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ABSTRACT

Environmental noise is a main stressor associated with several ailments. Some studies 
have also reported associations between noise and respiratory disease. The aim of this 
study is to perform a comprehensive review of the epidemiological evidence for the asso-
ciation of road, railway, aircraft, wind turbine and neighbourhood noise with respiratory 
disease. Articles from 1980 until August 25th, 2020, were searched in PubMed and Scopus 
by one person. Several of the 15 included peer-reviewed articles suggested associations 
of short- or long-term exposure to noise or noise annoyance, particularly of road traffic 
noise, with respiratory morbidity or mortality, independently of air pollution. However, 
the evidence was rated as insufficient for the association between specific exposure and 
outcome couples, due to the few studies available for each pair and the remaining incon-
sistencies. To improve the evidence, further and better studies are needed that consider 
short- and long-term exposure to noise, mediation by annoyance, and adjustment for air 
pollution. (BRN Rev. 2021;7(1):4-26)
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INTRODUCTION 

Environmental noise is a main environmental 
stressor that has been investigated for de-
cades. There is extensive evidence for the as-
sociation of long-term exposure to transpor-
tation noise with noise annoyance1, sleep 
disturbance2, and cardiovascular disease and 
mortality, as well as suggestive evidence for 
its association with obesity, diabetes3 and 
cognitive impairment4, independently of air 
pollution. Exposure to noise might also affect 
respiratory health5. However, this initially 
counterintuitive association has received less 
attention and only in recent years several new 
studies have addressed this issue again6-8. 

The biological pathways for the multi-system-
ic effects of noise on health, including respi-
ratory health, were reviewed in detail in Recio 
et al. (2016)5. The main suggested biological 
pathway is the stress response induced by 
noise, which relates both to psychological (i.e. 
noise annoyance) and physiological stress re-
sponses9. Noise-induced stress triggers the 
autonomous nervous system, but also acts 
through the Hypothalamic-Pituitary-Adrenal 
Axis, with the release of glucocorticoids such 
as cortisol10. Moreover, night-time transporta-
tion noise leads to sleep disturbance2. As a 
consequence, insufficient night-time recovery 
and neuroendocrine stimulation could dis-
rupt the response of the immune system in 
tissues, including the respiratory tract5. The 
stress hypothesis is supported by the accu-
mulated evidence on the association between 
acute and chronic stress and respiratory dis-
eases and exacerbations11-14.

In conclusion, it is suggested that short- and/
or long-term exposure to environmental noise 

sources could lead to psychological and phys-
iological stress reactions that could contribute 
to acute and chronic respiratory problems 
or exacerbations of respiratory diseases. This 
would increase the already high burden of 
disease related to environmental noise, which 
is estimated to be the second most important 
environmental health hazard in Europe, just 
after air pollution15. Given the public health 
concern and recent increase in publications in 
this field, an extensive review is needed to 
understand the state of the field and its evo-
lution over time. The aim of this study is to 
perform a comprehensive review of the exist-
ing epidemiological peer-reviewed evidence 
about the association between human expo-
sure to environmental noise and respiratory 
health and mortality. 

METHODS

Design 

The review process was guided by the gener-
al principles of the Preferred Reporting Items 
for Systematic review and Meta-Analysis Pro-
tocols (PRISMA-P). The conceptual diagram 
of the review is shown in figure 1.

Eligibility criteria

The current review included: i) systematic re-
views with meta-analyses and original indi-
vidual peer-reviewed epidemiological studies 
of the last 40 years, from January 1980 until 
August 25th, 2020; ii) participants of all ages, 
biological sex, and countries, with or without 
health conditions; iii) studies published in En-
glish, French, Spanish, German, Italian, and 
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Portuguese; iv) studies assessing either short- 
or long-term exposure to common environ-
mental noise levels and sources (road, railway, 
aircraft, wind turbine noise and neighbour-
hood noise); v) studies assessing noise annoy-
ance to the previously mentioned environ-
mental sources; and vi) studies assessing 
outcomes of respiratory health, including 
respiratory symptoms, self-reported and doc-
tor-diagnosed respiratory diseases, and reg-
istry-based respiratory causes of hospital ad-
mission and mortality. 

Exclusion criteria were: i) self-reported expo-
sure to noise levels; ii) noise produced in hos-
pitals; iii) occupational noise; iv) exposure to 

high noise levels not corresponding to envi-
ronmental noise levels; v) studies in animals; 
and vi) institutionalized participants.

Search

The same searches were performed in two 
different electronic databases: PubMed and 
Scopus. The search strategy combined the fol-
lowing terms and related Medical Subject 
Headings (MeSH) in the title or abstracts of 
articles: “noise”, “sound”, “road”, “railway”, 
“aircraft”, “exposome”, “respiratory”, “respi-
rat*”, “asthma”, “COPD”, “lung”, “asthma”, 
“pneumonia”, “chest”, and/or wheez*”. 

Review period: year 1980 to 25th August, 2020

Population: adults and children
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Figure 1. Conceptual diagram of the review.
COPD: chronic obstructive pulmonary disease.
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Selection and data extraction 

Screening, eligibility and data extraction was 
carried out by the only author. Reviews and 
individual studies assessing the association 
between exposure to noise and respiratory 
health were preselected based on the title and 
abstract in Mendeley. The full text of the pre-
selected reviews and individual articles was 
screened for final eligibility of the studies. 
The next data was extracted in a structured 
data extraction form: publication details, set-
ting, population characteristics, sample size, 
study period, design, exposure (type, method), 
outcome (type, method), and main results. No 
prioritization of exposures or outcomes was 
necessary due to the limited number of eligi-
ble studies. 

Data aggregation and assessment  
of the evidence 

Due to the small number of studies (less 
than five) for each exposure-outcome couple 
of similar definitions, no meta-analysis 
could be performed. The degree of evidence 
for an association was assessed qualitatively 
based on the consistency across multiple 
studies, and in light of the quality of the 
study designs and their main limitations. 
The next terms were used to summarize the 
evidence: a) “Strong evidence” of an associ-
ation based on consistent results from mul-
tiple studies and meta-analyses, b) “Moder-
ate evidence” of an association based on 
multiple studies, but with some inconsisten-
cies, c) “Insufficient evidence” of an associ-
ation based on only a few studies, or with 
substantial inconsistencies, and d) No evi-
dence (no studies). 

RESULTS

A total of 703 articles were identified, 444 in 
PubMed, 256 in Scopus and 3 additional re-
cords in the references of the reviews and 
individual studies (see figure 2). The remov-
al of duplicates reduced the number of stud-
ies to 434. After screening the title and ab-
stracts, a total of 365 studies were excluded. 
After screening the remaining 70 full-text 
articles, 55 were excluded for the next rea-
sons: review, editorial or letter (n = 16), health 
impact assessment study (n  =  2), hospital 
noise study (n = 3), no direct association test-
ed between the exposure and outcomes of 
interest, or no respiratory disease outcome 
(n = 17), occupational noise study (n = 7), no 
noise exposure (n  =  2), self-reported expo-
sure (n  =  3), animal studies, which had in 
addition non-eligible exposure or outcome 
(n  =  2), text not found (n  =  2). A total of 
15 articles were finally included for qualita-
tive assessment, corresponding to individual 
peer-reviewed studies. No systematic reviews 
with meta-analyses were available. Figure 3 
shows the temporal distribution of the eligi-
ble publications and their final inclusion in 
the review. 

The characteristics of the 15 included studies 
are summarized in Table 1 and the quanti-
tative results are reported in Table 2. Among 
the 15 included studies, 4 studies corre-
sponding to the same city (Madrid, Spain) 
for different time periods and outcomes, 
studied the association between short-term 
exposure to road traffic noise based on daily 
measurements of the urban network of mon-
itoring stations, which increased from 6 sta-
tions in the first studies16,17 to 26 in the lat-
est8.18. The remaining 11 studies evaluated 
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A-weighted equivalent noise levels of long-
term residential exposure to noise (mostly 
Lden, i.e. the day-evening-night EU noise 
indicator, unless otherwise specified), which 
were assessed either with measurements or 
standard modelling techniques; and/or noise 

annoyance, which was assessed with Inter-
national Commission on Biological Effects 
of Noise (ICBEN) or ICBEN-like 5-point or 
11-point Likert scales. Road traffic noise lev-
el was the exposure most commonly studied 
(n = 12)6-8,10,16-24. 

Records identified through
database searching

(n = 700)

Additional records identified
through other sources

(n = 3)

Records after duplicates removed
(n = 434)

Records screened
(n = 434)

Full-text articles assessed
for eligibility

(n = 70)

Studies included in
qualitative synthesis

(n = 15)

Studies included in
quantitative synthesis

(meta-analysis)
(n = 0)

Records excluded
(n = 365)

Full-text articles excluded,
with reasons

(n = 55:
16 review, editorial/letter,

2 health impact
assessment,

3 hospital noise
18 no direct association
tested, or no respiratory

disease outcome,
7 occupational noise,
2 no noise exposure,

3 self-reported exposure,
2 animal studies,
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Figure 2. Flow chart of the search and included studies (adapted from Moher D et al.32 with permission).
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case-crossover study in Madrid, Spain8. Prev-
alent or incident asthma were not associated 
with long-term exposure to road traffic noise 
neither in a cohort that assessed pre- and 
post-natal exposure from childhood to ado-
lescence in Sweden (n  =  4000)23, or in a 
cross-sectional study of three European adult 
cohorts (n = 646,731)20, nor for transportation 
noise or its sources (road, railway and aircraft 
noise) in a repeated-measures cohort of adults 
in Switzerland including 17138 observations 
and 7049 participants6. In the latter study 
though, transportation noise was associated 
with asthma symptoms (wheezing symp-
toms, chest tightness, and dyspnoea after ex-
ercise), as well as with current asthma among 
asthmatics, especially in those reporting 
adult-onset asthma [(odds ratio [OR] of Lden: 
1.90 (95% confidence interval [CI]: 1.25, 2.89) 
per 10 dB; p-value of interaction (adult-onset 
versus childhood-onset) = 0.03]. 

Asthma 

A total of five studies evaluated prevalent 
asthma, as self-reported20 or self-reported 
doctor-diagnosed asthma6,23,25,26. A total of 
3  studies examined incident self-reported20 
or self-reported doctor-diagnosed asthma6,23. 
One article studied asthma mortality based 
on mortality records (International Coding of 
Diseases 10, ICD-10: J45-J46)8. 

Noise levels

In general, no associations were observed be-
tween exposure to road traffic noise levels 
and asthma prevalence or incidence in chil-
dren (n  =  1)23, adults (n  =  2)6,20, or mortality 
(n  =  1)8. Short-term exposure to road traffic 
was not related to register-based asthma 
mortality, between years 2003 to 2009 in a 
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Figure 3. Number of publications assessed for eligibility by year of publication and final inclusion in the review.



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

10

BRN Rev. 2021;7(1)

Noise annoyance

A total of three studies explored noise annoy-
ance in relationship with asthma6,25,26. The 
repeated-measures Swiss cohort study report-
ed an association between being annoyed by 
transportation noise and increased asthma 
symptoms and current asthma (but not inci-
dent asthma)6. These associations were inde-
pendent of exposure to the objective noise 
level and air pollution. Moreover, in a cross-
sectional study in 12-year old children26, there 
was increased prevalence of asthma among 
girls (n = 316), but not in boys (n = 336), who 
reported greater total noise annoyance at 
night (OR: 1.5, 95% CI: 1.1; 2.1), noise annoy-
ance within the home/apartment (OR: 3.5, 
95% CI: 1.5;  8.0), or noise annoyance in or 
around the house (OR: 3.3, 95% CI: 1.7;  6.3). 
Models were not adjusted for air pollution. 
Finally, a population-based survey supported 
by the World Health Organization (WHO) in 
8 European cities (n = 8539) found no associ-
ation between neighbourhood noise or trans-
portation noise annoyance and prevalent asth-
ma in children or adults25. 

Although the studies, including two cohort 
studies, suggest no association between expo-
sure level to transportation noise (mainly 
road traffic) and asthma morbidity or mortal-
ity, more asthma symptoms and current asth-
ma were observed among asthmatics. In turn, 
studies evaluating transportation and other 
home-related noise annoyance suggest some 
associations with prevalent asthma. Overall, 
the evidence is limited to few populations of 
different ages, therefore the degree of evi-
dence for an association between environ-
mental noise and asthma was rated as insuf-
ficient. 

Chronic obstructive pulmonary 
disease 

The current review identified one study on 
long-term exposure to road traffic and rail-
way noise with chronic obstructive pulmo-
nary disease (COPD) mortality registers in a 
large cohort study (ICD-10: J40-44)7 and two on 
short-term exposure to road traffic noise, ei-
ther with attended emergency medical calls18 
or COPD mortality registers (in both cases us-
ing ICD-10 codes: J40-44, J47)8. The large adult 
cohort in the Netherlands (n = 339,633)7 did not 
find an association between individual long-
term exposure to road traffic noise, hazard 
ratio (HR) (95% CI): 0.98 (0.91; 1.05) per inter-
quartile range (IQR) in Lden levels (7.40 dB), or 
railway noise, HR (95% CI): 1.03 (0.96; 1.10) per 
IQR in Lden levels (8.60 dB), and COPD mor-
tality. In contrast, short-term exposure to max-
imum night-time road traffic noise levels 
assessed in 26 noise monitoring stations in 
Madrid, Spain, was associated with increased 
COPD mortality the day after in people over 
64 years of age between years 2003 and 20098: 
relative risk (RR) of 1.040 (95% CI: 1.010; 1.070) 
per 1 dB. Moreover, another study in Madrid 
using the same exposure assessment found 
that short-term exposure to average night-time 
road traffic noise levels was associated with 
COPD emergency medical calls in adults in 
lags 0 and 1, between January 2008 and De-
cember 200918: RR of 1.15 (95% CI: 1.09; 1.21) 
per 1 dB. None of the two previous studies in 
Madrid found associations with average day-
time noise levels. All studies adjusted for rel-
evant confounders, including traffic-related air 
pollution.

Despite the large longitudinal study and the 
suggestive short-term associations in Madrid, 
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only one population has been studied for 
both the short- and long-term effects of noise. 
In summary, the evidence for the association 
of exposure to road traffic noise and railway 
noise with COPD is still insufficient. No evi-
dence exists for other environmental noise 
sources.

Bronchitis and pneumonia

Noise levels

A total of two studies aimed to study bron-
chitis, both in children, one in relation to 
long-term exposure10 and another one with 
short-term exposure to road traffic noise17. 
Three studies from Madrid (Spain) also stud-
ied short-term exposure to road traffic noise 
in relation with pneumonia8,17,18. In a cross-
sectional study of 68 children in Germany, 
Ising et al.10 (2004) reported a dose-dependent 
association of combined exposure to road 
traffic noise and nitrogen dioxide levels, mea-
sured for many days at the children’s bed-
rooms at night, with greater annual physician 
contacts due to bronchitis. Noise and air pol-
lution effects could not be addressed inde-
pendently due to the high correlation between 
the two factors, which was driven by the 
proximity of the houses to a road with heavy 
traffic. 

The Madrid time series study (years 1995 to 
2000) in children of 0 to 9 years of age report-
ed an association between short-term expo-
sure to road traffic noise assessed in 6 mon-
itoring stations and pneumonia hospital 
admissions (ICD-9: 480–487) [RR (95% CI): 
1.08 (1.02; 1.15) per 1dB] but not bronchitis 
(ICD-9: 460–496) three days after exposure17. 

Later on, another time series study in Madrid 
between January 2008 and 2009, now includ-
ing 26 urban background noise monitors, 
found that short-term exposure to night-time 
road traffic noise was associated with attend-
ed emergency medical calls due to pneumo-
nia (ICD-10: J12–J18) the same day: RR = 1.17 
(95% CI: 1.09; 1.25) per 1 dB, independently of 
air pollution and temperature18. In addition, 
for the period between 2003 and 2009, the 
case-crossover study in the same study area 
and also including 26 noise monitors, ob-
served a relationship between short-term ex-
posure only to the maximum peak road traf-
fic noise levels at night and register-based 
pneumonia mortality (ICD-10: J12-J18) one 
day after for patients over 64 years of age and 
only when Nitrogen Dioxide (NO2) was great-
er than 30 mcg/m3, and independently of air 
pollution and temperature and relative hu-
midity8. 

Noise annoyance

Only the population-based survey supported 
by the WHO in eight European cities (n = 8539) 
studied noise annoyance and bronchitis and 
found associations of both severe and chron-
ic neighbourhood or transportation noise an-
noyance with prevalence of self-reported doc-
tor-diagnosed bronchitis in children and 
adults, but not in the elderly25. 

Due to the limited number of studies for each 
population group, exposure and setting, and 
the inconsistencies across results in children 
and methodologies used, the evidence was 
rated as insufficient for an association of 
transportation and neighbourhood noise with 
bronchitis or pneumonia. 
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All-cause respiratory disease  
and mortality 

Three studies assessed register-based respi-
ratory mortality (ICD-10: J00-J99), two in re-
lation to long-term exposure to road traffic 
noise7,22 and one in relation to short-term ex-
posure8. None of the two large adult cohorts 
in the Netherlands (n  =  339,633)7 and Den-
mark (n = 52,758)22 assessing individual long-
term exposure to road traffic noise reported 
associations with respiratory disease mortal-
ity obtained from mortality registers, inde-
pendently of air pollution. In contrast, in a 
case-crossover study in Madrid (Spain) be-
tween 2003 and 2009, short-term exposure 
to night-time road traffic noise assessed in 
26  noise monitoring stations was associated 
with increased register-based respiratory 
mortality one day after exposure in people 
over 64 years of age only when NO2 levels 
were above 30 mcg/m3 8. This study con-
trolled for time-varying confounders such as 
air pollutants (NO2, particulate matter of 
2.5µm of aerodynamic diameter, temperature 
and relative humidity).

Regarding respiratory morbidity, one study 
explored long-term exposure to road traffic 
noise and three studies in the same city (Ma-
drid) evaluated short-term exposure to road 
traffic noise. A Dutch study evaluating sev-
eral social and environmental factors in sin-
gle-pollutant models found no relationship 
between long-term neighbourhood-level road 
traffic noise or railway noise (n = 135 neigh-
bourhoods) and prevalent respiratory disease 
defined as asthma or COPD obtained from 
registers ((Dutch) ICPC-1 system codes R91, 
R95, R96) of 4450 inhabitants representative 
of the Netherlands24. Short-term exposure to 

road traffic noise assessed in six monitoring 
stations in Madrid, Spain, was associated 
with respiratory hospital admissions (ICD-9 
460-459) in adults the same day in a time 
series study covering years 1995 to 199716, 
and with respiratory hospital admissions 
(ICD-9: 144; 460–519) in children between 0 
to 9 years of age, three days after exposure, 
in a time series study covering the years 1995 
to 200017. The latter did not adjust for air 
pollution due to collinearity. In a further 
study between January 2008 and 2009 in Ma-
drid, including 26 urban background noise 
monitors, short-term exposure to night-time 
road traffic noise was associated with the 
number of emergency medical calls taken 
care of due to respiratory causes (ICD-10: 
J00–J99) the same day: RR (95% CI): 1.14 (1.11; 
1.18) per 1 dB18. 

Overall, despite the two large longitudinal 
studies, the evidence is limited to few popu-
lations of different ages for each exposure 
window and outcome and some studies used 
ecological approaches that require further 
confirmation. Therefore, the degree of evi-
dence for an association between road traffic 
and railway noise and respiratory morbidity 
or mortality was rated as insufficient. There 
is no evidence for other environmental noise 
sources.

Respiratory symptoms

Respiratory symptoms were assessed in four 
studies in relationship to long-term exposure 
to transportation noise levels (i.e., road, rail-
way or aircraft) and/or noise annoyance at 
home: 
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–	 A birth cohort in Sweden (n = 4000) report-
ed no association between pre- or post-na-
tal long-term exposure to road traffic noise 
and prevalent or incident wheezing in 
childhood until 16 years of age. This study 
defined wheezing as at least one self-re-
ported period of wheeze during the last 12 
months or first-time wheeze ever, respec-
tively, and adjusted for age, sex, individual 
socioeconomic status and air pollution23.

–	 A Dutch adult cohort with a follow-up of 
three years19 assessed respiratory symp-
toms with items from the European Com-
munity Respiratory Health Survey II and 
derived a score (score 0-5) as the sum of 
five items27. This study found that long-
term exposure to road traffic noise, objec-
tively assessed through standard model-
ling at the residential address, was linked 
to a higher score of current respiratory 
symptoms in mixed models accounting 
for baseline (n  =  14829) and follow-up 
(n = 7905, year 2015) visits, without adjust-
ment for air pollution. The estimated ef-
fect disappeared after adjustment for the 
self-reported (i.e., perceived) noise level 
(correlation between modelled and per-
ceived noise level was r = 0.40). Moreover, 
the perceived noise level was associated 
with current and changes in respiratory 
symptoms between visits, independently 
of the objectively modelled noise level. 
Perception of noise levels and perception 
of air pollution levels were highly cor-
related (r  =  0.76) and mutual adjustment 
was not performed. It should be noted 
that perception of the noise level in this 
study was not a measure of noise annoy-
ance but rather a self-reported measure of 
the noise level according to the question 

wording “To what extent are you exposed 
to [name of the exposure]” in a 7-point 
Likert scale. Therefore, this specific indi-
cator of perception was not eligible in the 
current review. 

–	 The Swiss adult cohort studied the fol-
lowing nine individual current respira-
tory symptoms: regular cough/phlegm, 
chronic cough/phlegm, wheezing, wheez-
ing without cold, wheezing with dys-
pnoea, chest tightness, nocturnal dyspnoea 
causing persons to wake up, diurnal dys-
pnoea at rest and dyspnoea after exer-
cise6. These symptoms were all consis-
tently associated with transportation noise 
annoyance, and some of them were only 
associated with long-term exposure to 
transportation noise among asthmatic 
participants. Models were mutually ad-
justed for noise levels and annoyance and 
air pollution. 

–	 Finally, the population-based survey sup-
ported by the WHO in eight European 
cities (n = 8539) reported dose-dependent 
associations with prevalence of overall 
self-reported respiratory symptoms for se-
vere and chronic neighbourhood or trans-
portation noise annoyance in children 
and for severe and chronic transportation 
noise annoyance in adults, but not in the 
elderly25. 

In summary, results regarding exposure to 
long-term road traffic noise and respiratory 
symptoms are inconsistent and only based 
on three studies, one of them in children, 
and one of them not adjusting for air pollu-
tion. Besides, the studies on noise annoyance 
suggested consistent associations between 
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transportation noise and respiratory symp-
toms. Although both studies had large sam-
ple sizes (one of them with three repeated 
measurements), these results were cross-sec-
tional and based only on two studies. Overall, 
the evidence is still insufficient for the asso-
ciation between transportation noise and re-
spiratory symptoms. Because only one study 
assessed neighbourhood noise annoyance, the 
evidence is also insufficient for the associa-
tion between neighbourhood noise and respi-
ratory symptoms. 

Lung function

One study of the European Human Early-Life 
Exposome (HELIX) cohort assessed the asso-
ciation of multiple prenatal and postnatal ex-
posures, including road traffic noise, with 
forced expiratory volume in one second per-
cent predicted values (FEV1%) in children of 
age 6 to 12 years born between 2003 and 2009. 
The sample consisted of 1033 mother-child 
pairs of cohorts in France, Greece, Lithuania, 
Norway, Spain, and the UK and 70-71% of the 
sample had information on road traffic noise 
indicators. Exposure to residential and/or 
school-level road traffic noise (Lden and/or 
Lnight) was heterogeneously assessed across 
countries, with standard EU noise maps or 
measurements, and it was generally analysed 
in 4 categories (Lden: <55, 55-60, 60-65, > 65 dB; 
Lnight: <57; 57-67; 67-71; > 71 dB). After mul-
tiple imputation of missing values, no associ-
ation was observed between any road traffic 
noise indicator and lung function. 

Overall, as only one study was identified, the 
evidence for the association between road traf-
fic noise and lung function symptoms was 

rated as insufficient. No evidence exists for 
the rest of noise exposures.

DISCUSSION

The current review has analysed the existing 
epidemiological evidence regarding the asso-
ciation between exposure to short- and long-
term environmental noise (road, railway, air-
craft, wind turbine noise and neighbourhood 
noise), both in terms of the objective noise 
level and noise annoyance, on a wide range 
of respiratory health outcomes since year 
1980. The current review has found that, over-
all, there are indications of an association be-
tween environmental noise (both the noise 
level and annoyance), particularly road traffic 
noise, and adverse respiratory health effects, 
independently of air pollution. However, the 
degree of evidence for the association be-
tween specific environmental noise sources 
and specific acute or chronic respiratory ad-
verse effects is still insufficient due to the 
small number of studies and settings in which 
each relationship has been tested, either in 
children or adults. Further and high-quality 
studies are needed to confirm current find-
ings and to better understand how noise af-
fects the respiratory system.

Although the epidemiological evidence is 
still insufficient, the effects of environmental 
noise on respiratory health are biologically 
plausible, as summarized by Recio et al. 
(2016)5. The main hypothesized pathway con-
siders that noise is a stressor and that there 
is mounting evidence that acute and chronic 
stress relates to respiratory diseases11,12 and 
more symptoms in asthmatics13,14. Noise leads 
to psychological stress responses (i.e. noise 
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annoyance) but also to physiological stress re-
sponses even without experiencing noise an-
noyance9,28. As a stressor, noise has the capac-
ity to trigger the autonomic nervous system 
and endocrine system, with the release of 
catecholamines and also glucocorticoids such 
as cortisol, as observed in several field and 
experimental studies29,30, including one of the 
studies in the current review, which reported 
greater saliva cortisol concentrations in chil-
dren exposed to night-time road traffic noise10. 
Moreover, night-time transportation noise af-
fects sleep2. Taken together, insufficient re-
covery at night and neuroendocrine activa-
tion may alter the immune system and lead 
to proinflammatory responses in tissues, in-
cluding the respiratory tract5. 

The few studies identified in the current re-
view might suggest that noise has both short-
term and long-term effects on the respiratory 
system and that effects may be partially driv-
en by noise annoyance through a psycholog-
ical stress reaction. It should be noted though 
that disentangling short- and long-term ef-
fects could be challenging due to the possible 
co-existence of both effects in the develop-
ment of disease, exacerbations or even fatali-
ty, and due to the need to carefully account 
for the possible high correlation of noise lev-
els within regular weekdays, particularly in 
settings highly dominated by road traffic 
noise with controlled meteorological condi-
tions, in which measurements as short as 
15-min are highly representative of the long-
term average noise levels in the same location 
(ISO 1996-2:2017).

The current evidence is still insufficient to 
derive conclusions about the most relevant 
time window of exposure and the role of 

noise annoyance. Although short-term ex-
posure to noise was rather consistently as-
sociated with respiratory disease emergen-
cies and mortality in several time series16-18 
and a case-crossover study8, all of the stud-
ies were performed in the same city (Ma-
drid, Spain), and some used only six noise 
monitoring stations8,16, which could lead to 
greater ecological bias. Moreover, the au-
thors of the case-crossover study acknowl-
edged that models for respiratory mortality 
were temporally unstable and that further 
time-series studies with new time-periods 
were needed8. Besides, results on long-term 
exposure to transportation noise were mixed, 
with the few but large longitudinal studies 
for each exposure-outcome pair generally 
suggesting null associations either with 
COPD, asthma, lung function, or all-cause re-
spiratory mortality in children or adults6,7,20-23 
and cross-sectional analyses suggesting 
either no association, or indications of associ-
ations with respiratory problems10,19,23 or as-
sociations only in asthmatics6. These incon-
sistencies may be caused by the use of 
different follow-up periods, some of them as 
short as three years7, or the quality of the 
exposure and outcome assessment, the low 
statistical power in incident analyses6, or the 
ability to adjust for air pollution10,19, among 
others. In contrast, studies analysing noise 
annoyance in the last 12 months (a measure 
of longer-term noise annoyance) found con-
sistent associations with prevalent respirato-
ry problems and asthma6,25,26, but not inci-
dent asthma, which could suggest a mediation 
role by noise annoyance, but should be con-
firmed with proper mediation analyses and 
additional prospective assessments also to 
discard reverse causality and limit informa-
tion bias. 
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Among the previous potential causes explain-
ing inconsistencies, the quality of the noise ex-
posure assessment deserves special discussion. 
Noise is a very local phenomenon affected by 
shielding elements. High-resolution, accurate, 
and individual assessment methods, such as 
the source-specific models used by Eze et al. 
(2019)6, are needed to avoid exposure misclas-
sification and biased findings, including dilu-
tion of estimated effects. Some studies assign 
source-specific noise exposure (Lden, Lnight) 
directly from European noise map layers, 
which in turn are only available for agglom-
erations above 100,000 inhabitants. EU noise 
maps vary in resolution and reliability de-
pending on the methods used to derive the 
estimates and their final layout. Moreover, 
low-resolution models or EU noise maps may 
not provide data or accurate data for low 
noise levels (below 55 dB), which are also 
relevant for health15, and due to their low res-
olution they might be summarized in few 
exposure categories. This may limit the sta-
tistical power, exposure contrast, and the like-
lihood to detect associations. This could have 
been the case, for example, in the HELIX 
study21, or in the study by Cai et al. (2017)20, 
although the latter had a very large sample 
size which might partly compensate the po-
tential exposure missclassification. Finally, 
studies assessing exposure to noise with mea-
surements should use standard protocols to 
provide reliable indicators, and they should 
state their ability to differentiate total noise 
from its main sources. For example, in the 
time series studies from Madrid, the back-
ground monitoring stations measured total 
noise, but it was assumed that measurements 
represented road traffic noise, because almost 
80% of the environmental noise in Madrid is 
due to traffic8,17. 

An important advancement in many of the 
available studies of road traffic noise and 
respiratory health is the adjustment for 
traffic-related air pollution, which is one of 
the main confounders given the known ef-
fects of traffic-related air pollution on respi-
ratory morbidity and mortality. Although 
both noise and air pollution have plausible 
independent effects and this is acknowl-
edged31,32, e.g., for cardiovascular disease, this 
does not exempt epidemiological studies from 
adjustment in order to yield unbiased magni-
tudes of effect, particularly in areas in which 
co-exposure to noise and air pollution is fre-
quent32.

This review had some limitations. Despite 
being guided by standard protocols for sys-
tematic reviews, only one person assessed 
the existing evidence, which could have led 
to random or systematic errors in the selec-
tion and assessment of the articles. To re-
duce the extent of this potential error, the 
process was reviewed twice by the same 
person. Moreover, given the early stage of the 
research field and the limited number of 
studies available for each exposure and out-
come pair, the review only provided a gen-
eral qualitative assessment of the evidence 
to inform future research, and it did not 
include a formal assessment of the risk of 
bias of each individual study. Finally, for the 
same reason, no meta-analyses could be 
conducted. The main strengths of the cur-
rent study include the comprehensive re-
view of the literature by searching the evi-
dence since 1980, the assessment of both the 
physiological and psychological stress reac-
tions to noise through the assessment of 
exposure to the objective noise levels and 
of the assessment of the individual noise 
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annoyance, and the wide range of noise 
sources, beyond road traffic noise, as well as 
of exposure windows, including both short- 
and long-term exposure.

In conclusion, the evidence is still insufficient 
to determine the association between expo-
sure to specific environmental noise sources 
(road, railway, aircraft, wind turbine noise 
and neighbourhood noise) and specific re-
spiratory health outcomes, due to the small 
number of studies available that assess each 
relationship and some inconsistencies in re-
sults or methodological limitations. Neverthe-
less, the current evidence suggests an overall 
potential association between environmental 
noise and adverse respiratory health effects, 
particularly for road traffic noise levels and 
annoyance, and independently of air pollu-
tion. Due to the public health relevance of the 
potential effect of environmental noise on 
the respiratory system, there is a need for 
more and better studies, which consider both 
short- and long-term exposure to noise as well 
as the mediatory role of noise annoyance and 
adjustment for air pollution. 
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Table 1. Main characteristics of the selected studies (n = 15)

Refe- 
rence

Source
Exposure 

length
Exposure assessment Outcome

Outcome 
assessment

Design N Age Study area
Study 
period

(16) Road traffic Short-term Aggregated daily averages at 
6 measurement monitoring stations 
of noise in Madrid, Leq24h, Lday 
(8-22h), Lnight (22-8h). 

Respiratory causes (hospital 
admission). ICD-9 460-459

Register Time series Exposure in 
6 locations, 1096 
observations

Adults Madrid 1995-1997

(10) Traffic emissions Long-term Combined “traffic emissions” based on 
individually measured Lnight noise and 
nitrogen dioxide (Palmes tubes) outside 
the child’s bedroom for several days, 
children living close to a road with 
frequent night-time heavy traffic 
(lorries)

Bronchitis (prevalence) Doctor-diagnosed Cross-sec-
tional

68 Children Germany 2004

(25) Neigh-bourhood 
annoy.; 
Transportation 
annoy. 

Long-term ICBEN 5-point source-specific noise 
annoyance: general neighbourhood 
noise (neighbours, stairways, playing 
children, indoor dwelling noise) and 
general traffic noise (summary of 
parking noise, rail, road, aircraft)

Asthma, 
Bronchitis, 
Respiratory symptoms (prevalence)

Self-reported 
doctor-diagnosed

Cross-sec-
tional

8539 Children and 
adults

8 cities in France, 
Germany, 
Slovakia, 
Hungary, Spain, 
Italy, Switzerland, 
Lithuania 

2002-2003

(17) Road traffic Short-term Aggregated daily averages at 6 
measurement monitoring stations of 
noise in Madrid, Leq24h, Lday (8-22h), 
Lnight (22-8h). 

Respiratory disease hospital admission. 
ICD-9: 144 460–519; 

Bronchitis hospital admission. ICD-9: 
460–496

Pneumonia hospital admission. ICD-9: 
480–487

Register Time series   0-9y Madrid 1995-2000

(26) Annoyance to: road 
traffic, railway, 
aircraft, other 
noise outside, 
noise in or 
around home, 
noise in 
apart-ment

Long-term ICBEN-based 11-point Likert scale noise 
annoyance for road traffic (e.g., cars, 
motor trucks, and tramways), flight and 
rail traffic, other noise outside (e.g., fire 
engines, construction sites, 
restaurants, bars), noise in and around 
the house, as well as noise within the 
apartment.

Asthma (prevalence) Self-reported 
doctor-diagnosed

Cross- 
sectional

336 boys and 
316 girls

12y old Germany 2002

(Continues on next page)
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Refe- 
rence

Source
Exposure 

length
Exposure assessment Outcome

Outcome 
assessment

Design N Age Study area
Study 
period

(8) Road traffic Short-term Aggregated daily averages at 
26 background measurement stations 
of noise 4m above ground level, Lday 
(8-20h), Lnight (0-8h), Leq24h, 
Lday(max), Lnight(max).  
Fixed lags 0 to 4.

Respiratory disease mortality,  
ICD-10: J00-J99.

Asthma mortality, ICD-10: J45-J46.
COPD mortality, ICD-10: J40-44, J47.
Pneumonia mortality, ICD-10: J12-J18

Register Case-cross-
over

Exposure from 
26 locations. Total 
observations 
(cases) not 
reported. 

Mean daily cases 
(standard 
deviation) of 
respiratory 
mortality: 18 (5.2), 
pneumonia: 
2.5 (1.8), COPD: 
2.0 (1.5), asthma: 
0.1 (0.3) for all 
days of the time 
series.

2 groups:  
< 65 and  
≥ 65 y

Madrid 2003-2009

(20) Toad traffic Long-term Individual, address level, modelled noise 
exposure (Lday, Lnight) with a lower 
resolution version of the  
EU - CNOSSOS noise method, in 3 noise 
categories (Lday: < 55, 55 – 60, ≥ 60 dB; 
Lnight: < 45, 45 – 50, ≥ 50 dB .

Asthma (prevalent, incident) Self-reported Cross-sec-
tional

646 731 adults Three cohorts: 
Norway, UK, 
Netherlands

2006-2013

(18) Road traffic Short-term Aggregated daily averages at 27 
background stations of noise and air 
pollution, Lday (7-23h), Lnight (23h-7h), 
Leq24h. Lags 0 to 4.

Respiratory causes, ICD-10: J00–J99.
Pneumonia, ICD-10: J12–J18.
COPD, ICD-10: J40–J44, J47.

Emergency call Time series Exposure in 
27 locations, 
108,537 episodes 
of care

  Madrid Jan. 2008 to 
Dec. 2009

(24) Road traffic, 
railway

Long-term Neighbourhood-level percentile 95 of 
road and railway noise levels (Lden) 
in 135 neighbourhoods, assessed with 
standard modelling methods

Asthma, COPD (assessed together with 
the Dutch ICPC-1 system codes R91, 
R95, R96)

Register Cross- 
sectional

Exposure in 
135 neighbour-
hoods, 4450 
residents 
representative of 
the Netherlands

all ages The Netherlands 2013

(Continues on next page)

Table 1. Main characteristics of the selected studies (n = 15) (Continuation)
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Refe- 
rence

Source
Exposure 

length
Exposure assessment Outcome

Outcome 
assessment

Design N Age Study area
Study 
period

(6) Road traffic, 
railway, aircraft, 
transpor-tation

Long-term Individual, address level, modelled 
exposure to road, railway, aircraft and 
transportation noise (Lden). ICBEN-like 
transportation noise annoyance 
11-point scale

9 respiratory symptoms (repeated, 
prevalent); 

Asthma (prevalent, incident).

Self-reported 
doctor-diagnosed

Cohort 17138 observations, 
7049 participants

Adults Switzerland 1991, 2001, 
2011

(19) Road traffic; 
perceived road 

traffic level

Long-term Individual, address level, modelled 
exposure to road traffic noise. 
Perceived noise question “to what 
extent are you exposed to noise from 
road traffic in your home neighbour-
hood in a 7-point Likert scale

Respiratory symptoms Self-reported Cross-sec-
tional and 
cohort

Baseline: 14829; 
Follow-up:7905 

Adults Dutch popula-
tion-based

2011/12-2015

(7) Road traffic; 
railway noise

Long-term Individual, address level, modelled traffic 
noise (Lden)

Respiratory disease mortality, ICD-10 
J00-J99. 

COPD mortality, ICD-10 J40-J44

Register Cohort 339633 Adults The Netherlands 2013-2017

(22) Road traffic Long-term Individual, address level, modelled traffic 
noise (Lden)

Respiratory disease mortality. ICD-10: 
J00-J99

Register Cohort 52758 Adults Copenhagen and 
Aarhus

1997-2016

(23) Road traffic Long-term Individual, address level, modelled 
pre- and post-natal road traffic noise 

Asthma (prevalent, incident); wheeze 
(prevalent, incident)

Self-reported 
wheezing with 
doctor-diagnosed 
treatment 

Cohort 4000 From 
pregnan-cy 
to 16y

Sweden From 
pregnancy 
(years 
1994-1996)  
to age 16y

(21) Road traffic Long-term Individual, address level, pre- and 
post-natal road traffic noise assigned 
from EU noise maps (5 cohorts) or 
measurements (1 cohort)  
in 4 categories.

Forced expiratory volume in 1 second 
percent predicted values (FEV1%)

Spirometry by 
trained technician 
using standard 
protocols

Cohort 1033 (29-30% missing 
for noise 
exposure, imputed)

6 to 12y Cohorts in France, 
Greece, 
Lithuania, 
Norway, Spain, 
and the UK

Children 
born 
between 
2003 and 
2009

COPD: chronic obstructive obstructive disease

Table 1. Main characteristics of the selected studies (n = 15) (Continuation)
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Table 2. Main results of the selected studies (n = 15)

Refe- 
rence

Source
Exposure 

length
Outcome Design N Age Main adjustments Quantitative results

(16) Road traffic Short-term Respiratory causes 
(hospital 
admission). ICD9 
460-459

Time series Exposure in 
6 locations, 
1096 
observations

Adults Temperature, humidity, influenza 
epidemics, yearly trends, 
seasonality and weekly trends, 
air pollution.

RR (95% CI): 1.038 (1.011; 1.067) per 1 dB of L24h, in current day (Poisson regression model). 
Associations for lags 1 to 4 not shown.

(10) Traffic emissions Long-term Bronchitis 
(prevalence)

Cross- 
sectional

68 Children age, sex, smoking, parental 
educational level. 
 No multi-exposure models.

There was a dose-dependent association between increasing traffic emissions and annual 
physician contacts due to bronchitis. Compared to low traffic emission category: high 
emission: β (95% CI): 2.60 (1.47; 3.72) increase in annual physician contacts due to 
bronchitis. 

Night-time noise exposure was associated with increased morning cortisol. No association 
reported between noise and bronchitis.

(25) Neighbour-hood 
annoyance; 
Transportation 
annoyance. 

Long-term Asthma, 
Bronchitis, 
Respiratory 

symptoms 
(prevalence)

Cross- 
sectional

8539 Children 
and 
adults

age, sex and city (basic block), 
socioeconomic state (block 2) 
and alcohol consumption, body 
mass index, tobacco usage, 
physical activity (block 3), 
housing conditions (block 4).

Results extracted from figures (95% CI values not available): 
Adults (18-59y): a) Compared to not annoyed by traffic noise, OR for respiratory symptoms  

in moderately annoyed = 1.02, and in severely annoyed = 1.78, p-value for trend = 0.001;  
OR for bronchitis in moderately annoyed = 1.21 and in severely annoyed = 1.68, p-value  
for trend = 0.026. OR for asthma in moderately annoyed = 1.57, and in severely annoyed = 1.55, 
p-value for trend = 0.062. 

b)	Compared with not annoyed by neighbourhood noise annoyance, OR for respiratory 
symptoms in moderately annoyed = 1.15, and in severely annoyed = 1.27, p-value for 
trend = 0.171. OR for bronchitis in moderately annoyed = 0.97 and in severely an-
noyed = 1.63, p-value for trend = 0.062; OR for asthma in moderately annoyed = 1.00  
and in severely annoyed = 1.44, p-value for trend = 0.242. 

Elderly: no association (results not shown)
Children (≤ 17 years old): 
a)	Compared to not annoyed by traffic noise, OR for respiratory symptoms in moderately 

annoyed = 1.7, and in severely annoyed = 2.11, p-value for trend = 0.001; OR for bronchitis 
in moderately annoyed = 0.89, and in severely annoyed = 2.31, p-value for trend = 0.05; OR 
for asthma in moderately annoyed = 0.88, and in severely annoyed = 1.04, p-value for 
trend = 0.917. 

b)	Compared to not annoyed by neighbourhood noise, OR for respiratory symptoms in 
moderately annoyed = 1.27, and in severely annoyed = 2.33, p-value for trend < 0.0001;  
OR for bronchitis in moderately annoyed = 1.90, and in severely annoyed = 3.60, p-value  
for trend = 0.004; OR for asthma in moderately annoyed = 1.48, and in severely annoyed = 1.82, 
p-value for trend = 0.121.

(Continues on next page)
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Refe- 
rence

Source
Exposure 

length
Outcome Design N Age Main adjustments Quantitative results

(17) Road traffic short-term Respiratory disease 
hospital 
admission. ICD-9: 
144 460–519; 

Bronchitis hospital 
admission. ICD-9: 
460–496

Pneumonia hospital 
admission. ICD-9: 
480–487

time series   0-9y Adjustment for meteorological 
variables. It seems that there 
was no mutual adjustment for 
air poll and noise due 
to collinearity.

RR (95% CI) for respiratory causes: 1.05 (1.01; 1.08) per 1 dB, at lag 3 of LAeq24h; RR for 
pneumonia: 1.08 (1.02; 1.15) at lag 3 of LAeq24h.

RR for bronchitis and other lags: not shown (only statistically significant associations are 
reported). Number of studied lags not reported. 

(26) Road traffic, 
railway, aircraft, 
other noise 
outside, noise 
in or around 
home, noise in 
apart-ment

Long-term Asthma (prevalence) Cross- 
sectional

336 boys and 316 
girls

12y old Study centre, maternal school 
education, parental history of 
allergy, and presence of older 
siblings as potential 
confounding variables

Associations for asthma with:
Total noise annoyance
At night-time: ORgirls (95% CI) = 1.5 (1.1; 2.1), ORboys = 0.88 (0.68; 1.14)
At day-time: ORgirls = 1.15 (0.91; 1.45), ORboys = 0.81 (0.64; 1.04)
Noise annoyance within the home/apartment: 
At night-time: ORgirls = 3.47 (1.50; 8.02), ORboys = 0.58 (0.46; 1.55)
At day-time: ORgirls = 1.89 (1.06; 3.35), ORboys = 0.85 (0.47; 1.44)
Noise annoyance in or around the house: 
At night-time: ORgirls = 3.31 (1.74; 6.30), ORboys = 0.71 (0.36; 1.39). 
At day-time: ORgirls = 1.64 (0.89; 3.02), ORboys = 0.71 (0.36; 1.39) 
Road traffic noise annoyance:
At night-time: ORgirls = 1.38 (0.53; 3.56), ORboys = 0.96 (0.57; 1.63). 
At day-time: ORgirls = 1.61 (0.71; 3.67), ORboys = 1.17 (0.67; 2.06). 
Aircraft noise annoyance: 
At night-time: ORgirls = 1.08 (0.18; 6.54), ORboys = 1.05 (0.53; 2.06). 
At day-time: ORgirls = 0.46 (0.07; 3.02), ORboys = 0.90 (0.41; 1.96). 
Railway noise annoyance: 
At night-time: ORgirls = not available, ORboys = 0.61 (0.10; 3.57). 
At day-time: ORgirls = not available, ORboys = 0.46 (0.08; 2.76). 
Other outside noise annoyance: 
At night-time: ORgirls = 1.40 (0.42; 4.70), ORboys = 0.89 (0.42; 1.88). 
At day-time: ORgirls = 1.10 (0.43; 2.82), ORboys = 0.84 (0.46; 1.54).

(Continues on next page)

Table 2. Main results of the selected studies (n = 15) (Continuation)



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

24

BRN Rev. 2021;7(1)

Refe- 
rence

Source
Exposure 

length
Outcome Design N Age Main adjustments Quantitative results

(8) Road traffic Short-term Respiratory disease 
mortality, ICD-10: 
J00-J99.

Asthma mortality, 
ICD-10: J45-J46.

COPD mortality, 
ICD-10: J40-44, 
J47.

Pneumonia 
mortality, ICD-10: 
J12-J18

Case-crossover Exposure from 
26 locations. 
Total 
observations 
(cases) not 
reported. 

Mean daily 
cases 
(standard 
deviation) 
of respiratory 
mortality: 
18 (5.2), 
pneumonia: 2.5 
(1.8), COPD: 
2.0 (1.5), 
asthma: 0.1 
(0.3) for all 
days of the 
time series.

2 groups: 
< 65 
and 
≥ 65 y

PM2.5, NO2, mean temperature 
and relative humidity

Lags 0 to 4 were tested. Only results for lags with the most significant associations (lowest 
p-values) in univariate models and only noise indicators with the best-fitted models 
according to the Akaike criterion were fully reported for all age groups.

a)	RR (95% CI) for 65 y of age or older:  
Respiratory disease - Lnight (lag 1) = 1.022 (1.002; 1.043) when NO2 > 30 μg/m3. 
Pneumonia - Lnight, max (lag 1) = 1.030 (1.002; 1.058) when NO2 > 30 μg/m3 
COPD - Lnight, max (lag 1) = 1.040 (1.010; 1.070) 
Asthma - Lnight, max (lag 1): 1.015 (0.860; 1.020).

b)	RR (95% CI) for < 65 y of age:  
Respiratory disease - Lnight (lag 1) = 1.004 (0.934; 1.079) when NO2 > 30 μg/m3. 
Pneumonia - Lnight, max (lag 1) = 0.960 (0.832; 1.108) when NO2 > 30 μg/m3 
COPD - Lnight (lag 1) = 1.111 (0.946; 1.306) 
Asthma - Lnight (lag 1): 0.493 (0.127; 1.914).

(20) Road traffic Long-term Asthma (prevalent, 
incident)

Cross- 
sectional

646 731 Adults Adjusted for study, sex, age, 
education, employment status, 
smoking status and body mass 
index and PM10 or NO2

OR (95% CI) in single-exposure models of Lnight (Ref. <45 dB) with ever-had asthma: 
45-50 dB = 0.991 (0.973; 1.009), ≥ 50 = 1.014 (0.988; 1.041).

OR (95% CI) in single-exposure models of Lnight (Ref. <45 dB) with current asthma:  
45-50 dB = 1.001 (0.973; 1.031), ≥ 50 = 1.010 (0.970; 1.053).

Results were similar for Lday and after adjustment for PM10 or NO2. 

(18) Road traffic Short-term Respiratory causes, 
ICD-10: J00–J99.

Pneumonia, ICD-10: 
J12–J18.

COPD, ICD-10: 
J40–J44, J47.

Time series Exposure in 
27 locations, 
108,537 
episodes  
of care

  Air pollutants and temperature Lnight (lag 0) with daily respiratory medical calls: RR (95% CI): 1.14 (1.11; 1.18) per 1 dB. 
Lnight (lag 0, 1) with COPD medical calls: RR (95% CI): 1.15 (1.09; 1.21) per 1 dB 
Lnight (lag 0) registered the highest RR for calls due to pneumonia RR = 1.17 (95% CI: 
1.09; 1.25) per 1 dB. 

No associations observed for Lday, or for lags 2 to 4 (results not shown).

(Continues on next page)
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length
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(24) Road traffic, 
railway

Long-term Asthma, COPD 
(assessed 
together with the 
Dutch ICPC-1 
system codes R91, 
R95, R96)

Cross- 
sectional

Exposure in  
135 neigh- 
bourhoods, 
4450 residents 
representative 
of the 
Netherlands

all ages Adjusted for sex, age 
(continuous), household 
income and socio-economic 
status (individual level) and 
municipality and neighbourhood 
(group level). No multi-expo 
models

OR (95% CI) road Lden: 0.98 (95% CI: 0.69; 1.38) per 10 dB; railway Lden: 1.01 (0.87; 1.17)  
per 10 dB

(6) Road traffic, 
railway, aircraft, 
transpor-tation

Long-term 9 respiratory 
symptoms 
(repeated, 
prevalent); 

Asthma (prevalent, 
incident).

Cohort 17138 
observations, 
7049 
participants

Adults Common adjustments plus air 
pollution PM10 and mutual 
adjustment for noise 
annoyance  
or noise level

Range of OR (95% CI) for associations between transportation noise annoyance and  
all 9 respiratory symptoms and current asthma, adjusted for Lden: 1.03 (95% CI: 1.01; 1.06) 
for wheezing to 1.07 (95% CI: 1.04; 1.11) for diurnal dyspnoea in rest, per 1-point). 

Range of OR (95% CI) for associations of transportation Lden and all 9 respiratory symptoms 
and current asthma, adjusted for noise annoyance: 0.97 (0.84; 1.12) for current asthma  
to 1.06 (0.97; 1.17) for chest tightness, per 10 dB). 

Range of OR (95% CI) for associations between transportation noise annoyance and  
all 9 respiratory symptoms and current asthma among asthmatics, adjusted for Lden:  
0.99 (95% CI: 0.94; 1.04) for dyspnoea after exercise to 1.05 (95% CI: 0.98; 1.12) for nocturnal 
dyspnoea, per per 1-point). 

Range of OR (95% CI) for associations of transportation Lden and all 9 respiratory symptoms 
and current asthma among asthmatics, adjusted for noise annoyance: 0.84 (0.66; 1.08)  
for regular cough/phlegm to 1.33 (1.02; 1.74) for current asthma and 1.50 (1.16; 1.93) for 
wheezing without cold, per 10 dB). 

Associations of noise annoyance and transportation Lden (in mutually-adjusted models) with 
current asthma among asthmatics with adult-onset asthma [OR Lden: 1.90 (95% CI: 1.25; 
2.89) per 10 dB; p-value of interaction (adult-onset versus childhood-onset): 0.03; OR noise 
annoyance: 1.06 (95% CI: 0.97; 1.16) per 1-point difference; p-value of interaction: 0.06]. 

No associations were found with incident asthma: RR (95% CI): 1.01 (0.97; 1.04) per 10 dB  
in transportation Lden, RR (95% CI) RR (95% CI) = 1.01 (0.98; 1.04) per 1-point difference in 
transportation noise annoyance. 

No associations were observed between source-specific Lden and any asthma outcomes.

(19) Road traffic; 
perceived road 

traffic level

Long-term Respiratory 
symptoms 

Cross- 
sectional and 
cohort

Baseline: 14829; 
Follow-up: 
7905 

adults Adjusted for baseline values of 
sex, age, education, smoking, 
socioeconomic position, and 
year (baseline/follow-up). Also 
mutual adjustment for 
perception or modelled level. 
No multi-exposure models 
including air pol, noise, RMF

Perceived noise exposure before and after adjustment for modelled road traffic noise level:  
β (95% CI): 0.04 (0.03; 0.05) per 1 point. For modelled road noise levels: β (95% CI): 0.00  
(0.00; 0.01) per 1dB, p-value = 0.02, after adjustment for perceived noise, –0.00 (−0.00; 0.00) 
per 1dB, p-value = 0.655 

(Continues on next page)
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(7) Road traffic; 
railway noise

Long-term Respiratory disease 
mortality, ICD-10 
J00-J99. 

COPD mortality, 
ICD-10 J40-J44

Cohort 339633 Adults Age, sex, SES, lifestyles; 
multi-exposure models = result

Road Lden - Respiratory mortality: 
HR = 0.85 (95% CI: 0.90; 1.00) per IQR in Lden levels (7.40 dB). 
COPD mortality: HR (95% CI): 0.98 (0.91; 1.05) per IQR in Lden levels (7.40 dB).

Railway noise - Respiratory mortality: HR = 1.03 (95% CI: 0.98; 1.09) per IQR in Lden levels 
(8.60 dB).

COPD mortality: HR (95% CI): 1.03 (0.96; 1.10) per IQR in Lden levels (8.60 dB).

(22) Road traffic Long-term Respiratory disease 
mortality. ICD-10: 
J00-J99

Cohort 52758 Adults Age, sex, SES, lifestyles, common 
adjustment + PM2.5 and NO2

Null associations between road traffic Lden and respiratory disease. At most exposed facade 
for 5-year mean exposure: HR = 1.03 (0.97; 1.09) per IQR in Lden (10.4 dB). After adjustment 
for NO2: HR = 1.04 (0.97; 1.12) per IQR in Lden (10.4 dB). At least exposed facade for 5-year 
mean exposure: HR = 1.04 (0.98; 1.10) per IQR in Lden (8.4 dB). After adjustment for NO2: 
HR = 1.04 (0.98; 1.10) per IQR in Lden (8.4 dB). Results had similar magnitude of estimated 
effects for 1-year and 10-year noise exposure windows.

(23) Road traffic Long-term Asthma (prevalent, 
incident); wheeze 
(prevalent, 
incident)

Cohort 4000 From 
preg-
nan-cy 
to 16y

Sex, maternal smoking, SES 
at individual and area level 
and air pollution

Non-significant associations for asthma ever up to 16 years with residential road traffic noise 
exposure in infancy ≥55 dB: OR = 1.22; 95% CI: 0.90; 1.65) per 10 dB. No quantitative result 
provided for incident asthma (only figure - null associations).

No quantitative results provided for wheeze (only figure – null associations)

(21) Road traffic Long-term Forced expiratory 
volume in 
1 second percent 
predicted values 
(FEV1%)

Cohort 1033 (29-30% 
missing for 
noise 
exposure, 
imputed)

6 to 12y Centre of recruitment, child’s sex, 
age, height and parental 
country of birth, breastfeeding 
duration, season of conception, 
presence of older siblings, 
parental education level, 
maternal age, maternal 
pre-pregnancy body-mass 
index (BMI), postnatal passive 
smoking status, and prenatal 
maternal active and passive 
smoking status. Also 
adjustment for confounding 
by co-exposures.

No associations observed with FEV1%. 
β (95% CI) from ExWAS:
Prenatal Lden at home (Ref. < 55 dB): 55 – 60 dB = 1.5 (–1; 3.9);
60-65 dB = 1.4 (–1.4; 4.1); > 65 dB = 0.2 (–2.7; 3.1)

Postnatal Lnight at home: (Ref. <57); 57-67 = 0.1
(–2.8; 3.0); 67-71 dB = 2.3
(–1.9; 6.4); > 71 dB = 1.5 (–3·7; 6.7)
Results were similar for noise at school and post-natal Lden.

COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in one second.
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