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Abstract: This paper presents a bibliometric and critical
review of auditory and non-auditory health impacts due
to road traffic noise exposure. The paper discusses the
general trends of studies conducted in the research do-
main using the bibliometric network approach. These net-
works are based on citation, bibliographic coupling, and
co-authorship relationships. Further, a critical review is
conducted to summarise the auditory and non-auditory im-
pacts due to traffic noise exposure. Auditory health impact
issues such as noise-induced hearing loss (NIHL) and tinni-
tus are presented. Non-auditory impacts are categorised as
physiology and performance-related impacts. Physiology
related health impact includes a review of cardiovascular
and sleep disturbance issues due to noise. Performance-
related health impact includes annoyance and cognitive
impairment issues. This paper discusses the severity level,
different exposure-response relationships, techniques, and
empirical models developed to assess the magnitude of
these health impacts. Subjective and laboratory assessment
techniques used to analyse the health impact through var-
ious modeling and statistical approaches are considered.
Additionally, a scenario analysis of health impact due to
heterogeneous transportation is performed. An assessment
is done to find the applicability of health risk prediction
models in heterogeneous traffic conditions.
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1 Introduction
Noise pollution is among the significant environmental is-
sues which affect the health and quality of living in urban
areas [1]. Road Traffic Noise (RTN) exposure ranks second
among the nine environmental problems with significant
health impacts. These impacts can be categorised into au-
ditory and non-auditory health impacts. Auditory impacts
due to noise exposure can be defined as the impacts on
the hearing organ and effects due to masking of auditory
information leading to speech interference and perception
issues. The non-auditory impact due to noise is defined
as an impact on human health at physiological and per-
formance levels, impacting the mental health and wellbe-
ing of humans [2, 3]. Auditory impact of noise includes
noise-induced hearing loss (NIHL), tinnitus, hyperacusis,
auditory fatigue, central auditory pathway damage, speech
perception and interference issues [2]. Non-auditory impact
of noise includes high blood pressure, cardiovascular dis-
eases, sleep deprivation, annoyance, cognitive impairment
etc. [4].

The World Health Organization (WHO) estimated that
more than 2 billion citizens worldwide are exposed to noise
levels of more than 55 decibels affecting 400-1500 healthy
life lost because of ischemic heart diseases for every 1 mil-
lion people in Europe [5, 6]. European directive 2002 [7]
mandates policy-making agencies in Europe to forecast
and map noise levels, estimate Disability-Adjusted Life
Years (DALY), and create noise mitigation policies through
‘Noise Action Plans’. These Noise Action Plans include
noise mapping, understanding people’s perception, quan-
tifying health risk due to noise, and developing noise pre-
diction models (NPM) and noise annoyance models (NAM).
Research in environmental noise prediction and mitigation
has significantly progressed in the last two decades [8, 9].
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However, studies related to health risks due to noise expo-
sure and the resultant level of annoyance has not gained
sufficient attention.

To identify the health risk of noise, it is crucial to de-
termine the exposure-response relationship, which esti-
mates the noise effect either at an individual or at popu-
lation level. Many policymakers, authorities and public
organisations are using this noise exposure-response re-
lationship for health risk assessment (DALY) [10, 11] or to
deduce effect-based noise indices [12]. Schultz [13], Kry-
ter [14] and Fields are among the few authors who explored
the relationship between traffic noise exposure and annoy-
ance through exposure-response relationship. Miedema
and Oudshoorn [15] developed a DENL (day-evening-night
level) index to report the percentage of highly annoyed per-
sons due to traffic noise. European Commission and WHO
has accepted this relationship to predict disability-adjusted
life years (DALY) and the Global Burden of Diseases (GBD)
due to noise exposure [10]. Wolfgang Babisch [16], Martin
Röösli [17] and other researchers have attempted to deter-
mine health impact due to noise exposure, and projects
like SiRENE and TraNQuIL have contributed positively to
support the hypothesis.

A WHO report estimates that DALYs from environmen-
tal noise are 61,000 years for ischaemic heart disease,
45,000 years for cognitive impairment of children, 903
000 years for sleep disturbance, 22,000 years for tinnitus,
654,000 years for annoyance in the European Union Mem-
ber States and other western European countries. Individ-
ual studies performed at the Athenian metropolis on RTN
exposure and its health impact estimated 858.2 DALY lost
due to cardiovascular diseases and 2197 due to sleep dis-
turbance [18]. In another study in Sweden, 22218 DALY due
to sleep disturbance, 12090 DALY due to annoyance, 6752
DALYdue to the cardiovascular issue has been reported [19].
Considering the high impact of noise on humans (auditory
and non-auditory), it is necessary to collate the work done
by various researchers in this area and comprehend the
gaps to identify future research roadmap.

The framework of this literature review is based on the
following objectives. (a) To perform a bibliometric analysis
of research articles published in the domain, and (b) To
perform a critical review of the health risks associated with
RTN exposure and various acoustical and non-acoustical
factors associated with it. Further, various models that ex-
plain the risk rate due to long-term and short-term RTN ex-
posure and their contextual application for heterogeneous
RTN conditions are discussed. This paper primarily focuses
on the health impact of road traffic noise exposure.

2 Review procedure
The database of research articles is prepared by searching
for the keywords ‘noise annoyance’, ‘health impact’, ‘car-
diovascular diseases’, ‘sleep’, ‘hypertension’, ‘myocardial
infarction’, ‘ischemic diseases’, ‘stroke’, ‘blood pressure
level’, ‘cognitive performance’, ‘hearing loss’, ‘tinnitus’,
in conjunction with ‘road traffic noise’ and ‘Traffic Noise’.
The search was done in the Web of Science, Scopus and
PubMed databases from 1992 to 2021 November. A total
of 1030 relevant papers were collected from the keyword
search. Out of which 872 articles are considered after remov-
ing the duplicates. The review’s primary focus is to identify
the health impact caused due to road traffic noise exposure.
The workflow of article selection is presented in Figure 1.

Figure 1:Workflow of dataset selection

The list includes original research articles, review pa-
pers, conference papers and book chapters from different
journals. In this list of literature majority of papers are from
the journals linked with publishers such as MDPI, Else-
vier, Springer, Acoustical Society of America, BMC, Oxford
University Press, US Dept Health Human Sciences Public
Health Science, Wolters Kluwer Medknow Publications etc.

After extracting 872 articles, the list is manually
checked to verify the paper’s relevance in the identified
traffic noise exposure research domain, of which 344 arti-
cles are excluded. After excluding the not relevant records,
a total of 528 records are assessed for eligibility in the bib-
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liometric review, of which 237 articles are excluded with a
reason. Finally, the list of 291 records is used for the biblio-
metric analysis and 219 articles are used for critical review.
The research articles discussing the combined health im-
pact of road, rail and aircraft noise are considered for the
review. Articles exclusively discussing the health impact of
rail, aircraft, windmill, occupational or construction noise
exposure are excluded from the review process. In this ex-
tracted list, the papers deal with different health impacts
such as cardiovascular diseases, sleep, hypertension, my-
ocardial infarction, ischemic diseases, stroke, blood pres-
sure level, cognitive performance, hearing loss, tinnitus
and noise annoyance. It also includes articles dealing with
the overall impact of road traffic noise pollution and a few
relevant review papers.

Limitation
The study is limited to reviewing the impact of road traffic
noise on human health. Few studies related to combined
noise exposure, including road traffic noise, are considered
in the review process. This paper does not focus on charac-
terising traffic noise scenarios or reviewing noise emissions
from different vehicles. The paper does not consider the
evaluation of traffic noise models.

3 Bibliometric analysis
The bibliometric analysis is conducted using VOSviewer
software [20]. It is a widely accepted software to conduct
the literature study by analysing the network based on jour-
nals, researchers, citations, co-authorship relations. The
co-occurrence maps are produced based on literature de-
tails which present the information by forming clusters
into different groups. Clustering determines the highest fre-
quency of occurrence and similarity of the keywords, and
it provides indications of the most focused points in the
research field [21]. Clustering helps determine the specific
subgroups, which helps construct study frameworks and
analyse the relationship between the clusters. The linkage
between the clusters shows the strength of association be-
tween different subgroups.

The extracted list of 291 articles is used for the bib-
liometric analysis, termed ‘review records.’ The analysis
includes building and analysing the network for scientific
journals, organisations, countries and keywords.

The items in this network are connected by co-
authorship, citations or co-citations links. The results of
these analyses are presented in the following section.

3.1 Articles by research sub-domains

The review records are classified into different groups based
on the health impact or the nature of the study. Figure 2
shows the number of papers describing RTN exposure and
its association with particular health issues. Few papers
in the records discuss the overall impact caused by RTN
exposure. Apart from discussing health impact, few studies
are related to developing exposure-response relationships,
analysing the burden of diseases, assessing the quality
of life and mortality rate. These areas are relevant to the
research domain as they help identify the impact on the
targeted population.

Figure 2: Number of papers describing different health impacts due
to exposure to RTN

From the records, it is observed that maximum studies
are related to noise annoyance, cardiovascular issues, sleep
disturbance and hypertension issues. The studies dealing
with cognition, dementia, diabetes have not yet gained
relevance in the research domain, but the numbers are
considerably increasing in recent years. It is also observed
that the researcherswidely discuss the non-auditory impact
of noise, but the impact on auditory health is not discussed
due to RTN exposure.

3.2 Authors keyword network

The keyword occurrence of the review records is checked
to analyse the number of studies conducted in different
areas and how they are linked with each other. For this
analysis, the keywords provided by authors for each article
are considered. The minimum number of occurrences is
kept at 5; out of 578 unique keywords, 28 keywords meet
the minimum occurrence threshold. To remove the various
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variant, keywords with similar meanings aremerged before
the analysis.

The analysis shows that the articles are based around
the important keyword of ‘Road Traffic Noise’. Along with
it, other keywords such as environmental noise and an-
noyance seems to have significant importance. Total key-
words are classified into 5 clusters based on association.
The node’s size shows the number of times the keyword is
used (Figure 3).

Figure 3: Keyword network analysis: Explaining relevant keywords
and their association

Cluster 1: Annoyance, environmental noise, hearing loss,
mental health, noise sensitivity, public health.

Cluster 2: Blood pressure, hypertension, ischemic heart
diseases, myocardial infarction, stroke.

Cluster 3: Aircraft noise, railway noise, road traffic noise,
anxiety, depression, quality of life.

Cluster 4: Cardiovascular diseases, Cohort studies, dia-
betes, epidemiology, mortality.

Cluster 5: Exposure-response relationship, Insomnia,
road traffic noise, sleep disturbance.

The clusters show the different sub-domains formed in the
health impact study due to RTN. Cluster 1 is the initial and
most prominent cluster that deal with annoyance, environ-
mental noise and public health, sensitivity, and hearing
loss, a primary research area. This is followed by a discus-
sion of cardiovascular issues and other related diseases in
cluster 2. Cluster 3 is the area that mainly deals with the
combined effect of transport noise, including air and rail
transport and how it affects the quality of life and burden of

diseases. Cluster 4 is a relatively new area in this research
domain that dealswith the in-depth study of health impacts
caused due to RTN exposure. These studies are mainly clas-
sified as clinical studies. Cluster 5 explores noise exposure
relationship models for various sleep disturbance and an-
noyance issues.

Figure 4: Keyword analysis explaining the use of different keywords
in the research domain in the last two decades

Most of the studies were conducted between 2010 to
2020, where the initial work started with the development
of exposure-response relationship for Sleep disturbance,
annoyance and Insomnia. The period between 2014 to 2016
mainly discussed the road traffic noise and its impacts fo-
cusing on hypertension blood pressure noise annoyance.
Cardiovascular issues due to traffic noise have been studied
after 2016. In comparison, the studies discussing stroke,
anxiety and depression caused due to road traffic noise
exposure were completed in 2018 and later.

3.3 Articles by year of publication.

The total number of research papers published each year is
shown in Figure 5. It is observed that the trend of research
in the area of health impact associated with traffic noise
pollution has gained importance among researchers. There
are few studies from the initial years till 2002, but gradually,
the trend increased to 12 studies in 2012. After that, there
has been anupward trend in the number of research articles
published, with maximum numbers reaching 25 articles in
2020. A slight drop is observed in 2015 and 2019 compared
to articles published in the previous year.
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Figure 5: Total number of research articles published each year
1992 to 2021 November

3.4 The distribution by the journal.

The total number of papers published in different journals
is presented in Figure 6. Total 105 journals are listed with
at least one paper related to the domain. The ‘International
Journal of Environmental Research and Public Health is
the most popular journal to publish 30 research papers
in this area, contributing to about ten percent of total re-
search articles from the review records. This is followed by
‘Noise and Health’ with 27 (9.27%) articles, ‘Environmental
Research’ with 20 articles (6.87%) and ‘Environment Inter-
national’ with 19 research articles contributing to 6.5% of
total articles in the review list.

Figure 6: Total number of research articles published by different
journals

Figure 7 shows the trend of publication of articles in
different journals for the year of publications. It is observed
that during the year 1992 to 2000, very few articles were
published by the journals such as ‘Sleep’, ‘Science of Total
Environment’ and ‘Environment International’. After the
year 2000 to 2010, two highly cited studies were published
in ‘Lancet’ and ‘Environment Health Perspective’. Also, few

other journals published the articles, which include ‘Jour-
nal of Acoustical Society of America’, ‘Noise and Health’
and ‘Applied Acoustics’. From 2010 till date, most articles
have been published in ‘International Journal of Environ-
mental Research and Public Health’, ‘Noise and Health’,
‘Science of Total Environment, ‘Environment International’
and ‘Environmental research’. At present, these are the jour-
nals that meet the aim and scope of the study, which deals
with environmental studies and related health impacts.

Figure 7: Trend of publication of articles in different journals from
1990 to 2021, Colour and Size of the node indicates the number of
citations per paper

3.5 Institutes with major contributions

Co-authorship analysis is conducted on the basics of organ-
isations considering the fractional counting method. The
inclusion criteria of a minimum number of documents are
kept at five documents from each organisation. Out of 486
unique organisations, 28 meets the criteria, and the results
are presented in Figure 8. It is observed that ‘The University
of Basel’ and ‘The Swiss Tropical and Public Health Insti-
tute are the top leading institutes working on the impact
of noise exposure on human health. In terms of citation,
the ‘Federal Environmental Agency (UBA)’, ‘University of
Pennsylvania’ and ‘Queen Mary University of London’ are
the organisations that have received the highest number of
citations for the published articles.

From these institutes, many authors have contributed
substantially to the research domain. A co-authorship is
analysed in the Vos viewer to know the link between differ-
ent authors. The full counting method is used to analyse
where each co-authorship, bibliographic coupling and co-
occurrence link has the same weight. The inclusion criteria
for the analysiswere to have at least five documents for each
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Figure 8: Total number of articles published by different research
organisations with the total number of citations received

author. As per this criterion, out of 1052 authors, 36 qualify
for the analysis. The results of co-authorship analysis are
presented in the supplementary section.

3.6 The contribution of countries

Co-occurrence analysis is conducted by considering coun-
tries as a unit. Articles from 57 counties are detected in the
review records. The fractional counting method is used for
the analysis, and the minimum number of documents from
each country is set at five. Out of 57 countries, a total of 23
countries meets the threshold level. Figure 9 shows differ-
ent countries and their association based on co-occurrence.
The node size shows the number of documents published
by each country, and the links show the association be-
tween countries. It is observed that the majorly 5 clusters
are observed along with a sixth cluster without any associ-
ation.

The first five clusters are grouped as follows.
Cluster 1 consist of Austria, Belgium, France, Spain

and Switzerland. Cluster 2 includes Canada, Finland, New
Zealand, China and England; cluster 3 includes Austria,
Denmark, Germany and Serbia. Whereas cluster 4 consist
of Greece, Italy, Netherland and Sweden. Moreover, cluster
5 includes Japan, Norway, South Korea and the USA.

Apart from these five clusters, the sixth cluster is
formed, which only includes India. In the first five clus-
ters, most of the counties are from Europe, followed by the
USA and a few Asian countries.

Considering the number of documents published and
the citations, Germany is the leading nation to work in
health impact due to RTN, followed by USA and England.
Other European countries have substantially worked in this

Figure 9: Network analysis explaining the contribution of the num-
ber of research articles from different countries and association
among counties based on co-occurrence

Figure 10: Figure showing the number of articles published from
different countries and the total number of citations

area, including Spain, Netherland, Switzerland, Sweden,
and Denmark (Figure 10).

India contributes many studies to the research area,
but the association is not observed with any other nation.
Thismaybedue to the heterogeneous type of transportation
observed in India. Several other countries with heteroge-
neous transportation have attempted to identify health im-
pacts due to RTN. However, they have not substantially con-
tributed to the research domain, including Pakistan, Egypt,
Indonesia, Morocco, South Africa, Mexico and Columbia.
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4 Critical review
The bibliometric analysis has provided an understanding
of the workflow in health impact due to RTN. To get an in-
sight into these health impacts, the categorisation of review
records is done based on health issues caused due to RTN.
A critical review is conducted to review the impact of road
traffic noise on humans, including identifying the health
impact caused, adopted methods and different parameters
considered the risk identification.

Section 4.1 focuses on traffic noise exposure and hu-
man health impact. The section is broadly divided into
auditory and non-auditory health issues. Auditory health
effects such as noise-induced hearing loss and tinnitus are
discussed in section 4.2. It is observed that the non-Auditory
health impacts are majorly discussed due to RTN; very few
studies are based on auditory impact. There is limited lit-
erature on the auditory health impact of RTN. Hence, we
attempted to infer the auditory impact of RTN based on sim-
ilar noise exposure characteristics from other sources. Non-
Auditory health impacts of road traffic noise are reported
in section 4.3, including cardiovascular, sleep disturbance,
noise annoyance and cognitive impairment issues.

4.1 Traflc noise and health impact

Environmental noise includes noise from multiple sources
like transportation, industries, and neighbourhood. Often,
noise is responsible for changes in emotions, social be-
haviour, and annoyance. Adverse effects, including the
physical and psychological impact of continuous noise ex-
posure, have been reported by various researchers. Noise
exposure and sleeping issues are well discussed in studies
done in controlled conditions. However, it has been chal-
lenging to establish this impact in field conditions. Studies
performed in the area of road traffic noise exposure reveal
increased stress levels, hypertension, cardiovascular issues
and sleep deprivation. It is noted that RTN is not associated
with psychiatric complaints but is responsible for physiolog-
ical disorders. Multiple studies about noise exposure and
health impact assessment confirm non-auditory impacts
like cardiovascular diseases, stress, sleep disturbance, and
auditory impacts such as hearing loss and tinnitus esti-
mates that more than 20% of the EU population is vulnera-
ble to traffic noise levels above 65 dBA during the day, and
30% are subject to more than 55 dBA at night, resulting in
61,000 DALY [10, 22]. A study conducted in Madrid (Spain)
has reported that 1 dB noise reduction amounted to a re-
duction of 200 and 300 deaths due to cardiovascular and
respiratory problems [23]. Often, the exposed population

Figure 11: Traflc noise exposure and its auditory and non-auditory health impact on human health, describing health impacts, assessment
tests, influencing parameters and available risk prediction model



74 | M.Manohare et al.

tends to adapt to the slightly high level of noise exposure,
but this degree of habituation is not specific anddifferswith
many social, economic and demographic parameters [24].

Müller [25] established a methodology to quantify the
health loss due to traffic noise exposure. This health loss
was recorded in case of sleep disturbance and communi-
cation disturbance aggregated into DALY to quantify the
health risk. Environmental Burden of diseases (EBD) is
a method established using DALY for health risk assess-
ment [26]. It quantifies potential years of life lost due to
premature death and equivalent years of healthy life lost
because of the same health and disability [27]. EBD con-
siders the distribution of noise exposure among citizens,
exposure-response relationship and estimate of disability
weight for a particular outcome. According to the European
Environment Agency [26], environmental noise alone has
caused 10,000 premature deaths in Europe, with high an-
noyance affecting 20 million adults and sleep disturbance
affecting 8 million. Nine hundred thousand hypertension
cases are also caused by noise, and nearly 43,000 hospital
admissions in Europe are caused by noise [28]. BrinkM. [29]
stated that using active health indices is required to esti-
mate correct health impact than subjective assessment. The
acoustical parameters (Spectral distribution of energy, type
of source, type of traffic condition, etc.) alone are not suf-
ficient to predict the exposure level and associated health
risk both physically and mentally [30]. It is necessary to
identify Non-Acoustical Parameters, such as noise sensi-
tivity, attitude, social and demographic variables, that are
significant in predicting these health risks [31]. Figure 11
presents different effects of traffic noise pollution, assess-
ment tests, influencing parameters and available risk pre-
diction model.

4.2 Auditory health effects

According to WHO, around 104 million people are exposed
to noise levels that cause Noise-Induced Hearing Loss
(NIHL) [32]. According to an audiometric study performed
on the population living in urban areas, the hearing capac-
ity of people from urban areas is reduced compared with
people fromsuburbanareas.Multiple types of noise sources
contribute to the increase in ambient noise levels in urban
areas, which includes traffic noise, construction noise, com-
munity noise, industrial noise etc. The road traffic noise
exceeding 70 dB is majorly responsible for NIHL [33, 34].
Majority of the population associated with the urban trans-
port system and industrial sector experience a high level of
noise exposure and associated health issues. The vulnera-
ble group includes drivers, police personnel and hawkers

for whom traffic noise exposure can be treated as occupa-
tional noise. Hearing impairment due to industrial noise
is extensively acknowledged in the present context, but
another exposure like traffic noise or military and police
personnel [35, 36] is overlooked.

Apart from these noise sources bursting of firecrackers,
loud music etc leads to NIHIL [37] and other issues, which
can be permanent or temporary. During festival season,
the study conducted in India shows that ambient noise
levels increase beyond the threshold due to the bursting of
firecrackers leading to NIHL [38, 39].

4.2.1 Noise-induced hearing loss (NIHL)

The leading cause of NIHL is the loss of outer hair cells in
the organ of Corti because of the high level of noise expo-
sure. Cochlear damage happens due to more than 115 to
125 dB noise exposure. The findings in NIHL include the de-
struction of outer hair cells, floppy stereocilia, fusion and
loss of stereocilia, loss of adjacent supporting cells, com-
plete disruption of the Corti, progressive Wallerian degen-
eration, and loss of primary auditory nerve fibres [40]. This
occurs in bilateral, sensorineural hearing loss, often with a
pathognomonic knot with a reduced hearing on an audio-
gram at 4,000 Hz. Continuous exposures to sound above
85 dB over 8 hours have been shown to induce NIHL [41].
Continuous noise exposure has a higher risk of NIHL than
Intermittent noise exposure.

NIHL has two types: temporary threshold shift (TTS)
and permanent threshold shift (PTS). TTS is caused due
to short term noise exposure of high noise levels where
subjects can detect ringing or buzzing sounds. Similar
exposure for an extended period leads to PTS. In a few
cases, patients are more vulnerable to permanent thresh-
old shifts (PTS) based on threshold measures of auditory
brainstem response (ABR) when subject to similar noise
exposure [42, 43].

Theworking population associatedwith the transporta-
tion sector, including drivers [44] and traffic police per-
sonnel, are at the highest risk of NIHL [45–47]. The study
conducted on shopkeepers along the street shows a high
level of hearing loss due to long term exposure to road
traffic noise levels [48]. Traffic police officers reported de-
layed conduction in the peripheral part of the auditory path-
way. However, no impairment was observed in the subcor-
tical, cortical, or association areas [49]. NIHL was reported
among 84% of traffic police personnel. The occurrence of
hearing loss explained as an average threshold above 25
dBA hearing level was 80%, 70% and 46% for low, mid
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and high frequency average respectively for traffic police
personnel [50].

NIHL is the most frequent but avoidable occupational
disease in many Asian countries. One of the significant
sources responsible is RTN [33], resulting in the highest
attributable cases of hearing loss in the world [51]. Barbosa
and Cardoso [34] report that 28% of the Brazilian popula-
tion deals with NIHL and other health issues due to RTN
exposure.

4.2.2 Tinnitus

Tinnitus is a sensation and perception of sound without
any presence of an external noise source. Recent studies
show that hyperactivity in the Dorsal Cochlear Nucleus
(DCN) is a potential tinnitus generator [52]. Tinnitus is of
two types, objective and subjective. Objective tinnitus is a
case in which a person can hear internal acoustic stimuli,
such as turbulent blood flow in an artery close to the ear. It
is detectable by physicians. Subjective tinnitus is a sensa-
tion of ringing or buzzing sound, which is non-detectable.
Subjective Tinnitus and hearing loss have not been convinc-
ingly associated with each other [53]. Subjects affected by
tinnitus face difficulty in concentration, emotional prob-
lems, speech perception and sleep disturbance [54].

Many times, tinnitus is misinterpreted as hearing loss.
As per Lewis et al. [55] tinnitus, in an extreme scenario,
leads to suicidal tendencies. Tinnitus suffering is subjec-
tive to the patient’s reaction (irritation, coping, adjust-
ment level); hence it has not been significantly correlated
with tinnitus sensation when measured using a matching
test [56]. Hyperacusis is unusual tolerance to ordinary envi-
ronmental sounds [57], which is not detectable by any audi-
ological or medical test. Before the advent of hyperacusis,
most of these patients required psychological treatment.

Clinical research correlates excessive exposure of noise
impacts like central and peripheral auditory pathway dam-
age [58] with Hyperacusis, difficulty in speech perception
and auditory fatigue. Psychological symptoms were associ-
ated with aircraft and road traffic noise. Besides, difficulty
in reading comprehension and increased blood pressure
issues were noted in children [4].

Traffic police and bus drivers with high traffic noise
exposure have reported hearing issues and tinnitus [59].
WHO estimates 22,000 DALYs for tinnitus [10]. Temporary
noise-induced tinnitus is reported to be the most common
issue due to loud music among adolescents [60]. Most of
these experiments have been administered only for general
noise exposure and not specifically for traffic noise. Since
noise equivalent levels and total exposure levels are similar

in these experiments, it can be assumed that such audi-
tory impacts may result from a similar level of traffic noise
exposure. Hence further studies for establishing such au-
ditory impact due to traffic noise exposure and its spectral
characteristic are strongly recommended.

4.3 Non-auditory health impact

The investigation by various authors on non-auditory
health impacts due to RTN can be divided into two cat-
egories, physiological impact and performance-related im-
pact, as shown in Figure 12. These impacts are based
on various changes in the human body. Performance
level changes lead to issues like hypertension, stress, be-
havioural changes, and cognitive impairment, whereas
physiological changes lead to myocardial infarction, high
blood pressure, muscle tension, etc.

Figure 12: Physiological and performance-related changes due to
RTN exposure

This review summarises the noise impact on cardiovas-
cular issues, sleep deprivation, annoyance level, and cog-
nitive impairment. Apart from these issues, there are many
other health impacts due to noise exposure (e.g., Stroke,
dementia). Due to the lack of sufficient literature in the
area of traffic noise exposure and these health impacts, the
review of these studies has been excluded.

4.3.1 Physiological impacts

A. Cardiovascular issues and noise
Over the past two decades, researchers have extensively
studied the association between traffic noise exposure and
cardiovascular diseases. It mainly includes hypertension,
ischemic heart diseases, blood pressure and stroke. As per
the WHO Global Burden of Disease (GBD) report, ischemic
heart diseases are a vital cause of fatalities in developing
and underdeveloped nations. Exposure to traffic noise in-
creases cardiovascular disease incidence [61]. In the human
auditory system, cortical and subcortical brain structures
are responsible for interpreting and filtration of acoustic
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Table 1: Details of time domain and frequency domain parameters employed for HRV analysis

Heart rate variability parameters Used for relevance
Time-domain parameters Mean RR

SDNN (ms) The standard deviation of normal to normal (NN).
RMSSD Root mean square of successive RR interval differences
NN50 The number of adjacent NN cycles that are more than 50 ms (NN50)

apart from each other includes an epoch of 2 minutes.
pNN50 (%) Percentage of more than 50 ms of consecutive RR cycles.

Frequency domain parameters LF low-frequency power.
HF High-frequency power.

signals. The autonomic nervous and endocrine systems’
excitement is linked to repeated temporal modifications in
biological responses [10, 62–65]. Continuous exposure to a
high noise level acts as a nonspecific stressor that impacts
human health. Epidemiological research has estimated the
high risk of cardiovascular diseases among the subjects
exposed to the high noise level.

A subjective study in Oslo, Norway, revealed a strong
relationship between exposure to noise, chest pain and
hypertension [66]. An evaluation in school environments
found that the systolic pressure of school children was at
an average high of 2 beats/min in a noisy environment com-
pared to quiet spaces [67].

In a long-term scenario, the relationship between in-
sufficient sleep, metabolic, endocrine changes and car-
diovascular diseases (CVD), and hypertension is well es-
tablished [68]. This long-term cause of sleep disturbance
and change in metabolic activities is attributed to continu-
ous or intermittent traffic noise during night hours. Perma-
nent vascular effects, hypertension and ischemic diseases
can result from a high noise exposure level [69, 70]. Re-
search shows an increased risk of myocardial infarction
with raised noise levels, acute noise sensitivity that stim-
ulates the sympathetic and endocrine system, increased
blood pressure, heart rate and stress hormone levels [71, 72].
Angiotensin (AGT) gene polymorphisms are used to Identify
workers ’ risk of hypertension dealing with occupational
noise. Workers with TT genotype are more vulnerable to
the risk of hypertension due to noise exposure [73]. Long-
termRTN exposure increases the risk for all-causemortality
and cardiovascular mortality and morbidity in the popu-
lation at large, especially for older people with stroke [74].
Reports have shown increases in systolic blood pressure
(not diastolic pressure), total cholesterol, total triglycerides,
blood viscosity, platelet count, and blood glucose level of
the studied population.

Heart rate variability (HRV) and blood pressure are
the basic parameters used to identify CVD risk because of

noise exposure. The medical-grade electrocardiographic
machines and IoT based health monitoring systems are
typically used for this analysis in the reported literature.
Many laboratory experiments have established the asso-
ciation between change in Heart rate and blood pressure
due to noise exposure. Heart rate variability analysis in-
cludes time-domain analysis parameters (Mean RR, SDNN,
RMSSD, NN50 and pNN50) and frequency domain analysis
parameters (low-frequency power-LF and high-frequency
power HF) [75].

The impact of RTN is analysed subjectively by investi-
gating the medical history and noise exposure history. In
controlled experimental conditions, noise stimuli are pro-
vided to subjects through headphones or loudspeakers in
supine or seated conditions. The experiment time interval
varies from 5 minutes to one hour. Apart from the above
parameters, various sociodemographic parameters which
have an association with noise exposure are considered.
Muzet [76] reports that people with angry, helpless and
hostile aggressive behaviour and lower-income group pop-
ulation are more vulnerable to noise exposure resulting in
different health consequences.

Multiple cross-sectional and longitudinal subjective
surveys, laboratory measurements and several meta-
analysis reports have helped researchers establish a dose-
response relationship for quantification of CVD risk due
to noise level exposure. Noise indicators such as Ldn, Lden,
Lnight are used for finding the association, which is widely
accepted by WHO and other policy-making organizations.
Following Table 2 summarizes different studies performed
to identify cardiovascular risk due to road traffic noise ex-
posure.

B. Sleep disturbance
According to the WHO report, sleep disturbance due to traf-
fic noise constitutes the maximum level of 903,000 DALYs
[10]. Noise exposure and sleep disturbance are closely re-
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Table 2: Different studies are showing the association between traflc noise and cardiovascular issues

Study type Reference Inference
Long term noise exposure [77] Increased risk of diabetes due to excess cortisol and sleep disturbance, with an improved

incidence rate range of confirmed diabetes 1,14 (1,06-1,22) to 10 dB in Lden.
[78] Per 10 dB increase in Lden can cause myocardial infarction.
[79] A strong association between arrhythmia atrial fibrillation and noise annoyance considering

ECG based diagnosis and physician-diagnosed history.
[80] Noise levels (Leq) during 6-22 hrs. above 65 dBA is correlated with increased risk of CVD.
[81] Annoyance due to traflc noise serves as a regulator of the relationship between the noise

level and hypertension.
[82] Risk of hypertension among reproductive aged women due to road traflc noise exposure
[83] Impact of long-term noise exposure on BP and hypertension is not convincingly reported.
[84, 85] Non-significant risk of cardiovascular issues.
[86] Rate of risk is low for noise level below 60 dB, but increases for noise levels above 60 dB

considerably, complimenting the suggested dose-response relationship.
Short term exposure [87] The correlation between rate of noise exposure and cardiovascularmortality indicates a com-

bined impact of levels of diurnal and night-time noise.
Cross-sectional studies [88–91] Positive association observed between RTN and blood pressure change among children and

pregnant women.
laboratory study [92] Increases in blood pressure and hemodynamic factors associated with RTN.

[93] No significant association with change in blood pressure due to RTN exposure
[94] Increased heart rate was observed due to noise exposure
[95] Risk of respiratory illness among children by the effect of emotional stress-induced through

the noisy neighbourhood as compared to air pollution
Meta-analysis [96] Traflc noise and hypertension, and cardiovascular diseases positive association

[97] A meta-analysis done on literature (hypertension and traflc noise) for the year 2011-17 has
reported risk but was on the lower side as compared to a meta-analysis done previously

[98] Contribute to evidence on traflc noise as a risk factor for cardiovascular disease
[99] Updated exposure-response relationship for RTN and coronary heart disease (CHD)
[86] Dose-response relationship developed for traflc noise and myocardial infarction and are

widely recognized.
[100] Dose-response relationship developed for aircraft noise and hypertension
[96] Dose-response relationship developed for traflc noise and hypertension
[101] Direct association between RTN, annoyance, and arterial hypertension, with risk of ischemic

heart diseases.
Combined effect of air and
noise pollution

[102–106] Attempt to identify combined effect of air pollution and noise pollution from traflc.

[104, 106] Calculated share of noise pollution in these studies.
[107] Self-reported study showing hypertension issues due top combined pollution level.
[108] Long-term exposures to RTN and ambient air pollution were associated with blood biochem-

istry.
[62] Study of short term interventions like headphones and respirator for prevention from air and

noise pollution has shown significant drop in risk of cardiovascular diseases.
Statistical Modeling [109] SEManalysis: Higher noise annoyance is associatedwith less social cohesion,which in turns

has increased risk of mental health issues.
[67] SEM analysis: Hypertension and chest pain are only related to sensitivity to noise. Relation-

ship not established between other health issues and noise pollution.
[110] System dynamics model: Predictions based on annual changes in traflc volume, at-risk pop-

ulation, technological advances and behaviours related tomotor vehicles, and strategies for
urban planning.

[23] Integrative model proposed: RTN’s long-term and short-term associations with health out-
comes.

[111] Univariate and multifactorial logistic regression: This study suggests epidemiological evi-
dence that exposure to road traflc noise of Lden>65 dB(A)may be associatedwith occurrence
of CHD in adult subjects.
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Table 3: Clinical and laboratory assessment related to traflc noise exposure and sleep disturbance

Study Type Reference Inference
Catecholamine excretion and sleep
disturbance

[121] Sleep quality is associated with catecholamine excretion and concentration of
adrenaline and noradrenaline in urine in women aged between 30 to 45 years.

Cardiovascular reactivity and sleep
disturbance.

[122, 123] Night-time sleep disturbance impacts on physiological and psychological func-
tionsof apersonwith cardiovascular reactivity, leading to reducedproductivity
in following day.

ICBEN review [69] “Acute and chronic sleep restriction or fragmentation have been shown to af-
fect waking psychomotor performance, memory consolidation, creativity, risk-
taking behaviour, signal-detection performance, and risks of accidents.”

Pre-ejection (PEP) period and res-
piratory arrhythmia (RSA) during
sleep

[124] Indicates the cardiac sympathetic and parasympathetic nervous system tone,
which shows that high traflc noise exposure during sleep has caused cardiac
parasympathetic withdrawal during sleep.

Gender-based study [125] Younger girls are majorly affected as compared to younger boys because of
sleep disturbance by traflc noise.

Decreased performance level [126] Noise caused sleep disturbance, and inhibitory brain processes reflected a
change in the performance of an individual.

change in children’s behaviour [127] RTN exposure and change in children behaviour due to sleep disturbance is
analysed.

Quite façade and noise exposure [128] Nocturnal noise was significantly associated with sleeping problems on the
least visible façade. The existence of a quiet facade in a house will eliminate
noise disturbance and sleep disturbance

lated to each other. With a proportional increase in noise
levels, a change in sleep pattern occurs and the number of
awakenings increases. Various sleep studies performed us-
ing polysomnography, self-reporting epidemiological stud-
ies, EEG and Actigraphy techniques have established a
strong association between sleep quality and level of noise
exposure. The impact of traffic noise on sleep quality was
evaluated using sleep logs, and wrist Actigraphy showed a
positive relationship [112]. Sleep disturbance occurs when
more than 50 noise events occur with noise levels more
than 50dBA in indoor conditions. However, intermittency
of noise in outdoor conditions has a low association with
sleep disturbance [4]. In these studies, sleep-induced pa-
rameters like total sleep time (TST), sleep efficiency (SE),
wake after sleep onset (WASO), hormonal parameters (e.g.,
cortisol secretion) are used for analysis. People between
35-55 years of age were more susceptible to sleep distur-
bance, followed by older people [113]. Studies related to
subjective evaluation of sleep disturbance show some data
discrepancies since the subject is not aware of surrounding
during sleep. However, this process is affordable compared
to physiological measurements for large scale sampling.

The sound pressure level of more than 42 dB affects
sleep quality and causes self-reported sleep disorder lead-
ing to the use of sleeping drugs by subjects [114]. The noise
from ventilation was reported to be less annoying than traf-
fic noise. Hence, measures such as placement of bedroom

towards quiet side instead of roadside have been recom-
mended [115].

The dose-response relationship for various transport
modes and multiple health impact assessments have been
conducted by various authors, describing the level of noise
exposure and associated health impact. Miedema and
Vos [116] developed a curve to predict the percentage of an-
noyance and self-reported sleep disturbance. Recent stud-
ies have revealed that in last decade annoyance concerning
aircraft noise has increased and is now more than fore-
casted by European standard curve [117–120]. The percent
highly sleep disturbed (HSD) using a function Lnight (Ln)
is calculated with the Eq. (1):

%HSD = 20.8 − 1.05Ln + 0.01486L2n (1)

Apart fromRTN, various other sources of traffic like rail-
ways, aircraft and wind turbines were found be responsible
for sleep disturbance. Various studies are being done to
identify the effect of railway noise and vibrations generated
combined on sleep quality, the effect of aircraft noise expo-
sure on probability of awakening. A threshold level identi-
fying number of awakenings and cardiovascular arousal is
required to prevent negative impacts on human health.

Such threshold values for traffic noise need to assess
the impact of temporal variations on such sleep parameters.
Few projects are currently dealing with Traffic noise impact
on sleep. For instance, NORAH [129] deals with traffic noise
impact on different health parameters. SiRENE [17] deals
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with short termand long-termnoise exposure levels,mainly
working on exposure patterns and describes its effect on
sleep and cardio-metabolic risks.

4.3.2 Performance related impacts

A. Annoyance
Noise annoyance is the most widely explored research
area in the field of environmental noise. Generally, noise-
induced annoyance is responsible for multiple negative
responses such as anger, anxiety, distraction, agitation
etc. WHO reports 587,000 DALYs lost from noise-induced
annoyance for the EU population living in cities of more
than 50,000 people [10].

Several large-scale epidemiological studies have formu-
lated the relationship between noise levels, exposure and
annoyance. Few studies have attempted to explore various
factors responsible for annoyance and have derived em-
pirical relationships. Both acoustical and non-acoustical
factors are responsible for the assessment of total noise
annoyance caused. Acoustical parameters like time, en-
ergy and spectral configuration of signals are explained
in Table 4 [130, 131]. Non-acoustical parameters include
personality, attitude, socio-physical and demographic vari-
ables are described in Table S1 (Supplementary Materials).
Fields et al. [114] have extensively described demographic
attitudinal and situational behaviour. Objective acoustical
parameters influencing human health are easy to measure,
but the challenge lies in determining the non-acoustical
and attitudinal parameters affecting annoyance levels [132].
In 2001 ICBEN recommended a five-point verbal scale and
a 10-point numeric scale for community noise annoyance
surveys, which is being used by ISO/TS 15666:2003 [133].
It has been more than two decades, research on noise and
its impact is in progress. Ambiguity still exists about the
impact andweight of various acoustical and non-acoustical
factors and their effect on human health both mentally and
physically.

Acoustical parameters
To describe the dynamics of noise exposure, statistical and
emergence-based indicators are adopted. Table 4 describes
Various indicators describing noise characteristics. These
include LAeq, Ldn, Lden and Lnight for the study of noise
exposure [134, 135]. Initially, Kryter [136] and Schultz [12]
analyzed the relationship between average day-night noise
exposure level (Ldn) and annoyance. Using Leq as an acous-
tical parameter, it was concluded that noise levels in the
evening are at maximum level on highways and cause high

level of annoyance [137]. Miedema and Oudshoorn [15] de-
veloped a separate noise exposure relationship for rail, road
and aircraft noise and presented curves for highly annoyed
persons using DNL (Day night level) and day-evening-night
level (DENL) as functions. Typically, annoyance caused by
road and rail noise is lower compared with aircraft noise.
While few Asian countries’ studies reveal, aircraft noise
was not that annoying [138]. DNL and DENL were consid-
ered as noise indices by [15]. In 2002 European directive
introduced Noise action planning, and since then, these
parameters have been used widely. L10 describes the peaks
from noise exposure, L50 and L90 describe average noise
and background noise levels, respectively. To characterize
the eventfulness of a noise exposure, which is independent
of an overall energetic dose, an Intermittency ratio (IR) is
used [139].

Lambert et al. [140] have provided a noise threshold
value of 55 dB(A) for slightly annoyed people and 60 dB(A)
for severely annoyed people for the daytime (8.00 to 22.00
hrs.). Fields [141] have pointed out that even low-level noise
and the addition of new sound source to existing sound-
scape can be annoying. The “community tolerance level”
is used to define tolerance towards noise level for a com-
munity using sociodemographic variables [142–145]. The
qualitative dimension of noise, such as loudness, sharp-
ness, tonality, roughness, fluctuation power, periodicity
and impulsiveness, has been thoroughly represented in
various studies [146–148]. These indices are contributing
to increased annoyance levels [148, 149]. A social survey
conducted to find the spatial distribution of noise revealed
that a location with more than 65 dBA Ldn value is closely
associated with a high level of annoyance [150].

Non-acoustical parameters
Non-acoustic variables play a crucial role in determin-
ing the level of annoyance [141, 151–153]. There is a lack
of robust theoretical and empirical models considering
non-acoustical parameters such as attitudinal and socio-
demographic factors.

In a study onnon-acoustical parameters affecting noise
annoyance, James M. Fields in 1993 [141] proposed that fac-
tors like total time spent at residence and demographic
parameters hardly have any impact on noise annoyance.
Indeed, factors like respondents’ attitude and sensitivity
towards noise source and sociodemographic factors are
majorly responsible. Table S2 (Supplementary Materials)
presents an overview of different non-acoustical parame-
ters contributing to noise annoyance levels.

Attitudinal parameters have a significant role in noise
annoyance. In a study done by [154] on the identification
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of factors linked with the annoyance caused due to noisy
streets, noise sensitivity among people has emerged as an
influencing factor. Whereas [155] suggested that sensitivity,
attitude towards noise source and perceived quality of liv-
ing environment have less impact compared to perceived
loudness and noise disturbance in determining noise an-
noyance.

In a laboratory experiment on annoyance due to out-
door traffic noise in residences, noise sensitivity was found
to be an influential factor [156]. Another sensitivity analy-
sis revealed that visible noise sources cause more annoy-
ance compared to invisible noise sources [157]. Age of the
receiver is found to be an influential parameter for noise
annoyance, and analysis on the influence of age group con-
cluded that the level of annoyance is more in older people,
especially for traffic noise [158]. The level of annoyance
increases with increased traffic noise pollution [159, 160].
Studies related to noise sensitivity conducted in south Ko-
rea shows cognitive development issues in children [161].
Night-time exposure and increased sensitivity are known
to cause suicidal tendencies [162].

Various studies have established the effect of socioeco-
nomic parameters such as occupation, income and educa-
tion on perceived noise annoyance. Culture and nationality
have emerged as a point of discussion. For instance, the
noise annoyance level among respondents of a few Asian
countries is less than European countries at the same noise
exposure level. A study performed by Koushki et al. [163]
found a strong association between socioeconomic param-
eters such as level of education, income and level of noise
annoyance caused. It was concluded that people with high
income and higher education are highly annoyed.

Few authors point out that the location of a house, type
of dwelling unit, location of bedroom in residence, and
quality of insulation have a role in determining noise an-
noyance. A constructive relationshipwas observed between
annoyance and housing condition, placement of bedroom
and duration of stay in residence [164]. Research by [165]
indicates that apart from socioeconomic and demographic
parameters character of a neighbourhood, perception to-
wards greenery, gardens and parks also changes the level of
annoyance caused. ‘Few authors have attempted to assess
the impact of noise on the quality of life (QOL). Through
subjective surveys, these studies have concluded a positive
relationship between traffic noise and QOL [166–169].

Different mathematical models are available for the
quantification of the Noise annoyance model (NAM) due to
RTN exposure. These models are developed through clin-
ical and subjective surveys. Various authors have investi-
gated annoyance levels through survey and experimental

methods in conjunction with statistical techniques for the
development of NAM and exposure-response relationship.

Models developed for assessment of noise annoyance
Noise mapping is one of the techniques to analyse the ex-
posure of noise levels using Lden as an exposure parameter.
But noise mapping only considers exposure level, while
other non-acoustical parameters and annoyance caused
are difficult to describe accurately. To overcome this, NAM
is developed to analyse the effect of noise exposure phys-
ically and psychologically. A questionnaire developed by
ICBEN for Community noise response is commonly used to
detect subjective noise annoyance.

A multi-item annoyance scale is suggested by ICBEN
for better predictability of annoyance over a single item
annoyance scale [133, 170]. Energy SummationModel, Inde-
pendent Effect Model, Energy Response Summation Model,
Summation and Inhibition Model, and Exposure Response
Relationship by Miedema and Vos are few models de-
veloped for the estimation of annoyance caused due to
RTN [171, 172]. The detailed summary of noise annoyance
models developed is presented in the supplementary mate-
rial.

People may typically be exposed to multiple sources of
noise in anurban environment,which complicates the anal-
ysis of exposure-response from individual sources. A vari-
ety of models have been developed to determine the impact
of combined noise exposures over the years. Many models
have been evaluated using in situ or laboratory data [173–
175], but none of them has been conclusive [176]. Hence
there is a necessity to improve noise prediction accuracy.
Multiple studies have attempted to develop a combined
noise annoyance model; the summary of these models is
presented in the supplementary material Table S3.

4.3.3 Cognitive impairment

Environmental noise has a significant impact on children’s
cognitive development. Stansfeld et al. found a linear re-
lationship between reading comprehension, recognizing
memory, episodic memory, and recalling information and
annoyance. A non-linear relationship between socioeco-
nomic status, longstanding illness and annoyance has been
reported [177]. Children exposed to high noise levels show
poor auditory discrimination and speech perception [179–
183].

Cognitive control and auditory distraction have been
the topic of discussion for last decade. Studies have dealt
with the effect of noise on the difficulty in task performance
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and the relation between noise and cognitive controls in
which factors such as types of noise signal and intermit-
tence character have been considered. The effect of air and
noise pollution combined on cognitive functions is widely
studied. It was reported that air pollution and road noise
impair cognitive function in adults. Participants exposed
to high noise levels showed a stronger link between air
pollution and cognitive function [183]. Long term noise ex-
posure has shown positive association with mild cognitive
impairment (MCI) for every 10 dB increase in Lden levels
[184].

5 Discussion
In this paper, an attempt is made to explore the studies
conducted in the area of road traffic noise and its impact
on human health. To understand the structure of the re-
search area, a bibliometric review is conducted. From the
review, it is observed that traffic noise pollution and its
impact on human health is a leading topic of discussion
among the research fraternity. The major allied areas are
rail, air traffic noise and its auditory and non-auditory ef-
fects on humans. The effects are assessed using subjective
and laboratory surveys using a clinical research approach.
The majority of studies are conducted related to the level
of annoyance caused, hypertension, cardiovascular issues,
sleep deprivation, and mental health Figure 2. It is noted
that the auditory impact due to road traffic noise is not yet
analysed. Few studies are conducted in the area of occu-
pational noise hazards, where traffic police personnel are
assessed for traffic noise exposure, and it is observed that a
high level of traffic noise pollution has a more considerable
impact on the human auditory system. The review process
noted that there is a need to perform studies to identify the
auditory impact of road traffic noise on other categories of
listeners (bus drivers, hawkers and nearby residents). Con-
sidering the timeline of the research area, the majority of
studies are from 2010 to the present, and multiple studies
are being added up to the area. Research studies are pub-
lished in a variety of journals, broadly in environmental
research, public health, and acoustics domains.

Due to rapid economic growth and urbanisation, de-
veloping nations face the issue of heterogeneous traffic
conditions [186]. Many developing nations in Asia, Africa
and SouthAmerica represent heterogeneous transportation
systems. The difference between homogenous and hetero-
geneous traffic systems is based on differences in opera-
tional and performance characteristics of vehicles as well
as vehicle mix [186]. This leads to a distinct noise climate

on urban street networks. The disturbing nature of traf-
fic is responsible for noise pollution of higher order. The
traffic composition in countries like India, China, Brazil
involves a combination of motorised and non-motorised,
slow and fast-moving vehicles using the same right of
way, lateral movement of small vehicles and in some in-
stances, non-adherence to lane rules. The vehicle types in
such traffic conditions range from cars, buses, trucks, auto-
rickshaws, scooters, cycle rickshaws, bicycles and animal-
drawn carts [186].

The diversity of noise sources and their spectral char-
acteristics has made the prediction of noise climate, an-
noyance levels, and other health impacts challenging [187].
Frequent use of horns as a warning device increases the
average noise level [188]. In a study, over 68% of drivers
in Vietnam use horns, while only 7% of drivers in Japan
use horns while driving a car [189]. Studies by Ali and
Tamura [190] showed a decrease of 7-10 dB in background
noise levels when regulated honking. Few authors have
stated that honking is the primary reason for noise pollu-
tion in India, leading to increased annoyance [191].

It is observed that the majority of work carried out in
the field is from the European context, followed by USA and
China. Not much contribution from the Asian, African and
South American context is noted. It is noticeable that the
transportation system in these countries is very different
andmajorly leads to the high level of noise pollution. But no
attempt has been made to associate with these countries to
develop global scales andmodels to estimate health impact
due to RTN. Since most of these studies in the field are car-
ried out with reference to the homogeneous traffic system,
these studies are not directly applicable in these countries
with heterogenous traffic systems. In one instance, the con-
tribution of Indian studies in analysing the health impact is
considerable, but no research association with other coun-
ties was observed.

Althoughmany fragmented initiatives, regulations and
regional policies have been developed still, the problem
of noise pollution remains unaddressed in developing na-
tions [192]. Several studies related to traffic noise assess-
ment, prediction and modeling have been reported in het-
erogeneous traffic conditions like India and Brazil. Studies
based on the impact of traffic noise on human health using
subjective surveys have been performed. The average noise
level recorded in Ho Chi Minh City is 78.8 dBA, which led to
4758 DALY in 2007 [193, 194]. Due to high noise levels, 60%
of sampled pollution was annoyed in Malaysia [195], 50%
in Beijing, China [196] and 48.4% in São Paulo, Brazil [197].
Association between poor mental health and level of an-
noyance due to traffic noise has also been reported [198].
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Considering the above scenario, it is vital to analyse
traffic noise pollution and its effects on humans holistically,
with global participation. It is required to understand the
effect of heterogeneous noise on human health and well-
being in underrepresented nations. The health impact of
noise on people established in a homogeneous noise envi-
ronment needs ground validation before their applications
to the heterogeneous traffic noise conditions. International
research network

The health impact of noise on humans established in
homogeneous noise environment needs ground validation
before their applications to the heterogeneous traffic noise
conditions. International research networks need to be fos-
tered in order to establish global standards for auditory and
non-auditory and health impacts due to road traffic noise.

6 Conclusion
This paper presented a bibliometric and critical review of
different auditory and non-auditory health impacts due to
road traffic noise exposure.

• From the Bibliometric analysis, it is observed that
the impact of RTN on health studies is a relatively
new and challenging domain of research. The spe-
cific impact of road traffic noise on human health is
not yet explored individually. The epidemiological
studies conducted in this area are minimal. Most of
the studies are based on subjective surveys. There is a
need to conduct studies in a controlled environment,
where the specific impact of RTN can be assessed on
human health.

• Most articles are from developed countries, which
have homogenous nature of transportation systems.
The representation of studies exploring the impact of
the heterogeneous nature of transport is very limited.

• Health impacts such as NIHL, Tinnitus, cardiovas-
cular issues, sleep disturbance and annoyance are
widely addressed in the literature. However, quan-
titative data is still insufficient to build a relation
between noise exposure and health, especially in the
case of traffic noise. The auditory health impact of
RTN exposure is not examined broadly. Evidence for
impacts such as NIHL and Tinnitus is available at
a minor level. However, evidence for impacts such
as central auditory pathway damage, Hyperacusis,
difficulty in speech perception and auditory fatigue
need further investigation for traffic noise exposure.

• Limited literature is available on non-auditory im-
pact due to RTN exposure such as stroke, speech and

communication interference. The RTN exposure is
responsible for the difficulty in reading, recognising
memory, episodic memory and recalling information.
The cognitive load and noise exposure is mainly stud-
ied for younger children with a positive relationship,
whereas the middle and older age group are not stud-
ied inclusively. The impact of occupational noise on
workers is a trending area in auditory research. Still,
studies related to the impact of RTN on people liv-
ing in the vicinity of the road or workers from the
transportation section are not yet assessed.

• Traffic noise exposure leads to different non-auditory
impacts like cardiovascular issues, sleep distur-
bance, cognitive impairment and annoyance, clas-
sified as physiological and performance-related im-
pacts. These health impacts are discussed with mul-
tiple self-reported subjective surveys and experimen-
tal analyses. It is required to establish a standard-
ised laboratory assessment technique to assess such
impacts. The risk of cardiovascular issues such as
Angina, acute myocardial infarction, subsequent my-
ocardial infarction, hypertensive renal diseases and
stroke are studied due to trafficnoise exposure. These
include long term and short-term noise exposure sur-
veys meta-analyses confirming the risk of cardiovas-
cular issues.

• Few statistical analyses are conducted to quantify the
risk and identify the combined effect of air and noise
pollution on cardiovascular issues, sleep disturbance
and level of annoyance caused. For further assess-
ment dose-response relationship is developed using
noise levels at night-time (Ln); also, multiple clini-
cal assessments are conducted based on gender, age
and hormonal changes. Due to a lack of considera-
tion of different traffic noise scenarios, the developed
relationships are not widely applicable in different
scenarios.
It is required to analyse the cross-cultural differences
in noise climate, the level of sensitivity towards noise
and perception of noise pollution by people to de-
velop international noise exposure and health im-
pact relationship.

• Different acoustical parameters have been analysed
to quantify the level of annoyance caused. However,
non-acoustical parameters need further emphasis
in noise annoyance models. Factors such as level of
heterogeneity in traffic and intermittency pattern of
noise have an essential role in the annoyance caused.
Further research is essential in this context. The ex-
isting annoyance models do not sufficiently account
for the traffic heterogeneity. Parameters such as in-
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termittency of noise signals and sensitivity towards
noise signals have an essential role in the level of an-
noyance caused, which needs further analysis. There
is a need to consider traffic heterogeneity while devel-
oping new annoyance models. Also, the level of sen-
sitivity of respondents is different across countries,
creating a need to develop new models or correction
factors to the existing ones.

• Few studies have attempted to estimate noise expo-
sure and health impact caused by heterogeneous
traffic conditions. The majority of studies are self-
reported and restricted to some causes such as
headache, sleep disturbance, hearing issues and irri-
tation. Studies dealing with an in-depth understand-
ing of physiological and psychological changes are
limited. It is required to quantify the noise exposure
and rate of cardiovascular issues, sleep deprivation
caused, and hearing loss. Noise annoyance models
need to be developed considering the traffic scenar-
ios.

Funding information: The research work is supported by
the Prime Minister’s Research Fellowship, Ministry of Edu-
cation, India.

Author contributions: All authors have accepted responsi-
bility for the entire content of thismanuscript and approved
its submission.

Conflict of interest: The authors state no conflict of inter-
est.

References
[1] Jeong J, Din NB, Otsuru T, Kim H. An application of a noise maps

for construction and road traflc noise in Korea. Int J Phys Sci.
2010;5(July):1063–73.

[2] Basner M, Babisch W, Davis A, Brink M, Clark C, Janssen S, et
al. Auditory and non-auditory effects of noise on health. Lancet.
2014;383(9925):1325–32.

[3] Sheppard A, Ralli M, Gilardi A, Salvi R. Occupational noise: Au-
ditory and non-auditory consequences. Int J Environ Res Public
Health; 2020;17(23):8963.

[4] StansfeldSA,MathesonMP.Noisepollution: non-auditory effects
on health. Br Med Bull. 2003;68(1):243–57.

[5] Guarnaccia C, Lenza TLL, Mastorakis NE, Quartieri J. A compari-
son between traflc noise experimental data and predictive mod-
els results. Int J Mech. 2011;5(4):379–386.

[6] Hänninen O, Knol AB, Jantunen M, Lim TA, Conrad A, Rappolder
M, et al. Environmental burden of disease in Europe: assessing
nine risk factors in six countries. Environ Health Perspect. 2014
May;122(5):439–46.

[7] EC DIRECTIVE 2002/49/EC OF THE EUROPEAN PARLIAMENT AND
OF THE COUNCIL of 25 June 2002 relating to the assessment
and management of environmental noise. Oflcial Journal of the
European Communities. 2020.

[8] Georgiadou E, Kourtidis K, Ziomas I. Exploratory traflc noise
measurements at five main streets of Thessaloniki, Greece. Glob
NEST J. 2004;6(1):53–61.

[9] Ising H, Kruppa B. Health effects caused by noise: evidence in
the literature from the past 25 years. Noise Health. 2004 Jan-
Mar;6(22):5–13.

[10] World Health Organization. Burden of disease from Burden of
disease from. World Health Organization; 2011. p. 126.

[11] De Hollander AE, Melse JM, Lebret E, Kramers PG. An aggregate
public health indicator to represent the impact of multiple envi-
ronmental exposures. Epidemiology. 1999 Sep;10(5):606–17.

[12] Brink M, Schreckenberg D, Thomann G, Basner M. Aircraft noise
indexes for effect oriented noise assessment. Acta Acust United
Acust. 2010;96(6):1012–25.

[13] Schultz TJ. Synthesis of social surveys on noise annoyance. J
Acoust Soc Am. 1978 Aug;64(2):377–405.

[14] Kryter KD. Community annoyance from aircraft and ground vehi-
cle noise. J Acoust Soc Am. 2005;72(4):1222–42.

[15] Miedema HM, Oudshoorn CG. Annoyance from transportation
noise: relationships with exposure metrics DNL and DENL
and their confidence intervals. Environ Health Perspect. 2001
Apr;109(4):409–16.

[16] Babisch W. Cardiovascular effects of noise. Noise Health. 2011
May-Jun;13(52):201–4.

[17] Röösli M, Vienneau D, Foraster M, Eze IC, Héritier H, Schaffner E,
et al. Short and long term effects of transportation noise expo-
sure (SiRENE): an interdisciplinary approach. Proceedings of the
12th ICBEN Congress on Noise as a Public Health Problem; 2017
Jun 18-22; Zurich, Switzerland. 2017.

[18] Paschalidou AK, Kassomenos P, Chonianaki F. Strategic Noise
Maps and Action Plans for the reduction of population exposure
in aMediterraneanport city. Sci Total Environ. 2019Mar;654:144–
53.

[19] Eriksson C, Bodin T, Selander J. Burden of disease from road
traflc and railway noise - a quantification of healthy life years
lost inSweden. Scand JWork EnvironHealth. 2017Nov;43(6):519–
25.

[20] Van Eck NJ, Waltman L. Software survey: VOSviewer, a com-
puter program for bibliometric mapping. Scientometrics. 2010
Aug;84(2):523–38.

[21] Pan X, Yan E, CuiM, HuaW. Examining the usage, citation, and dif-
fusion patterns of bibliometric mapping software: A comparative
study of three tools. J Informetrics. 2018 May;12(2):481–93.

[22] Tobías A, Recio A, Díaz J, Linares C. Health impact assessment
of traflc noise in Madrid (Spain). Environ Res. 2015 Feb;137:136–
40.

[23] Recio A, Linares C, Banegas JR, Díaz J. Road traflcnoise effects on
cardiovascular, respiratory, and metabolic health: an integrative
model of biologicalmechanisms. Environ Res. 2016Apr;146:359–
70.

[24] Basner M, Müller U, Elmenhorst EM; M. B. U. M, E.-M. E. Single
and combined effects of air, road, and rail traflc noise on sleep
and recuperation. Sleep. 2011;34(1):11–23.

[25] Müller-Wenk R. A Method to Include in LCA Road Traflc Noise
and its Health Effects. Int J Life Cycle Assess. 2004;9(2):76–85.



84 | M.Manohare et al.

[26] European Environment Agency. EEA Report No
10/2014 - Noise in Europe 2014. Publications Oflce
of the European Union. 2014. 68 p. Available from:
https://www.eea.europa.eu/publications/noise-in-europe-
2014

[27] Colin D. Mathers, Sadana R, Salomon JA, Murray CJ, Lopez AD.
Estimates of DALE for 191 countries: methods and results. Global
Programme on Evidence for Health Policy. Working Paper No.
16.WHO; 2000. 79 p.

[28] Brown AL. Effects of Road Traflc Noise on Health: From Burden
of Disease to Effectiveness of Interventions. Aris, AZ, editor. Pro-
cedia Environ Sci. 2015;30:3–9.

[29] BrinkM. Parameters ofwell-being and subjective health and their
relationship with residential traflc noise exposure—a represen-
tative evaluation inSwitzerland. Environ Int. 2011May;37(4):723–
33.

[30] Gille LA, Marquis-Favre C, Morel J. Testing of the European Union
exposure-response relationships and annoyance equivalents
model for annoyance due to transportation noises: the need of
revised exposure-response relationships and annoyance equiv-
alents model. Environ Int. 2016 Sep;94:83–94.

[31] Van Kamp I, Job RF, Hatfield J, Haines M, Stellato RK, Stansfeld
SA. The role of noise sensitivity in the noise-response relation: a
comparison of three international airport studies. J Acoust Soc
Am. 2004 Dec;116(6):3471–9.

[32] Hammer MS, Swinburn TK, Neitzel RL. Environmental noise pol-
lution in the United States: developing an effective public health
response. Environ Health Perspect. 2014 Feb;122(2):115–9.

[33] Wang TC, Chang TY, Tyler RS, Hwang BF, Chen YH, Wu CM, et
al. Association between exposure to road traflc noise and hear-
ing impairment: a case-control study. J Environ Health Sci Eng.
2021;19:1483–1489.

[34] Barbosa AS, Cardoso MR. Hearing loss among workers exposed
to road traflc noise in the city of São Paulo in Brazil. Auris Nasus
Larynx. 2005 Mar;32(1):17–21.

[35] Yong JS ern, Wang DY. Impact of noise on hearing in the military.
Mil Med Res. 2015;2:6.

[36] Muhr P, Rosenhall U. The influence of military service on auditory
health and the eflcacy of a Hearing Conservation Program. Noise
Health. 2011 Jul-Aug;13(53):320–7.

[37] Taneja MK. Noise-induced hearing loss. Indian J Otol.
2014;20(4):151–154. https://doi.org/10.4103/0971-7749.146928

[38] Lokhande SK, Garg N, Jain MC, Rayalu S. Evaluation and analy-
sis of firecrackers noise: measurement Uncertainty, legal noise
regulations and noise induced hearing loss. Appl Acoust. 2022
Jan;186:186.

[39] Yadav SK, Mishra RK, Gurjar BR. Assessment of the effect of
the judicial prohibition on firecracker celebration at the Diwali
festival on air quality in Delhi, India. Environ Sci Pollut Res. 2022.

[40] Natarajan K, Sudhamaheswari S, Murali S, Devarasetty A,
Kameswaran M. Auditory Effects of Noise Pollution: Current Re-
search and Future Trends. Ann Indian Acad Otorhinolaryngol
Head Neck Surg. 2017;1(1):2–5.

[41] Murphy WJ, Franks JR. Revisiting the NIOSH Criteria for a Recom-
mended Standard: Occupational Noise Exposure. J Acoust Soc
Am. 2002;111(5):2397.

[42] Mulrow CD, Aguilar C, Endicott JE, Velez R, Tuley MR, Charlip WS,
et al. Association between hearing impairment and the quality
of life of elderly individuals. J Am Geriatr Soc. 1990 Jan;38(1):45–
50.

[43] Taylor W, Pearson J, Mair A, Burns W. Study of Noise and Hearing
in Jute Weaving. J Acoust Soc Am. 2005.

[44] Izadi N, Sadeghi M, Saraie M. Survey of Noise-Induced Hear-
ing Loss and Health in Professional Drivers. Health Scope.
2015;4(3):e25296. https://doi.org/10.17795/jhealthscope-
25296.

[45] Leong ST, Laortanakul P. Monitoring and assessment of daily
exposure of roadside workers to traflc noise levels in an Asian
city: a case study of Bangkok streets. EnvironMonit Assess. 2003
Jun;85(1):69–85.

[46] Chauhan N, Shah J. Smart Phone Based Audiometry in City Traflc
Police. Indian JOtolaryngolHeadNeckSurg. 2018Sep;70(3):342–
5.

[47] Shrestha I, Shreshta BL, Pokharel M, Rcm A. Prevalnace
of Noise Induced Hearing Loss among Traflc Police Person-
nel of Kathmandu Metropolitan City. Kathmandu Univ Med J.
2011;9(36):274–278.

[48] Ingle ST, Pachpande BG, Wagh ND, Patel VS, Attarde SB. Assess-
ment of daily noise exposure and prevalence of hearing loss in
the shopkeepers working near national highway no. 6: A case
study of Jalgaon City. Int J Sustain Transport. 2009;3(1):54–69.

[49] Indora V, Khaliq F, Vaney N. Evaluation of the auditory pathway
in traflc policemen. Int J Occup Environ Med. 2017 Apr;8(2):109–
16.

[50] Ingle ST, Pachpande BG, Wagh ND, Attarde SB. Noise exposure
and hearing loss among the traflc policemen working at busy
streets of Jalgaon urban centre. Transp Res Part D Transp Environ.
2005;10(1):69–75.

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

[52] Wang H, Brozoski TJ, Turner JG, Ling L, Parrish JL, Hughes LF, et
al. Plasticity at glycinergic synapses in dorsal cochlear nucleus
of rats with behavioral evidence of tinnitus. Neuroscience. 2009
Dec;164(2):747–59.

[53] National Research Council (US) Committee on Disability Determi-
nation for Individuals with Hearing Impairments. Hearing Loss:
Determining Eligibility for Social Security Benefits. Dobie RA, Van
Hemel S, editors. Washington (DC): National Academies Press
(US); 2004.

[54] Adoga AA, Obindo TJ. The Association Between Tinnitus andMen-
tal Illnesses. In: Woolfork R, Allen L, editors. Mental Disorders
– Theoretical and Empirical Perspectives. London: IntechOpen;
2013.

[55] Lewis JE. Stephens SDG, McKenna L. Tinnitus and suicide. Clin
Otolaryngol Allied Sci. 1994 Feb;19(1):50–4.

[56] Han BI, Lee HW, Kim TY, Lim JS, Shin KS. Tinnitus: characteris-
tics, causes, mechanisms, and treatments. J Clin Neurol. 2009
Mar;5(1):11–9.

[57] Delphin F. Thehistology andpossible functions of neurosecretory
cells in the ventral ganglia of Schistocerca gregaria Forskål (Or-
thoptera: acrididae). Trans R Entomol Soc Lond. 1965;117(6):167–
214.

[58] Chen TJ, Chiang HC, Chen SS. Effects of aircraft noise on hearing
and auditory pathway function of airport employees. J Occup
Med. 1992 Jun;34(6):613—619.

[59] Sanju HK, Kumar P. Self-assessment of noise-induced hearing im-
pairment in traflc police and bus drivers: Questionnaire-based
study. Indian J Otol. 2016;22:162–167.

[60] Gilles A, Van Hal G, De Ridder D, Wouters K, Van de
Heyning P. Epidemiology of Noise-Induced Tinnitus and

https://www.eea.europa.eu/publications/noise-in-europe-2014
https://www.eea.europa.eu/publications/noise-in-europe-2014
https://doi.org/10.4103/0971-7749.146928
https://doi.org/10.17795/jhealthscope-25296
https://doi.org/10.17795/jhealthscope-25296


Bibliometric analysis and review of auditory and non-auditory health impact due to road traflc noise. . . | 85

the Attitudes and Beliefs towards Noise and Hearing
Protection in Adolescents. PLoS ONE. 2013;8(7):e70297.
https://doi.org/10.1371/journal.pone.0070297.

[61] Yang WT, Wang VS, Chang LT, Chuang KJ, Chuang HC, Liu CS,
et al. Road Traflc Noise, Air Pollutants, and the Prevalence of
Cardiovascular Disease in Taichung, Taiwan. Int J Environ Res
Public Health. 2018 Aug;15(8):E1707.

[62] Sapolsky RM. McEwen-Induced Modulation of Endocrine History:
A Partial Review. Stress. 1997 Oct;2(1):1–12.

[63] Maschke C, Rupp T, Hecht K, Maschke C. The influence of stres-
sors on biochemical reactions—a review of present scientific
findingswithnoise. Int J HygEnvironHealth. 2000Mar;203(1):45–
53.

[64] Spreng M. Possible health effects of noise induced cortisol in-
crease. Noise Health. 2000;2(7):59–64.

[65] Spreng M. Central nervous system activation by noise. Noise
Health. 2000;2(7):49–58.

[66] Fyhri A, Klaeboe R, Klaeboe R, Klæboe R. Road traflc noise, sensi-
tivity, annoyance and self-reported health—a structural equation
model exercise. Environ Int. 2009 Jan;35(1):91–7.

[67] Belojevic G, Jakovljevic B, Stojanov V, Paunovic K, Ilic J. Urban
road-traflc noise and blood pressure and heart rate in preschool
children. Environ Int. 2008 Feb;34(2):226–31.

[68] Basner M, BrinkM, Bristow A, de Kluizenaar Y, Finegold L, Hong J,
et al. ICBEN review of research on the biological effects of noise
2011-2014. Noise Health. 2015 Mar-Apr;17(75):57–82.

[69] Babisch W. Transportation noise and cardiovascular risk: up-
dated review and synthesis of epidemiological studies indi-
cate that the evidence has increased. Noise Health. 2006 Jan-
Mar;8(30):1–29.

[70] Cai Y, Hodgson S, Blangiardo M, Gulliver J, Morley D, Fecht D,
et al. Road traflc noise, air pollution and incident cardiovascu-
lar disease: A joint analysis of the HUNT, EPIC-Oxford and UK
Biobank cohorts. Environ Int. 2018 May;114:191–201.

[71] Selander J, NilssonME, BluhmG, RosenlundM, Lindqvist M, Nise
G, et al. Long-term exposure to road traflc noise and myocardial
infarction. Epidemiology. 2009 Mar;20(2):272–9.

[72] Ising H, Braun C. Acute and chronic endocrine effects of noise:
Review of the research conducted at the Institute for Water, Soil
and Air Hygiene. Noise Health. 2000;2(7):7–24.

[73] Hwang BF, Chang TY, Cheng KY, Liu CS. Gene-environment inter-
action between angiotensinogen and chronic exposure to occu-
pational noise contribute to hypertension. Occup Environ Med.
2012 Apr;69(4):236–42.

[74] Halonen JI, Hansell AL, Gulliver J, Morley D, Blangiardo M, Fecht
D, et al. Road traflc noise is associated with increased cardiovas-
cular morbidity and mortality and all-cause mortality in London.
Eur Heart J. 2015 Oct;36(39):2653–61.

[75] Shaffer F, Ginsberg JP. An Overview of Heart Rate Variability Met-
rics andNorms. Front PublicHealth. 2017Sep;5(September):258.

[76] Muzet A. Environmental noise, sleep and health. Sleep Med Rev.
2007 Apr;11(2):135–42.

[77] Sørensen M, Andersen ZJ, Nordsborg RB, Becker T, Tjønneland
A, Overvad K, et al. Long-term exposure to road traflc noise and
incident diabetes: a cohort study. Environ Health Perspect. 2013
Feb;121(2):217–22.

[78] SørensenM, Andersen ZJ, Nordsborg RB, Jensen SS, Lillelund KG,
Beelen R, et al. Road traflc noise and incident myocardial infarc-
tion: a prospective cohort study. PLoS One. 2012;7(6):e39283.

[79] Hahad O, Beutel M, Gori T, Schulz A, Blettner M, Pfeiffer N, et al.
Annoyance to different noise sources is associated with atrial
fibrillation in the Gutenberg Health Study. Int J Cardiol. 2018
Aug;264:79–84.

[80] Neus H, Boikat U. Evaluation of traflc noise-related cardiovascu-
lar risk. Noise Health. 2000;2(7):65–78.

[81] BabischW, PershagenG, Selander J, Houthuijs D, BreugelmansO,
Cadum E, et al. Noise annoyance—a modifier of the association
between noise level and cardiovascular health? Sci Total Environ.
2013 May;452-453:50–7.

[82] Bendokiene I, Grazuleviciene R, Dedele A, Grazuleviciene R. Risk
of hypertension related to road traflc noise among reproductive-
age women. Noise Health. 2011 Nov-Dec;13(55):371–7.

[83] Fuks K, Moebus S, Hertel S, Viehmann A, Nonnemacher M,
Dragano N, et al.; Heinz Nixdorf Recall Study Investigative
Group. Long-term urban particulate air pollution, traflc noise,
and arterial blood pressure. Environ Health Perspect. 2011
Dec;119(12):1706–11.

[84] Dzhambov AM, Dimitrova DD. Association between Noise Pollu-
tion and Prevalent Ischemic Heart Disease. Folia Med (Plovdiv).
2016 Dec;58(4):273–81.

[85] Bluhm G, Eriksson C. Cardiovascular effects of environmen-
tal noise: research in Sweden. Noise Health. 2011 May-
Jun;13(52):212–6.

[86] Babisch W. Road traflc noise and cardiovascular risk. Noise
Health. 2008 Jan-Mar;10(38):27–33.

[87] Tobías A, Recio A, Díaz J, Linares C. Noise levels and cardiovascu-
lar mortality: a case-crossover analysis. Eur J Prev Cardiol. 2015
Apr;22(4):496–502.

[88] Belojevic G, Evans GW. Traflc noise and blood pressure in low-
socioeconomic status, African-American urban schoolchildren. J
Acoust Soc Am. 2012 Sep;132(3):1403–6.

[89] Liu C, Fuertes E, Tiesler CM, Birk M, Babisch W, Bauer CP, et al.
The association between road traflc noise exposure and blood
pressure among children in Germany: the GINIplus and LISAplus
studies. Noise Health. 2013 May-Jun;15(64):165–72.

[90] Paunovic K, Belojevic G, Jakovljevic B. Blood pressure of ur-
ban school children in relation to road-traflc noise, traflc den-
sity and presence of public transport. Noise Health. 2013 Jul-
Aug;15(65):253–60.

[91] Lercher P, EvansGW,WidmannU. The ecological context of sound-
scapes for children’s blood pressure. J Acoust Soc Am. 2013
Jul;134(1):773–81.

[92] Paunović K, Stojanov V, Jakovljević B, Belojević G. Thoracic bio-
electrical impedance assessment of the hemodynamic reactions
to recorded road-traflc noise in young adults. Environ Res. 2014
Feb;129:52–8.

[93] Dzhambov AM, Dimitrova DD. Children’s blood pressure and its
association with road traflc noise exposure - A systematic review
with meta-analysis. Environ Res. 2017 Jan;152(152):244–55.

[94] Zijlema W, Cai Y, Doiron D, Mbatchou S, Fortier I, Gulliver J, et
al. Road traflc noise, blood pressure and heart rate: pooled
analyses of harmonized data from 88,336 participants. Environ
Res. 2016 Nov;151:804–13.

[95] Niemann H, Bonnefoy X, Braubach M, Hecht K, Maschke C, Ro-
drigues C, et al. Noise-induced annoyance and morbidity results
from the pan-European LARES study. Noise Health. 2006 Apr-
Jun;8(31):63–79.

[96] Van Kempen E, BabischW. The quantitative relationship between
road traflc noise and hypertension: ameta-analysis. J Hypertens.

https://doi.org/10.1371/journal.pone.0070297


86 | M.Manohare et al.

2012 Jun;30(6):1075–86.
[97] Dzhambov AM, Dimitrova DD. Residential road traflc noise as

a risk factor for hypertension in adults: systematic review and
meta-analysis of analytic studies published in the period 2011-
2017. Environ Pollut. 2018 Sep;240:306–18.

[98] Zeeb H, Hegewald J, Schubert M, Wagner M, Dröge P, Swart E,
et al. Traflc noise and hypertension - results from a large case-
control study. Environ Res. 2017 Aug;157:110–7.

[99] Babisch W. Updated exposure-response relationship between
road traflc noise and coronary heart diseases: a meta-analysis.
Noise Health. 2014 Jan-Feb;16(68):1–9.

[100] Babisch W, Kamp I. Exposure-response relationship of the as-
sociation between aircraft noise and the risk of hypertension.
Noise Health. 2009 Jul-Sep;11(44):161–8.

[101] Ndrepepa A, Twardella D, Twardella D. Relationship between
noise annoyance from road traflc noise and cardiovascular dis-
eases: a meta-analysis. Noise Health. 2011 May-Jun;13(52):251–
9.

[102] Tétreault LF, Perron S, Smargiassi A. Cardiovascular health,
traflc-related air pollution and noise: are associations mutu-
ally confounded? A systematic review. Int J Public Health. 2013
Oct;58(5):649–66.

[103] Foraster M. Is it traflc-related air pollution or road traflc noise,
or both? Key questions not yet settled! Int J Public Health. 2013
Oct;58(5):647–8.

[104] Gan WQ, Davies HW, Koehoorn M, Brauer M. Association of
long-term exposure to community noise and traflc-related air
pollution with coronary heart disease mortality. Am J Epidemiol.
2012 May;175(9):898–906.

[105] de Kluizenaar Y, van Lenthe FJ, Visschedijk AJ, Zandveld PY,
Miedema HM, Mackenbach JP. Road traflc noise, air pollution
components and cardiovascular events. Noise Health. 2013 Nov-
Dec;15(67):388–97.

[106] Kälsch H, Hennig F, Moebus S, Möhlenkamp S, Dragano N,
Jakobs H, et al.; Heinz Nixdorf Recall Study Investigative Group.
Are air pollution and traflc noise independently associated with
atherosclerosis: the Heinz Nixdorf Recall Study. Eur Heart J. 2014
Apr;35(13):853–60.

[107] Fuks KB, Weinmayr G, Basagaña X, Gruzieva O, Hampel R, Of-
tedal B, et al. Long-term exposure to ambient air pollution and
traflc noise and incident hypertension in seven cohorts of the
European study of cohorts for air pollution effects (ESCAPE). Eur
Heart J. 2017 Apr;38(13):983–90.

[108] Cai Y, Hansell AL, Blangiardo M, Burton PR, de Hoogh K, Doiron
D, et al.; BioSHaRE. Long-term exposure to road traflc noise,
ambient air pollution, and cardiovascular risk factors in the HUNT
and lifelines cohorts. Eur Heart J. 2017 Aug;38(29):2290–6.

[109] Dzhambov A, Tilov B,Markevych I, Dimitrova D. Residential road
traflc noise and general mental health in youth: the role of noise
annoyance, neighborhood restorative quality, physical activity,
and social cohesion as potential mediators. Environ Int. 2017
Dec;109:1–9.

[110] Recio A, Linares C, Díaz J. System dynamics for predicting the
impact of traflc noise on cardiovascular mortality in Madrid.
Environ Res. 2018 Nov;167:499–505.

[111] Banerjee D, Das PP, Foujdar A. Association between road traflc
noise and prevalence of coronary heart disease. Environ Monit
Assess. 2014 May;186(5):2885–93.

[112] Öhrström E, Hadzibajramovic E, Holmes M, Svensson H. Effects
of road traflc noise on sleep: studies on children and adults. J

Environ Psychol. 2006;26(2):116–26.
[113] Zaheeruddin, Jain V. Zaheeruddin, Jain VK. A fuzzy expert sys-

tem for noise-induced sleep disturbance. Expert Syst Appl.
2006;30(4):761–71.

[114] Fields JM, De Jong R, Brown AL, Flindell IH, Gjestland T, Job RF, et
al. Guidelines for Reporting Core Information From Community
Noise. J Sound Vibrat. 1997;206(5):685–95.

[115] Öhrström E, Skånberg A. Sleep disturbances from road traflc
and ventilation noise-laboratory and field experiments. J Sound
Vibrat. 2004;271(1–2):279–96.

[116] Miedema HM, Vos H. Associations between self-reported sleep
disturbance and environmental noise based on reanalyses of
pooled data from 24 studies. Behav Sleep Med. 2007;5(1):1–20.

[117] Babisch W, Houthuijs D, Pershagen G, Cadum E, Katsouyanni K,
Velonakis M, et al. HYENA Consortium. Annoyance due to aircraft
noise has increased over the years—results of the HYENA study.
Environ Int. 2009 Nov;35(8):1169–76.

[118] Guski R. How to forecast community annoyance in planning
noisy facilities. Noise Health. 2004 Jan-Mar;6(22):59–64.

[119] BrinkM,Wirth KE, Schierz C, ThomannG, Bauer G. Annoyance re-
sponses to stable and changing aircraft noise exposure. J Acoust
Soc Am. 2008 Nov;124(5):2930–41.

[120] Janssen SA, Vos H, van Kempen EE, Breugelmans OR, Miedema
HM. Trends in aircraft noise annoyance: the role of study and
sample characteristics. J Acoust Soc Am. 2011 Apr;129(4):1953–
62.

[121] BabischW, FrommeH,Beyer A, IsingH. Increased catecholamine
levels in urine in subjects exposed to road traflc noise: the role
of stress hormones in noise research. Environ Int. 2001 Jun;26(7-
8):475–81.

[122] Ouis D. Exposure to nocturnal road traflc noise: sleep distur-
bance its after effects. Noise Health. 1999;1(4):11–36.

[123] Pirrera S, De Valck E, Cluydts R. Nocturnal road traflc noise: A
review on its assessment and consequences on sleep and health.
Environ Int. 2010 Jul;36(5):492–8.

[124] Graham JM, Janssen SA, Vos H, Miedema HM. Habitual traflc
noise at home reduces cardiac parasympathetic tone during
sleep. Int J Psychophysiol. 2009 May;72(2):179–86.

[125] Weyde KV, Krog NH, Oftedal B, Evandt J, Magnus P, Øverland S,
et al. Nocturnal Road Traflc Noise Exposure and Children’s Sleep
Duration and Sleep Problems. Int J Environ Res Public Health.
2017 May;14(5):E491.

[126] Schapkin SA, Falkenstein M, Marks A, Griefahn B. After effects
of noise-induced sleep disturbances on inhibitory functions. Life
Sci. 2006 Feb;78(10):1135–42.

[127] Tiesler CM, Birk M, Thiering E, Kohlböck G, Koletzko S, Bauer
CP, et al.; GINIplus and LISAplus Study Groups. Exposure to road
traflc noise and children’s behavioural problems and sleep dis-
turbance: results from theGINIplus and LISAplus studies. Environ
Res. 2013 May;123:1–8.

[128] Van Renterghem T, Botteldooren D. Focused study on the quiet
side effect in dwellings highly exposed to road traflc noise. Int J
Environ Res Public Health. 2012 Dec;9(12):4292–310.

[129] Wothge J, Belke C, Möhler U, Guski R, Schreckenberg D. The
Combined Effects of Aircraft and Road Traflc Noise and Aircraft
and Railway Noise on Noise Annoyance-An Analysis in the Con-
text of the Joint Research Initiative NORAH. Int J Environ Res
Public Health. 2017 Aug;14(8):E871.

[130] MiedemaHM, Vos H. Exposure-response relationships for trans-
portation noise. J Acoust Soc Am. 1998 Dec;104(6):3432–45.



Bibliometric analysis and review of auditory and non-auditory health impact due to road traflc noise. . . | 87

[131] Berglund B, Hassmén P, Job RF. Sources and effects of low-
frequency noise. J Acoust Soc Am. 1996 May;99(5):2985–3002.

[132] Miedema HM, Vos H. Noise annoyance from stationary sources:
relationships with exposure metric day-evening-night level
(DENL) and their confidence intervals. J Acoust Soc Am. 2004
Jul;116(1):334–43.

[133] Fields JM, De Jong RG, Gjestland T, Flindell IH, Job RF, Kurra S,
et al. Standardized general-purpose noise reaction questions
for community noise surveys: research and a recommendation. J
Sound Vibrat. 2001;242(4):641–79.

[134] Kryter KD. Community annoyance from aircraft and ground ve-
hicle noise. J Acoust Soc Am. 2005;72(4):1222–42.

[135] Berglund B, Hassmén P, Job RF. Sources and effects of low-
frequency noise. J Acoust Soc Am. 1996 May;99(5):2985–3002.

[136] Kryter KD, editor. The Effects of Noise on Man. Academic Press;
1970.

[137] Vallet M, Maurin M, Page MA, Favre B, Pachiaudi G. Annoyance
from and habituation to road traflc noise from urban express-
ways. J Sound Vibrat. 1978;60(3):423–40.

[138] Kurra S, Morimoto M, Maekawa ZI. Transportation Noise
Annoyance—a Simulated-Environment Study for Road, Railway
and Aircraft Noises, Part 1: overall Annoyance. J Sound Vibrat.
1999;220(2):251–78.

[139] Wunderli JM, Pieren R, Habermacher M, Vienneau D, Cajochen
C, Probst-Hensch N, et al. Intermittency ratio: A metric reflecting
short-term temporal variations of transportation noise exposure.
J Expo Sci Environ Epidemiol. 2016 Nov;26(6):575–85.

[140] Lambert J, Simonnet F, Vallet M. Patterns of behaviour
in dwellings exposed to road traflc noise. J Sound Vibrat.
1984;92(2):159–72.

[141] Fields JM. Effect of personal and situational variables on
noise annoyance in residential areas. J Acoust Soc Am.
1993;93(5):2753–63.

[142] Fidell S, Mestre V, Schomer P, Berry B, Gjestland T, Vallet M,
et al. A first-principles model for estimating the prevalence of
annoyance with aircraft noise exposure. J Acoust Soc Am. 2011
Aug;130(2):791–806.

[143] Schomer P,Mestre V, Schulte-FortkampB, Boyle J. Respondents ’
answers to community attitudinal surveys represent impressions
of soundscapes and not merely reactions to the physical noise. J
Acoust Soc Am. 2013;134(1):767–772 .

[144] Schomer P, Mestre V, Fidell S, Berry B, Gjestland T, Vallet M,
et al. Role of community tolerance level (CTL) in predicting the
prevalence of the annoyance of road and rail noise. J Acoust Soc
Am. 2012;131(4):2772.

[145] Wilson DK, Valente D, Nykaza ET, Pettit CL. Information-criterion
based selection of models for community noise annoyance. J
Acoust Soc Am. 2013;133(3):195–201.

[146] Berglund B, Berglund U, Lindvall T. Scaling loudness, noisi-
ness, and annoyance of community noises. J Acoust Soc Am.
1976;60(5):1119–25.

[147] Berglund B, Berglund U, Goldstein M, Lindvall T. Loudness (or
annoyance) summation of combined community noises. J Acoust
Soc Am. 1981;70(6):1628–34.

[148] Fastl H. The Psychoacoustics of Sound-Quality Evaluation. Acta
Acust United Acust. 1997;83(5):754–64.

[149] Daniel P, Weber R. Psychoacoustical Roughness: Implemen-
tation of an Optimized Model. Acta Acust United Acust. 1995
Jul;1997(83):113–23.

[150] Martín MA, Tarrero A, González J, Machimbarrena M, Martin
MA, Tarrero A, et al. Exposure-effect relationships between road
traflc noise annoyance and noise cost valuations in Valladolid,
Spain. Appl Acoust. 2006 Oct;67(10):945–58.

[151] Job RF. Community response to noise: A review of factors influ-
encing the relationship between noise exposure and reaction. J
Acoust Soc Am. 1988;83(3):991–1001.

[152] Jan P, StallenM, Smit S. A theoretical framework for environmen-
tal noise annoyance. Volume 1. Noise Health; 1999. pp. 69–79.

[153] Miedema HM, Vos H. Demographic and attitudinal factors that
modify annoyance from transportation noise. J Acoust Soc Am.
2002;105(6):3336–44.

[154] Paunović K, Jakovljević B, Belojević G. Predictors of noise an-
noyance in noisy and quiet urban streets. Sci Total Environ. 2009
Jun;407(12):3707–11.

[155] Lam KC, Chan PK, Chan TC, AuWH, Hui WC. Annoyance response
to mixed transportation noise in Hong Kong. Appl Acoust. 2009
Jan;70(1):1–10.

[156] Ryu JK, Jeon JY. Influence of noise sensitivity on annoyance of
indoor and outdoor noises in residential buildings. Appl Acoust.
2011 May;72(6):336–40.

[157] Bangjun Z, Lili S, Guoqing D. The influence of the visibility of
the source on the subjective annoyance due to its noise. Appl
Acoust. 2003;64(12):1205–15.

[158] Matsumura Y, Rylander R. Noise sensitivity and road traflc an-
noyance in a population sample. J Sound Vibrat. 1991;151(3):415–
9.

[159] Sung JH, Lee J, Park SJ, Sim CS. Relationship of Transportation
Noise and Annoyance for Two Metropolitan Cities in Korea: Pop-
ulation Based Study. PLoS One. 2016 Dec;11(12):e0169035.

[160] Ko JH, Chang SI, Kim M, Holt JB, Seong JC. Transportation noise
and exposed population of an urban area in the Republic of Korea.
Environ Int. 2011 Feb;37(2):328–34.

[161] Lim J, Kweon K, KimHW, Cho SW, Park J, Sim CS. Negative impact
of noise and noise sensitivity on mental health in childhood.
Noise Health. 2018 Sep-Oct;20(96):199–211.

[162] Min JY,Min KB. Night noise exposure and risk of death by suicide
in adults living in metropolitan areas. Depress Anxiety. 2018
Sep;35(9):876–83.

[163] Koushki PA, Cohn LF, Felimban AA. Urban traflc noise in
Riyadh, Saudi Arabia: perceptions and attitudes. J Transp Eng.
1993;119(5):751–62.

[164] Jakovljevic B, Paunovic K, Belojevic G, Jakovljevic B, Paunovic K,
Belojevic G. Road-traflc noise and factors influencing noise an-
noyance in an urban population. Environ Int. 2009 Apr;35(3):552–
6.

[165] Li HN, ChauCK, TangSK. Can surrounding greenery reduce noise
annoyance at home? Sci Total Environ. 2010 Sep;408(20):4376–
84.

[166] Shepherd D, McBride D, Welch D, Dirks KN, Hill EM, Shepherd
D. Evaluating the impact of wind turbine noise on health-related
quality of life. Noise Health. 2011 Sep-Oct;13(54):333–9.

[167] Shepherd D, Welch D, Dirks KN, Mcbride D. Do Quiet
Areas Afford Greater Health-Related Quality of Life than
Noisy Areas? Environ Res Public Health. 2013;10(4):1284–303.
https://doi.org/10.3390/ijerph10041284.

[168] Welch D, Shepherd D, Dirks KN, McBride D, Marsh S, Welch
D. Road traflc noise and health-related quality of life: a cross-
sectional study. Noise Health. 2013 Jul-Aug;15(65):224–30.

https://doi.org/10.3390/ijerph10041284


88 | M.Manohare et al.

[169] Gundersen H, Magerøy N, Moen BE, Bråtveit M. Traflc density
in area of residence is associated with health-related quality of
life in women, the community-based Hordaland Health Study.
Arch Environ Occup Health. 2013;68(3):153–60.

[170] Schreckenberg D, Belke C, Spilski J. The Development of a
Multiple-Item Annoyance Scale (MIAS) for Transportation Noise
Annoyance. Int J Environ Res Public Health. 2018May;15(5):E971.

[171] Taylor SM. a Comparison Reactions of Models To Predict Annoy-
ance. J Sound Vibrat. 1982;81(1):123–38.

[172] Miedema HM. Relationship between exposure to multiple
noise sources and noise annoyance. J Acoust Soc Am. 2004
Aug;116(2):949–57.

[173] Verron C, Aramaki M, Kronland-Martinet R, Pallone G. Spa-
tialized synthesis of noisy environmental sounds. In: Ys-
tad S, Aramaki M, Kronland-Martinet R, Jensen K, edi-
tors. CMMR 2009, ICAD 2009. Lecture Notes in Computer
Science Berlin, Heidelberg: Springer. 2010;5954:392–407.
https://doi.org/10.1007/978-3-642-12439-6_20.

[174] Morel J,Marquis-Favre C, ViollonS, AlayracM. A laboratory study
on total noise annoyance due to combined industrial noises. Acta
Acust United Acust. 2012;98(2):286–90.

[175] Taylor SM. A Comparison Reactions of Models to Predict Annoy-
ance. J Sound Vibrat. 1982;81:123–38.

[176] Morel J, Marquis-Favre C, Gille LA. Noise annoyance assessment
of various urban road vehicle pass-by noises in isolation and
combined with industrial noise: A laboratory study. Appl Acoust.
2016;101:47–57.

[177] Stansfeld SA, Berglund B, Clark C, Lopez-Barrio I, Fischer P,
Ohrström E, et al.; RANCH study team. Aircraft and road traflc
noise and children’s cognition and health: a cross-national study.
Lancet. 2005 Jun;365(9475):1942–9.

[178] Moch-Sibony A. Study of the effects of noise on personality and
certain psychomotor and intellectual aspects of children, after a
prolonged exposure. Trav Hum. 1984;47:155–65.

[179] Cohen S, Glass DC, Singer JE. Apartment noise, auditory dis-
crimination, and reading ability in children. J Exp Soc Psychol.
1973;9(5):407–22.

[180] Cohen S, Evans GW, Krantz DS, Stokols D. Physiological, motiva-
tional, and cognitive effects of aircraft noise on children: moving
from the laboratory to the field. Am Psychol. 1980Mar;35(3):231–
43.

[181] Evans GW, Maxwell L. Chronic noise exposure and reading
deficits: the mediating effects of language acquisition. Environ
Behav. 1997;29(5):638–56.

[182] Evans GW, Hygge S, Bullinger M. Chronic noise and psychologi-
cal stress. Psychol Sci. 1995;6(6):333–8.

[183] Tzivian L, Jokisch M, Winkler A, Weimar C, Hennig F, Sugiri D, et
al.; Heinz Nixdorf Recall Study Group. Associations of long-term
exposure to air pollution and road traflc noise with cognitive
function-An analysis of effect measure modification. Environ Int.
2017 Jun;103:30–8.

[184] Tzivian L, Dlugaj M, Winkler A, Hennig F, Fuks K, Sugiri D, et al.;
Heinz Nixdorf Recall Study Investigative Group. Long-term air
pollution and traflc noise exposures and cognitive function:A
cross-sectional analysis of the Heinz Nixdorf Recall study. J Toxi-
col Environ Health A. 2016;79(22-23):1057–69.

[185] Fuks KB, Wigmann C, Altug H, Schikowski T. Road Traflc Noise
at the Residence, Annoyance, and Cognitive Function in Elderly
Women. Int J Environ Res Public Health. 2019 May;16(10):E1790.

[186] Khan SI, Maini P. Modeling heterogeneous traflc flow. Transp
Res Rec. 1678;(1999):234–41.

[187] Kalaiselvi R, Ramachandraiah A. Honking noise corrections for
traflc noise prediction models in heterogeneous traflc condi-
tions like India. Appl Acoust. 2016;111:25–38.

[188] Mehdi MR, Kim M, Seong JC, Arsalan MH. Spatio-temporal pat-
terns of road traflc noise pollution in Karachi, Pakistan. Environ
Int. 2011 Jan;37(1):97–104.

[189] Phan HA, Yano T, Phan HY, Nishimura T, Sato T, Hashimoto Y.
Annoyance caused by road traflc noise with and without horn
sounds. Acoust Sci Technol. 2009;30(5):327–37.

[190] Ali SA, Tamura A. Road traflc noise levels, restrictions and an-
noyance in Greater Cairo, Egypt. Appl Acoust. 2003;64(8):815–
23.

[191] Agarwal S, Swami BL. Road traflc noise annoyance in Jaipur city.
International Journal of Engineering Studies. 2009;1(1):39–46.

[192] Yuen FK. A vision of the environmental and occupational noise
pollution in Malaysia. Noise Health. 2014 Nov-Dec;16(73):427–
36.

[193] Dhondt S, le Xuan Q, Vu Van H, Hens L. Environmental health im-
pacts ofmobility and transport in Hai Phong, Vietnam. Stochastic
Environ Res Risk Assess. 2011 Mar;25(3):363–76.

[194] Jérémy G, Apparicio P. Noise exposure of cyclists in Ho Chi Minh
City: A spatio-temporal analysis using non-linear models. Appl
Acoust. 2019 May;148:332–43.

[195] Darius DDI, AwangNW, Deros BM, Ismail AR. The Effects of Night-
Time Road Traflc Noise on Discomfort-a Case Study in Dungun,
Terengganu, Malaysia. Iranian J Public Health. 2014;43(3):58–
66.

[196] Li HJ, Yu WB, Lu JQ, Zeng L, Li N, Zhao YM. Investigation of road-
traflc noise and annoyance in Beijing: a cross-sectional study of
4th Ring Road. Arch Environ Occup Health. 2008;63(1):27–33.

[197] Paiva KM, CardosoMR, Zannin PH. Exposure to road traflc noise:
Annoyance, perception and associated factors among Brazil’s
adult population. Sci Total Environ. 2019 Feb;650(Pt 1):978–86.

[198] Ma J, Li C, Kwan MP, Chai Y. A Multilevel Analysis of Perceived
Noise Pollution, Geographic Contexts and Mental Health in Bei-
jing. Int J Environ Res Public Health. 2018 Jul;15(7):E1479.

https://doi.org/10.1007/978-3-642-12439-6_20

	1 Introduction
	2 Review procedure
	3 Bibliometric analysis
	3.1 Articles by research sub-domains
	3.2 Authors keyword network
	3.3 Articles by year of publication.
	3.4 The distribution by the journal.
	3.5 Institutes with major contributions
	3.6 The contribution of countries

	4 Critical review
	4.1 Traffic noise and health impact
	4.2 Auditory health effects
	4.2.1 Noise-induced hearing loss (NIHL)
	4.2.2 Tinnitus

	4.3 Non-auditory health impact
	4.3.1 Physiological impacts
	4.3.2 Performance related impacts
	4.3.3 Cognitive impairment


	5 Discussion
	6 Conclusion

