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Abstract
Purpose of Review Workplace noise negatively impacts health, and noise-induced hearing loss is the most commonwork-related
disease in many countries. Occupational noise may also cause cardiovascular disease, and there is epidemiologic evidence on the
non-auditory effects of noise. This paper aims to briefly present and summarize the latest evidence on the auditory and non-
auditory health effects of occupational noise exposure from the last 5 years.
Recent Findings Two systematic reviews assessing the cardiovascular effects of occupational noise exposure were published in
the last year. Our own recent review found convincing evidence of an association between occupational noise exposure > 80
dB(A) and hypertension and a dose-response relationship between noise exposure and hypertension risk. Another review of
cardiovascular disease conducted by the World Health Organization (WHO) and the International Labour Organization (ILO)
found an increased risk of incident ischemic heart disease at noise exposures ≥ 85 dB(A). Recent reviews on work-related
injuries, diabetes, acoustic neuroma, and pregnancy outcomes also find noise-related associations.
Summary Evidence of an association between occupational noise and cardiovascular outcomes was recently evaluated. We
found the risk of hypertension increases with a clear dose-response relationship at noise levels > 80 dB(A). The WHO/ILO
review highlights the lack of quality research including women. Additional high-quality research on epigenetic effects, oxidative
stress, work-related injuries, diabetes, acoustic neuroma, and pregnancy outcomes is also needed. Urgently needed (increased)
measures of workplace noise reduction will reduce the incidence of noise-induced hearing loss and help prevent cardiovascular
diseases, especially hypertension.
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Introduction

Noise is one of the most common work-related occupation-
al hazards. According to the 2015 European Survey on
Working Conditions (ECWS), 28% of European workers
reported being exposed to loud noise during at least one-
fourth of their working time, with the percentage ranging
from 18% in Malta and Portugal to 44% in Turkey [1]. In
the USA, 25% of workers reported a history of occupational

noise exposure, with a point prevalence of 14% [2]. Of the
estimated 22 million workers in the USA exposed to loud
noise at work, 34.3% report never using hearing protection
devices [3].

Noise-induced hearing loss (NIHL) is also the most fre-
quently recognized occupational disease in many countries.
NIHL was the most commonly confirmed occupational disor-
der in Finland between 2012 and 2016 [4]. In Germany, NIHL
is continuously the most frequently recognized occupational
disease, comprising 38.3% (n = 6951) of all recognized occu-
pational diseases in 2019 [5]. A comparison of five countries,
France, Spain, Italy, Germany, and Denmark, found the
recognization of NIHL as an occupational disease ranged
from 6 cases per 100,000 persons in France to 33 cases per
100,000 in Denmark [6]. Thus, understanding and recogniz-
ing the health effects of noise exposure is essential to promot-
ing a safe workplace for millions of workers.

A growing body of evidence indicates that noise exposure
increases the risk of cardiovascular disease [7••, 8], and recent
World Health Organization (WHO) reviews of environmental
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noise find increased psychosocial and cardiovascular risks
associated with traffic noise levels ranging from around 40
to 80 dB(A) [9–16]. However, the best understood and most
researched health effect of occupational noise is hearing
damage.

Epidemiology of NIHL—International
Comparison

Noise-induced hearing loss (NIHL) plays an important role
worldwide, with over 450 million people—corresponding to
more than 5% of the world’s population—suffering from dis-
abling hearing loss [17]. For adults, the latter is defined as
hearing loss exceeding 40 decibels (dB) measured in the better
hearing ear. According to the WHO, disabling hearing loss
occurs in about 30% of all people older than 65 years of
age, the majority of them living in low- and middle-income
countries. While hearing loss can be induced by congenital
abnormalities, injuries, use of ototoxic medication, exposure
to environmental or recreational noise [17], occupational
noise exposure is the most common cause of NIHL.

Today, occupational noise-induced hearing loss is a work-
related disease of international importance. It is considered the
most prevalent work-related disease worldwide, affecting
more than 10% of all workers in developed countries [18].
A recent systematic review fromChina estimated a prevalence
of 21.3% for occupational NIHL in noise-exposed Chinese
workers over the last 26 years [19]. A similar figure was cal-
culated for workers in the USA: there, the prevalence of hear-
ing loss in noise-exposed workers was about 20% between
1981 and 2010. However, a slow but steady decrease in the
incidence of noise-induced hearing loss in the USA can be
observed in most industry sectors [20].

According to a WHO report, about 16% of the disabling
hearing loss in adults worldwide could be attributed to occu-
pational noise exposure, and the global burden of disease
caused by occupational NIHL was estimated at over 4.1 mil-
lion (4,151,000) disability-adjusted years of life lost (DALY1)
in 2005 [22]. However, this number probably underestimates
the global burden of occupational noise exposure. It only com-
prises burden due to NIHL, and other health-affecting conse-
quences of occupational noise exposure—e.g., hyperacusis or
tinnitus—are not considered [23•]. The burden of occupation-
al NIHL is also increasing. Zhou et al. [24] report that the
health burden due to occupational NIHL increased from 3.3
to 6 million DALYs between 1990 and 2017, with low-

income countries experiencing the highest increase in burden.
Actual DALY data from the Institute for Health Metrics
Evaluation (IHME) show the burden increasing most in the
Western Pacific WHO Region (including, e.g., China, Japan,
South Korea, Philippines, Australia, New Zealand), while re-
maining relatively stable in the rest of the world (Fig. 1).

Typical for NIHL caused by occupational noise exposure
are its bilateral occurrence and sensorineural appearance, the
latter due to the damaged hair cells in the cochlea of the inner
ear. Usually, hearing loss due to noise exposure does not ex-
ceed 40 dB in lower (≤ 1000 Hz) and 75 dB in higher (> 1000
to 8000 Hz) frequencies [25]. However, this must not be true
for other forms of hearing loss, such as presbyacusis. The first
sign for NIHL can be seen in an audiometric curve, which
typically shows a “notch” at high frequencies in the range of
3 to 6 kHzwith a recovery at 8 kHz [25]. This recovery at even
higher frequencies can be used to demarcate NIHL from age-
induced hearing loss (presbyacusis), which leads to a declin-
ing curve at high frequencies without recovery. However, the
exact form of the audiometric curve depends on several fac-
tors, such as the particular frequency or length of noise expo-
sure [25]. Besides the level of noise exposure, there are several
modifiable and non-modifiable risk factors associated with an
increase in the prevalence of NIHL in general, such as increas-
ing age, genetics, smoking, lack of exercise, or the presence of
diabetes and cardiovascular diseases [26].

Furthermore, it should be considered that NIHL can have a
meaningful impact on safety and quality of life. For example,
it has been shown that workers with NIHL are at a higher risk
for hospital admission due to work-related injuries than people
with normal hearing [27]. Also, NIHL can induce social con-
sequences such as fear, depression, and difficulties in relation-
ships [28], as well as increased annoyance [29], and is inde-
pendently associated with incident cognitive impairment and
accelerated cognitive decline [30].

Five systematic reviews on occupational NIHL were pub-
lished in the last 5 years [19, 31•, 32–34]. Of these reviews,
one focused on asymmetric hearing loss [33], another focused
on hearing loss in China [19], and three reviews considered
occupational NIHL in general [31•, 32, 34].

Lie et al. [31•] conducted a comprehensive review of oc-
cupational NIHL that comprised a qualitative summary of 187
articles. Although different criteria for recognizing occupa-
tional NIHL complicated international comparisons, the au-
thors found 7 to 21% of hearing loss is attributable to occu-
pational noise. Increased risks for occupational NIHL were
observed for workers in industry, shipbuilding, construction,
the military, and farming. No increased risk was observed for
kindergarten workers, and research on professional musicians
was inconclusive. The summarized research also indicated
exposure to impulse noise is more damaging than exposure
to continuous noise, and exposure to solvents and secondhand
smoke might increase the risk of NIHL. The review by

1 DALY (disability-adjusted years of life lost) are a metric used to determine
the overall burden of a disease or health condition in a population [21]. DALY
are the sum of the disability-weighted number of years lived with a health
condition (YLD) and the years of life lost to premature mortality (YLL) due
to the health condition. Thereby, DALY provide a measure, which is suitable
for assessing the burden of both non-fatal and fatal diseases.
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Mazitova et al. [34] summarized five reviews (including Lie
et al. [31•]) and two original studies [20, 35] and came to
similar conclusions. Chen et al. [32] summarized 108 studies
on the epidemiology, pathogenesis, and prevention of NIHL
published between 2000 and 2020, finding the raw prevalence
of occupational NIHL ranged from 11.2% in a group of South
African gold miners (average age not reported) [36] to 58% in
a group of construction workers in the USA (average age =
59.2 years) [37].

Zhou et al. [19] synthesized 88 articles of occupational
NIHL in Chinese workers and found that Chinese workers
in manufacturing, transportation, mining, and agriculture were
exposed to hazardous levels of noise averaging 98.6 ± 7.2
dB(A).Masterson et al. [33] looked specifically at the etiology
of asymmetrical hearing loss. Since occupational NIHL is
typically symmetrical, the occupational etiology of asymmet-
rical hearing loss is sometimes challenged. In this review, six
studies offered limited evidence of an association between
occupational noise and asymmetrical hearing loss. The au-
thors postulate that physiological differences between ears or
differential shielding of one ear might lead to one ear being
more susceptible.

Brief History of Occupational NIHL

It took relatively long for humankind to recognize that exces-
sive noise causes hearing loss and even longer to determine
how. In his paper, “The Worker's Ear: A History of Noise-
induced Hearing Loss,” Floyd E. Thurston summarizes the
history of occupational NIHL [38] and reports of ancient texts
anecdotally observing hearing loss among people constantly
exposed to naturally occurring noise, such as the rush of the
Nile River. First reports of hearing loss due to human-made
noise began with the use of gunpowder in the 13th century. In
the early 1700s, Bernardo Ramazzini, “the father of

occupational medicine” described groups of noise-exposed
workers with hearing loss in his De Morbis Artificum
Diatriba [38]. The transition from an agricultural to an indus-
trial economy increased the number of workers exposed to
noise and developing occupational NIHL. In the early part
of the 20th century, experiments on guinea pigs showing co-
chlear damage after exposure to loud noise helped explain the
pathomechanism of NIHL [39]. Later in the 20th century, the
development of methods to quantify both hearing loss and
sound levels facilitated the establishment of protective guide-
lines to limit noise exposure in the workplace [38].

Pathomechanism—How Does Noise Affect
Health?

Noise exposure can affect health in two ways [40]. On the one
hand, there are auditory effects. These describe the damage to
hair cells in the inner ear caused by overstimulation of the
cochlea through excessive and prolonged noise exposure.
Excessive vibration of the inner ear structures due to intense
noise exposure does not only harm single hair cells, but can
also destroy cell junctions connecting cochlear cells or lead to
a decrease in synaptic connections between hair cells and the
auditory nerve. In particular, exposure to noise levels exceed-
ing 130 dB(A) is said to cause direct mechanical damage to
the ear [41]. For gradual-onset NIHL, metabolic changes or
ischemia play an important role in the underlying
pathomechanisms. For example, vasoconstriction caused by
noise exposure can reduce cochlear blood supply, followed by
decreasing hair cell function. Furthermore, noise exposure can
provoke an accumulation of reactive oxygen species, which
can also induce several biochemical pathways leading to cell
death [40]. As hair cells cannot regenerate, their recurring
impairment leads to the abovementioned hearing loss.

Fig. 1 DALYs caused by
occupational noise exposure
according to WHO region.
Source: Institute for Health
Metrics Evaluation. Used with
permission. All rights reserved
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Concerning the processing of complex sounds, functioning
neural networks are needed to extract relevant information
from noise. A loss of function within these networks can lead
to behavioral auditory disorders (e.g., understanding speech in
social situations), even if audiometric thresholds are normal.
Until a few years ago, these pathological changes were said to
be located in the auditory cortex or cortical processes [42].
However, recent research shows that subcortical auditory pro-
cessing also plays an essential role in the development of
auditory disorders. In their narrative review, Felix et al. [42]
point out that subcortical pathways are part of the first pro-
cessing mechanisms which lead to sound perception. That is
why the impairment of subcortical structures—such as the
thalamus, midbrain, and auditory brainstem—can lead to dif-
ficulties in understanding complex sounds [42].

Even though there is currently no possibility to prevent or
moderate the auditory symptoms caused by noise clinically,
there is evidence that AMPKα (adenosine monophosphate-
activated protein kinase α) could serve as a target for NIHL
therapy. AMPKα plays an important role in biochemical sig-
naling pathways activated by noise exposure [43]. Also, a
review of epigenetic effects found inconclusive indications
of noise-induced changes to DNA-methylation, micro RNA
(miRNA) expression, and histone acetylation and methylation
from several human and animal studies [44].

The second group of noise-related effects comprises
non-auditory (also: extra-auditory) ones. These can be ex-
plained based on the interaction between noise acting as
an acute or chronic stressor and the consecutive distribu-
tion of stress hormones, such as adrenaline, noradrenaline,
and cortisol. This biological mechanism is also described
in a WHO publication concerning the effects of environ-
mental noise [45]. A review by Recio et al. [46] also
describes an integrative stress model to explain how psy-
chological stress caused by noise contributes to cardiovas-
cular, respiratory, and metabolic disease risks. According
to the general stress model, repeated or frequent stress
brings the body out of homeostasis and causes allostatic
load and physiological responses [47]. Repeated or
prolonged adaptive responses to stress cause changes to
the neural circuitry and initiate a cascade of immune re-
sponses, which in turn can lead to endothelial and mito-
chondrial dysfunction, and subsequently, increased blood
pressure [48]. Daiber et al. [49] highlight the ensuing
oxidative stress and downregulation of neuronal nitric ox-
ide synthase caused by noise-related stress responses as a
pathomechanism for cardiovascular, metabolic, and men-
tal health diseases. As reported by Ising and Kruppa [50],
an increase in the concentrations of stress hormones could
be observed in several studies examining the effects of
environmental noise. Similarly, narrative reviews suggest
an increased secretion of the aforementioned hormones in
laboratory animals and workers exposed to noise [51].

Another narrative review describes observations of vascu-
lar damage in noise-exposed humans and animals, most likely
mediated by the noise-induced stress response [52]. Vascular
changes due to nighttime noise are also observed in random-
ized trials [53, 54]. A randomized crossover study exposing
study participants to nightly recorded aircraft noise found a
statistically significant decrease in flow-mediated dilation
(FMD) of the brachial artery following a night with noise
[54]. This study also found self-reported sleep quality was
worse after a night with noise but observed no difference in
heart rate, heart rate acceleration, or accelerometer-based
movement. A similar study conducted with nocturnal railway
noise also observed decreased FMD following nighttime
noise and indications of oxidative stress in the blood vessels
[53].

The endocrine responses to stress are mediated by two
hormone axes, the sympathetic-adrenal-medullary system
(SAM) and the hypothalamic-pituitary-adrenal (HPA) axis.
On the one hand, the processing of auditory stimulation leads
to a stress response [45]. Stress responses are mediated by the
hypothalamus, which then activates the sympathetic nervous
system [48, 55]. As a result, catecholamines—the hormones
adrenaline and noradrenaline—are released from the adrenal
medulla. These act on various organ systems; for example,
cardiac activity and the blood flow to the muscles are in-
creased. In addition, the blood pressure rises through vasocon-
striction due to the activation of the renin-angiotensin-
aldosterone system [55]. An evaluation of epidemiological
studies on the connection between noise and the release of
stress hormones found increased norepinephrine levels in peo-
ple exposed to noise [51], supporting this explanation for
noise-induced stress reactions.

The second way by which noise affects biological func-
tions is the HPA axis [45]. This biochemical pathway is acti-
vated by the release of corticotropin-releasing hormone
(CRH) in the hypothalamus. CRH then causes the release of
adrenocorticotropin (ACTH) in the pituitary gland, which in
turn activates the production of various hormones in the cortex
of the suprarenal gland. These include cortisol as a glucocor-
ticoid, which in response to the stressor stimulates the supply
of energy in the body and enhances the catecholamine effect
[56]. For cortisol, a dose-dependent increase was found with
an increasing level of occupational noise exposure [57].
Individual noise sensitivity may also contribute to the physical
or psychological effects of noise. Though several publications
describe positive correlations between increased individual
noise sensitivity and the occurrence of different health prob-
lems, i.e., sleep disturbances [58, 59] or noise annoyance [60],
findings concerning a relationship between noise sensitivity
and physical or mental health are inconsistent [61–63].

Next to noise sensitivity, multiple effect modifiers and me-
diators may influence the effects of (occupational) noise on
health. Teixeira et al. [7••] propose a causal model which
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includes factors that mediate the relationship between occupa-
tional noise exposure and cardiovascular health via one of two
pathways. On the first pathway, alcohol use, tobacco con-
sumption, stress, and job strain are intermediate factors be-
tween noise exposure and cardiovascular disease. Blood pres-
sure and obesity are suggested to mediate cardiovascular dis-
ease through an alternative pathway. Furthermore, Teixeira
et al. [7••] also name factors that could act as effect modifiers,
such as country, age, sex, socioeconomic position, occupa-
tion, or occupational factors.

With the knowledge of these pathomechanisms, it becomes
clear that intense occupational noise exposure does not only
affect anatomical structures of the inner ear but that it may also
lead to non-auditory biological changes such as cardiovascu-
lar changes [51, 64].

Recent Reviews on Occupational Noise
and Cardiovascular Health

The last two decades have seen an increase in research on the
non-auditory effects of noise exposure. A simple search of in
PubMed (“noise, occupational”[MeSH Terms] OR “noise,
transportation”[MeSH Terms]) NOT (“Hearing Loss, Noise-
Induced”[MeSH Terms]) shows an increase in publications
beginning around the year 2000. To summarize evidence from
recent reviews on occupational noise exposure, we combined
search terms for occupational noise exposure with the
PubMed systematic review filter and conducted a (non-
systematic) search of recent reviews. We sorted the reviews
according to health outcome categories, outcomes and we
describe the results of these reviews below, beginning with
the outcome most frequently researched: cardiovascular dis-
ease. We also briefly summarized the findings for each major
outcome category in Table 1.

Nine systematic reviews on the association between chron-
ic occupational (and environmental) noise exposure and car-
diovascular disease have been published since 2002 [7••, 8,
65–68, 70, 79–81]. Six of these were published in the last 5
years [7••, 8, 65–68, 70]. In general, recent systematic reviews
repeatedly find associations between chronic noise exposure
at work and an increased risk of cardiovascular disease. In the
following section, the latest systematic reviews on cardiovas-
cular disease and arterial hypertension will be discussed, in-
cluding one co-authored by the authors of this paper [8].

In 2016, a systematic review was performed by Skogstad
et al. [65] to investigate the effect of occupational noise expo-
sure on cardiovascular disease incidence and mortality, which
included prospective studies published between 2000 and
2013. Based on four studies examining workers exposed to
noise exceeding 85 dB(A), the authors determined a statisti-
cally significant hazard ratio (HR) of 1.38 (95% confidence
interval (CI) 1.01–1.87) for the development of arterial

hypertension (defined as blood pressure ≥ 140/90 mmHg,
hospital-diagnosed hypertension or intake of antihypertensive
medication). In addition, statistically significant risk estimates
were found regarding the development of cardiovascular dis-
eases (relative risk (RR) = 1.34; 95% CI 1.15–1.56) and car-
diovascular mortality (HR 1.12; 95% CI 1.02–1.24) in noise-
exposed workers [65, 66].

Dzhambov and Dimitrova [67] also conducted a systematic
review of occupational noise and ischemic heart disease
(IHD). This review included cross-sectional and prospective
studies, as well as studies using a self-rated noise exposure
assessment and examining any level of occupational noise
exposure. Although a meta-analysis was planned, the wide
variety of risk estimates and assessment methods used in the
original studies prevented a quantitative data synthesis. The
qualitative summary of the 11 studies on IHD morbidity gave
some evidence of an increased risk. That is, five out of six
studies using a self-rated noise exposure assessment and three
out of five studies examining objectively measured noise ex-
posure reported an increased risk for IHD. Dzhambov and
Dimitrova [67] also determined there might be an increased
IHD risk for women based on two of the included studies [82,
83]. Regarding IHD mortality, the four included studies pro-
vided inconclusive results.

Another systematic review of hypertension risks was pub-
lished in 2017 by Fu et al. [68], including occupational and
environmental noise exposure. Of the 32 studies included in
this systematic review, most were cross-sectional studies (n =
26). In total, the review shows an odds ratio (OR) of 1.62
(95% CI 1.40–1.88) for the risk of hypertension in people
exposed to occupational or environmental noise. A subgroup
analysis was performed for occupational noise exposure,
resulting in an OR of 1.08 (95% CI 1.05–1.11; 17 studies).
However, there were different levels of noise exposure in the
exposed groups and comparison groups, respectively, and
there was no definition given for hypertension [68].
Although traffic noise is typically lower, higher hypertension
risks were found from the meta-analysis of road traffic (OR =
1.44; 95% CI 1.22–1.68; 7 studies) and air traffic noise (OR =
1.21; 95% CI 1.05–1.20; 6 studies). Fu et al. also examined
the dose-response relationship between noise and hyperten-
sion. The linearity test found no indication of a linear associ-
ation between noise and hypertension risks, but risk increased
by 6% (95% CI 4% to 8%) per 10 dB(A) increase in noise.

Yang et al. [69] also conducted a systematic review exam-
ining the association between occupational noise exposure
and hypertension (defined as blood pressure ≥ 140/90
mmHg) as well as electrocardiograph (ECG) abnormalities.
In this review, only Chinese studies published between 2000
and 2017 were included. The meta-analysis yielded an OR of
2.55 (95% CI 1.94–3.36) for the risk of hypertension in sub-
jects exposed to occupational noise exceeding 85 dB(A). A
statistically significant effect estimate was also calculated in
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Table 1 Summary of recent reviews on the health effects of occupational noise exposure

Outcome Summary of findings References

Noise-induced hearing loss (NIHL) 5 systematic reviews published since 2016:
• The systematic review published in 2016 by Lie et al. [31•] narratively

summarizes 187 articles on occupational NIHL. From this summary, Lie and
colleagues report 7 to 21% of hearing loss is attributable to occupational noise.

•Masterson et al. [33] specifically considered asymmetrical hearing loss resulting
from occupational noise exposure in six studies. Asymmetrical hearing loss is
observed in 2.4 to 22.6% of subjects with NIHL.

•Mazitova et al. [34] narratively sumarizes five reviews (including Lie et al. [31•])
and two original studies.

• Zhou et al. [19] published a summary of 88 studies of occupational NIHL in
China in 2020. Their research found a pooled OR for NIHL in the
high-frequency range of 5.63 (95% CI 4.03–7.88) for exposed groups (average
noise levels of 102.2±7.2 dB(A)) versus the control groups (average noise levels
of 63.5±3.8 dB(A))

• Chen et al. [32] narratively summarized 108 studies (published 2000–2020). The
raw prevalence of occupational NIHL ranged from 11.2% in a group of South
African gold miners (average age not reported) [36] to 58% in a group of
construction workers in the USA (average age = 59.2 years) [37].

[19, 31•,
32–34]

Cardiovascular disease (e.g., including ischemic heart
disease, hypertension)

Most systematic reviews find evidence of increased risks of hypertension and
cardiovascular disease in noise-exposed workers:

Six of the most recent systematic reviews:
• Skogstad et al. [65, 66] considered 11 studies and conduncted a meta-analysis of

occupational exposure to > 85dB: arterial hypertension HR=1.38 (95% CI
1.01–1.87; 3), CVD incidence HR=1.34 (95% CI 1.15–1.56, 3 studies), and
CVD mortality HR=1.12 (95% CI 1.02–1.24, 5 studies).

• Dzhambov and Dimitrova [67] narrative summary of 15 articles. A majority of
the studies on incident IHD reported an increased risk due to noise exposure
(either self-reported or objectively measured). Results from mortality IHD
studies were inconclusive.

• Fu et al. [68] published a review and meta-analysis of occupational and
environmental noise exposure and hypertension risk in 2017 (32 studies). For
exposure to various levels of occupational noise OR = 1.08 (95% CI 1.05–1.11;
17 studies).

• Yang et al. [69] conducted a meta-analysis of Chinese studies of occupational
noise exposure and hypertension and ECG abnormalities published from 2000
to 2017 increases risk of hypertension, hypertension OR = 2.55 (95% CI
1.94–3.36, 11 studies); ECG abnormalities OR = 2.27 (95% CI 1.96–2.62; 11
studies).

• Bolm-Audorff et al. [8] conducted a review and meta-analysis of 24 studies of
objectively measured occupational noise exposure > 80 dB and hypertension.
Hypertension OR=1.72 (95% CI 1.48–2.01, 32 effect estimates). Assessment
according to GRADE: high.

• Teixeira et al. [7••] reviewed prospective studies of self-reported or measured
occupational noise ≥ 85 dB. A statistically increased risk of incident ischemic
heart disease was found (RR=1.29, 95% CI 1.15–1.43, 2 studies); no
statistically significant increased risk for IHDmortality, stroke incidence, stroke
mortality, or incident hypertension were detected.

[7••, 8,
65–68,
70]

Noise-related injury risk Dzhambov, Dimitrova [71•] summarized the findings of 21 studies on
noise-related injury risk. Noise exposure more than doubled the risk for
work-related injury (RR=2.16; 95% CI 1.61–2.90; 19 estimates); per 5 dB(A)
RR= 1.22 (95% CI 1.15–1.29). Dzhambov, Dimitrova [71•] found low
trustworthiness of evidence according to GRADE

[71•]

Reproductive outcomes
(i.e., small for gestational age, low birthweight,

gestational hypertension, congenital malformations)

Two systematic reviews with inconclusive results were published in 2014:
• Ristovska et al. [72] narrative summarized 14 occupational and 9 environmental

noise studies with inconclusive results.
• Dzhambov et al. [73•] conducted a meta-analysis of environmental and

occupational noise studies using varing noise exposure thresholds. Using broad
categories (high vs. low noise), statistically significantly increased risks were
detected for: small for gestational age RR=1.19 (95%CI 1.03–1.38, 12 studies),
gestational hypertension RR=1.27 (95% CI 1.21–1.79, 7 studies), and
congenital malformations RR=1.47 (95% CI 1.21–1.79, 5 studies)

[72–74•]
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the analysis of ECG abnormalities. Although Yang et al. [69]
point out that hypertension and ECG abnormalities are an
incomplete depiction of cardiovascular health and exposure
measurements in the original studies were inconsistent, they
still regarded occupational noise as an important risk factor for
cardiovascular disease.

In 2020, our research group performed a systematic review
examining the influence of chronic occupational noise expo-
sure on hypertension [8]. In contrast to the abovementioned
publications, this review was carried out on observational ep-
idemiological studies (including cross-sectional studies) re-
gardless of their publication date, language, or country of or-
igin. We used a variety of hypertension definitions, such as
systolic arterial blood pressure ≥ 130 mmHg, diastolic arterial
blood pressure ≥ 80 mmHg, physician-diagnosed arterial hy-
pertension, or intake of anti-hypertensive medication. We on-
ly included studies with comparison groups exposed to noise
levels of ≤ 80 dB(A) averaged over an 8-h work shift (Lex,8h).
Overall, the pooled RR for occupational noise exceeding 80
dB(A) was 1.72 (95% CI 1.48–2.01) based on 23 studies (4
cohort; 19 cross-sectional). The effect estimate for the sub-
group of studies applying the 140/90 mmHg hypertension
definition currently used by the WHO [84] was statistically
significant as well, amounting to 1.81 (95% CI 1.51–2.18).
Furthermore, we observed a positive dose-response relation-
ship between noise exposure and hypertension risk. Based on
studies using the 140/90 mmHg hypertension definition, the
risk estimate for workers exposed to noise between > 80
dB(A) and ≤ 85 dB(A) was 1.77 (95% CI 1.36–2.29), and
increased to 3.50 (95% CI 1.56–7.86) for workers exposed
to noise between > 85 dB(A) and ≤ 90 dB(A). Also, a

sensitivity analysis of studies with noise exposures < 80
dB(A) did not find a statistically significant effect estimate
(RR = 1.21; 95% CI 0.78–1.87). Additionally, we calculated
an increased risk of 88% per 10 dB(A) increase in “working-
life noise exposure” or noise averaged over (an assumed) 40
years of working life (Lex,40year) (RR = 1.88; 95% CI 1.12–
3.15). For example, exposure to 85 dB(A) over approximately
16 years leads to a doubled hypertension risk in comparison to
noise exposure of 70 dB(A) over 40 years [8].

Following our analyses, we used the Grading of
Recommendations, Assessment, Development and
Evaluation (GRADE) approach to evaluate the entire body
of evidence, adapting it for observational epidemiological
studies according to the Navigation Guide [85–87]. Eight
criteria were assessed: study limitations (risk of bias), indirect-
ness of evidence, inconsistency of evidence, imprecision, pub-
lication bias, effect size, dose-response-gradient, and residual
confounding. Starting with a moderate quality of evidence
because only observational studies were included in the re-
view, we downgraded once for publication bias because of
the asymmetric funnel plot. We upgraded for dose-response-
gradient (as described above), and effect size (RR in the sub-
group of workers exposed to > 85 to ≤ 90 dB(A) was > 2).
Based on this evaluation, we determined an overall high trust-
worthiness of evidence for occupational noise-related hyper-
tension [8].

Recently, the WHO, together with the International Labour
Organization (ILO), conducted a systematic review of longi-
tudinal studies examining risks for ischemic heart disease,
stroke, and hypertension in groups of workers exposed to
quantified or self-reported noise ≥ 85 dB(A) [7••, 85]. Like

Table 1 (continued)

Outcome Summary of findings References

A large population-based study published in 2019 by Selander et al. [74•] finds
increased risks for low birth weight and preterm birth (noise exposure estimated
with a JEM).

Acoustic neuroma Two reviews with inconclusive results and high heterogeneity.
• Cao et al. [75] included 8 case-control studies of leisure and occupational noise

exposure in a meta-analysis. Occupational noise > 5 years OR=1.81 (95% CI
1.14–2.85); < 5 years OR=1.42 (95% CI 0.84–2.39)

• Chen et al. [76] summarized 11 case-control studies (8 on noise exposure). The
meta-analysis for occupational noise exposure was not statistically signficant:
OR=1.20 (95% CI: 0.84–1.72; 8 studies)

[75, 76]

Diabetes Two reviews with inconclusive results:
• Dzhambov [77] published a review in 2015 which included 9 studies (4 for

occupational and 5 for environmental noise). No statistically significant result
for occupational noise > 85dB: RR=0.91 (95% CI 0.78–1.06, 4 studies).

• In a 2018 publication, Zare Sakhvidi et al. [78] summarize 15 studies (9 in the
meta-analysis) of environmental and occupational noise. Per 5 dB(A) increase
in noise exposure (any noise source) RR=1.06 (95% CI 1.03–1.09, 9 studies)

[77, 78]

GRADE Grading of Recommendations, Assessment, Development and Evaluation; JEM job-exposure matrix, HR hazard ratio; OR odds ratio; ECG
electrocardiograph; RR relative risk
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Skogstad et al. [65], this review included only prospective and
retrospective studies (cohort, case-control). Despite an exten-
sive search of six electronic literature databases and databases
of grey literature, including only longitudinal studies examin-
ing noise exposures ≥ 85 dB(A) limited the number of eligible
studies. Further restrictions for the quantitative synthesis led
to meta-analyses combining two to four studies per cardiovas-
cular health outcome. Based on two cohort studies, Teixeira
et al. [7••] found a risk increase for incident ischemic heart
disease (RR = 1.29; 95% CI 1.15–1.43). The pooled risk for
ischemic heart disease mortality included four studies but did
not achieve statistical significance (RR = 1.22; 95% CI 0.94–
2.02). Meta-analyses for stroke incidence (RR = 1.11; 95% CI
0.88–1.39; 2 studies), stroke mortality (RR = 1.02; 95% CI
0.93–1.12; 3 studies), and incident hypertension (RR = 1.07;
95% 0.90–1.28; 3 studies) also did not reach statistical
significance.

The WHO/ILO review highlights the lack of research
including women and the lack of longitudinal studies on
occupational noise and cardiovascular outcomes.
Longitudinal studies typically deliver more convincing
evidence by establishing temporality and providing pre-
cise longitudinal exposure estimations. However, some of
the included longitudinal studies on noise used subjective
exposure assessments, and exposure estimates were di-
chotomized for the meta-analyses [7••]. Although cross-
sectional studies examine only one time point, the funda-
mental importance of evidence from cross-sectional stud-
ies in determining an association should not be
disregarded. At least with regard to hypertension, reverse
causality—a fundamental problem with cross-sectional
studies—is unlikely because uncomplicated hypertension
is largely free of symptoms.

Other Non-auditory Health Effects of Noise

In 2016, Domingo-Pueyo et al. [88] reviewed the health
effects of occupational noise exposure. The systematic
search for studies was open-ended with regard to health
outcomes, so that, much like a scoping review, the results
gave an overview of occupational noise-related health ef-
fects researched until January 2015. Most of the primary
studies identified researched the risk of NIHL or tinnitus
(20 studies), while only four researched cardiovascular
disease. Respiratory outcomes were additionally consid-
ered in one study of workers in the stone-crushing indus-
try [89], and another study was on sleep disorders among
noise-exposed rickshaw drivers [90].

In addition, systematic reviews examining associations
between (occupational) noise and injuries [71•], reproduc-
tive outcomes [72, 73], diabetes [77], and acoustic neuro-
ma [75, 76] were also published in the last decade.

Workplace Injury

Dzhambov and Dimitrova [71•] summarized the findings of
21 studies on noise-related injury risk. Noise exposure more
than doubled the risk for work-related injury (RR = 2.16; 95%
CI 1.61–2.90; 19 estimates) in a meta-analysis combining
self-reported exposure and the highest categories of measured
noise (> 80 dB(A)). A second meta-analysis of nine studies
found the RR per 5 dB(A) was 1.22 (95% CI 1.15–1.29). At
first glance, these results suggest that noise is associated with
an increased risk of work-related injuries. However, when
Dzhambov and Dimitrova [71•] applied the GRADE ap-
proach, they concluded that the evidence level for noise-
related injury risk is very low due to inadequate adjustment
of confounding in most of the original studies and publication
bias.

Reproductive Outcomes

Stress during pregnancy can negatively impact fetal develop-
ment [91]; thus, noise-induced stress may also increase the
risk of adverse pregnancy and birth outcomes. In 2014, two
reviews summarized the research of pregnancy-related out-
comes, such as gestational size, low birth weight, and preterm
births [72, 73]. Ristovska et al. [72] narratively summarized
the findings from 14 occupational and nine environmental
noise studies. This review determined that the studies were
too few and heterogeneous to draw any definitive conclusions
because some studies found increased risks only in combina-
tion with other workplace exposures, such as shift work.

In the same year, Dzhambov et al. [73•] published an up-
date of a previous systematic review of occupational noise by
Croteau et al. [92]. Dzhambov et al. [73•] used broader inclu-
sion criteria (which included environmental noise studies) and
detected statistically significantly increased risks for small for
gestational age (RR = 1.19; 95% CI 1.03–1.38; 12 studies),
gestational hypertension (RR = 1.27; 95% CI 1.21–1.79; 7
studies), and congenital malformations (RR = 1.47; 95% CI
1.21–1.79; 5 studies) for exposure to noise levels ≥ 80 dB(A).
However, the studies included in this review used different
exposure thresholds, so the meta-analysis compares two im-
precise exposure categories (high versus low).

More recent results from the large population-based
FENIX (fetal noise exposure cohort study) in Sweden also
support these results [74•]. The FENIX study assessed occu-
pational noise exposure using a job-exposure matrix and con-
sidered pregnancy outcomes for all single births in Sweden
between 1992 and 2008. Among women working full-time
with low absence from work (≤ 21 days), risks for small for
gestational age and low birthweight followed a dose-response
relationship for the noise exposure categories of < 75 dB(A),
75-84 dB(A), and ≥ 85 dB(A). Exposure to ≥ 85 dB(A) in-
creased the risk of small for gestational age by 44% (RR =
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1.44; 95% 1.01–2.03) and the risk for low birth weight by
36% (RR = 1.36; 95% CI 1.03–1.80) compared to < 75
dB(A) after adjusting for body mass index, smoking, parity,
education, physically strenuous work, and low job control. A
statistically significant increased risk of 13% was detected for
preterm birth only for women exposed to 75–84 dB(A) (RR =
1.13; 95% CI 1.08, 1.18).

Acoustic Neuroma

Acoustic neuromas are benign intracranial tumors that de-
velop on the nerve cells that originate in the inner ear and
lead into the brain. In 1989, Preston-Martin et al. [93]
hypothesized that acoustic trauma might promote cell pro-
liferation and favor tumor growth induced initially by ex-
posure to carcinogens such as radiation. Two systematic
reviews looked at the evidence of an association between
noise exposure and acoustic neuromas. Chen et al. [76]
and Cao et al. [75] included eight case-control studies in
their meta-analyses of noise. Both studies observed high
heterogeneity and inconclusive results. In both reviews,
overall analyses (ever exposed to noise) showed no (sta-
tistically significant) increased risk. Still, some sub-
analyses showed increased risks for occupational noise
exposure ≥ 5 years and for continuous occupational noise
exposure [75].

Diabetes

Two systematic reviews examining a possible relationship
between noise exposure and diabetes were published within
the last years. Dzhambov [77] included 9 studies (4 for occu-
pational and 5 for environmental noise). For residential noise
exposure, an increased risk for type 2 diabetes could be found
in people exposed to day-evening-night weighted noise
(LDEN) > 60 dB(A) compared to people exposed to LDEN <
64 dB(A) with a relative risk of 1.22 (95% CI 1.09–1.37).
However, for occupational noise exposure, the risk was not
statistically significant (RR = 0.91; 95% CI 0.78–1.06).
Although the authors report methodological differences be-
tween the studies, there was no heterogeneity detected.
Overall, the results show that noise pollution might lead to
endocrine health effects [77].

Another systematic review analyzing possible effects of
long-term exposure to traffic, residential, or occupational
noise on diabetes was conducted by Zare Sakhvidi et al.
[78]. This study included 15 studies and combined nine in a
meta-analysis (5 prospective cohort, 2 cross-sectional, and 2
case-control studies). The meta-analysis yielded a RR of 1.06
(95% CI 1.03–1.09) per 5 dB(A) increase in noise exposure
irrespective of the source of the noise. Greater risk estimates
were derived in source-specific analyses with regard to air
traffic noise (OR = 1.17; 95% CI 1.06–1.29 per 5 dB increase

in noise exposure) and road traffic noise (OR = 1.07; 95% CI
1.02–1.12). Both systematic reviews indicate possible noise-
related endocrine effects of environmental noise, but further
research is needed to explain the discrepancies between envi-
ronmental and occupational noise exposure studies.

Evidence from Environmental Traffic Noise
Studies

Studies of environmental traffic noise provide additional evi-
dence of a connection between noise exposure and non-
auditory health effects. Recently, a series of systematic re-
views were conducted to examine the effect of environmental
noise on health for the WHO environmental noise guidelines
[9–16]. Regarding cardiovascular and metabolic effects due to
noise exposure, a statistically significant relative risk of 1.08
(95% CI 1.01–1.15) per 10 dB(A) LDEN was estimated for the
association between road traffic noise and incident ischemic
heart disease [14]. This effect estimate suggests an association
between noise exposure and cardiac effects, which is also
observed in the reviews of occupational noise described
above.

Cardiac effects of noise exposure were also examined as
part of the German Noise-Related Annoyance, Cognition and
Health (NORAH) study on disease risks. NORAH results
were not included in the WHO reviews mentioned, as these
were based on studies published prior to June 2015. The
NORAH study on disease risks analyzed the relationship be-
tween exposure to traffic noise of L24h ≥ 40 dB(A) and risk of
hypertensive heart disease or heart failure and found a posi-
tive, linear dose-response-relationship for all types of noise
examined (road, rail, and aircraft noise) [94]. Regarding the
development of arterial hypertension due to noise exposure,
no statistically significant association was identified.
However, a higher risk for arterial hypertension was found
in people who developed hypertensive heart disease after be-
ing diagnosed with hypertension. In this subgroup, exposure
to aircraft noise led to the highest risk estimate with an in-
creased risk to develop hypertension of 13.9% per 10 dB(A)
increase in sound pressure level [95]. The NORAH study on
health risks also found increased odds for myocardial infarc-
tion with an OR of 1.028 (95% CI 1.012–1.045) per 10 dB(A)
for road traffic noise and an OR of 1.023 per 10 dB(A) (95%
CI 1.005–1.042) for railroad noise [96].

Noise-related sleep disturbances are an additional possible
pathomechanism for the health effects associated with envi-
ronmental traffic noise exposure that may be less applicable to
occupational noise exposure. The WHO found the risk of
being highly sleep-disturbed increased significantly per 10
dB(A) increase in nighttime noise (Lnight) due to aircraft, road,
and rail traffic noise; the latter leading to the highest risk
estimate of 1.27 (95% CI 0.89–1.81) [15]. Similarly,
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statistically significant (unadjusted) odds ratios were found for
the probability of awakening for a 10 dB(A) increase in the
maximum indoor noise levels (Lmax). Though, the authors
reported a moderate to low quality of evidence according to
the GRADE criteria [15].

For annoyance caused by traffic noise, a statistically signif-
icant, medium-strength relationship between noise levels and
the percentages of highly annoyed people was identified [12].
Evidence of low or very low quality was found for the asso-
ciations between aircraft noise and preterm birth, low birth
weight, and congenital anomalies, as well as road traffic noise
and low birth weight, preterm birth, and small for gestational
age outcomes [11]. Due to limited data, the reviews exploring
the association between environmental noise and the occur-
rence of permanent hearing loss and tinnitus [10], changes in
cognition, as well as well-being and mental health, were less
conclusive and did not include any meta-analyses [13, 16].
With regard to the aforementioned reviews, the evidence
concerning the health effects of environmental noise is still
limited. However, noise levels of environmental traffic noise
are generally lower than occupational noise, so it is plausible
that observed effects may be weaker and more difficult to
detect. Further high-quality prospective studies should be car-
ried out to increase the quality of evidence in this field.

Outlook and Interventions

International data on the prevalence of occupational NIHL
shows that much work is still needed to prevent adverse health
effects of occupational noise exposures effectively. Recently,
a Cochrane review assessing non-pharmaceutical interven-
tions on occupational noise exposure or occupational hearing
loss which aim at reducing noise exposure to prevent NIHL
was published by Tikka et al. [97•]. Initially published in 2009
[98], the review was updated for the second time in 2020.
Studies using a randomized-controlled, controlled before-
after or interrupted time-series study design, including
workers exposed to noise exceeding 80 dB(A), were exam-
ined in this review. Out of these, 13 studies evaluated the
effects of personal hearing protective devices (HPD), and 15
studies examined the effects of hearing loss prevention pro-
grams. For each outcome, the quality of evidence was rated
according to the GRADE approach.

Multiple case studies (107 cases) of engineering control
interventions were also considered by Tikka et al. [97•].
Engineering control interventions led to an immediate de-
crease in the absolute noise level (decrease ranging from
11.1 to 19.7 dB(A)). However, many studies suffered from
the lack of a long-term follow-up, the absence of a control
group, or a conflict of interest. For HPD, a noise reduction
of about 20 dB(A) through HPD use was found in four studies
(low-quality evidence). Moreover, moderate-quality evidence

showed that personal instructions on using HPD correctly
could lead to increased noise protection. Comparing earmuffs
and earplugs as two possible HPDs, there was very low-
quality evidence that earmuffs have a better effect than ear-
plugs in high-level noise but a worse effect in low-level noise.
Although supported by very low-quality evidence, the usage
of HPDs could lead to less hearing loss at very long-term
follow-ups [97•].

Regarding the effectiveness of hearing loss prevention pro-
grams, very low-quality evidence showed a decreased risk of
hearing loss in workers with better HPD use. However, inten-
sive or individualized information on noise exposure did not
significantly affect noise levels or hearing loss. Additionally,
one interrupted time-series study found that new legislation in
the mining industry led to decreased noise levels of about 4.5
dB(A) in underground coal mining. Tikka et al. [97•] conclude
that a modest decrease in noise exposure and hearing loss due
to hearing loss prevention interventions could be found.
However, the authors point out the necessity of studies of
higher quality and better implementation of HPD and noise
control measures.

The positive effect of the interventions examined by Tikka
et al. [97•] refers to a decrease in NIHL as an auditory effect of
noise. Therefore, the interventions may not be directly trans-
ferable to non-auditory effects of noise exposure, such as car-
diovascular diseases. To the best of our knowledge, interven-
tional studies or a review on the effect of hearing protection on
non-auditory noise effects are not yet available. Further re-
search is needed to determine whether specific interventions
could reduce non-auditory health effects of occupational noise
exposure.

In the last years, several papers were published dealing
with the role of oxidative stress in the pathomechanisms of
noise-induced stress. It was found that the administration of
exogenous antioxidants can reduce noise-induced stress and
could be used for prophylactic and therapeutic interventions
[99–101]. In an animal model, oral administration of antioxi-
dant vitamins and minerals helped prevent NIHL damage
[102]. Oxidative stress as a possible pathomechanism and
intervention target is an area of noise-related health research
requiring further investigation.

Sheppard et al. [23•] recently summarized the occupa-
tional noise level regulations and recommendations shown
in Table 2. They discuss how these regulations and rec-
ommendations attempt to strike a balance between
preventing NIHL and hindering economic growth in a
way that may underestimate the long-term healthcare
costs of the acoustic and non-acoustic health effects. In
their review, Sheppard et al. [23•] suggest that current
methods for NIHL screening could be made more sensi-
tive by screening for hearing loss at higher frequencies (>
10 kHz) and monitoring for other signs of cochlear dam-
age. Current noise regulations will not prevent all

353Curr Pollution Rep  (2021) 7:344–358

1 3



occupational NIHL and overlook possible cardiovascular
effects of noise-related stress responses, which may occur
at lower noise levels.

Depending on the workplace setting and the character of
the work, lower levels of occupational noise can also be a
source of stress and annoyance. Background noise in open-
space offices, especially background speech, is an encumber-
ing disturbance for office workers. Schlittmeier and Liebl
[103] summarized the results of three intervention studies
which found that intelligible background speech consistently
reduces working memory performance and increases per-
ceived annoyance. Lowering noise levels and reducing the
intelligibility of background speech was found to improve
cognitive performance and mitigate disruptions. Thus, how
different forms of lower occupational noise levels create stress
and reduce productivity in different working situations re-
quires additional research.

With regard to the measures mentioned in Table 2 and the
interventions examined by Tikka et al. [97•], the fact that they
mainly focus on individual prevention (i.e., earplugs or ear-
muffs as HPD) is notable. According to European work pro-
tection law, prevention methods for occupational NIHL

should focus primarily on noise elimination or, if this is not
possible, technical measures for noise reduction (working
methods requiring less noise exposure or changes in work
equipment). According to this procedure, organizational mea-
sures (i.e., limitation of exposure time and intensity) need to
be implemented if the approaches mentioned above are not
sufficient, and individual prevention has to be made available
for the workers if technical and organizational measures do
not adequately reduce noise exposure [104]. Therefore, future
research and interventions should prioritize the prevention of
ambient noise to reduce noise exposure at the workplace.

Conclusions

Recent data shows that not only is noise-induced hearing loss
as an auditory effect of occupational noise exposure a continu-
ing health problem worldwide but that there is increasing ev-
idence for non-auditory consequences of occupational noise
exposure. Multiple reviews indicate harmful effects of occu-
pational noise on the cardiovascular system (i.e., hyperten-
sion), a higher risk for work-related injuries, as well as adverse

Table 2 Regulations and
recommendations in the
European Union and the USA
[23•]

Region and
entity

Regulation/guideline levels Hearing conservation

USA-OSHA Permissible exposure level
(PEL)

90 dB(A) for 8 h; calculated
with 5-dB exchange rate1

peak SPL: 140 dB(C)

Hearing conservation program at noise ≥85 dB(A):
• annual audiometric assessment

• employee training regarding risks

• HPD should be worn by employees

USA-NIOSH Recommended exposure
limits (REL)

85dB(A) for 8 h; calculated
with 3-dB exchange rate2

peak SPL: 140 dB(A)

Hearing conservation program at noise ≥85 dB(A):
• noise exposure assessment

• audiometric monitoring

• engineering and organizational controls

• HPD should be worn by employees with annual training
provided

EU-OSHA Directive 2003/10/EC

Lower action level:

LEX,8h: 80 dB(A)

peak SPL = 135dB(C)

Upper action level:

LEX,8h: 85 dB(A)

peak SPL = 137 dB(C)

Noise limit level:

LEX,8h: 87 dB(A)

peak SPL = 140 dB(C)

Hearing conservation at Lower action level:

• annual hearing monitoring provided

• HPD made available

Additional hearing conservation at upper action level:

•Actively reduce noise levels through engineering controls or
organizational practices (reduced exposure times)

SPL sound pressure level; HPD hearing protective devices; OSHA Occupational Safety and Health
Administration; NIOSH National Institutes of Occupational Safety and Health; EU European Union; USA
United States of America
1 Using a 5-dB exchange rate, 90 dB(A) for 8 h is equivalent to 4 h at 95dB(A) or 16 h at 85dB(A)
2Using a 3-dB exchange rate, 85 dB(A) for 8 h is equivalent to 4 h at 88 dB(A) or 16 h at 82 dB(A)
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reproductive outcomes. Non-pharmaceutical interventions
(HPD, instructions on HPD use, engineering controls) have
a moderate preventative effect on the occurrence of noise-
induced hearing loss. Thus, future research should focus on
the prevention of ambient noise to reduce NIHL. It can be
presumed that consistent noise reduction can not only help
to prevent NIHL but will also reduce non-auditory adverse
health effects, such as hypertension and its secondary dis-
eases. Furthermore, prospective studies of both men and
women are needed to strengthen the evidence for non-
auditory health effects of occupational noise, such as endo-
crine diseases. Also, further research on the epigenetic effects
of noise will improve our understanding of how noise is
impacting health.
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