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Chronic exposure to urban noise is harmful for auditory perception, cardiovascular, gastrointestinal and nervous systems,

while also causing psychological annoyance. Around 25% of the EU population experience a deterioration in the quality of

life due to annoyance and about 5–15% suffer from sleep disorders, with many disability-adjusted life years (DALYs) lost

annually. This entry highlights the main sources of urban noise, the principal clinical disorders and the most effected

countries.
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1. Introduction

Noise pollution is defined as “noise in the living environment or in the external environment such as to cause discomfort or

disturbance to rest and human activities, danger to health, deterioration of ecosystems, material goods, monuments, the

external environment or such as to interfere with use of the rooms themselves” . This type of pollution can mainly result

from vehicle traffic, railways, airports, constructions, industries, recreational activities, etc. . Worldwide many people are

exposed to this risk factor and they can suffer the relative consequences. In Western Europe, at least one million healthy

life years are lost per year . Actually, as many as 125 million European citizens are exposed to road traffic, which is

above the average annual levels of 55 dB, however, these figures could actually be significantly higher. Such an exposure

causes a perception of annoyance for 20 million inhabitants. In 8 million inhabitants, sleep disorders appear and causes

more than 40,000 hospitalizations. In addition, around 8000 children in Europe are believed to have difficulty in reading

and with concentrating in areas where air traffic noise is close to school buildings . Prolonged exposure to noise can be

harmful to the auditory perception, with the onset of perceptual hearing loss, and to other human systems, in particular the

cardiovascular, gastro-enteric, and nervous systems; it can also cause psychological annoyance, defined by ISO/TS

15666:2003(E) through the expression “one person’s individual adverse reaction to noise” . Road traffic noise can lead

to the development of cardiovascular and metabolic disease  and possibly oncological disorders . Additionally, this

exposure may increase the risk of weight gain , obesity  and Type II diabetes mellitus . Data on the possible

development of oncological pathologies are still controversial; some studies on urban noise demonstrated a positive

association between these exposures and breast cancer ; on the other hand, other studies found no association . A

case-control study carried out on women found no association between cancer and traffic or railway noise, but a positive

association with aircraft-noise exposure . Prolonged negative feelings towards noise may increase the risk of more

severe psychological problems . It has been shown, through very well documented subjective data, that annoyance

and sleep disturbances are the most widespread reported disorders associated with environmental noise . Tiredness,

headaches and other psychological conditions are also associated with noise in adult populations . Psychological

distress has been recognized as a substantial public health problem and as a leading cause of morbidity and disability .

It accounts for most of the community burden of poor mental health . It has been estimated that around 25% of the EU

population experience a deterioration in quality of life due to annoyance, and about 5–15% suffer from sleep disorders .

In fact, according to WHO, most of lost disability-adjusted life years (DALYs) can be attributed to noise-induced sleep

disturbance and annoyance . Because of this, the EU has issued directives on the subject. The 2002/49/CE Directive

has the primary objective of avoiding, preventing or reducing the harmful effects of exposure to environmental noise, by

determining the exposure to noise (by means of acoustic mapping), public information on noise’ effects and the adoption

of action plans . In addition, Legislative Decree 194/2005 implements the previous directive on the determination and

management of environmental noise; it defines the procedures of competences for the installation of strategic noise maps

in urban areas with more than 100,000 inhabitants, guaranteeing public participation . 

2. Methods 

This systematic review follows the Prisma Statement .
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The research included articles published in the last 10 years, from 2010 to 29 February 2020, on the major online

databases (Pubmed, Cochrane Library and Scopus). The search strategy used a combination of controlled vocabulary

and free text terms based on the following keywords: noise, annoyance, exposure, dose–response. All research fields

were considered. Additionally, we carried out a manual search on reference lists of the selected articles and reviews, so

as to carry out a wider analysis. Two independent reviewers read the titles and abstracts of the reports that were identified

by the search strategy. They selected the relevant reports according to the inclusion and exclusion criteria. Doubts or

disagreements were solved by discussing the issue with a third researcher. Subsequently, they individually screened the

corresponding full text, so as to be able to decide on final eligibility. Finally, the authors eliminated any duplicate studies

and articles where full texts were not available. Data was mainly obtained from the published results but also from any

other supplementary sources when these were available. In particular, the authors have selected date of publication,

country of examined residents, number of included residents, questionnaire administered, the involved source of noise,

exposure decibel and the type of disturbance reported. In addition, the authors highlighted the number of studies included

for all reviews and the length of the experiment in the case of trial or cohort studies.

2.1. Eligibility and Inclusion Criteria

The studies included in this review focus on urban noise and the residents that are exposed to this risk. Articles on

exposure to major sources of urban noise such as airports, railways, roads and wind turbines were included. We have

only included studies concerning psychological disorders, All types of study designs were included. No restrictions were

applied either by language or country.

2.2. Exclusion Criteria

Reports related only to occupational exposure, publications on programmatic interventions and studies not related to

psychological disorders were excluded. Additionally, reports of less academic significance, editorial articles, individual

contributions and purely descriptive studies published in scientific conferences without any quantitative and qualitative

inferences were excluded.

2.3. Quality Assessment

Three different reviewers assessed the methodological quality of the selected studies with specific rating tools, to reduce

risk of introducing any bias (Table 1). We used the International Narrative Systematic Assessment (INSA) method to judge

the quality of the narrative reviews , Assessment of multiple systematic reviews (AMSTAR) to evaluate systematic

reviews  and the Newcastle Ottawa Scale (NOS) to evaluate cross-sectional, cohort studies and case control studies

. The Jadad Scale was applied for randomized clinical trials . In addition, to reduce risk of bias, we have used

(BARR, Bristol, UK), a specific tool for systematic reviews .

3. Results

The online research yielded 265 studies: PubMed (60), Scopus (186) e Cochrane Library (19). Of these, 128 studies were

excluded because they were deemed not to be related to problems associated with urban noise. Of the remaining, 40

articles were also excluded because they were duplicates. Duplicate publications were carefully eliminated in order not to

introduce bias by comparing the authors’ names, the issues addressed, workers’ destinations and the results obtained.

Another 43 publications were eliminated because full text was not available. 54 studies were finally included in this

systematic review (Figure 1). Of these, 2 were systematic reviews, 3 were narrative reviews and 49 were original articles.

Among these original articles, 41 were cross-sectional studies, 3 cohort studies, 3 case-control studies and 2 trials (Table

2). Germany is the country in which most studies have been published (10 articles; 18.5%). Most of the articles were

published in 2017 (10 studies; 18.5%), followed by 2016 and 2019 (9 and 8 articles, respectively; 16.6% and 14.8%). The

selected articles investigate mainly the psychological distress’ symptoms experienced by residents, such as annoyance

(28 studies; 51.8%), sleep disorders (11 articles; 20.3%) or both (11 articles; 20.3%). When taking into account the

studies that examine a single source of noise, it was found that airport noise was the prevalent exposure that was

reported on (15 articles; 27.7%), followed by road traffic, wind turbines and railways (10, 8 and 4 studies; 18.5%, 14.8%

and 7.4%, respectively).

3.1. Narrative and Systematic Reviews

Regarding the methodological quality of the selected reviews, the AMSTAR score shows an average of 7, thus indicating

a discrete quality of the studies (Table 3). The most appropriate methodological systematic review was conducted in

Germany by WHO (AMSTAR = 8). Regarding the narrative reviews scores, the INSA score shows an average of 5.6, a
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median and a modal value of 6, indicating an intermediate quality.

Each review addresses different topics, both regarding the source of noise and the pathology that was investigated.

Annoyance and sleep disturbance were reported to be more frequent near wind turbines than other sound sources,

especially in rural areas. Annoyance has been reported with sound exposure above 40 dBRegarding sleep disturbances,

these occur at higher sound levels, above 45 dB and this problem is significantly related to annoyance . Hume

highlights that this alteration appears from 30–40 dB at exposure near airports at night. New technologies will play an ever

greater and more important role such as in the case of “open rotor engine”, which may improve over the coming 10–20

years, becoming significantly more fuel efficient, producing less carbon dioxide per air mile, but generating more noise .

Hays reviews the scientific literature on oil and gas development activities. This economic sector generates low frequency

noise (for example, by compressor stations) but only limited data exists regarding the consequences, such as

cardiovascular risks or adverse birth outcomes. Most of these activities are not permanently located in technological

areas, so there may be fewer studies on the possible long-term effects . Potential cardiovascular risk was also

investigated by Lercher, in the Alpine Region. He focused on two studies, the Noise Village Study and the Transit Study, in

both of which no relevant relationship between traffic noise and systolic blood pressure was demonstrated. The authors

have highlighted a possible linear relationship with systolic pressure but, only in men, over 60 years and exposure to

sound levels between 50 and 60 dBA Lden (OR = 1.38, CI = 1.03–1.86) . Guski has described the association between

exposure to various environmental noises and annoyance. He found that the relationship between noise levels and

annoyance is stronger for noise generated by aircraft and railway than for road traffic and wind turbines. The rate of

annoyed people is elevated in both “high-rate change” airports, such as Frankfurt and Berlin-Brandenburg, and “low-175

rate change” airports, such as Cologne/Bonn and Stuttgart .

3.2. Original Articles

The scores assigned to the original articles have an average value of 6.2, a median of 6 and a modal of 6 (Table 4). These

numbers point to an intermediate quality of the studies with research from Switzerland, Netherland, France, Sweden and

Austria obtaining the highest values (NEW CASTLE = 8).

In order to carry out the results and considered the quantity of the selected articles, we proceed with a synthesis of the

results based on the urban noise sources and main disorders found by the authors.

3.2.1. Sources of Noise

There were four main sources of exposures to noise investigated by the authors; 13 articles (13/47; 27.6%) investigate

only noise from airport sources, seven from damage caused by wind turbines (7/47; 14.8%), nine from road or motorway

traffic (9/47; 19.1%) and 4 from rail traffic (4/47; 8.5%). In 13/47 articles (27.6%), multiple sources were involved, seven

studies dealt mainly with noise generated by airport/train/road (7/13; 53.8%), three dealt with road/rail generated noise

(3/13; 23%), two (2/13; 15.3%) with airport/road and one (1/13; 7.6%) with wind turbine/airport. We found that the type of

airport could influence the symptoms reported by the population effected. Morinaga found that living near military airports

has a worse consequence than living near civilian infrastructures. In fact, comparing his data with a survey on civil

airports, the author shows that more decibels are needed to obtain the same values of highly annoyed people . The

percentage of insomnia and sleep disorders vary with the increase of night flight operations . In addition, Mueller found

that the average of “awakeness” decreased from two in 2011 to 0.8 in 2012 due to the fact that there were less night

flights . Schreckenberg, in 2016, showed how levels of annoyance and sleep disorders decreased after some

interventions in the airport. This did not affect disturbance upon awakening in the early morning . There was a

correlation between “value at which half of the people in a community describe themselves as highly annoyed by noise

exposure” (CTL) and number of aircraft movements. In fact, near high rate of change (HRC) airports, the authors found

more annoyed people. Gjestland found that 20% of the sample is highly annoyed when exposed to 55 db in the vicinity of

HRC airports; on the other hand, close to the "low rate of change" airports, only 5% were annoyed when exposed to the

same decibels . Similarly, Silva has showed that the air traffic at Guarulhos airport increased about 45% on the last 5

years before the survey, as well as the percentage of annoyed citizens . The location of the dwelling also has an effect

on the annoyance. This symptom at particular sites with sea wave sound was significantly lower than that at sites without,

probably because of noise masking by sea wave sounds . In the Schreckenberg study, researchers found that

residents suffered more sleep disturbance due to railway noise even when windows were closed (p < 0.001), and this was

independent of the type of fixtures (soundproof windows, single-/double-glazed windows) . Concerning road traffic, the

association between (overall night noise level) and these disturbances was dependent on the orientation of the bedroom

to the nearest street. It was shown that when a bedroom pointed away from the nearest street, sleep disorders were less

. As far as the relationship between the distance to the noise source and the prevalence of annoyance, some

researchers highlight that the rate of annoyed people rapidly decreased when moving away from the railway tracks.
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Ragettli found that highly annoyed people comprised 22% within 50 m, 10% within 51–100 m, and below 10% when the

distance was in excess of 100 m from major roads . Similarly, indoor noise annoyance was systematically reduced with

increasing distance from wind turbines. In the data provided by Hongisto, the rate of annoyed people was around 10%

when within 1200 m of such noisy sources, becoming negligible when about 2 km away from the source . Annoyance

and sleep are also influenced by other factors. In the Schreckenberg study, the individual noise sensitivity was correlated

with aircraft noise annoyance (r = 0.36) but not with the sound level. Annoyance was higher in the group of middle-aged

adults (40–60 years) when compared to younger or older people (p < 0.001). It was also higher in the middle to higher

socio-economic status group (p < 0.001) and in house owners (p < 0.001). The fear of diminished house value was

correlated with this disorder (r = 0.54, p < 0.001) . Pedersen found that when just one stressor was operational

respondents attributed noise and odor as the main annoying factor in 51% and 27% of cases respectively. When more

than one stressor was present it was found that 32% were sensitive to noise, 43% to odor, and 32% to vibrations .

Sensitivity was shown to be a significant modifying factor (p = 0 in railway and roads) while gender was significant for

railway noise (p = 0.014), as it pertains to subjective sleep disturbance . Brown found that medium and high noise

sensitivity categories were 1.5- and 2.4-times more likely to be highly annoyed. This was particularly so amongst residents

who were not satisfied with their neighborhoods. These showed a 3.5-times more likelihood to be highly annoyed .

When Ogren compared vibration exposure to noise exposure from railway, traffic the noise levels and vibration velocities

appeared to have the same probability of causing annoyance. For equivalent noise level and vibration, the probability of

annoyance is approximately 20% for 59 dB or 0.48 mm/s, and about 40% for 63 dB or 0.98 mm/s. He found that

annoyance from noise may be influenced by the presence of vibration (p = 0.022), but annoyance from vibration is

perhaps not influenced so much by the noise level (p = 0.72) . In 2019, Brink hypothesized that highly intermittent noise

has an increased potential to disturb human activities. He confirmed that highly intermittent rail and aircraft noise interfere

with annoyance level, but there was an opposite effect about road traffic noise: in latter, exposure with low intermittent

noise (such as motorways) was associated with “highly annoyed” responses .

3.2.2. Main Disorders

Of the 47 original articles included, 28 exclusively investigate annoyance (28/47; 59.5%). In the other cases, nine

publications focused their findings on sleep disorders (9/47; 19.1%) while as many as nine articles investigated both

disorders, both annoyance and sleep disorders. Finally, in four cases (4/47; 8.5%), in addition to the psychological

domain, cardiovascular disorders due to urban noise were also reported. Of the 28 studies that exclusively investigate

annoyance, 6 correlate this disorder with both airport and road noise (6/28; 21.4% respectively). From amongst the nine

exclusive studies on sleep disorders, three correlate to wind turbines, two to aircraft, one to road, one to rail, one to

road/rail and one to airport/rail/road. Ancona estimated that levels higher than 55 dB cause more than 4000 cases of

hypertension and more than 9000 of annoyance. In the areas where night levels reach 50 dB, there were over 5000 sleep

disorder events . In Poland, health burden due to noise was caused by the annoyance (49%), sleep disturbance (38%)

and ischemic heart diseases (13%) The author estimated that annoyance was causing 12,000 mean DALYs . The most

important contributor to the Sweden disease burden was sleep disturbances, accounting for 22,218 DALYs (54%),

followed by annoyance with 12,090 DALYs (30%) and cardiovascular diseases with 6725 DALYs (16%) . In Germany,

the highest burden was attributable to road traffic noise, with 75.896 DALYs . For Kim, the prevalence of sleep

disturbance was high in the order of noise level (p < 0.001). The mean scores of the PSQI subscale were high, increasing

with the level of noise, except in the case of sleep latency and use of sleeping drugs . In Poulsen’s study, nocturnal

noise exposure over 42 dB was associated with a hazard ratio (HR) of 1.14 (CI: 0.98–1.33) for sleep medication and HR

of 1.17 (CI: 1.01–1.35) for antidepressants. The association was strongest amongst people over 65 years, with HR of 1.68

(1.27–2.21) for sleep medication and of 1.23 (0.90–1.69) for antidepressants . In addition, Lercher investigated the

relationship between railway noise and sleep medication intake; he showed that there was a doubled probability of

medication intake at any level of railway sound exposure, with a statistically significant levelling off at around 60 dB .

Problems related to insomnia are often found mostly in noise-sensitive individuals and those interested in environmental

issues . Sleep disturbances are mostly found at levels above 45 dB. This correlation was significant in quiet areas (r =

0.208, p < 0.05) and also in quiet and noisy areas (r = 0.160, p < 0.01) . The most annoyed had a lower mean domain

for all HRQOL domains than those not annoyed, in particular physical (p < 0.001), psychological (p < 0.001), social (p <

0.001) and environmental domains (p < 0.001) . Some authors have observed an association between aircraft noise

annoyance and psychological distress, with a ORs of 4.00 (CI 1.67–9.55) for extremely annoyed people . Only one

article included in this research assessed the effects of construction site noise on residents. Liu found that this problem

affects mental activities and sleeping more than watching TV or listening to music, more so in the morning (p < 0.05) .

Exposure–response relationships for waking, falling asleep, conversation, telephone listening, TV/radio listening,

reading/thinking, and rest disturbances was found also in the study conducted by Shimoyama . Some authors found

that more than half of the respondents felt particularly annoyed in the late evening hours (between 20–23 h). Additionally,

at a level of 60 dBA he model predicts 14% of highly annoyed respondents at daytime increasing to 36% during the
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evening, and 39% during the night-time period. Railway noise caused a variety of reactions in exposed residents, such as

closing of windows, or feelings of anger or irritableness or conversation/radio louder . Fryd has found differences

between motorways and urban ways. In the case of motorways when the noise level was Lden 58 dB, 22% were highly

annoyed while 48% were annoyed, as opposed to 8% who were highly annoyed and 28% who were annoyed in the case

of urban roads. Comparing highly annoyed respondents in both types of roads, it is clear that 20% of those exposed to

motorways when compared to urban roads were highly annoyed when exposed to a 10 dB decrease in noise level (55–60

dB vs. 65–70 dB). There is thus an important difference in outdoor annoyance such as in motorway case, where the

respondents were more annoyed with less dB) .

3.2.3. Countries

In 7 studies, the research involved exposed areas in Germany (7/47; 14.8%), 6 cases come from Japan, 5 from Austria, 4

from Sweden, 3 from the USA, 2 each from Italy, Switzerland, China, Netherlands, Denmark, Korea, Norway and 1 case

from France, Thailand, Arab, Vietnam, Canada, Poland, New Zealand and Brazil. Among the seven studies from

Germany, four investigated the airport environments (4/7; 57.1%); this was also the case for Japan with three studies (3/6;

50%). Of the 5 Austrian studies, 4 focus on trains and roads, particularly in the Alpine region, on the border with the

Brenner.

3.3. Trials

We have found only two experimental studies (2/47; 4.2%) (Table 5). Comparing three different laboratory experiments on

how sleep is effected by noise, Elmenhorst found that different noise sources produce different consequences. At the

same decibel, the awakening probability was highest with exposure to railways, followed by exposure to road traffic and

airport noise. However, the awakening probability from road traffic and railway noise is not significantly different (p =

0.988) . In 2015, Schmidt tested the effects of nocturnal aircraft noise on cardiovascular function in 60 patients,

between the ages of 30 and 75 years. The team simulated noises in the patients’ bedroom, producing 60 events during

one night; they recorded polysomnography, endothelial function by flow-mediated dilation of the brachial artery and blood

sampling on the next morning. The researchers found that sleep quality was markedly reduced by noise (from 5.8 ± 2.0 to

3.7 ± 2.2) (p 0.001), flow mediate dilatation significantly reduced (from 9.6 ± 4.3 to 7.9 ± 3.7%; p 0.001) and systolic blood

pressure was increased (from 129.5 ± 16.5 to 133.6 ± 17.9 mmHg; p = 0.030). However, the adverse vascular effects of

noise were independent from sleep quality and self-reported noise sensitivity .

4. Discussion

Noise has negative consequences for the health of exposed individuals. This is widely documented in the scientific

literature . Thus, increased blood pressure and cardiovascular disorders are associated with chronic exposure to

noise, especially if originating from an airport . In addition to the extra-hearing damage, there is a subjective

alteration generally referred to as “noise disorder” or “annoyance” . This arises when a sound source is perceived as

annoying, irritating, unwanted, and associated with the presence of symptoms such as irritableness, fatigue, headaches,

decreased performance, etc. Noise, similarly to other stressors, can activate the sympathetic nervous system , with

consequent increase in heart rate and blood pressure, vasoconstriction, changes in blood viscosity, blood lipids and

electrolyte alterations . Prolonged exposure to noise can lead, in the most susceptible individuals, to permanent

damage, ranging from hypertension to ischemic diseases, to myocardial infarct  and stroke . Effects such as

immune system dysfunction , psychological alterations such as irritability, aggressiveness, and decreased cognitive

performance (e.g., difficulty understanding written language) have also been observed in individuals exposed to airport

noise .

Our review has highlighted some specific risk factors present in this environmental sector, which are deserving of

adequate consideration, in particular the prevention of repercussions on the health of residents. As can be expected, most

studies agree that annoyance depends on the level of exposure; in fact, a higher exposure increases the rate of annoyed

people. In the literature, the association between noise exposure and noise annoyance has been extensively investigated;

aircraft noise has been found to be the most annoying among all transportation sources . Recent research suggests

that annoyance due to aircraft noise has increased over the previous years . Noise emanating from vibrating

movements and with a spectral content in low frequencies, (such as aerial noise), leads to noise reactions that are much

more evident than other types of noise, such as tachycardia . In this review it is evident that the disturbance most

reported is annoyance, in relation to airports and road traffic. This disorder is linked to very variable factors such as the

number of landings and take-offs, the type of aircraft used, the procedures and routes used at these stages and, of

course, the characteristics of the territory at the take-off and landing routes besides the density of population and human

activities. In fact, to protect the environmental quality, from an acoustic point of view, a rather complex regulatory system
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is in place, which includes Community Directives and Regulations, national and regional regulations of implementation,

technical standards, involving, in the collegiate body constituted by the Airports Commissions, various subjects: technical-

management (ENAC, ENAV, Airport Management Company), institutional (Ministry of the Environment, Region), local

authorities (Communities and Provinces), carriers (airline representatives) .

Concerning vehicle traffic noise, which has a certain continuity and repetitiveness, it seems that the predominant effect is

on sleep disturbance . For this reason, WHO suggests that outdoor sound events with levels greater than 45 dBA

should be avoided for a healthy night rest. In addition, background noise one meter from the exterior of the bedroom must

not exceed 45 dB (A), in order to keep the windows open at night . Other authors also found negative effects of noise

on nocturnal rest. These have shown an increased risk of getting up tired and not rested in the morning , an increased

motility and heart rate  and pseudo-neurological complaints (palpitation, heat flushes, dizziness, anxiety and

depression) . Noise induced disturbances vary according to the physical characteristics of the noise events ; in fact,

dose–response relationships between night sound levels of aircraft noise and effects on sleep could be substantially

improved by adding the number of noise events . In addition, Saremi indicated that for the same maximum noise level

and the same patterns during the night, sleep is more fragmented by freight trains than by passenger or automotive trains

.

The association between annoyance or sleep disturbance and noise was found among residents. Especially in subjects

exposed at higher noise levels . Airport noise interferes with the quality of sleep of the people living near airports 

, as evidenced by some studies which showed that airport noise is associated with an increase in the frequency of

sleeping pills and tranquilizer usage . In addition, noise can activate the sympathetic and endocrine systems

[6], with relative consequences on the psychological sphere . Research on the relationship between

annoyance and psychological health started many years ago. Psychological distress is often measured with the General

Health Questionnaire (GHQ) in the different articles with the results being controversial . Some authors did not find

any significant association between aircraft noise exposure and psychological ill-health based on the GHQ-30 , the

GHQ-28  or the GHQ-12 . Only studies in Japan and in Spain have shown a significant correlation between aircraft

noise exposure and moderate/severe somatic symptoms identified by the GHQ-28 and GHQ-12 in people sensitive to

noise . High noise sensitivity was identified by Stansfeld et al. , as a predictor of psychological distress using

the GHQ-30. It is often also necessary to consider the reciprocal relationship between the different factors. Thus,

extremely annoyed people can develop psychological ill health but it is also possible to have an opposite effect, with

annoyance symptoms manifesting in affected people . In this review annoyance was also found to be dependent

on psychological factors. Thus, noise sensitivity, distance to the source, window opening behavior, bedroom orientation

and position, degree of urbanization, sleep timing, sleep medication intake, survey season and night air temperature have

all been implicated. Noise sensitivity is considered as a moderating factor of the effects of aircraft noise exposure on

annoyance . This variable could also influence the effects of noise on psychological ill-health . Noise

sensitivity is a potential indicator of vulnerability to environmental stressors  such as a proxy measure of anxiety

and irritation . These individual factors are also involved in the newer sources of noise. For example, as reported in

international literature when wind turbines are placed in residential areas, they can cause annoyance . The

visual impact of wind turbines is more pronounced in rural areas when compared to more densely populated areas 

and among respondents that benefited economically from wind turbines the proportion of people who were rather or very

annoyed was significantly lower .

Finally, we have noticed how in a certain number of works the authors are looking for cardiovascular and psychological

disorders at the same time. This is an interesting aspect, as it is probably possible to hypothesize a synergy between the

two areas or at least a mutual cause–effect correlation, as emerges from more recent studies .

 

 

References

1. Legge Quadro Su Inquinamento Acustico N.447/1995; G.U.: Italy, 1995; 30/10/1995 N.254.

2. Sancini, A.; Tomei, F.; Tomei, G. Urban pollution. G. Ital. Med. Lav. Erg. 2012, 34, 187–196.

3. Organizzazione Mondiale per la Sanità (OMS)/Europa (2011): Rapporto Sull’impatto Sanitario del Rumore Ambientale i
n Europa. Available online: http://www.euro.who.int/ data/assets/pdf_file/0008/136466/e94888.pdf (accessed on 29 Feb
ruary 2020).

[91]

[82][92]

[93]

[94]

[95]

[96] [97]

[98]

[99]

[100] [101]

[102][103]

[73][104][105][106]

[107][108][109]

[110]

[111]

[112] [113]

[112][114] [115]

[116][117]

[118][119][120][121] [122]

[123][124]

[116]

[125][126][127]

[128]

[129][130][131]

[132][133][134][135]



4. Available online: www.eea.europa.eu/it/segnali/segnali-2016/articoli/trasporti-e-salute (accessed on 30 May 2020).

5. International Organization for Standardization. Assessment of Noise Annoyance by Means of Social and Socioacoustic
Surveys , final ed.; 2003; ISO/TS 15666, 01.02.2003.

6. Münzel, T.; Gori, T.; Babisch, W.; Basner, M. Cardiovascular effects of environmental noise exposure. Eur. Heart J. 201
4, 35, 829–836.

7. Recio, A.; Linares, C.; Banegas, J.R.; Díaz, J. Road traffic noise effects on cardiovascular, respiratory, and metabolic h
ealth: An integrative model of biological mechanisms. Environ. Res. 2016, 146, 359–370.

8. Roswall, N.; Bidstrup, P.E.; Raaschou-Nielsen, O.; Jensen, S.S.; Olsen, A.; Sørensen, M. Residential road traffic noise
exposure and survival after breast cancer–a cohort study. Environ. Res. 2016, 151, 814–820.

9. Hegewald, J.; Schubert, M.; Wagner, M.; Dröge, P.; Prote, U.; Swart, E. Breast cancer and exposure to aircraft, road, a
nd railway-noise: A case–control study based on health insurance records. Scand. J. Work Environ. Health 2017, 43, 5
09–518.

10. Christensen, J.S.; Raaschou-Nielsen, O.; Tjønneland, A.; Nordsborg, R.B.; Jensen, S.S.; Sørensen, T.I.A.A. Long-term
exposure to residential traffic noise and changes in body weight and waist circumference: A cohort study. Environ. Res.
2015, 143, 154–161.

11. Oftedal, B.; Krog, N.H.; Pyko, A.; Eriksson, C.; Graff-Iversen, S.; Haugen, M. Road traffic noise and markers of obesity-
a population-based study. Environ. Res. 2015, 138, 144–153.

12. Pyko, A.; Eriksson, C.; Oftedal, B.; Hilding, A.; Östenson, C.G.; Krog, N.H. Exposure to traffic noise and markers of obe
sity. Occup. Environ. Med. 2015, 72, 594–601.

13. Sorensen, M.; Andersen, Z.J.; Nordsborg, R.B.; Becker, T.; Tjonneland, A.; Overvad, K. Long-term exposure to road traf
fic noise and incident diabetes: A cohort study. Environ. Health Perspect. 2013, 121, 217–222.

14. Sørensen, M.; Ketzel, M.; Overvad, K.; Tjønneland, A.; Raaschou-Nielsen, O. Exposure to road traffic and railway nois
e and postmenopausal breast cancer: A cohort study. Int. J. Cancer 2014, 134, 2691–2698.

15. Cohen, S.; Weinstein, N. Non auditory effects of noise on behavior and health. J. Soc. Issues 1981, 37, 36–70.

16. WHO. Burden of disease from environmental noise. In Quantification of Healthy Life Years Lost in Europe; World Healt
h Organization: Kobenhavn, Denmark, 2011.

17. Kluizenaar, Y.; Salomons, E.M.; Janssen, S.A.; Lenthe, F.J.v.; Vos, H.; Zhou, H.; Miedema, H.M.E.; Mackendach, J.P. U
rban road traffic noise and annoyance: The effect of a quiet façade. J. Acoust. Soc. Am. 2011, 130, 1936–1942.

18. Stansfeld, S.; Clark, C. Noise and psychiatric disorder. In The Impact of the Environment on Psychiatric Disorder; Free
man, H., Stansfeld, S., Eds.; Routledge/Taylor&Francis Group: New York, NY, USA, pp. 242–267.

19. Sygna, K.; Aasvang, G.M.; Aamodt, G.; Oftedal, B.; Krog, N.H. Road traffic noise, sleep and mental health. Environ. Re
s. 2014, 131, 17–24, doi:10.1016/j.envres.2014.02.010.

20. HM Government. No Health Without Mental Health HM Govern; 2011. Available on https://www.gov.uk/government/pub
lications/no-health-without-mental-health-a-cross-government-outcomes-strategy (accessed on 30 May 2020).

21. Gong, Y.; Palmer, S.; Gallacher, J.; Marsden, T.; Fone, J. A systematic review of the relationship between objective mea
surements of the urban environment and psychological distress. Environ. Int. 2016, 96, 48–57, doi:10.1016/j.envint.201
6.08.019.

22. Proposal for a Directive of the European Parliament and of the Council relating to Assessment and Management of Env
ironmental Noise; COM: Brussels, Belgium, 2000; 468 final–2000/0194 (COD), 26/07/2000.

23. 2002/49/CE Directive. Available online: http://data.europa.ue/eli/dir/2002/49/oj (accessed on 30 May 2020).

24. 2002/49/CE Directive. Available online: https://www.gazzettaufficiale.it/eli/id/2005/10/13/05A09688/sg (accessed on 30
May 2020).

25. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. The PRISMA group. Prisma statement. Evidence 2015, 7, e1000114.

26. La Torre, G.; Backhaus, I.; Mannocci, A. Rating for narrative reviews: Concept and development of the international nar
rative systematic assessment tool. Senses Sci. 2015, 2, 31–35, doi:10.14616/sands-2015-1-3135.

27. Shea, J. Development of Amstar. BMC Med. Res. Methodol. 2007, 7, 10, doi:10.1186/1471-2288-7-10.

28. Wells, G.A.; Shea, B.; O'Connel, D. The Newcastle-Ottawa scale (NOS) for Assessing the Quality of Non-Randomized
Studies in Meta-Analyses 2009. Available on: http://www ohrica/programs/clinical_epidemiology/oxford (accessed on 2
9 February 2020).



29. Jadad, A.R.; Moore, R.A.; Carroll, D.; Jenkinson, C.; Reynolds, D.J.; Gavaghan, D.J.; Mc Quay, H.J. Assessing the qual
ity of reports of randomized clinical trials: Is blinding necessary? Control. Clin. Trials 1996, 17, 1–12.

30. McGuinness, LA, Higgins, JPT. Risk-of-bias VISualization (robvis): An R package and Shiny web app for visualizing risk
-of-bias assessments. Res. Syn. Meth. 2020, 1–7, doi:10.1002/jrsm.1411.

31. Schmidt, J.H.; Klokker, M. Health effects related to wind turbine noise exposure: A systematic review. PLoS ONE 2014,
9, e114183, doi:10.1371/journal.pone.0114183.

32. Hume, K. Sleep disturbance due to noise: Current issues and future research. Noise Health 2010, 12, 70–76, doi:10.41
03/1463-1741.63206.

33. Hays, J.; Mc Cawley, M.; Shonkoff, S.B.C. Public health implications of environmental noise associated with unconventi
onal oil and gas development. Sci. Total Environ. 2017, 580, 448–456, doi:10.1016/j.scitotenv.2016.11.118.

34. Lercher, P.; Botteldooren, D.; Widmann, U.; Uhrner, U.; Kammeringer, E. Cardiovascular effects of environmental noise:
Research in Austria. Noise Health 2011, 52, 234–250.

35. Guski, R.; Schreckenberg, D.; Schuemer, R. WHO Environmental noise guidelines for the european region: A systemati
c review on environmental noise and annoyance. Int. J. Environ. Res. Public Health 2017, 14, 1539, doi:10.3390/ijerph
14121539.

36. Morinaga, M.; Sakuma, T.; Kawai, K.; Makino, K. Aircraft noise annoyance around military airfields in Japan. In Proceed
ings of the Inter-Noise 2016—45th International Congress and Exposition on Noise Control Engineering: Towards a Qui
eter Future, Hamburg, Germany, 21–24 August 2016; pp. 2611–2620.

37. Trieu, B.L.; Nguyen, T.L.; Bui, T.L.; Yano, T.; Hiraguri, Y.; Morinaga, M.; Morihara, T. Assessment of health effects of airc
raft noise on residents living around Noi Bai International Airport. In Proceedings of the Inter-Noise 2019 Madrid—48th
International Congress and Exhibition on Noise Control, Madrid, Spain, 16–19 June 2019.

38. Müller, U.; Elmenhorst, E.-M.; Mendolia, F.; Quehl, J.; Basner, M.; Mcguire, S.; Aeschbach, D. The NORAH-sleep stud
y: Effects of the night flight ban at Frankfurt Airport. In Proceedings of the Inter-Noise 2016—45th International Congres
s and Exposition on Noise Control Engineering: Towards a Quieter Future, Hamburg, Germany, 21–24 August 2016; p
p. 7782–7786.

39. Schreckenberg, D.; Belke, C.; Faulbaum, F.; Guski, R.; Möhler, U.; Spilski, J. Effects of aircraft noise on annoyance and
sleep disturbances before and after expansion of Frankfurt Airport-Results of the NORAH study, WP 1 ‘annoyance and
quality of life’. In Proceedings of the Inter-Noise 2016—45th International Congress and Exposition on Noise, Hambur
g, Germany, 21–24 August 2016.

40. Gjestland, T.; Gelderblom, F.B. Prevalence of noise induced annoyance and its dependency on number of aircraft move
ments. Acta Acust. United Acust. 2017, 103, 28–33, doi:10.3813/AAA.919030.

41. Silva, B.; Santos, G.; Eller, R.; Gjestland, T. Annoyance survey by means of social media. J. Acoust. Soc. Am. 2017, 14
1, 1019, doi:10.1121/1.4976055.

42. Yano, T.; Kuwano, S.; Kageyama, T.; Sueoka, S.; Tachibana, H. Dose-response relationships for wind turbine noise in J
apan. In Proceedings of the 42nd International Congress and Exposition on Noise Control Engineering, Innsbruck, Aust
ria, 15–18 September 2013; pp. 4591–4598.

43. Schreckenberg, D. Exposure-response relationship for railway noise annoyance in the middle rhine valley. In Proceedin
gs of the 42nd International Congress and Exposition on Noise Control Engineering, Innsbruck, Austria, 15–18 Septem
ber 2013; pp. 4716–4725.

44. Brink, M.; Schäer, B.; Vienneau, D.; Pieren, R.; Foraster, M.; Eze, I.C.; Rudzik, F.; Thiesse, L.; Cajochen, C.; Probst-He
nsch, N.; et al. Self-reported sleep disturbance from road, rail and aircraft noise: Exposure-response relationships and
effect modifiers in the SiRENE study. Int. J. Environ. Res. Public Health 2019, 16, 4186, doi:10.3390/ijerph16214186.

45. Ragettli, M.S.; Goudreau, S.; Plante, C.; Perron, S.; Fournier, M.; Smargiassi, A. Annoyance from road traffic, trains, air
planes and from total. Environmental noise levels. Int. J. Environ. Res. Public Health 2015, 13, 90, doi:10.3390/ijerph13
010090.

46. Hongisto, V.; Oliva, D.; Keränen, J. Indoor noise annoyance due to 3–5 megawatt wind turbines-An exposure-response
relationship. J. Acoust. Soc. Am. 2017, 142, 2185, doi:10.1121/1.5006903.

47. Schreckenberg, D.; Meis, M.; Kahl, C.; Peschel, C.; Eikmann, T. Aircraft noise and quality of life around Frankfurt Airpor
t. Int. J. Environ. Res. Public Health 2010, 7, 3382–3405, doi:10.3390/ijerph7093382.

48. Pedersen, E. City dweller responses to multiple stressors intruding into their homes: Noise, light, odour, and vibration. I
nt. J. Environ. Res. Public Health 2015, 12, 3246–3263, doi:10.3390/ijerph120303246.



49. Hong, J.; Kim, J.; Lim, C.; Kim, K.; Lee, S. The effects of long-term exposure to railway and road traffic noise on subject
ive sleep disturbance. J. Acoust. Soc. Am. 2010, 128, 2829–2835, doi:10.1121/1.3493437.

50. Brown, A.L.; Lam, K.C.; van Kamp, I. Quantification of the exposure and effects of road traffic noise in a dense Asian cit
y: A comparison with western cities. Environ. Health 2015, 14, 22, doi:10.1186/s12940-015-0009-8.

51. Ögren, M.; Gidlöf-Gunnarsson, A.; Smith, M.; Gustavsson, S.; Persson Waye, K. Comparison of annoyance from railwa
y noise and railway vibration. Int. J. Environ. Res. Public Health 2017, 14, 805, doi:10.3390/ijerph14070805.

52. Brink, M.; Schäffer, B.; Vienneau, D.; Foraster, M.; Pieren, R.; Eze, I.C.; Cajochen, C.; Probst-Hensch, N.; Röösli, M.;
Wunderli, J.M. A survey on exposure-response relationships for road, rail, and aircraft noise annoyance: Differences be
tween continuous and intermittent noise. Environ. Int. 2019, 125, 277–290, doi:10.1016/j.envint.2019.01.043.

53. Ancona, C.; Golini, M.N.; Mataloni, F.; Camerino, D.; Chiusolo, M.; Licitra, G.; Ottino, M.; Pisani, S.; Cestari, L.; Vigotti,
M.A.; et al. Health impact assessment of airport noise on people living nearby six Italian airports. Epidemiol. Prev. 201
4, 38, 227–236.

54. Tainio, M. Burden of disease caused by local transport in Warsaw, Poland. J. Transp. Health 2015, 2, 423–433.

55. Eriksson, C.; Bodin, T.; Selander, J. Burden of disease from road traffic and railway noise a quantification of healthy life
years lost in Sweden. Scand. J. Work Environ. Health 2017, 43, 519–525, doi:10.5271/sjweh.3653.

56. Tobollik, M.; Hintzsche, M.; Wothge, J.; Myck, T.; Plass, D. Burden of disease due to traffic noise in germany. Int. J. Env
iron. Res. Public Health 2019, 16, 2304, doi:10.3390/ijerph16132304.

57. Kim, S.J.; Chai, S.K.; Lee, K.W.; Park, J.B.; Min, K.B.; Kil, H.G.; Lee, C.; Lee, K.J. Exposure-response relationship betw
een aircraft noise and sleep quality: A community-based cross-sectional study. Osong Public Health Res. Perspect. 201
4, 5, 108–114, doi:10.1016/j.phrp.2014.03.004.

58. Poulsen, A.H.; Raaschou-Nielsen, O.; Peña, A.; Hahmann, A.N.; Nordsborg, R.B.; Ketzel, M.; Brandt, J.; Sørensen, M. I
mpact of long-term exposure to wind turbine noise on redemption of sleep medication and antidepressants: A nationwid
e cohort study. Environ. Health Perspect. 2019, 127, doi:10.1289/EHP3909.

59. Lercher, P.; Brink, M.; Rüdisser, J.; Van Renterghem, T.; Botteldooren, D.; Baulac, M.; Defrance, J. The effects of railwa
y noise on sleep medication intake: Results from the ALPNAP-study. Noise Health 2010, 12, 110, doi:10.4103/1463-17
41.63211.

60. Kageyama, T.; Yano, T.; Kuwano, S.; Sueoka, S.; Tachibana, H. Exposure-response relationship of wind turbine noise
with self-reported symptoms of sleep and health problems: A nationwide socioacoustic survey in Japan. Noise Health 2
016, 18, 53–61, doi:10.4103/1463-1741.178478.

61. Bakker, R.H.; Pedersen, E.; Berg, G.P.v.d.; Stewart, R.E.; Lok, W.; Bouma, J. Impact of wind turbine sound on annoyan
ce, self-reported sleep disturbance and psychological distress. Sci. Total. Environ. 2012, 425, 42–51, doi:10.1016/j.scit
otenv.2012.03.005.

62. Shepherd, D.; Welch, D.; Dirks, K.N.; McBride, D. Do quiet areas afford greater health-related quality of life than noisy
areas? Int. J. Environ. Res. Public Health 2013, 10, 1284–1303, doi:10.3390/ijerph10041284.

63. Baudin, C.; Lefèvre, M.; Champelovier, P.; Lambert, J.; Laumon, B.; Evrard, A.S. Aircraft noise and psychological Ill-hea
lth: The results of a cross-sectional study in France. Int. J. Environ. Res. Public Health 2018, 15, 1642, doi:10.3390/ijer
ph15081642.

64. Liu, Y.; Xia, B.; Cui, C.; Skitmore, M. Community response to construction noise in three central cities of Zhejiang provi
nce, China. Environ. Pollut. 2017, 230, 1009–1017, doi:10.1016/j.envpol.2017.07.058.

65. Shimoyama, K.; Nguyen, T.L.; Yano, T.; Morihara, T. Social surveys on community response to road traffic in five cities i
n Vietnam. In Proceedings of the Internoise 43rd International Congress on Noise Control Engineering: Improving the
World Through Noise Control, Melbourne, Australia, 16–19 November 2014.

66. Pennig, S.; Schady, A. Railway noise annoyance: Exposure-response relationships and testing a theoretical model by s
tructural equation analysis. Noise Health 2014, 16, 388–399, doi:10.4103/1463-1741.144417.

67. Fryd, J.; Pedersen, T.H. Noise annoyance from urban roads and motorways. In Proceedings of the 45th International C
ongress and Exposition on Noise, Hamburg, Germany, 21–24 August 2016.

68. Elmenhorst, E.M.; Griefahn, B.; Rolny, V.; Basner, M. Comparing the effects of road, railway, and aircraft noise on slee
p: Exposure⁻response relationships from pooled data of three laboratory studies. Int. J. Environ. Res. Public Health 20
19, 16, 1073, doi:10.3390/ijerph16061073.

69. Schmidt, F.; Kolle, K.; Kreuder, K.; Schnorbus, B.; Wild, P.; Hechtner, M.; Binder, H.; Gori, T.; Munzel, T. Nighttime aircr
aft noise impairs endothelial function and increases blood pressure in patients with or at high risk for coronary artery dis
ease. Clin. Res. Cardiol. 2015, 104, 3–30, doi:10.1007/s00392-014-0751-x.



70. Sørensen, M.; Hvidberg, M.; Andersen, Z.J.; Nordsborg, R.B.; Lillelund, K.G.; Jakobsen, J.; Tjønneland, A.; Overvad,
K.; Raaschou-Nielsen, O. Road traffic noise and stroke: A prospective cohort study. Eur. Heart J. 2011, 32, 737–744.

71. Babisch, W. Transportation noise and cardiovascular risk: Updated review and synthesis of epidemiological studies indi
cate that the evidence has increased. Noise Health 2006, 8, 1–29.

72. Kempen, E.E.V.; Kruize, H.; Boshuizen, H.C.; Ameling, C.B.; Staatsen, B.A.; de Hollander, A.E. The association betwee
n noise exposure and blood pressure and ischemic heart disease: A meta-analysis. J. Anim. Sci. 2002, 80, 429–439.

73. Rosenlund, M.; Berglind, N.; Pershagen, G.; Jarup, L.; Bluhm, G. Increased prevalence of hypertension in a population
exposed to aircraft noise. Occup. Environ. Med. 2001, 58, 769–773.

74. Aydin, Y.; Kaltenbach, M. Noise perception, heart rate and blood pressure in relation to aircraft noise in the vicinity of th
e Frankfurt airport. Clin. Res. Cardiol. 2007, 96, 347–358.

75. Haralabidis, A.S.; Dimakopoulou, K.; Vigna-Taglianti, F.; Giampaolo, M.; Borgini, A.; Dudley, M.L.; Pershagen, G.; Bluh
m, G.; Houthuijs, D.; Babisch, W.; et al. Hyena Consortium. Eur. Heart J. 2008, 29, 658–664.

76. Matsui, T.; Uehara, T.; Miyakita, T.; Hitamatsu, K.; Osada, Y.; Yamamoto, T. The Okinawa study: Effects of chronic aircr
aft noise on blood pressure and some other physiological indices. J. Sound Vib. 2004, 277, 469–470.

77. Eriksson, C.; Rosenlund, M.; Pershagen, G.; Hilding, A.; Ostenson, C.G.; Bluhm, G. Aircraft noise and incidence of hyp
ertension. Epidemiology 2007, 18, 716–721.

78. Benedetto, G.; Camerino, D.; Merluzzi, F.; Spagnolo, R. Percezione uditiva ed effetti del rumore. In Manuale di Acustic
a, Renato Spagnolo; UTET: Torino, Italy, 2001; pp. 64–122.

79. Spiegel, K.; Leproult, R.; L'hermite-Baleriaux, M.; Copinschi, G.; Penev, P.D.; Cauter, E.V. Leptin levels are dependent
on sleep duration: Relationships with sympathovagal balance, carbohydrate regulation, cortisol, and thyrotropin. J. Clin.
Endocrinol Metab 2004, 89, 5762–5771.

80. Ising, H.; Gunther, T. Interaction between noise-induced stress and magnesium losses: Relevance for long-term effect
s. In Inter Noise. Help Quiet the World for a Higher Quality Life; Augustinovicz, F., Ed.; Noise Control Foundation: Poug
hkeepsie, NY, USA, 1997; Volume 6522, pp. 1099–1104.

81. Vermeer, P. Noise and Health; Health Council of the Netherlands: The Hague, The Netherlands, 1993.

82. Berglund, B.; Lindevall, T. Community Noise; Archives of the center for Sensory Research: Stockholm, Sweden, 1995.

83. Maschke, C. Epidemiological Examinations to the Influence of Noise Stress on the immune System and the Emergenc
e of Arteriosclerosis; Robert Koch-Institut: Berlin, Germany, 2002.

84. Hardoy, M.C.; Carta, M.G.; Marci, A.R.; Carbone, F.; Cadeddu, M.; Kovess, V.; Dell'Osso, L.; Carpiniello, B. Exposure t
o aircraft noise and risk of psychiatric disorders: The Elmas survey—aircraft noise and psychiatric disorders. Soc. Psyc
hiatry Psychiatr. Epidemiol. 2005, 40, 24–26.

85. Miedema, H.M.; Oudshoorn, C.G. Annoyance from transportation noise: Relationships with exposure metrics DNL and
DENL and their confidence intervals. Environ. Health Perspect. 2001, 109, 409–416.

86. Babisch, W.; Houthuijs, D.; Pershagen, G.; Cadum, E.; Katsouyanni, K.; Velonakis, M.; Dudley, M.L.; Marohn, H.D.; Sw
art, W.; Breugelmans, O. Annoyance due to aircraft noise has increased over the years—Results of the HYENA study.
Environ. Int. 2009, 35, 1169–1176.

87. Stansfeld, S.A.; Berglund, B.; Clark, C.; Lopez-Barrio, I.; Fischer, P.; Ohrström, E.; Haines, M.M.; Head, J.; Hygge, S.;
Kamp, I.V. Aircraft and road traffic noise and children’s cognition and health: A cross-national study. Lancet 2005, 365,
1942–1949.

88. Janssen, S.A.; Vos, H.; Kempen, E.E.M.M.V.; Breugelmans, O.R.P.; Miedema, H.M.E. Trends in aircraft noise annoyan
ce: The role of study and sample characteristics. J. Acoust. Soc. Am. 2011, 129, 1953–1962.

89. Elmehdi, H.M. Relationship between civil aircraft noise and community annoyance near Dubai International Airport. Aco
ust. Sci. Technol. 2012, 33, 6–10.

90. Freedman, N.S. Abnormal sleep/wake cycles and the effect of environmental noise on sleep disruption in the intensive
care unit. Am. J. Respir. Crit. Care Med. 2001, 163, 451–457, doi:10.1164/ajrccm.163.2.9912128.

91. ISPRA . Qualità Dell’ambiente Urbano; VIII rapporto, Ed.2012. Available on https://www.isprambiente.gov.it/files/pubblic
azioni/statoambiente/VIII_RAPP_AREE_URBANE.pdf (accessed on 30 May 2020).

92. Kim, M.; Chang, S.I.; Seong, J.C.; Holt, J.B.; Park, T.H.; Ko, J.H.; Croft, J.B. Road Traffic noise annoyance, sleep distur
bance, and public health implications. Am. J. Prev. Med. 2012, 43, 353–360.

93. WHO. Night Noise Guidelines for Europe 2009, ISBN 9789289041737. Available online: www.euro.who.int/pdf (access
ed on 30 May 2020).



94. Kluizenaar, Y.D.; Janssen, S.A.; Lenthe, F.J.v.; Miedema, H.M.; Mackenbach, J.P. Long-road traffic noise exposure is a
ssociated with an increase in morning tiredness. J. Acoust. Soc. Am. 2009, 126, 626–633.

95. Griefahn, B.; Spreng, M. Disturbed sleep patterns and limitations of noise. Noise Health 2004, 6, 27–33.

96. Fyhri, A.; Aasvang, G.M. Noise, sleep and poor health: Modeling the relationship between road traffic noise and cardiov
ascular problems. Sci. Total Environ. 2010, 408, 4935–4942.

97. Muzet, A. Environmental noise, sleep and health. Sleep Med. Rev. 2007, 11, 135–142.

98. Basner, M.; Müller, U.; Griefahn, B. Practical guidance for risk assessment of traffic noise effects on sleep. Appl. Acous
t. 2010, 71, 518–522.

99. Saremi, M.; Grenèche, J.; Bonnefond, A.; Rohmer, O.; Eschenlauer, A.; Tassi, P. Effects of nocturnal railway noise on sl
eep fragmentation in young and middle-aged subjects as a function of type of train and sound level. Int. J. Psychophysi
ol. 2008, 70, 184–191.

100. Bronzaft, A.L.; Ahern, K.D.; McGinn, R.; O'Connor, J.; Savino, B. Aircraft noise: A potential health hazard. Environ. Beh
av. 1998, 30, 101–113.

101. Passchier-Vermeer W, Miedema HME, Vos H, Steenbekkers HMJ, Houthuijs D, Reijneveld SA. Sleep disturbance and
aircraft noise (in Dutch). Delft: TNO INRO, 2002b. RIVM report 441520019.

102. Maschke, C.; Hecht, K.; Wolf, U. Nocturnal awakenings due to aircraft noise. Do wake-up reactions begin at sound leve
l 60 dB(A)? Noise Health 2004, 6, 21–33.

103. Michaud, D.S.; Fidell, S.; Pearsons. K.; Campbell, K.C.; Keith, S.E. Review of field studies of aircraft noise-induced sle
ep disturbance. J. Acoust. Soc. Am. 2007, 121, 32–41.

104. Haines, M.M.; Stansfeld, S.A.; Job, R.F.; Berglund, B.; Head, J. A follow-up study of effects of chronic aircraft noise exp
osure on child stress responses and cognition. Int. J. Epidemiol. 2001, 30, 839–845.

105. Franssen, E.A.; Wiechen, C.M.v.; Nagelkerke, N.J.; Lebret, E. Aircraft noise around a large international airport and its i
mpact on general health and medication use. Occup. Environ. Med. 2004, 61, 405–413.

106. Raschke, F. Arousals and aircraft noise-environmental disorders of sleep and health in terms of sleep medicine. Noise
Health 2004, 6, 15–26.

107. Feldman, A.Z.; Shrestha, R.T.; Hennessey, J.V. Neuropsychiatric manifestations of thyroid disease. Endocrinol. Metab.
Clin. N. Am. 2013, 42, 453–476.

108. Zorn, J.V.; Schür, R.R.; Boks, M.P.; Kahn, R.S.; Joëls, M.; Vinkers, C.H. Cortisol stress reactivity across psychiatric diso
rders: A systematic review and meta-analysis. Psychoneuroendocrinology 2017, 77, 25–36.

109. Matsui, T. Psychosomatic disorder due to aircraft noise and its causal pathway. In Proceedings of the 42nd Internationa
l Congress and Exposition on Noise Control Engineering, Innsbruck, Austria, 15–18 September 2013; pp. 4915–4919.

110. Tarnopolsky, A.; Barker, S.M.; Wiggins, R.D.; McLean, E.K. The effect of aircraft noise on the mental health of a commu
nity sample: A pilot study. Psychol. Med. 1978, 8, 219–233.

111. Tarnopolsky, A.; Watkins, G.; Hand, D.J. Aircraft noise and mental health: I. Prevalence of individual symptoms. Psycho
l. Med. 1980, 10, 683–698.

112. Miyakawa, M.; Matsui, T.; Uchiyama, I.; Hiramatsu, K.; Hayashi, N.; Morita, I.; Morio, K.; Yamashita, K.; Ohashi, S. Rela
tionship between subjective health and disturbances of daily life due to aircraft noise exposure—Questionnaire study c
onducted around Narita. International Airport. In Proceedings of the 9th International Conference on Noise as a Public
Health Problem, Mashantucket, CT, USA, 21–25 July 2008; pp. 314–321.

113. Kamp, I.V.; Houthuijs, D.; Wiechen, C.v.; Breugelmans, O. Environmental noise and mental health: Evidence from the S
chiphol monitoring program. In Proceedings of the 2007 International Congress and Exhibition on Noise Controm Engin
eering, Istanbul, Turkish, 28–31 August 2007.

114. Rocha, K.; Pérez, K.; Rodríguez-Sanz, M.; Obiols, J.E.; Borrell, C. Perception of environmental problems and common
mental disorders (CMD). Soc. Psychiatry Psychiatr. Epidemiol. 2012, 47, 1675–1684.

115. Stansfeld, S.A.; Shipley, M. Noise sensitivity and future risk of illness and mortality. Sci. Total. Environ. 2015, 520, 114–
119.

116. Kroesen, M.; Molin, E.J.E.; Wee, B.v. Determining the direction of causality between psychological factors and aircraft
noise annoyance. Noise Health 2010, 12, 17–25.

117. Babisch, W.; Ising, H.; Gallacher, J. Health status as a potential effect modifier of the relation between noise annoyance
and incidence of ischaemic heart disease. Occup. Environ. Med. 2003, 60, 739–745.



118. Kamp, I.v.; Job, R.F.S.; Hatfield, J.; Haines, M.; Stellato, R.K.; Stansfeld, S.A. The role of noise sensitivity in the noise-r
esponse relation: A comparison of three international airport studies. J. Acoust. Soc. Am. 2004, 116, 3471–3479.

119. Job, R.S. Noise sensitivity as a factor influencing human reaction to noise. Noise Health 1999, 1, 57–68.

120. Wothge, J.; Belke, C.; Möhler, U.; Guski, R.; Schreckenberg, D. The Combined effects of aircraft and road traffic noise
and aircraft and railway noise on noise annoyance—An analysis in the context of the joint. Research initiative NORAH.
Int. J. Environ. Res. Public Health 2017, 14, 871, doi:10.3390/ijerph14080871.

121. Miller, P. Exploring the relationships between percent highly annoyed and residents’judgments about the airport. In Pro
ceedings of the Inter Noise, San Francisco, CA, USA, 9–12 August 2015.

122. Stansfeld, S.; Clark, C.; Smuk, M.; Gallacher, J.; Babisch,W. Noise sensitivity, health and mortality—A review and new
analyses. In Proceedings of the 12th International Congress on Noise as a Public Health Problem, Zurich, Switzerland,
22 June 2017.

123. Stansfeld, S.A. Noise, noise sensitivity and psychiatric disorder: Epidemiological and psychophysiological studies. Psyc
hol. Med. 1992, 22, 1–44.

124. Heinonen-Guzejev, M.; Vuorinen, H.S.; Mussalo-Rauhamaa, H.; Heikkilä, K.; Koskenvuo, M.; Kaprio, J. The association
of noise sensitivity with coronary heart and cardiovascular mortality among Finnish adults. Sci. Total. Environ. 2007, 37
2, 406–412.

125. Persson Waye, K.; Öhrström, E. Psycho-acoustic characters of relevance for annoyance of wind turbine noise. J. Soun
d Vib. 2002, 146, 65–73.

126. Pedersen, E.; Persson Waye, K. Perception and annoyance due to wind turbine noise—A dose–response relationship.
J. Acoust. Soc. Am. 2004, 116, 3460–3470.

127. Pedersen, E.; Berg, F.v.d.; Bakker, R.; Bouma, J. Can road traffic mask sound from wind turbines? Response to wind tu
rbine sound at different levels of road traffic sound. Energy Policy 2010, 38, 2520–2527.

128. Pedersen, E.; Larsman, P. The impact of visual factors on noise annoyance among people living in the vicinity of wind t
urbines. J. Environ. Psychol. 2008, 28, 379–389.

129. Janssen, S.A.; Vos, H.; Eisses, A.R.; Pedersen, E. A comparison between exposure-response relationships for wind tur
bine annoyance and annoyance due to other noise sources. J. Acoust. Soc. Am. 2011, 130, 3746–3753, doi:10.1121/1.
3653984.

130. Janssen, S.A.; Vos, H.; Eisses, A.R.; Pedersen, E. Predicting Annoyance by Wind Turbine Noise. In Proceedings of the
Inter Noise, Lisbon, Portugal, 13–16 June 2010.

131. Magari, S.R.; Smith, C.E.; Schiff, M.; Rohr, A.C. Evaluation of community response to wind turbine-related noise in wes
tern New York State. Noise Health 2014, 16, 228–239, doi:10.4103/1463-1741.137060.

132. Hadad, O.; Philipp, S.W.; Prochaska, J.H.; Schulz, A.; Lackner, K.J.; Pfeiffer, N.; Schmidtmann, I.; Michal, M.; Beutel.
M.; Daiber, A.; et al. Midregional pro atrial natriuretic peptide: A novel important biomarker for noise annoyance-induced
cardiovascular morbidity and mortality? Clin. Res. Cardiol. 2020, doi:10.1007/s00392-020-01645-6.

133. Hadad, O.; Beutel, M.; Gori, T.; Schulz, A.; Blettner, M.; Pfeiffer, N.; Rostock, T.; Lackner, K.; Sorensen, M.; Prochaska,
J.H.; et al. Annoyance to different noise sources is associated with atrial fibrillation in the Gutenberg Health Study. Int.
J. Cardiol. 2018, 264, 79–84, doi:10.1016/j.ijcard.2018.03.126.

134. Vandasova, Z.; Vencalek, O.; Puklova, V. Specific and combined subjective responses to noise and their association wi
th cardiovascular diseases. Noise Health 2016, 18, 338–346, doi:10.4103/1463-1741.195800.

135. Ndrepepa, A.; Twardella, D. Relationship between noise annoyance from road traffic noise and cardiovascular disease
s: A meta-analysis. Noise Health 2011, 13, 251–259, doi:10.4103/146741.80163.

Retrieved from https://encyclopedia.pub/entry/history/show/6112


