement workers, with a daily
noise exposure level >85 dB and compared it with 98 non-
exposed controls. The study revealed a hearing loss in the
3-6-kHz range of 5 dB among the youngest, age 21-30,
and 20 dB among the oldest, age 51-60, compared to the
controls.

In a follow-up study of 449 male steel workers with
exposures ranging from Ly, g, < 90 to Ly, g, > 100 dB,
no changes in hearing in the 0.5-6-kHz range during a 6—8-
year period could be attributed to noise exposure (Howell
1978).

In a longitudinal study of 113 Egyptian male cotton
workers, Moselhi et al. (1979) reported that a daily noise
exposure level <85 dB gave only a slight hearing loss com-
pared to the control group (N = 64), whereas exposure
>85 dB revealed a hearing loss of >25 dB in the frequency
range 0.5-2 kHz in 9.6 % of the employees.

Swedish pulp workers (N = 319), aged 2640 years at
the beginning of the study, with varying daily noise expo-
sure levels from 80 to 100 dB, were followed with repeated
audiometric examinations from 1959 and 20 years ahead.
The hearing loss was most pronounced at 4 kHz, approxi-
mately 15 dB. There was only a small difference in hear-
ing between high- and low-exposed subjects. The authors
suggested that the small difference might reflect chemical
exposure among the workers with low noise exposure. The
importance of age as a possible cause of the hearing loss
was not discussed in this study (Bergstrom and Nystrom
1986).

Egyptian metal workers (N = 88) were examined in
1980 and then again 8 years later. They were exposed to
a mean background noise, Lyq, of 90-94 dB and impulse
n0ise, Ly ey Of 112-139 dB with 20-50 “beats per min-
ute” (bpm). They did not use any hearing protection, and

@ Springer



356

Int Arch Occup Environ Health (2016) 89:351-372

the hearing loss was significant in 1980. Upon follow-up,
the age-adjusted hearing loss had increased somewhat, par-
ticularly in the 0.5-2-kHz range. Most of the hearing loss
in the higher frequencies (3-8 kHz) occurred in the first
10-15 years after employment (Kamal et al. 1989).

Rabinowitz et al. followed the hearing acuity in 6217
aluminum workers with daily noise exposure in four cat-
egories from <82 to >88 dB during the period from 1990
to 1996. The hearing loss in the period was lowest for the
highest exposed group and normal for the lowest exposed
group, compared with US reference values. The use of
hearing protection among the highest exposed may partly
explain the findings (Rabinowitz et al. 2007).

Hearing in 78 male aluminum workers with daily
noise monitoring inside the ear protectors was followed
for 4 years and compared with a control group (N = 234)
matched for age, initial hearing thresholds and noise expo-
sure. The intervention group did not develop any hearing
loss, while the control group who received no intervention,
had a small hearing loss. The study shows that a close fol-
low-up with the use of hearing protection may have a ben-
eficial effect (Rabinowitz et al. 2011).

It appears that in Western countries, the noise expo-
sure levels in the industry have been reduced over the last
few decades and this has led to a reduced hearing loss and
improved hearing in noise-exposed groups in recent years
(Rubak et al. 2006). The hearing loss appears to be greatest
during the first years of noise exposure. There are conflict-
ing results as regards the effect of hearing protection, but
a recent US study indicates that a close follow-up of the
use of hearing protection has a clear advantageous effect on
hearing (Rabinowitz et al. 2011).

Shipyard workers

In an Indian study, 276 shipyard employees with daily
noise exposure >90 dB were compared with 276 age- and
sex-matched controls from the office staff without any
occupational noise exposure. Among the exposed workers,
6 % were assessed to have a NIHL, as compared to none of
the controls. The criterion for NIHL was a notched hearing
loss (Bhumika et al. 2013).

Nilsson et al. examined hearing of 1492 employees at a
shipyard with an exposure to noise from L., = 88-94 dB
and with a lot of impulse noise, typically 2500 impulses
per day with peak noise levels from 105 to 135 dB (A).
Despite the fact that almost 90 % used hearing protection,
about 60 % had a reduced hearing acuity. After individual
age correction to the ISO 1999, there were still about 40 %
with reduced hearing acuity, most of them with exposure
>5 years. The authors conclude that the noise in shipyards
with impulse noise is particularly damaging to hearing
(Nilsson et al. 1977).
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Historically, there have been noise exposure levels in the
shipyards high enough to cause NIHL.

Construction industry workers

Seixas et al. studied the hearing acuity of 393 appren-
tices in the building trades and 62 controls (students)
from 2000 to 2010. At the last follow-up, the group was
reduced to 258 in the building trades and 58 controls.
The daily noise exposure level was 87 dB for the noise
exposed and 70 dB for the students. An exposure increase
of 10 dB gave a hearing loss of 2-3 dB after 10 years at
3-6 kHz. Most of the hearing loss had already occurred
before the initial examination. Self-reported data on noise
outside work had no impact on hearing. The author sug-
gests that the limit of 90 dB does not assure good enough
protection to prevent NIHL (Seixas et al. 2004, 2005,
2012).

Dutch construction workers (N = 29,644) with a daily
noise exposure of 87-96 dB were examined longitudi-
nally with respect to hearing and compared with an inter-
nal unexposed group. The hearing loss at 4 kHz ranged
from O dB for the age group <25 years to about 7 dB for
the 55-64 year group, compared with the internal control
group, which corresponds very well to ISO 1999, Annex B
(unscreened) (Leensen et al. 2011).

Engdahl and Tambs found that male construction work-
ers may be one of the groups with the most pronounced
NIHL with an average hearing loss of 9 dB in the 3-6-kHz
frequency range and 6 dB for the average of 0.5, 1, 2 and
4 Hz, compared to nonnoise-exposed male teachers (Eng-
dahl and Tambs 2010).

Overall, the literature indicates that NIHL is a frequent
diagnosis in the construction industries, but we have found
surprisingly few high-quality studies published from the
industry. This is unfortunate, considering the potentially
high noise exposure levels.

Offshore workers (0il and gas production at sea)

Morken et al. examined the incidence of NIHL among
offshore workers on the Norwegian continental shelf,
reported to the Petroleum Safety Authority (PSA) from
1992 to 2003. The study revealed a significant increase,
from 1/1000 employed in 1992 to 9/1000 in 2003 (Morken
et al. 2005). The majority of the cases were reported
among mechanics, surface treatment workers, electricians,
process technicians and roughnecks, most of them aged
50-59 years.

In 2002, Zacchariasen and Knusden stated that there is
a problem with high noise exposure in the Norwegian off-
shore industry (Zachariassen and Knudsen 2002). Nistov
et al. (2012) in a later study reported that there is a high
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noise exposure level, a risk of NIHL and a need for preven-
tive measures in this industry.

Ross et al. (2010) however, found in a recent study that
offshore workers except for divers had a normal hearing
compared with a nonexposed population and so did John-
son and Gann (1991) in a former longitudinal study.

There is a great deal of concern over the noise exposure
level and the perceived risk of NIHL in the offshore sector.
The number of studies is limited, but the evidence suggests
that offshore workers as a group have a relatively normal
hearing. More and larger longitudinal studies are needed.

Professional divers

Previous cross-sectional studies of divers have not found
any extra hearing loss compared to the general popula-
tion, despite noise exposure, long diving experience and
experienced barotrauma (Brady et al. 1976). More recent
prospective studies of professional divers have shown that
diving can cause impaired hearing, however (Molvaer and
Lehmann 1985; Molvaer and Albrektsen 1990; Skogstad
et al. 2000). Even among divers who do not report that
they have been exposed to noise, excessive hearing loss
has been found (Edmonds 1985). In most of these studies,
exposure to noise has not been measured, but self-report
and the number of dives are used as a proxy measure of
exposure.

Divers can be exposed to both airborne and waterborne
noise during their work, and high noise levels in the work-
ing environment of the diver can affect hearing (Summitt
and Reimers 1971). It is very difficult to measure the noise
submerged (Nedwell and Parvin 1994), and hearing under
water is more characterized by bone conduction than air
conduction (Hollien 1993). Since the impedance between
water and air is different, the sound intensity will be lower
in water at a given sound level. Noise from the air supply to
the helmet, in addition to the noise from the pressure cham-
ber and hydraulic tools, will add to the total noise exposure
(Molvaer and Gjestland 1981; Curley and Knafelc 1987).
Use of tools and explosions can generate impulse noise,
even in water.

Solvents and gases, such as carbon monoxide, and
heavy metals, such as lead, arsenic and mercury, might
also affect hearing in divers (Phaneuf and Hetu 1990).
Moreover, decompression sickness and barotrauma may
be detrimental to hearing (Edmonds et al. 1992). Decom-
pression sickness may occur by the formation of gas bub-
bles in the small blood vessels and the fluid in the inner
ear (Shupak et al. 1991). Barotrauma of the inner ear may
occur due to problems equalizing the pressure in the middle
ear. This can happen during diving, when increased ambi-
ent pressure leads to a relatively low pressure in the mid-
dle ear (Edmonds et al. 1992). In addition, head injury and

infections of the ear by Pseudomonas aeruginosa may affect
hearing in divers (Edmonds et al. 1992; Ahlen et al. 1998).
Hearing loss in the low-frequency ranges, 0.5-2 kHz, is
described in two longitudinal studies among divers with
and without noise exposure (Harashima and Iwasaki 1965;
Haraguchi et al. 1999). In both cross-sectional and prospec-
tive studies, hearing loss in the high-frequency area has
been associated with exposure in terms of number of dives
(Coles 1976; Molvaer and Lehmann 1985; Zulkaflay et al.
1996; Skogstad et al. 2009; Ross et al. 2010). Some stud-
ies of divers’ hearing have revealed better hearing than the
reference group even after 6 years of follow-up (Molvaer
et al. 1983; Molvaer and Lehmann 1985; Skogstad et al.
2005). This may be due to selection mechanisms, as divers
generally have better health and hearing than others due to
screening procedures before hire.

Overall, there is evidence that diving can cause a mod-
erate hearing loss in both the low- and the high-frequency
ranges. This applies to both divers using air as the breathing
gas and saturation divers. In the early years of the career, it
appears that divers hear better than average. This may be
due to health selection.

Fire fighters

In a cross-sectional study of firefighters in Phoenix and Fort
Worth, USA, Clark and Bohl found that firefighters with an
estimated equivalent noise exposure level of 80-90 dB (A)
had a normal hearing, compared to ISO 1999. A follow-up
study showed that the hearing loss in this group was some-
what less than expected from the ISO 1999 (Clark and Bohl
2005).

Similar findings were reported in a small study of 171
Korean firefighters with exposure to noise from emergency
vehicles at L, g, = 99-108 dB (Kim et al. 2011) and in a
study of 100 Iranian firemen who were compared with 100
nonexposed controls (Assadi et al. 2013).

Kales et al. (2001) compared hearing in 319 firefighters
with ISO 1999, Annex A. Firefighters <40 years old had a
nearly normal hearing, while the oldest (>50 years) had a
hearing loss of 20-30 dB more than expected in the 3-6-
kHz range.

Since younger firefighters seem to have a normal hear-
ing, there is no basis for claiming that this group nowadays
has a great risk of hearing loss caused by noise exposure
in the workplace, but high-quality longitudinal studies are
missing.

Military workers
A cross-sectional study of the incidence of hearing loss and

tinnitus in 204 infantry officers exposed to impulse noise
from various weapons with peak levels up to 185 dB (SPL),
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revealed a significant hearing loss compared with ISO 1999
(Christiansson and Wintzell 1993).

Segal et al. studied the development of hearing in 841
men aged 2040 years with terminated exposure, but who
had been exposed to noise trauma (shooting/explosions)
and who had applied for financial compensation. Hearing
in this group was compared with hearing in 150 men with
continued exposure. Hearing in the noise trauma group sta-
bilized after approximately 1 year, whereas the group with
continued exposure had a continued hearing loss (Segal
et al. 1988).

In three large studies of 87,000 to over 140,000 US mili-
tary personnel, Helfer et al. (2005, 2010) and Helfer (2011)
reported a higher than expected incidence of hearing loss
among infantrymen, in those with active war experience,
in men compared to women and in those over 40 years.
Unfortunately, high-quality exposure data are missing.

In a prospective study of 804,535 soldiers returning
from Iraq and Afghanistan in 2003-2009, the incidence of
reported cases of hearing loss increased significantly dur-
ing the period, from no cases in 2006 and earlier to about
5 cases per 100 in the first quarter of 2009 (Helfer et al.
2011). This was attributed to increased focus on hearing
loss since 2006, showing that the extent of hearing loss
may be significant for military missions.

Similar findings have been reported from a follow-
up hearing study of 747 recruits with a service time of
11.7 months, who were compared with nonexposed con-
trols (Muhr et al. 2006). Of the artillery recruits, 17 %
had a “significant hearing loss” of >15 dB in at least one
frequency, compared to 2.9 % of the controls. The authors
conclude that recruits still lose hearing during service
despite comprehensive preventive measures.

Hearing in pilots in the Finnish Air Force was exam-
ined by Kuronen et al. (2004) in a cross-sectional study.
The equivalent noise exposure level in the cockpit was
90-100 dB (A), but the exposure periods were relatively
short. Comparing with ISO 1999, the pilots heard clearly
better than normal. Health selection criteria for recruitment
to the pilot profession were the most probable cause.

Ribak et al. (1985) reported that hearing in 777
pilots/navigators in the Israeli Air Force was reduced
with increasing age, but no significant impact of the
type of aircraft or the number of hours flown could be
demonstrated.

Hearing in 525 pilots aged 20-40 years in the French Air
Force was examined in a cross-sectional study (Raynal et al.
2006). “Abnormal hearing” was detected in 19 % of the
20-30-year-old pilots and 38 % in those aged 3040 years.
Transport pilots had a slightly better hearing than the fighter
and helicopter pilots. All groups had an audiometric notch
at 6 kHz. Their hearing was not compared to any reference
material, and noise exposure data were not provided.
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In a prospective study, 512 pilots in the French Air
Force aged 20-40 years, exposed to a noise level from 90
to 140 dB (A) (SPL), were followed over a 3-year period.
Hearing was measured by pure tone audiometry and otoa-
coustic emissions (OAE) (Job et al. 2009). The author
concluded that the use of OAE to some extent could pre-
dict who was at risk of developing reduced hearing.

Trost and Shaw (2007) compared the first and last audio-
grams of 267,568 persons in the US Navy during the period
1982-2004 and found that the risk of developing a hearing
loss of 10 dB or more in the 2-4-kHz range was increased
more for every year serving on a warship (relative risk, RR
1.062) compared to service ashore (RR 1.035). The daily
exposure level was >84 dB.

Overall, it appears that the military work experience is a
significant risk factor for hearing impairment.

Civil aviation workers

In a prospective study, Wagstaff and Arva compared hear-
ing in Norwegian pilots and helicopter pilots over a 2-3-
year period with air traffic controllers and reference mate-
rial (ISO 1999). The hearing loss in the 3-, 4- and 6-kHz
ranges was slightly greater than expected according to ISO,
but not compared to the air traffic controllers. Helicopter
pilots had a normal hearing despite a significantly higher
noise exposure, LAeq, of 90-95 dB, acompared to 80-85 dB
for fixed wing pilots (Wagstaff and Arva 2009).

Qiang et al. followed 3019 pilots aged 45-54 years fly-
ing smaller aircrafts over a 10-year period. The noise expo-
sure in smaller aircrafts was assessed to be slightly higher
than in ordinary civil aviation. The flight time was used
as a proxy measure of cumulative noise exposure. When
adjusted for age, there was a positive trend for the effect of
flying hours, but it was not statistically significant (Qiang
et al. 2008).

In a cross-sectional study, Kidera and Gaskill compared
hearing in 1443 US airline pilots with a reference material.
The pilots had a normal hearing (Kidera and Gaskill 1974).

Lindgren reported that hearing in Swedish pilots
(N = 664) and cabin crew (N = 936) with a daily noise
exposure level of 75-81 dB was normal, compared to a
Swedish reference population (Lindgren et al. 2008, 2009).

In a cross-sectional study, Smedje et al. compared hear-
ing in 327 aircraft mechanics with a Swedish reference
population. The daily noise exposure was from 70 to 91 dB
with A-weighted maximum levels at 119 dB (Smedje et al.
2011). A median hearing loss of 2-3 dB in the group of
35-39 years was found. Other age groups had normal or
slightly better than normal hearing.

Overall, civil aviation personnel with the current hearing
conservation measures are generally not exposed to a noise
level that is detrimental to hearing.
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Railway workers

In a cross-sectional study of 9778 male railway employees,
a hearing loss of 2-7 dB was found in the frequency range
above 2 kHz, compared to ISO 1999, Annex B (Kryter
1991). The use of firearms was reported to be associated
with a greater hearing loss. In another cross-sectional study,
Clark and Popelka (1989) found that hearing in 9427 train-
men did not differ from that of a reference population (ISO
1999). The daily noise exposure was on average 78 dB and
ranged from 61 to 89 dB.

Virokanna et al. (1994) found that Finnish railway track
maintenance workers with a daily noise exposure level of
94 dB (A) had a smaller hearing loss than expected, com-
pared to the ISO 1999. This was attributed to the use of
hearing protection.

Overall, there is no basis for claiming that this group
runs a high risk of hearing loss caused by noise exposure
in the workplace, but longitudinal studies to strengthen this
conclusion are not available.

Farmers

In a cross-sectional study, hearing in 60 US farmers from
Iowa was compared with hearing in 60 age- and sex-
matched nonnoise-exposed controls. The farmers had
significantly reduced hearing compared to the controls
(Plakke and Dare 1992). Stewart et al. (2003) reported that
US part-time farmers had reduced hearing compared to
full-time farmers and attributed this to more noisy and low-
quality farming machinery in part-time farmers. Renick
et al. (2009) examined hearing in 212 American children
and young people in agriculture and found that they had
a higher hearing threshold and twice as many audiometric
notches as a comparable reference population.

A prospective Norwegian study on various occupations
and hearing revealed a binaural hearing loss of 5.3 dB in the
3-6-kHz area among farmers, compared with a reference
group (teachers) (Engdahl and Tambs 2010). Hwang et al.
(2001) also reported an increased risk of hearing loss in farm-
ers associated with noise exposure in an interview survey of
1622 farmers. A report from New Zealand assessed farmers as
a high-risk group for occupational hearing loss (Thorne 2006).

In conclusion, farmers seem to be at risk of developing
NIHL.

Musicians

In 1994, Palin published a review article on hearing in clas-
sical musicians (Palin 1994). The author discusses find-
ings from a total of 11 studies published between 1960
and 1992. In several of the studies, the participation rate
was low and the measured noise levels are described as

“unlikely harmful to hearing”. In spite of this, Palin con-
cludes that the overall opinion is that musicians are at risk
of developing NIHL.

Since 1994, several cross-sectional studies of classi-
cal musicians have been published (Kahari et al. 2001;
Emmerich et al. 2008; Hamdan et al. 2008; Jansen et al.
2009; Pawlaczyk-Luszczynska et al. 2011; Toppila et al.
2011). Few of the studies have measured the exposure lev-
els in the orchestra of the musicians, but some studies show
equivalent noise levels of 80-90 dB (A) (Emmerich et al.
2008; Jansen et al. 2009; Pawlaczyk-Luszczynska et al.
2011), and the number of hours of exposure was also care-
fully recorded (Hamdan et al. 2008). Most of the studies
find that the musicians do not get any more hearing loss
than the controls. However, there are studies indicating that
the hearing loss among musicians is greater than expected
for age (Emmerich et al. 2008). Brass players and percus-
sionists may be more affected than other musicians (Paw-
laczyk-Luszczynska et al. 2011), and one study suggests a
hearing loss in the 6-kHz range for this group (Jansen et al.
2009). Otoacoustic emissions (TEOAE) were recorded in a
study of singers. Singers with normal hearing had a lower
“signal-to-noise ratio” than controls, which may indicate
subclinical cochleae dysfunction (Hamdan et al. 2008). In a
follow-up study over 16 years of 56 musicians, male musi-
cians lost 0.7 dB per year in the 3—8-kHz range, while the
female musicians lost 0.4 dB per year. The losses were not
greater than in a control group (Kahari et al. 2001). Simi-
lar results were reported in another study from the Nordic
countries, where 135 musicians were examined after 3 and
8 years. After 8§ years, the hearing loss was close to normal
(Ostri and Parving 1991).

In a cross-sectional study of rock musicians from
1978, the prevalence of hearing impairment was found to
be remarkably low (Axelsson and Lindgren 1978). In a
follow-up study of 53 Swedish rock musicians 16 years
after the initial investigation, the hearing loss was slightly
less than expected, despite an equivalent exposure level of
90-105 dB from 20 to 25 h/week (Axelsson et al. 1995).
Drummers had a slightly greater hearing loss than other
musicians. The author suggests that a positive attitude
to the music may have a protective effect on hearing. In
another study, a group of drummers was examined by otoa-
coustic emissions. The amplitudes of DPOAE (6000 Hz)
were missing to a greater extent than in the controls, sug-
gesting a hearing loss (Pride and Cunningham 2005).

Other studies of rock/jazz musicians have uncovered
equivalent exposure levels from 111 to 129 dB (A) (K&héri
et al. 2003) and 83-90 dB during practice, and 90-96 dB
during concerts (Mcllvaine et al. 2012). Equivalent lev-
els at 95-108 dB (A) were measured at rock concerts in
Sweden (Almstedt et al. 2000). Subjective hearing impair-
ment was reported in 75 % of the musicians (Kihéri et al.
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2003). Temporary problems, such as tinnitus and hypera-
cusis in adolescents attending rock concerts, are also being
reported, but an excess risk of permanent hearing loss could
not be demonstrated (Almstedt et al. 2000).

The noise exposure level is most pronounced in rock/
jazz musicians, who also have more hearing complaints
and a greater degree of hearing loss than in the case for
classical musicians. A possible elevated risk of hearing loss
is quite modest for musicians as a group.

Kindergarten employees

Girding (1980) studied noise and hearing in 17 Swedish
nurseries with 79 employees. The equivalent noise expo-
sure was on average 83 dB (A). Employees with more
than 11 years of employment heard worse than those with
less seniority, but age and noise exposure levels were not
adjusted for.

Rubak et al. (2006) compared hearing in a nursery staff
with a group not exposed to noise and found that the nurs-
ery staff had a normal hearing.

Results from a Norwegian survey revealed normal hear-
ing in a group of 165 nursery workers (Engdahl and Tambs
2010).

Overall, the literature suggests that the noise exposure is
too low to cause any hearing loss among nursery staff, and
their hearing does not differ from nonexposed controls.

Other professions

Lesage et al. conducted a cross-sectional study of hear-
ing in 887 French policemen compared with 805 office
workers, using medical records. No noise measurements
were available. The risk of hearing loss exceeding 30 dB
at 4 kHz was elevated, odds ratio (OR) 1.41 (1.06-1.90),
especially for the use of police motorcycles (Lesage et al.
2009).

Hearing in Australian mining workers was tested in
1985-1988 in a cross-sectional study (N = 8774). The
group had an average daily noise exposure of 90 dB. More
than 40 % of them had a hearing loss that gave the right
to workers’ compensation. This was less than in the period
from 1982 to 1985, where 56 % had a right to compensa-
tion. The hearing loss was associated with age and expo-
sure to noise. The use of hearing protection appeared to
have some preventive effect (Leigh and Morgan 1990).

Rubak et al. compared hearing in Danish workers in
noise hazardous work with nonnoise-exposed and found
that the risk of hearing loss >20 dB at 2-4-kHz area was
tripled by exposure to noise for more than 20 years. For
employees <30 years of age, or who started in noise-
exposed work after 1990, there was no increased risk of
hearing loss (Rubak et al. 2006).
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In a Norwegian prospective study, the mean binaural
age-adjusted hearing loss, 3—6 kHz, in men was greatest
among woodworkers (11.2 dB), miners (10.9 dB), con-
struction workers (9.2 dB), military personnel (8.2 dB)
and farmers (5.3 dB), compared to teachers (Engdahl and
Tambs 2010). In younger men and women, the impact of
occupational exposure was much smaller.

Impulse noise and hearing

Exposure to impulse noise among metal workers, workers
at a high-voltage transmission station and Swedish mili-
tary officers have been shown to cause a significant hearing
loss (Kamal et al. 1989; Christiansson and Wintzell 1993;
McBride and Williams 2000). Most of the hearing loss was
in the higher frequencies (3-8 kHz). The hearing loss at
4 kHz was approximately 5-10 dB for those under 30 and
3540 dB for those between 50 and 60 years of age (Chris-
tiansson and Wintzell 1993).

In a Swedish cross-sectional study (Nilsson et al. 1977),
hearing was studied in 1492 employees at a shipyard with
noise exposure ranging from L., = 88 to 94 dB and with a
lot of impulse noise, typically 2500 pulses per day with peak
noise levels from 105 to 135 dB (A). Despite the fact that
almost 90 % used hearing protection, about 60 % were judged
to have a noise-induced hearing loss. After individual age cor-
rection according to ISO 1999, still about 40 % of them were
diagnosed with hearing loss. The authors conclude that the
impulse noise in shipyards is particularly damaging to hearing.

Three groups of Finnish metal workers and welders,
each with 10 subjects, who had been exposed to impulse
noise over a short, medium and long period, respec-
tively, were compared with 12 employees in a cable fac-
tory exposed to continuous noise (Mantysalo and Vuori
1984). The longer the duration of impulse noise exposure,
the greater the prevalence of hearing loss. It was also con-
cluded that recurrent impulse noise appears to result in
permanent hearing loss at frequencies 4 and 6 kHz after a
shorter exposure time compared to continuous noise.

In a Norwegian population study (N = 51,975), the par-
ticipants were asked about occupational noise and impulse
noise, including shooting (Tambs et al. 2006). It was a clear
but moderate effect on hearing among the relatively few
women who were exposed to impulse noise. For women
over 64 years, a loss of 4-6 dB was found at 3-8 kHz. For
men aged 45-64 years, the corresponding hearing loss was
8 dB. Among men older than 64 years, there was a loss of
approximately 7 dB in the range 2-8 kHz. Among men
younger than 45 years, the hearing loss was 1-3 dB for the
frequency range 3-8 kHz. While continuous noise gener-
ally resulted in a U-shaped” audiogram with the greatest
loss in 3—4 kHz, impulse noise gave a loss in a much larger
frequency range, in the oldest group from 2 to 8 kHz.
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The referred studies show that impulse noise can cause
a significant hearing loss, but do not answer the question
whether impulse noise is more damaging to hearing than
continuous noise. A main difference is that impulse noise
exposure may be extreme and cause an acute hearing loss.
Continuous noise will generally generate a slow developing
hearing loss.

In a review article, Clifford and Rogers (2009) con-
cludes that impulse noise can cause more damage than the
amount of energy calculated would indicate, compared to
continuous noise. The reason for this is an overload of both
the hair cells and the cellular antioxidant system at high
exposure levels. Higher exposure levels may also produce
a mechanical damage in the cochlea. Animal studies also
indicate that impulse noise is more damaging than continu-
ous noise.

Impulse noise is a particularly important problem in the
military, with very high peak exposures, and the degree of
protection when using normal hearing protection is there-
fore limited. The use of hearing protection may also come
in conflict with the security during armed missions.

Henderson and Hamernik reported a significantly higher
risk of hearing loss for a highly peaked exposure (“high
kurtosis) compared with continuous noise. He also makes
note that the USA use a 5-dB correction factor (“trading
factor””) compared to the 3 dB in Europe, i.e., the amount of
energy is considered to be doubled for every 3-dB increase
in European computations compared to 5 dB at US cal-
culations (Henderson and Hamernik 2012). Experts have
discussed whether to add a safety margin of 5 dB when
estimating the noise exposure of impulse noise at an 8-h
basis (Von Gierke et al. 1982; Thorne 2006; Arbejdstilsynet
2007).

Population-based studies on hearing

Since 1990 when ISO 1999 was published, several major
population studies of hearing have been conducted. These
have demonstrated a number of factors other than age, gen-
der and noise that affect hearing.

Cruickshanks et al. (1998) conducted a cross-sectional
study of 3753 people aged 48-92 years from Beaver Dam,
Wisconsin. A hearing loss was defined as a pure tone aver-
age (PTA) at 0.5-4 kHz >25 dB in the worst ear. Hearing
loss was very common among the elderly, with a preva-
lence of almost 50 %, and was associated with high age,
male gender, low education and income, and occupational
noise exposure.

In a later follow-up, the same author examined the
cumulative incidence of hearing loss after 2.5, 5 and
10 years (Cruickshanks et al. 2010). The cumulative inci-
dence of hearing loss over a 10-year period was associated
with a 5-year increase in age [hazard ratio (HR) 1.81], male

gender (HR 2.29), unmarried status (HR 1.29), low educa-
tion (HR 1.40), noisy occupation (HR 1.34) and a nonsig-
nificant increase in self-reported noise at work (HR 1.16)
when adjusted for relevant factors.

Dalton et al. (2001) conducted a new analysis of the
“Beaver Dam-material” in 2000 and reported that exposure
to leisure noise (woodworking, chainsaw, metalwork) pro-
duced a small increase in the risk of hearing loss >25 dB
for low-frequency loss (0.5-4 kHz; OR 1.11) and for high-
frequency loss (4-8 kHz; OR 1.16) if the exposure was
>90 dB (A). The use of musical instruments was associ-
ated with a decreased risk of hearing loss. The authors con-
cluded that leisure noise can cause hearing loss in men pro-
vided sufficient exposure, but the effect is small.

Data from the “Beaver Dam Offspring Study” (Nash
et al. 2011) (N = 3285) showed that hearing loss, defined
as an average hearing threshold of 25 dB or more for the
range of 0.5-4 kHz, was significantly associated with high
age, male gender, low education, noisy job, ear surgery and
changes in the central vein of the retina of the eye (a meas-
ure of vascular changes). The hearing loss associated with
a 5-year age increase was 2.4 dB, male gender was asso-
ciated with a 5.9-dB loss, low versus high education with
a 3.6-dB loss, noisy work with a 1.5-dB loss and having
undergone surgery to the ear with 8.9-dB loss. A border-
line significant association with hearing loss was reported
for cardiovascular disease, diabetes, high blood pressure,
smoking, lack of exercise and high cholesterol.

Ecob et al. followed individuals born in 1958 being
at the age of 45 years in 2003 in an English longitudinal
study. Belonging to lower social group (manual vs non-
manual work) was associated with a 1-3-dB hearing loss at
4 kHz in men and <0.7 dB in women, adjusting for relevant
factors (Ecob et al. 2008).

Engdahl et al. found in a Norwegian study of 51,975 res-
idents of the county of Nord-Trgndelag (HUNT) that men
without any occupational noise exposure had a better hear-
ing of 1-7 dB at 4 kHz in men compared to those exposed,
least for the youngest. The corresponding figures were neg-
ligible for women (Engdahl et al. 2005). Linking the data
of hearing to occupational data from 1970 to 1990 revealed
that the occupational hearing loss was greatest, 11 dB, in
male woodworkers and miners (Engdahl and Tambs 2010).
The hearing loss was greatest in men who were >45 years
at the time of the survey. For men <45 years and for
women, the occupational hearing loss was much smaller
(Tambs et al. 2006).

In an analysis of data from the US Health and Nutrition
Survey (NHANES 1999-2002) (N = 5742), Agrawal et al.
(2009) reported that a hearing loss of 25 dB or more for the
range of 0.5-4 kHz was significantly associated with age,
gender, Caucasian ethnicity, low education, smoking, noise
exposure and risk factors for cardiovascular disease.
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Flamme et al. (2011) examined the relationship
between hearing and age, gender and ethnicity in 5056
men and women from the same NHANES survey. Afri-
can-American men had better hearing than white cau-
casians and men of Mexican ancestry, when relevant
external factors were adjusted for. The difference was par-
ticularly large for the 3—-6-kHz area for ages higher than
30. For a man aged 50-59, the difference at 4 kHz con-
stitutes approximately 10 dB. For women, the differences
were only minor.

Based on the NHANES material, Fabry et al. (2011)
reported that passive smoking, quantified by measure-
ment of cotinine in urine, was associated with a hearing
loss.

Diabetes and age were also reported to predict hearing
loss. Diabetics had a greater hearing loss than nondiabet-
ics in the 3—6-kHz range in a major US population survey
(NHANES 1999-2004) (Bainbridge et al. 2008).

In 2008, Fransen et al. (2008) conducted a Euro-
pean cross-sectional multicenter study (N = 4083) of the
impaired hearing due to a number of factors, such as occu-
pational noise, shooting, height, weight, smoking, choles-
terol, diabetes, BMI, heart disease, hypertension and pig-
mentation/eye color. Adjusted for age and gender, hearing
loss was associated with occupational noise, high BMI
and smoking. Better hearing was associated with moder-
ate alcohol intake and height (a tall person has better hear-
ing than a short one). Factors in other studies that have
been associated with hearing loss, such as shooting, high
cholesterol, diabetes, exposure to solvents, heart disease,
hypertension and pigmentation/eye color, had no signifi-
cant effect on hearing in this study. Based on the fact that
several factors were analyzed simultaneously, the require-
ments for statistical significance were set high. The authors
conclude that age-induced hearing loss may be modestly
reduced by the same recommended actions as for the pre-
vention of cardiovascular disease.

Gopinath et al. (2010) examined hearing in 2815 Aus-
tralian men and women more than 50 years old in a cross-
sectional study which was part of the “Blue Mountain
Hearing Study”. Adjusting for relevant factors, smoking
was associated with an increased risk of hearing loss (OR
1.63), and a moderate alcohol consumption led to a slight
protective effect (OR 0.75). At a follow-up 5 years later,
they found no effect of alcohol and smoking on new cases
of hearing impairment. Food intakes of vitamins A, C and
E and beta carotene were measured by an extensive ques-
tionnaire. Vitamin intake had no effect on hearing, neither
in the first round nor in the 5-year follow-up (Gopinath
et al. 2011).

US studies indicate that hearing in the population has
improved in recent years. Hoffmann et al. (2010) compared
reference data from 1959 to 1962 with data from 1999 to
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2004 and found that hearing in the noise-sensitive area
(3—6 kHz) has been improved by approximately 5 dB. Less
noise exposure, better hearing conservation programs and
better management of ear infections were suggested as pos-
sible causes.

Similar findings were revealed by Zhan et al. (2010) in
a follow-up of hearing data from the Beaver Dam stud-
ies from 1993 to 1995 and 2003 to 2005. The prevalence
of hearing loss, defined as PTA thresholds at 0.5, 1, 2 and
4 kHz >25 dB, was reduced by 13 % in men and 6 % in
women for every 5 years of observation. Lower noise expo-
sure and healthier lifestyle were cited as possible causes.

Occupational exposure to vibration and hearing

Vibration and vibration-induced white fingers (VWF), with
concomitant noise exposure, have for many years been con-
sidered as possible risk factors for developing hearing loss.

Iki et al. (1986) examined 74 forest workers, 37 with and
37 without VWE. VWF was associated with greater hearing
loss in the noise-sensitive area (3—6 kHz). In a longitudinal
study, the same authors reported that individuals with VWF
had greater hearing loss in the 2—4-kHz range than controls
(Iki et al. 1989).

Similar findings were shown in a cross-sectional study
of Romanian miners with (N = 84) and without (N = 264)
VWF (Szanto and Ligia 1999) and in a follow-up of a
cohort of 276 Swedish male workshop workers (Pettersson
et al. 2012).

Starck et al. (1999) found in a group of Finnish forestry
workers (N = 199) and shipyard workers (N = 171) that
smoking, VWF and noise all contributed significantly to
the age-adjusted hearing loss. Pyykko et al. (1986) also
reported an association between VWF and hearing in a
longitudinal study of 32 forest workers with VWF and
32 matched controls. The difference amounted to about
10 dB at 4 and 8 kHz, but did not increase over time. The
same authors reported similar hearing loss (10 dB) asso-
ciated with VWF in two other studies of forest workers
(Pyykko et al. 1981, 1987), whereas a longitudinal study
of 199 forest workers did not reveal any significant effect
of vibration on hearing (Pyykko et al. 1989). In another
study of a mixture of miners, metal workers, shipyard
workers, forestry workers and patients referred to a clinic,
Pyykko et al. (2007) reported that workers with Raynaud
disease were more susceptible to hearing loss at 4 kHz
than others.

Virokannas et al. (1994) reported no effect of VWF
on hearing in a cross-sectional survey of railway work-
ers (N = 117) with significant exposure to noise and
vibration.

In an experimental study of healthy young subjects,
Zhu et al. (1997) reported that exposure to noise with Ly,
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>90 dB and vibration gave a greater temporary hearing loss
(TTS) than exposure to noise only. Exposure to vibration
only had no effect on hearing.

Most of the studies we identified suggest that vibration
and VWF are risk factors for getting hearing loss from
noise exposure. It is difficult to distinguish vibration from
noise since a lot of the noise comes from vibrating tools,
such as chainsaws, power tools and pneumatic tools (Bur-
gess and Williams 2006; Thorne 2006). There is still reason
to believe that those who have circulation problems, such
as VWE, are more likely to develop hearing loss due to
noise. Experimental studies support this (Zhu et al. 1997).

Occupational exposure to chemicals and hearing

During the last 20-25 years, questions have been raised
whether chemical substances can cause hearing loss (John-
son and Morata 2010). The focus has especially been on
drugs with neurotoxic effects. Most of the research litera-
ture is based on experimental work on laboratory animals.
In this review, we have mainly focused on studies in
humans, but we have included a few animal experimental
studies discussed in review articles (Le Prell et al. 2007,
Johnson and Morata 2010; Morata and Johnson 2012).

Solvents

In three small cross-sectional studies, Fuente et al.
reported that solvent exposure is associated with hearing
loss (Fuente and McPherson 2007a, b; Fuente et al. 2009;
Fuente and Hickson 2011). The same was reported in stud-
ies by Jacobsen et al. (1993) in a Danish cross-sectional
study of 3282 men, by Botelho et al. (2009) among 155
Brazilian steel workers and by Kim et al. (2005) among
542 men from the aerospace industry. A Polish cross-sec-
tional study of 3741 men from 24 factories also found that
solvent exposure was associated with hearing loss (Dudare-
wicz et al. 2010). In a cross-sectional study of 393 Ameri-
can apprentices, a 1-year solvent exposure was estimated to
cause a hearing loss of 0.6 dB (Seixas et al. 2004).

Chang et al. compared hearing in 58 employees with
exposure to noise and toluene with 58 employees with noise
exposure only and 58 nonexposed workers. The prevalence
of hearing loss >25 dB was higher in the noise + toluene
group compared to the noise group and lowest in the non-
exposed group (Chang et al. 2006).

Carbon disulfide was shown to reduce hearing in the low
frequencies in a study of 346 rayon wool workers, where
105 were exposed to equivalent noise levels of 80-90 dB,
132 were exposed to a combination of noise and car-
bon disulfide, and the rest were not exposed (Chang et al.
2003). The hearing loss was about 10 dB in both exposed
groups compared to the nonexposed.

Sliwinska-Kowalska et al. (2005) reported that the
combination of noise and solvents, such as styrene,
xylene, n-hexane and toluene, caused a hearing loss in a
study of 1117 workers from different industries. Another
study of 290 solvent-exposed workers and 213 controls
from a plastic boat factory revealed that various combi-
nations of styrene, toluene and noise gave significantly
increased hearing loss and that the effects were at least
additive, and perhaps synergistic (Sliwinska-Kowalska
et al. 2003). In a study of 701 shipyard workers exposed
to noise, xylene and toluene, the combination of expo-
sures on hearing was found to be additive (Sliwinska-
Kowalska et al. 2004).

In an Australian study from a ceramic factory, solvent-
exposed workers got audiometric notches earlier than
those who were not solvent exposed, Safia Beshir et al.
(2011).

Morata et al. (1993) reported that the combination of
noise and solvents increased the hearing loss compared
with exposure to noise and solvents separately, i.e., a syn-
ergistic effect.

However, no detrimental effect on hearing was found
from exposure to styrene in a study of 32 boat build-
ers (Hoffmann et al. 2006) nor in a European population
exposed to solvents (Fransen et al. 2008) or in styrene-
exposed German ship workers (Triebig et al. 2009).

Other chemicals

In a study of 412 Taiwanese steel mill workers, an associa-
tion between lead in blood and hearing loss was reported,
but the study revealed no effect on hearing of exposure to
copper, zinc, arsenic and cadmium (Hwang et al. 2009).

Choi et al. (2012) reported an association between
cadmium in blood and hearing loss, but not for lead in
blood.

Crawford et al. reported a weak correlation between
exposure to organophosphates and self-reported hearing
loss in a survey of 14,229 pesticide-exposed workers (OR
1.17) (Crawford et al. 2008).

Possible mechanisms

There are numerous studies on humans showing that vari-
ous chemicals may affect hearing. The exposure data on
noise and chemicals are of low quality in most studies,
and it is therefore difficult to conclude on a dose-response
relationship.

In a review article, Morata and Johnson (2012) have
described a number of animal studies showing dose—
response relationship. Several solvents, such as styrene,
toluene, xylene, ethylbenzene, trichloroethylene, n-hex-
ane, jet fuel, white spirit and other solvent mixtures, have
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ototoxic properties in humans and affect both cochlear
and more central nervous structures (Johnson and Morata
2010). Ototoxic properties are also evidenced by exposure
to lead, carbon monoxide and pesticides, such as organo-
phosphates (Burgess and Williams 2006). There is experi-
mental evidence from animal studies that the effects of
noise and solvents are synergistic with regard to hearing
loss (Morata and Johnson 2012), and this may also be the
case in human studies (Jacobsen et al. 1993; Morata et al.
1993; Kim et al. 2005; Fuente and McPherson 2007a, b;
Botelho et al. 2009; Fuente et al. 2009; Fuente and Hick-
son 2011). The damage to the cochlea of ototoxic sub-
stances is similar to that from exposure to noise and may
explain the synergistic effect.

In addition, it appears that age may modify the ototoxic
effect. Young laboratory animals appear to be more vulner-
able than older ones with respect to hearing loss from both
noise and chemicals. Whether this also applies to exposure
to chemicals or noise in humans is more uncertain (Johnson
and Morata 2010).

In summary, the chemicals best documented to have an
effect on hearing in humans at exposures around the occu-
pational exposure limit (OEL) are styrene, toluene, lead,
mercury, carbon disulfide and carbon monoxide (Johnson
and Morata 2010).

Several medications have ototoxic properties. Most nota-
ble is the cancer drug, cisplatin, which has a fairly strong
ototoxic effect. Another group of ototoxic drug is amino-
glycosides. Aspirin may also cause hearing loss (Johnson
and Morata 2010).

The US National Institute of Occupational Safety and
Health (NIOSH) and the American College of Occupa-
tional and Environmental Medicine (ACOEM) have rec-
ommended that exposure to ototoxic drugs and chemicals
must be taken into account when risk assessments and hear-
ing conservation programs are being made (Johnson and
Morata 2010; Kirchner et al. 2012). The US Occupational
Safety and Health Administration (OSHA) recommends
regular hearing testing of workers exposed to ototoxic sub-
stances. In Australia and New Zealand, compensation for
occupational hearing loss caused by ototoxic drugs and
chemicals may be granted (Johnson and Morata 2010).

The relationship between ototoxic drugs and chemi-
cals and hearing loss is far from fully examined, but such
exposures must be included in the assessment of possible
occupational hearing loss in workers and in the design of
preventive measures (Johnson and Morata 2010; Kirchner
et al. 2012).

Leisure-time noise and hearing

There is a common perception that leisure noise from
music players, concert participation, hunting and shooting,
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and noisy tools, such as chain saws and drills, may damage
hearing.

Tambs et al. (2003) reported an effect on hearing of the
use of firearms, with a resulting hearing loss of 7-8 dB,
but not of music (attendance at concerts or disco visit,
playing in a band or listening to portable music players)
in a Norwegian population study. In a study of otoacous-
tic emission (OAE) from the same study, Engdahl did not
find any effect of music on hearing (Engdahl and Tambs
2002).

In a population-based study from the USA (Bea-
ver Dam) (N = 3571), Dalton et al. (2001) reported that
leisure noise (woodworking, metalworking, chainsaw,
music, etc.) gave a slightly increased risk of a hearing
loss (OR 1.1) if the equivalent noise exposure level was
>90 dB (A). The use of a musical instrument was associ-
ated with a decreased risk of hearing loss. In a cross-sec-
tional study of 3510 nuclear power-plant workers, Dement
et al. (2005) did not find any effect of leisure-time noise
on hearing.

In a summary report, Thorne (2006) argues that music
to the ear can cause damage to hearing if the dose is large
enough, but for most purposes, the volume and the length
of exposure are not high enough to have any detrimen-
tal effect on hearing. Noise from firearms, however, can
be strong enough to damage hearing. Dobie (2008) also
highlights the effect of shooting noise on hearing. Clark
(1991) is of the same opinion in a review article about
leisure-time noise and hearing and concludes that fire-
arms are the main problem as a noise source, not music.
Zhao et al. mention a possible problem with new types
of music players with great battery life found in mobile
phones, etc., that makes long-term exposure to music pos-
sible. Longitudinal studies are lacking (Zhao et al. 2010).
Harrison (2012) expressed concern about the number of
children who have a hearing loss, possibly due to noise
from music players and other noise sources. Others have
also expressed concern that leisure-time noise may dam-
age hearing, but admit that the evidence for this is scarce
(Scenihr 2008; Basner et al. 2013).

In summary, it appears that the possible harmful effect
of firearms on hearing is well documented. Other types of
leisure-time noise are less likely to result in a hearing loss
sufficiently great to produce detectable evidence on a group
level. On an individual level, however, hearing loss may
occur given a sufficient exposure time and level.

Other factors that may affect hearing

Several studies have indicated a relationship between
hearing loss and smoking (Barone et al. 1987; Mizoue
et al. 2003; Uchida et al. 2005; Wild et al. 2005; Dudare-
wicz et al. 2010). An association between hearing loss
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and high levels of blood lipids has also been reported.
Axelsson and Lindgren (1985) examined hearing in 78
persons with cholesterol >7.0 mmol/L and 75 with cho-
lesterol <5.6 mmol/L and reported that high cholesterol
was associated with a hearing loss. Fuortes et al. (1995)
reported that hearing loss among 665 workers at an
American university was associated with high cholesterol
and high blood pressure. Chang et al. (2007) reported
a weak association between high blood triglycerides
and hearing loss (OR 1.28), but not for high cholesterol
(OR 0.95) among 4071 men and women who underwent
health checkups.

The incidence of type 2 diabetes was also reported to be
associated with a hearing loss (Ishii et al. 1992).

The hypothesis that factors influencing the microcircu-
lation can lead to hearing loss is plausible since the organ
of Corti has a significant blood flow and a hearing loss is
associated with decreased local circulation along with the
formation of free radicals. Findings from several surveys
are somewhat contradictory. Adjustments for possibly rel-
evant factors seem to reduce the impact of cholesterol, tri-
glycerides, high blood pressure, diabetes and heart disease
on hearing. However, it appears that smoking remains as a
factor of some importance for the impairment of hearing.
This can possibly be explained by a general inflammatory
process in the body resulting from smoking, which also
may affect the inner ear. It is therefore unclear whether pre-
vention efforts aimed at cardiovascular disease will have
any effect on hearing (Fransen et al. 2008).

Summary of results

Table 1 shows a summary of the results of the literature
review and the level of evidence. Increasing age is strongly
related to hearing loss. Men lose more hearing with age
than women. Hereditary factors explain why the variation
between individuals is great. Ear disorders may affect hear-
ing, while cardiovascular risk factors have only a minor
impact on hearing. Workers in industry, shipbuilding,
construction industry, military and farmers have the high-
est risk of hearing loss. The risk is primarily related to the
degree of noise exposure and the use of hearing protection.
Continuous noise and impulse noise can damage hearing
if the exposure is high enough. Impulse noise is probably
more harmful than continuous noise at the same level of
noise exposure (L, g,)- It is well documented that shooting
may affect hearing, while the effect of other types of lei-
sure noise is uncertain. Use of hearing protection and noise
reduction measures protects against NIHL. Certain drugs
may cause a significant hearing loss. The impact on hearing
of other chemical substances and vibration is probably of
limited importance.

Discussion

This is a systematic review of a large number of stud-
ies within this field of research and included systematic
assessment of the quality of eligible studies. Many of the
included studies are cross-sectional, which may be consid-
ered a weakness. We regarded it necessary to include these
studies to get a good enough description of occupations
and hearing loss and because the majority of the population
studies are cross-sectional. The studies are usually based on
measurements of noise and hearing, not self-report. Thus,
both exposure and outcome data come from objective data
sources. Since hearing impairment rarely leads to reloca-
tion of the worker to another job or loss of employment,
this probably represents a minor problem. We therefore
believe that cross-sectional studies on noise and hearing
provide relatively valid data.

The diversity of the outcome measures, particularly the
use of different definitions of NIHL, made comparisons
between studies more difficult. We cannot exclude the pos-
sibility of publication bias. Studies with positive results are
often easier to publish than studies with nonpositive results.
We found articles from other sources that had not been
identified in the literature search, which might imply that
we may have missed some literature, in spite of our choice
of a sensitive rather than a specific search strategy.

Population studies generally have high-quality data
on outcomes, such as hearing, and also fairly good qual-
ity on possible confounding or modifying factors, such as
smoking, heart disease and blood pressure, but the noise
exposure data are usually of a lower quality. Population
studies show that age is by far the most important predic-
tor of hearing loss. By age 60, age-related hearing loss (in
the 3—6-kHz range) is approximately 30-40 dB for males
and 20 dB for females. Determining whether hearing loss
exceeds the age-expected decline is made feasible by com-
parison with age-related hearing levels for populations who
have not been exposed to noise. At the group level, hearing
loss in noise-exposed workers that exceeds the age norm
can be ascribed to occupational noise exposure and other
exposures and factors that may cause a hearing loss. On an
individual level, however, it is not possible to distinguish
between a hearing loss due to aging, genetic predisposition
and noise exposure. Impulse noise is probably more dam-
aging to hearing than continuous noise and can, if the expo-
sure level is high enough, lead to a permanent hearing loss.

Other factors, in addition to noise, may have an impact
on hearing. Population studies show that men are more
likely to experience hearing loss than women, and genetic
factors also play an important role. Moreover, social
economic background and ethnicity are of importance
(African-Americans experience less hearing loss than
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Table 1 Risk factors for hearing loss

Risk Evidence Comments
Personal factors
Age +++ K High age is strongly related to hearing loss
Male sex ++ ok Men lose more hearing than women
Hereditary conditions ++ Hokok Explains a great part of the individual variation in hearing loss
Socioeconomic factors + ok Low social class, income and education related to reduced hearing
Ethnicity + HE White Caucasians lose more hearing than Afro-Americans
Health factors
Ear disease ++ FkE
Cardiovascular disease + *
Hypertension + *
Diabetes + *
Smoking + *
Cholesterol ? *
Triglycerides ? *
Occupations
Industrial workers ++ *E Depending on noise exposure level and use of protection
Shipyard workers ++ wE
Construction workers ++ *E
Offshore workers + *
Professional divers + wx
Fire fighters + *oE
Military workers ++ ko
Civil aviation workers + wE
Railway workers + wE
Farmers ++ o
Musicians + ok
Kindergarten employees + * Probably too low noise exposure
Noise exposure
Continuous noise +/44+ ok High risk with unprotected noise exposure L, g, > 90 dB. Low risk <85 dB
Impulse noise +++ Hokok
Gunfire ++ Hork
Leisure-time noise + wE Probably of minor importance at a group level
Hearing protection - HE
Other exposures
Vibration + * Vibration may increase the NIHL
Chemicals + * Styrene, CS,, toluene, lead, mercury and CO
Medication +/+++ Hokok Cisplatin, aminoglycosides

Risk assessment: +++, severe risk; +-+, moderate risk; +, low risk; ?, uncertain risk; —, reduced risk

Level of evidence: ***, high; **, medium; *, low

Caucasians). Smoking, coronary heart disease, diabetes,
high blood pressure and other risk factors for heart dis-
ease, such as elevated level of cholesterol, seem to lead to
hearing damage, but here the research findings are more
uncertain, and there are reasons to expect some publication
bias. Exposure to chemicals (e.g., solvents, lead) and cer-
tain medications may cause hearing loss, and it appears that
concurrent vibration may enhance the harmful effects of
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noise on hearing. Noisy leisure activities, especially use of
firearms, can also lead to hearing loss. Leisure noise from
other sources (e.g., iPods, concerts, home-repair tools)
appears to have a small effect on hearing loss in population
studies, but may still be harmful at the individual level if
the exposure is high enough.

Studies on hearing in various professions suggest that
hearing loss due to workplace noise was a significant
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problem in the 1960s and 1970s in industrialized countries,
whereas hearing loss has been a less frequent problem in
subsequent decades. The reduced occurrence of hearing loss
is probably a result of decreased noise exposure, improved
regulation and use of protective equipment, but the evidence
for this is still limited (Verbeek et al. 2012). This positive
trend does not apply to developing countries, where exposure
to high levels of noise at work is still significant. As of today,
groups of higher risk are found in the armed forces, the engi-
neering industry, building and construction, and agriculture.
Employees who seem to have little or no risk of harmful
noise exposure at work are people employed in school, day
care, transportation, musicians, police and firefighters.

Compliance with ethical standards

Conflict of interest The study was financially supported by the
Norwegian Ministry of Labour and Social Affairs with 450.000 NOK.
The authors declare no conflict of interest. The study protocol was not
registered as a systematic review with a registration number.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

Agrawal Y, Platz EA, Niparko JK (2009) Risk factors for hearing
loss in US adults: Data from the National Health and Nutrition
Examination Survey, 1999-2002. Otol Neurotol 30(2):139-145

Ahlen C, Mandal LH, Iversen OJ (1998) Identification of infectious
Pseudomonas aeruginosa strains in an occupational saturation
diving environment. Occup Environ Med 55(7):480-484

Almstedt AC, Gustafsson T, Axelsson A (2000) Risk of hearing dam-
age in connection with pop and rock concerts. The maximum
permissible sound level should be legally confirmed. Lakartid-
ningen 97(10):1102-1104

Arbejdstilsynet D (2007) Stgj. At-vejledning D.6.1

Ariens GA, van Mechelen W, Bongers PM, Bouter LM, van der Wal
G (2000) Physical risk factors for neck pain. Scand J Work
Environ Health 26(1):7-19

Assadi SN, Esmaily H, Mostaan L (2013) Comparison of sensory-
neural hearing between firefighters and office workers. Int J
Prev Med 4(1):115-119

Axelsson A, Lindgren F (1978) Hearing in pop musicians. Acta Oto-
laryngol 85:225-231

Axelsson A, Lindgren F (1985) Is there a relationship between hyper-
cholesterolaemia and noise-induced hearing loss? Acta Otolar-
yngol 100(5-6):379-386

Axelsson A, Eliasson A, Israelsson B (1995) Hearing in pop/rock
musicians: a follow-up study. Ear Hear 16(3):245-253

Bainbridge KE, Hoffman HJ, Cowie CC (2008) Diabetes and hearing
impairment in the United States: audiometric evidence from the
National Health and Nutrition Examination Survey, 1999-2004.
Ann Intern Med 149(1):1-10

Barone JA, Peters JM, Garabrant DH, Bernstein L, Krebsbach R
(1987) Smoking as a risk factor in noise-induced hearing loss. J
Occup Med 29(9):741-745

Basner M, Babisch W, Davis A, Brink M, Clark C, Janssen S, Stans-
feld S (2013) Auditory and non-auditory effects of noise on
health. Lancet

Bauer P, Korpert K, Neuberger M, Raber A, Schwetz F (1991) Risk
factors for hearing loss at different frequencies in a popu-
lation of 47,388 noise-exposed workers. J Acoust Soc Am
90(6):3086-3098

Bergstrom B, Nystrom B (1986) Development of hearing loss during
long-term exposure to occupational noise. A 20-year follow-up
study. Scand Audiol 15(4):227-234

Bhumika N, Prabhu G, Ferreira A, Kulkarni M (2013) Noise-induced
hearing loss still a problem in shipbuilders: a cross-sectional
study in Goa, India. Ann Med Health Sci Res 3(1):1-6

Botelho CT, Paz APML, Goncalves AM, Frota S (2009) Comparative
study of audiometrics tests on metallurgical workers exposed to
noise only as well as noise associated to the handling of chemi-
cal products. (Portuguese, English) Estudo comparativo de
exames audiometricos de metalurgicos expostos a ruido e ruido
associado a produtos quimicos. Braz J Otorhinolaryngol 75(1):
51-57

Brady JI Jr, Summitt JK, Berghage TE (1976) An audiometric survey
of Navy divers. Undersea Biomed Res 3(1):41-47

Bruehl P, Ivarsson A, Toremalm NG (1994) Noise-induced hearing
loss in an automobile sheet-metal pressing plant. Scand Audiol
23(2):83-92

Burgess M, Williams W (2006) Non-noise contributors to occupa-
tional hearing loss. Acoust Aust 34(3):109-116

Carlsson PI, Van Laer L, Borg E, Bondeson ML, Thys M, Fransen
E, Van Camp G (2005) The influence of genetic variation in
oxidative stress genes on human noise susceptibility. Hear Res
202(1-2):87-96

Chang SJ, Shih TS, Chou TC, Chen CJ, Chang HY, Sung FC (2003)
Hearing loss in workers exposed to carbon disulfide and noise.
Environ Health Perspect 111(13):1620-1624

Chang SJ, Chen CJ, Lien CH, Sung FC (2006) Hearing loss in work-
ers exposed to toluene and noise. Environ Health Perspect
114(8):1283-1286

Chang NC, Yu ML, Ho KY, Ho CK (2007) Hyperlipidemia in noise-
induced hearing loss. Otolaryngol Head Neck Surg 137(4):603—606

Chang NC, Ho CK, Wu MT, Yu ML, Ho KY (2009) Effect of man-
ganese-superoxide dismutase genetic polymorphisms IVS3-
23T/G on noise susceptibility in Taiwan. Am J Otolaryngol
30(6):396-400

Chang NC, Ho CK, Lin HY, Yu ML, Chien CY, Ho KY (2011) Asso-
ciation of polymorphisms of heat shock protein 70 with suscep-
tibility to noise-induced hearing loss in the Taiwanese popula-
tion. Audiol Neuro-Otol 16(3):168—-174

Choi YH, Hu H, Tak S, Mukherjee B, Park SK (2012) Occupational
noise exposure assessment using O*NET and its application
to a study of hearing loss in the US general population. Occup
Environ Med 69(3):176-183

Christensen K, Frederiksen H, Hoffman HJ (2001) Genetic and envi-
ronmental influences on self-reported reduced hearing in the old
and oldest old. J Am Geriatr Soc 49(11):1512-1517

Christiansson BAC, Wintzell KA (1993) An audiological survey of
officers at an infantry regiment. Scand Audiol 22(3):147-152

Clark WW (1991) Noise exposure from leisure activities: a review. J
Acoust Soc Am 90(1):175-181

Clark WW, Bohl CD (2005) Hearing levels of firefighters: risk of
occupational noise-induced hearing loss assessed by cross-sec-
tional and longitudinal data. Ear Hear 26(3):327-340

Clark WW, Popelka GR (1989) Hearing levels of railroad trainmen.
Laryngoscope 99(11):1151-1157

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

368

Int Arch Occup Environ Health (2016) 89:351-372

Clifford RE, Rogers RA (2009) Impulse noise: theoretical solutions to
the quandary of cochlear protection. Ann Otol Rhinol Laryngol
118(6):417-427

Coles RR (1976) Cochleo-vestibular disturbances in diving. Audiol-
ogy 15(4):273-278

Crawford JM, Hoppin JA, Alavanja MCR, Blair A, Sandler DP,
Kamel F (2008) Hearing loss among licensed pesticide appli-
cators in the agricultural health study. J Occup Environ Med
50(7):817-826

Cruickshanks KJ, Klein R, Klein BEK, Wiley TL, Nondahl DM,
Tweed TS (1998) Cigarette smoking and hearing loss:
the epidemiology of hearing loss study. J Am Med Assoc
279(21):1715-1719

Cruickshanks KJ, Nondahl DM, Tweed TS, Wiley TL, Klein BEK,
Klein R, Chappell R, Dalton DS, Nash SD (2010) Education,
occupation, noise exposure history and the 10-yr cumulative
incidence of hearing impairment in older adults. Hear Res
264(1-2):3-9

Curley MD, Knafelc ME (1987) Evaluation of noise within the MK
12 SSDS helmet and its effect on divers’ hearing. Undersea
Biomed Res 14(3):187-204

Dalton DS, Cruickshanks KJ, Wiley TL, Klein BEK, Klein R, Tweed
TS (2001) Association of leisure-time noise exposure and hear-
ing loss. Audiology 40(1):1-9

Demeester K, Van Wieringen A, Hendrickx J-J, Topsakal V, Huyghe
J, Fransen E, Van Laer L, Van Camp G, Van de Heyning P
(2010) Heritability of audiometric shape parameters and famil-
ial aggregation of presbycusis in an elderly Flemish population.
Hear Res 265(1):1-10

Dement J, Ringen K, Welch L, Bingham E, Quinn P (2005) Sur-
veillance of hearing loss among older construction and trade
workers at Department of Energy nuclear sites. Am J Ind Med
48(5):348-358

Dobie RA (2008) The burdens of age-related and occupational noise-
induced hearing loss in the United States. Ear Hear 29(4)

Dudarewicz A, Toppila E, Pawlaczyk-Luszczynska M, Sliwinska-
Kowalska M (2010) The influence of selected risk factors on
the hearing threshold level of noise exposed employees. Arch
Acoust 35(3):371-382

EASHW (2005) Noise in figures. Luxembourg, Risk observatory, pp
1-116

Ecob R, Sutton G, Rudnicka A, Smith P, Power C, Strachan D, Davis
A (2008) Is the relation of social class to change in hear-
ing threshold levels from childhood to middle age explained
by noise, smoking, and drinking behaviour? Int J Audiol
47(3):100-108

Edmonds C (1985) Hearing loss with frequent diving (deaf divers).
Undersea Biomed Res 12(3):315-319

Edmonds C, Lowry C, Pennefathe RJ (1992) Diving and subaquatic
medicine practice, 3rd edn. Surrey, UK, Butterworth-Heine-
mann Ltd

Emmerich E, Rudel L, Richter F (2008) Is the audiologic status of
professional musicians a reflection of the noise exposure
in classical orchestral music? Eur Arch Otorhinolaryngol
265(7):753-758

Engdahl B, Tambs K (2002) Otoacoustic emissions in the gen-
eral adult population of Nord-Trondelag, Norway: II. Effects
of noise, head injuries, and ear infections. Int J Audiol
41(1):78-87

Engdahl B, Tambs K (2010) Occupation and the risk of hearing
impairment—results from the Nord-Trondelag study on hearing
loss. Scand J Work Environ Health 36(3):250-257

Engdahl B, Tambs K, Borchgrevink HM, Hoffman HIJ (2005)
Screened and unscreened hearing threshold levels for the adult
population: results from the Nord-Trondelag Hearing Loss
Study. Int J Audiol 44(4):213-230

@ Springer

Fabry DA, Davila EP, Arheart KL, Serdar B, Dietz NA, Bandiera FC,
Lee DJ (2011) Secondhand smoke exposure and the risk of
hearing loss. Tob Control 20(1):82-85

Flamme GA, Deiters K, Needham T (2011) Distributions of pure-tone
hearing threshold levels among adolescents and adults in the
United States by gender, ethnicity, and age: results from the US
National Health and Nutrition Examination Survey. Int J Audiol
50(Suppl 1):S11-S20

Fransen E, Topsakal V, Hendrickx JJ, Van Laer L, Huyghe JR, Van
Eyken E, Lemkens N, Hannula S, Maki-Torkko E, Jensen M,
Demeester K, Tropitzsch A, Bonaconsa A, Mazzoli M, Espeso
A, Verbruggen K, Huyghe J, Huygen PLM, Kunst S, Manninen
M, Diaz-Lacava A, Steffens M, Wienker TF, Pyykko I, Crem-
ers CWRIJ, Kremer H, Dhooge I, Stephens D, Orzan E, Pfister
M, Bille M, Parving A, Sorri M, Van De Heyning P, Van Camp
G (2008) Occupational noise, smoking, and a high body mass
index are risk factors for age-related hearing impairment and
moderate alcohol consumption is protective: a European popu-
lation-based multicenter study. JARO 9(3):264-276

Fuente A, Hickson L (2011) Noise-induced hearing loss in Asia. Int J
Audiol 50(Suppl 1):S3-10

Fuente A, McPherson B (2007a) Central auditory damage induced by
solvent exposure. Int J Occup Safe Ergon 13(4):391-397

Fuente A, McPherson B (2007b) Central auditory processing effects
induced by solvent exposure. Int J Occup Med Environ Health
20(3):271-279

Fuente A, Slade MD, Taylor T, Morata TC, Keith RW, Sparer J, Rabi-
nowitz PM (2009) Peripheral and central auditory dysfunction
induced by occupational exposure to organic solvents. J Occup
Environ Med 51(10):1202-1211

Fuortes LJ, Tang S, Pomrehn P, Anderson C (1995) Prospective evalu-
ation of associations between hearing sensitivity and selected
cardiovascular risk factors. Am J Ind Med 28(2):275-280

Girding S (1980) Noise in pre-schools and hearing screening of the
staff. Lakartidningen 77(41):3633-3634 (Swedish)

Gates GA, Couropmitree NN, Myers RH (1999) Genetic associations
in age-related hearing thresholds. Arch Otolaryngol Head Neck
Surg 125(6):654

Gopinath B, Flood VM, McMahon CM, Burlutsky G, Smith W,
Mitchell P (2010) The effects of smoking and alcohol consump-
tion on age-related hearing loss: the Blue Mountains hearing
study. Ear Hear 31(2):277-282

Gopinath B, Flood VM, McMahon CM, Burlutsky G, Spankovich C,
Hood LJ, Mitchell P (2011) Dietary antioxidant intake is associ-
ated with the prevalence but not incidence of age-related hear-
ing loss. J Nutr Health Aging 15(10):896-900

Hamdan AL, Abouchacra KS, Al Hazzouri AG, Zaytoun G (2008)
Transient-evoked otoacoustic emissions in a group of profes-
sional singers who have normal pure-tone hearing thresholds.
Ear Hear 29(3):360-377

Haraguchi H, Ohgaki T, Okubo J, Noguchi Y, Sugimoto T, Komat-
suzaki A (1999) Progressive sensorineural hearing impair-
ment in professional fishery divers. Ann Otol Rhinol Laryngol
108(12):1165-1169

Harashima S, Iwasaki S (1965) Occupational diseases if the Ama.
Physiology of breath-hold diving and the Ama of Japan.
National Academy of Sciences, National Research Council
Publication, Washington DC, pp 85-98

Harrison RV (2012) The prevention of noise induced hearing loss in
children. Int J Pediatr

Helfer TM (2011) Noise-induced hearing injuries, active component,
U.S. Armed Forces, 2007-2010. MSMR 18(6):7-10

Helfer TM, Jordan NN, Lee RB (2005) Postdeployment hear-
ing loss in US Army Soldiers Seen at Audiology Clinics
from April 1, 2003, through March 31, 2004. Am J Audiol
14(2):161-168



Int Arch Occup Environ Health (2016) 89:351-372

369

Helfer TM, Canham-Chervak M, Canada S, Mitchener TA (2010)
Epidemiology of hearing impairment and noise-induced hearing
injury among U.S. Military personnel, 2003-2005. Am J Prev
Med 38(suppl. 1):S71-S77

Helfer TM, Jordan NN, Lee RB, Pietrusiak P, Cave K, Schairer K
(2011) Noise-induced hearing injury and comorbidities among
postdeployment U.S. Army soldiers: April 2003—June 2009. Am
J Audiol 20(1):33-41

Henderson D, Hamernik RP (2012) The use of kurtosis measurement
in the assessment of potential noise trauma. Noise-induced
hearing loss. Springer, Berlin, pp 41-55

Hoffman HJ, Dobie RA, Ko CW, Themann CL, Murphy WJ (2010)
Americans hear as well or better today compared with 40 years
ago: hearing threshold levels in the unscreened adult popula-
tion of the United States, 1959—-1962 and 1999-2004. Ear Hear
31(6):725-734

Hoffmann J, Thrig A, Hoth S, Triebig G (2006) Field study to explore
possible effects of styrene on auditory function in exposed
workers. Ind Health 44(2):283-286

Hollien H (1993) Hearing conservation underwater

Hoogendoorn WE, van Poppel MN, Bongers PM, Koes BW, Bouter
LM (1999) Physical load during work and leisure time as
risk factors for back pain. Scand J Work Environ Health
25(5):387-403

Howell RW (1978) A seven-year review of measured hearing levels in
male manual steelworkers with high initial thresholds. Br J Ind
Med 35(1):27-31

Hwang SA, Gomez MI, Sobotova L, Stark AD, May JJ, Hallman EM
(2001) Predictors of hearing loss in New York farmers. Am J
Ind Med 40(1):23-31

Hwang YH, Chiang HY, Yen-Jean MC, Wang JD (2009) The asso-
ciation between low levels of lead in blood and occupational
noise-induced hearing loss in steel workers. Sci Total Environ
408(1):43-49

Iki M, Kurumatani N, Hirata K (1986) Association between vibra-
tion-induced white finger and hearing loss in forestry workers.
Scand J Work Environ Health 12(4):365-370

Iki M, Kurumatani N, Satoh M, Matsuura F, Arai T, Ogata A, Moriy-
ama T (1989) Hearing of forest workers with vibration-induced
white finger: a five-year follow-up. Int Arch Occup Environ
Health 61(7):437-442

Ishii EK, Talbott EO, Findlay RC, Dantonio JA, Kuller LH (1992)
Is NIDDM a risk factor for noise-induced hearing-loss in
an occupationally noise exposed cohort. Sci Total Environ
127(1-2):155-165

ISO (1990) ISO 1999. Acoustics—determination of occupational
noise exposure and estimation of noise-induced hearing loss

ISO (1990b) ISO Standard 1999. Acoustics—determination of occu-
pational noise exposure and estimation of noise-induced hearing
impairment. ISO, Geneve, Switzerland (ISO 1999:1990: 21)

Ivarsson A, Bennrup S, Toremalm NG (1992) Models for studying
the progression of hearing-loss caused by noise. Scand Audiol
21(2):79-86

Jacobsen P, Hein HO, Suadicani P, Parving A, Gyntelberg F (1993)
Mixed-solvent exposure and hearing impairment—an epidemi-
ologic-study of 3284 men—the Copenhagen male study. Occup
Med Oxf 43(4):180-184

Jansen EJM, Helleman HW, Dreschler WA, Laat J (2009) Noise
induced hearing loss and other hearing complaints among musi-
cians of symphony orchestras. Int Arch Occup Environ Health
82(2):153-164

Job A, Raynal M, Kossowski M, Studler M, Ghernaouti C, Baffioni-
venturi A, Roux A, Darolles C, Guelorget A (2009) Otoacoustic
detection of risk of early hearing loss in ears with normal audio-
grams: a 3-year follow-up study. Hear Res 251(1-2):10-16

Johansson MS, Arlinger SD (2002) Hearing threshold levels for an
otologically unscreened, non-occupationally noise-exposed
population in Sweden. Int J Audiol 41(3):180-194

Johnson JW, Gann MJ (1991) Review of audiometry results in oft-
shore workers in the Brent Field. Neth, Publ by Soc of Petro-
leum Engineers of AIME, Hague

Johnson A-C, Morata TC (2010) Occupational exposure to chemicals
and hearing impairment, vol 142. University of Gothenburg,
Gothenburg

Kahari KR, Axelsson A, Hellstrom PA, Zachau G (2001) Hearing
development in classical orchestral musicians. A follow-up
study. Scand Audiol 30(3):141-149

Kihiri K, Zachau G, Eklof M, Sandsjo L, Moller C (2003) Assess-
ment of hearing and hearing disorders in rock/jazz musicians.
Int J Audiol 42(5):279-288

Kales SN, Freyman RL, Hill JM, Polyhronopoulos GN, Aldrich JM,
Christiani DC (2001) Firefighters’ hearing: a comparison with
population databases from the international standards organiza-
tion. J Occup Environ Med 43(7):650-656

Kamal AAM, Mikael RA, Faris R (1989) Follow-up of hearing
thresholds among forge hammering workers. Am J Ind Med
16(6):645-658

Karlsson KK, Harris JR, Svartengren M (1997) Description and pri-
mary results from an audiometric study of male twins. Ear Hear
18(2):114-120

Keatinge GF, Laner S (1958) Some notes on the effects of exces-
sive noise on the hearing of a group of workers. Br J Ind Med
15(4):273-275

Kidera GJ, Gaskill PB (1974) Hearing threshold sensitivity in airline
pilots. Aerosp Med 45(7):780-781

Kim J, Park H, Ha E, Jung T, Paik N, Yang S (2005) Combined
effects of noise and mixed solvents exposure on the hearing
function among workers in the aviation industry. Ind Health
43(3):567-573

Kim MG, Park SJ, Lee K, Lee DW, Kim KS, Lim HS (2011) A study
on the possibility of occupational noise-induced hearing loss in
firefighters. Korean J Audiol 15(2):62-66

Kirchner DB, Evenson E, Dobie RA, Rabinowitz P, Crawford J,
Kopke R, Hudson TW (2012) Occupational noise-induced hear-
ing loss. J Occup Environ Med 54(1):106-108

Konings A, Van Laer L, Wiktorek-Smagur A, Rajkowska E, Pawelc-
zyk M, Carlsson PI, Bondeson ML, Dudarewicz A, Vandevelde
A, Fransen E, Huyghe J, Borg E, Sliwinska-Kowalska M, Van
Camp G (2009) Candidate gene association study for noise-
induced hearing loss in two independent noise-exposed popula-
tions. Ann Hum Genet 73(2):215-224

Kryter KD (1991) Hearing loss from gun and railroad noise: relations
with ISO standard 1999. J Acoust Soc Am 90(6):3180-3195

Kuronen P, Toppila E, Starck J, Paakkonen R, Sorri MJ (2004) Mod-
elling the risk of noise-induced hearing loss among military
pilots. Int J Audiol 43(2):79-84

Kvestad E, Czajkowski N, Krog NH, Engdahl B, Tambs K (2012)
Heritability of hearing loss. Epidemiology 23(2):328-331

Le Prell CG, Yamashita D, Minami SB, Yamasoba T, Miller JM
(2007) Mechanisms of noise-induced hearing loss indicate mul-
tiple methods of prevention. Hear Res 226(1-2):22-43

Lee-Feldstein A (1993) Five-year follow-up study of hearing loss at
several locations within a large automobile company. Am J Ind
Med 24(1):41-54

Leensen MCJ, Duivenbooden JC, Dreschler WA (2011) A ret-
rospective analysis of noise-induced hearing loss in the
Dutch construction industry. Int Arch Occup Environ Health
84(5):577-590

Leigh J, Morgan G (1990) Hearing loss in the NSW coal mining
industry. J Occup Health Safe 6(5):387-391

@ Springer



370

Int Arch Occup Environ Health (2016) 89:351-372

Lesage FX, Jovenin N, Deschamps F, Vincent S (2009) Noise-
induced hearing loss in French police officers. Occup Med
59(7):483-486

Li XT, Li X, Hu FE, Shen HX, Cao JL, Zhong L, Zhang ZD, Zhu
BL (2013) Association between paraoxonase 2 gene polymor-
phisms and noise-induced hearing loss in the chinese popula-
tion. J Occup Health 55(2):56-65

Lin CY, Wu JL, Shih TS, Tsai PJ, Sun YM, Guo YL (2009) Glu-
tathione S-transferase M1, T1, and P1 polymorphisms as sus-
ceptibility factors for noise-induced temporary threshold shift.
Hear Res 257(1-2):8-15

Lindgren T, Wieslander G, Dammstrom BG, Norback D (2008) Hear-
ing status among commercial pilots in a Swedish airline com-
pany. Int J Audiol 47(8):515-519

Lindgren T, Wieslander G, Dammstrom BG, Norback D (2009)
Tinnitus among airline pilots: prevalence and effects of age,
flight experience, and other noise. Aviat Space Environ Med
80(2):112-116

Liu YM, Li XD, Guo X, Liu B, Lin AH, Rao SQ (2010) Association
between polymorphisms in SOD1 and noise-induced hearing
loss in Chinese workers. Acta Otolaryngol 130(4):477—486

Mantysalo S, Vuori J (1984) Effects of impulse noise and continuous
steady state noise on hearing. Br J Ind Med 41(1):122-132

Martin RH, Gibson ES, Lockington JN (1975) Occupational hearing
loss between 85 and 90 dBA. J Occup Med 17(1):13-18

McBride DI, Williams S (2000) Air blast circuit breaker noise and
hearing loss: a multifactorial model for risk assessment. Occup
Med 50(3):173-181

Mcllvaine D, Stewart M, Anderson R (2012) Noise exposure levels
for musicians during rehearsal and performance times. Med
Probl Perform Artist 27(1):31-36

Mizoue T, Miyamoto T, Shimizu T (2003) Combined effect of smok-
ing and occupational exposure to noise on hearing loss in steel
factory workers. Occup Environ Med 60(1):56-59

Molvaer O, Albrektsen G (1990) Hearing deterioration in profes-
sional divers: an epidemiologic study. Undersea Biomed Res
17(3):231-246

Molvaer OI, Gjestland T (1981) Hearing damage risk to divers oper-
ating noisy tools under water. Scand J Work Environ Health
7(4):263-270

Molvaer O, Lehmann E (1985) Hearing acuity in professional divers.
Undersea Biomed Res

Molvaer OI, Vardal L, Gundersen T, Halmrast T (1983) Hear-
ing acuity in a Norwegian standard population. Scand Audiol
12(4):229-236

Morata TC, Johnson A-C (2012) Effects of exposure to chemicals on
noise-induced hearing loss. Springer, Noise-Induced Hearing
Loss, pp 223-254

Morata TC, Dunn DE, Kretschmer LW, Lemasters GK, Keith RW
(1993) Effects of occupational exposure to organic solvents and
noise on hearing. Scand J Work Environ Health 19(4):245-254

Morken T, Bratveit M, Moen BE (2005) Reporting of occupational
hearing loss in the Norwegian offshore industry 1992-2003.
Tidsskr Nor Laegeforen 125(23):3272-3274

Moselhi M, El-Sadik YM, El-Dakhakhny A (1979) A six-year follow
up study for evaluation of the 85 dBA safe criterion for noise
exposure. Am Ind Hyg Assoc J 40(5):424-426

Muhr P, Mansson B, Hellstrom PA (2006) A study of hearing changes
among military conscripts in the Swedish Army. Int J Audiol
45(4):247-251

Nash SD, Cruickshanks KJ, Klein R, Klein BEK, Nieto FJ, Huang
GH, Pankow JS, Tweed TS (2011) The prevalence of hearing
impairment and associated risk factors: the beaver dam offspring
study. Arch Otolaryngol Head Neck Surg 137(5):432—439

Nedwell JR, Parvin SJ (1994) Noise and hearing loss in divers.
Underw Technol 20(4):29-34

@ Springer

Nelson DI, Nelson RY, Concha-Barrientos M, Fingerhut M (2005)
The global burden of occupational noise-induced hearing loss.
Am J Ind Med 48(6):446—458

Nilsson R, Liden G, Sanden A (1977) Noise exposure and hear-
ing impairment in the shipbuilding industry. Scand Audiol
6(2):59-68

Nistov A, Klovning R, Lemstad F, Risberg J, Ognedal TA, Haver PA,
Skogesal AJ (2012) Noise reduction interventions in the Norwe-
gian Petroleum Industry. Perth, WA

Ostri B, Parving A (1991) A longitudinal study of hearing impairment
in male subjects—an 8-year follow-up. Br J Audiol 25(1):41-48

Palin SL (1994) Does classical music damage the hearing of musi-
cians? A review of the literature. Occup Med 44(3):130-136

Pawelczyk M, Van Laer L, Fransen E, Rajkowska E, Konings A,
Carlsson PI, Borg E, Van Camp G, Sliwinska-Kowalska M
(2009) Analysis of gene polymorphisms associated with K+ ion
circulation in the inner ear of patients susceptible and resistant
to noise-induced hearing loss. Ann Hum Genet 73(4):411-421

Pawlaczyk-Luszczynska M, Dudarewicz A, Zamojska M, Sliwinska-
Kowalska M (2011) Evaluation of sound exposure and risk of
hearing impairment in orchestral musicians. Int J Occup Safe
Ergon 17(3):255-269

Pettersson H, Burstroem L, Hagberg M, Lundstroem R, Nilsson T
(2012) Noise and hand-arm vibration exposure in relation to the
risk of hearing loss. Noise Health 14(59):159-165

Phaneuf R, Hetu R (1990) An epidemiological perspective of the
causes of hearing loss among industrial workers. J Otolaryngol
19(1):31-40

Plakke BL, Dare E (1992) Occupational hearing-loss in farmers. Pub-
lic Health Rep 107(2):188-192

Pride JA, Cunningham DR (2005) Early evidence of cochlear damage
in a large sample of percussionists. Med Probl Perform Artist
20(3):135-139

Pyykko I, Starck J, Farkkila M (1981) Hand-arm vibration in
the aetiology of hearing loss in lumberjacks. Br J Ind Med
38(3):281-289

Pyykko 1, Starck J, Pekkarinen J (1986) Further evidence of a relation
between noise-induced permanent threshold shift and vibration-
induced digital vasospasms. Am J Otolaryngol 7(6):391-398

Pyykko 1, Pekkarinen J, Starck J (1987) Sensory-neural hearing loss
during combined noise and vibration exposure. An analysis of
risk factors. Int Arch Occup Environ Health 59(5):439—454

Pyykko I, Koskimies K, Starck J, Pekkarinen J, Farkkila M, Inaba R
(1989) Risk factors in the genesis of sensorineural hearing loss
in Finnish forestry workers. Br J Ind Med 46(7):439-446

Pyykko I, Toppila E, Zou J, Kentala E (2007) Individual susceptibility
to noise-induced hearing loss. Audiol Med 5(1):41-53

Qiang Y, Rebok GW, Baker SP, Li G (2008) Hearing deficit in a birth
cohort of U.S. male commuter air carrier and air taxi pilots.
Aviat Space Environ Med 79(11):1051-1055

Rabinowitz PM (2012) The public health significance of noise-
induced hearing loss. In: Le Prell CG, Henderson D, Fay RR,
Popper AN (eds) Noise-induced hearing loss. Springer, New
York, Dordrecht, Heidelberg, London, pp 13-25

Rabinowitz PM, Galusha D, Dixon-Ernst C, Slade MD, Cullen MR
(2007) Do ambient noise exposure levels predict hearing loss in
a modern industrial cohort? Occup Environ Med 64(1):53-59

Rabinowitz PM, Galusha D, Kirsche SR, Cullen MR, Slade MD,
Dixon-Ernst C (2011) Effect of daily noise exposure monitor-
ing on annual rates of hearing loss in industrial workers. Occup
Environ Med 68(6):414-418

Raynal M, Kossowski M, Job A (2006) Hearing in military pilots:
one-time audiometry in pilots of fighters, transports, and heli-
copters. Aviat Space Environ Med 77(1):57-61

Raynor LA, Pankow JS, Miller MB, Huang G-H, Dalton D, Klein
R, Klein BE, Cruickshanks KJ (2009) Familial aggregation of



Int Arch Occup Environ Health (2016) 89:351-372

371

age-related hearing loss in an epidemiological study of older
adults. Am J Audiol 18(2):114

Renick KM, Mac Crawford J, Wilkins lii JR (2009) Hearing loss
among Ohio farm youth: a comparison to a national sample.
Am J Ind Med 52(3):233-239

Ribak J, Hornung S, Kark J (1985) The association of age, flying
time, and aircraft type with hearing loss of aircrew in the Israeli
air force. Aviat Space Environ Med 56(4):322-327

Ross JAS, Macdiarmid JI, Dick FD, Watt SJ (2010) Hearing symp-
toms and audiometry in professional divers and offshore work-
ers. Occup Med 60(1):36-42

Rubak T, Kock SA, Koefoed-Nielsen B, Bonde JP, Kolstad HA (2006)
The risk of noise-induced hearing loss in the Danish workforce.
Noise Health 8(31):80-87

Safia Beshir A, Elserougy SM, Amer NM (2011) Ototoxic and
ototraumatic effects of organic solvents and occupational noise
in ceramic workers. Aust J Basic Appl Sci 5(12):21-28

Samant Y, Parker D, Wergeland E, Wannag A (2008) The Norwegian
labour inspectorate’s registry for work-related diseases: data
from 2006. Int J Occup Environ Health 14(4):272-279

SCENIHR (2008) Scientific Committee on Emerging and Newly
Identified Health Risks. Potential health risks of exposure to
noise from personal music players and mobile phones including
a music playing function. Preliminary report

Segal S, Harell M, Shahar A, Englender M (1988) Acute acoustic
trauma: dynamics of hearing loss following cessation of expo-
sure. Am J Otol 9(4):293-298

Seixas NS, Kujawa SG, Norton S, Sheppard L, Neitzel R, Slee A
(2004) Predictors of hearing threshold levels and distortion
product otoacoustic emissions among noise exposed young
adults. Occup Environ Med 61(11):899-907

Seixas NS, Goldman B, Sheppard L, Neitzel R, Norton S, Kujawa
SG (2005) Prospective noise induced changes to hearing
among construction industry apprentices. Occup Environ Med
62(5):309-317

Seixas NS, Neitzel R, Stover B, Sheppard L, Feeney P, Mills D,
Kujawa S (2012) 10-year prospective study of noise exposure
and hearing damage among construction workers. Occup Envi-
ron Med 69(9):643-650

Shen H, Huo X, Liu K, Li X, Gong W, Zhang H, Xu Y, Wang M,
Zhang J, Zhang Z, Zhu B (2012) Genetic variation in GSTMI
Is associated with susceptibility to noise-induced hearing loss in
a chinese population. J Occup Environ Med 54(9):1157-1162

Shupak A, Doweck I, Greenberg E, Gordon CR, Spitzer O, Melamed
Y, Meyer WS (1991) Diving-related inner ear injuries. Laryngo-
scope 101(2):173-179

Skogstad M, Haldorsen T, Arnesen AR (2000) Auditory function
among young occupational divers: a 3-year follow-up study.
Scand Audiol 29(4):245-252

Skogstad M, Haldorsen T, Arnesen AR, Kjuus H (2005) Hearing
thresholds among young professional divers: a 6-year longitudi-
nal study. Aviat Space Environ Med 76(4):366—-369

Skogstad M, Eriksen T, Skare O (2009) A twelve-year longitudinal
study of hearing thresholds among professional divers. Under-
sea Hyperb Med 36(1):25-31

Sliwinska-Kowalska M, Zamyslowska-Szmytke E, Szymczak W,
Kotylo P, Fiszer M, Wesolowski W, Pawlaczyk-Luszczynska
M (2003) Ototoxic effects of occupational exposure to styrene
and co-exposure to styrene and noise. J Occup Environ Med
45(1):15-24

Sliwinska-Kowalska M, Zamyslowska-Szmytke E, Szymczak W,
Kotylo P, Fiszer M, Wesolowski W, Pawlaczyk-Luszczynska M,
Bak M, Gajda-Szadkowska A (2004) Effects of coexposure to
noise and mixture of organic solvents on hearing in Dockyard
workers. J Occup Environ Med 46(1):30-38

Sliwinska-Kowalska M, Zamyslowska-Szmytke E, Szymczak W,
Kotylo P, Fiszer M, Wesolowski W, Pawlaczyk-Luszczynska
M (2005) Exacerbation of noise-induced hearing loss by co-
exposure to work-lace chemicals. Environ Toxicol Pharmacol
19(3):547-553

Smedje G, Lunden M, Gaertner L, Lundgren H, Lindgren T (2011)
Hearing status among aircraft maintenance personnel in a com-
mercial airline company. Noise Health 13(54):364-370

Somma G, Pietroiusti A, Magrini A, Coppeta L, Ancona C, Gardi S,
Messina M, Bergamaschi A (2008) Extended high-frequency
audiometry and noise induced hearing loss in cement workers.
Am J Ind Med 51(6):452-462

Starck J, Toppila E, Pyykko I (1999) Smoking as a risk factor in sen-
sory neural hearing loss among workers exposed to occupa-
tional noise. Acta Otolaryngol 119(3):302-305

Stewart M, Scherer J, Lehman ME (2003) Perceived effects of high
frequency hearing loss in a farming population. J Am Acad
Audiol 14(2):100-108

Summitt JK, Reimers SD (1971) Noise: a hazard to divers and hyper-
baric chamber personnel. Aerosp Med 42(11):1173-1177

Suvorov G, Denisov E, Antipin V, Kharitonov V, Starck J, Pyykko I,
Toppila E (2001) Effects of peak levels and number of impulses
to hearing among forge hammering workers. Appl Occup Envi-
ron Hyg 16(8):816-822

Szanto C, Ligia S (1999) Correlation between vibration induced
white finger and hearing loss in miners. J Occup Health
41(4):232-237

Tambs K, Hoffman HJ, Borchgrevink HM, Holmen J, Samuelsen SO
(2003) Hearing loss induced by noise, ear infections, and head
injuries: results from the Nord-Trgndelag Hearing Loss Study.
Int J Audiol 42(2):89-105

Tambs K, Hoffman HJ, Borchgrevink HM, Holmen J, Engdahl B
(2006) Hearing loss induced by occupational and impulse
noise: results on threshold shifts by frequencies, age and gen-
der from the Nord-Trondelag Hearing Loss Study. Int J Audiol
45(5):309-317

Thorne P (2006) Noise induced hearing loss. Final report. Auckland
UNI Services Ltd., Auckland

Toppila E, Koskinen H, Pyykko I (2011) Hearing loss among classi-
cal-orchestra musicians. Noise Health 13(50):45-50

Triebig G, Bruckner T, Seeber A (2009) Occupational styrene expo-
sure and hearing loss: a cohort study with repeated measure-
ments. Int Arch Occup Environ Health 82(4):463-480

Trost RP, Shaw GB (2007) Statistical analysis of hearing loss among
navy personnel. Mil Med 172(4):426-430

Uchida Y, Nakashima T, Ando F, Niino N, Shimokata H (2005) Is
there a relevant effect of noise and smoking on hearing? A pop-
ulation-based aging study. Int J Audiol 44(2):86-91

Verbeek JH, Kateman E, Morata TC, Dreschler WA, Mischke C
(2012) Interventions to prevent occupational noise-induced
hearing loss. Cochrane Database Syst Rev 10:CD006396

Viljanen A, Kaprio J, Pyykko I, Sorri M, Kauppinen M, Kosken-
vuo M, Rantanen T (2007) Genetic and environmental influ-
ences on hearing at different frequencies separately for the
better and worse hearing ear in older women. Int J Audiol
46(12):772-779

Virokannas H, Anttonen H, Niskanen J (1994) Health risk assessment
of noise, hand-arm vibration and cold in railway track mainte-
nance. Int J Ind Ergon 13(3):247-252

Von Gierke HE, Robinson DW, Karmy SJ (1982) Results of a work-
shop on impulse noise and auditory hazard. J Sound Vib
83(4):579-584

Wagstaff AS, Arva P (2009) Hearing loss in civilian airline and heli-
copter pilots compared to air traffic control personnel. Aviat
Space Environ Med 80(10):857-861

@ Springer



372

Int Arch Occup Environ Health (2016) 89:351-372

Wild DC, Brewster MJ, Banerjee AR (2005) Noise-induced hearing
loss is exacerbated by long-term smoking. Clin Otolaryngol
30(6):517-520

Wingfield A, Panizzon M, Grant MD, Toomey R, Kremen WS, Franz
CE, Jacobson KC, Eisen SA, Lyons M (2007) A twin-study of
genetic contributions to hearing acuity in late middle age. J Ger-
ontol Ser A Biol Sci Med Sci 62(11):1294-1299

Zachariassen S, Knudsen S (2002) Systematic approach to occupa-
tional health and safety in the engineering phase of offshore
development projects. Experience from the Norwegian Petro-
leum Activity, Kuala Lumpur

Zhan W, Cruickshanks KJ, Klein BEK, Klein R, Huang GH, Pankow
JS, Gangnon RE, Tweed TS (2010) Generational differences in

@ Springer

the prevalence of hearing impairment in older adults. Am J Epi-
demiol 171(2):260-266

Zhao F, Manchaiah VK, French D, Price SM (2010) Music exposure
and hearing disorders: an overview. Int J Audiol 49(1):54-64

Zhu SK, Sakakibara H, Yamada S (1997) Combined effects of hand-
arm vibration and noise on temporary threshold shifts of
hearing in healthy subjects. Int Arch Occup Environ Health
69(6):433-436

Zulkaflay AR, Saim L, Said H, Mukari SZ, Esa R (1996) Hearing
loss in diving—a study amongst Navy divers. Med J Malaysia
51(1):103-108



	Occupational noise exposure and hearing: a systematic review
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Inclusion and exclusion criteria

	Results
	Noise-induced hearing loss: different definitions
	Normal hearing
	Occupations and hearing
	Industrial workers
	Shipyard workers
	Construction industry workers
	Offshore workers (oil and gas production at sea)
	Professional divers
	Fire fighters
	Military workers
	Civil aviation workers
	Railway workers
	Farmers
	Musicians
	Kindergarten employees
	Other professions

	Impulse noise and hearing
	Population-based studies on hearing
	Occupational exposure to vibration and hearing
	Occupational exposure to chemicals and hearing
	Solvents
	Other chemicals
	Possible mechanisms

	Leisure-time noise and hearing
	Other factors that may affect hearing
	Summary of results

	Discussion
	References




