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ABSTRACT. Several decades of research provides compelling
evidence that exposure to air pollution causes various diseases.
Time series studies in Europe and the USA examined the short
term effects on mortality and found about 1% increase for
cardiovascular mortality per 10 ug/m? increase in daily PM2.5
concentration. A comprehensive analysis of 12 European cohort
studies addressing the long term effects found a 13% increased
risk of coronary events per 5 ug/m? increase in estimated annual
mean PM2.5. Noise exposure triggers an increase in sympathetic
responses (fight-flight reactions) and increased release

of corticoids (defeat reactions). In 2018 the World Health
Organization has published new Environmental Noise Guidelines
reporting an 8% increase in risk of incident ischemic heart
disease per 10 dB(A) increase in road traffic noise exposure.
Transportation noise and air pollution impact health through
different pathways, though they also share many biologic
pathways. In a recent cohort study, we did not find indications
for synergistic or antagonistic effects from combined exposure

to noise and air pollution. A study estimating the Environmental
Burden of Disease in Europe concluded that ambient air
pollution and transportation noise are the two most relevant
environmental stressors for the population living in Europe.
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RIASSUNTO. Anni di ricerca hanno confermato che
I’esposizione a inquinanti ambientali causa molte patologie.
Gli studi longitudinali in Europa e USA che hanno esaminato
gli effetti a breve termine hanno evidenziato un aumento

di circa I’1% della mortalita cardiovascolare ogni 10 pg/m?3
di incremento giornaliero della concentrazione di PM2.5. Una
analisi comprensiva di 12 coorti Europee, che hanno valutato
gli effetti a lungo termine, ha trovato un aumento del 13%

di eventi coronarici ogni 5 pg/m? di incremento delle PM2.5
su base annuale. L’esposizione a rumore stimola un aumento
della riposta simpatica (reazioni di attacco) e un aumentato
rilascio di corticosteroidi (reazioni di difesa). Nel 2018
I’Organizzazione Mondiale della Sanita ha pubblicato le nuove
line guida che riportano un aumento dell’8 % dei casi incidenti
di patologie ischemiche cardiache ogni 10 dB(A) di aumento
al rumore del traffico stradale. Il rumore del traffico e
I’inquinamento ambientale impattano la salute attraverso
meccanismi diversi, ma hanno anche alcuni effetti biologici
comuni. In uno studio di coorte recente, non abbiamo trovato
indicazioni a supporto di un effetto sinergico o antagonista
dall’esposizione combinata a rumore e inquinamento
ambientale. Uno studio che ha valutato il carico ambientale
delle malattie in Europa ha concluso che ’inquinamento
ambientale e il rumore veicolare sono i due piu importanti
fattori di rischio per la popolazione che vive in Europa.

Parole chiave: particelle ultrafini, rumore, patologie cardiovascolari.

Air pollution and cardiovascular diseases

Ambient air pollutants include both, gaseous contami-
nants and particulate matter (PM) of different size frac-
tions such as PM10 (diameter <10 pm), PM2.5 (<2.5 pm)
or ultrafine particles (<0.1 pym). The smaller the particles
and the less water soluble, the deeper they penetrate into
the lung. PM is either primary or secondary in origin and
is generated naturally (pollen, spores, salt spray, and soil
erosion) and by human activities like agriculture, indus-
trial process, traffic, heating or construction work.

Several decades of research provides compelling evi-
dence that exposure to air pollution causes various dis-
eases (Figure 1) (1). Most studies looked into the health
effects of PM10 and PM2.5 but there is also growing evi-
dence about health effects from ultrafine particles (2).

Time series studies in Europe and the USA examined
the short term effects on mortality and demonstrated in-
creases in the cardiovascular mortality rate of about 1%
per 10 pg/m3 increase in daily PM2.5 concentrations. De-
pending on the constituents of PM, effect size may vary.
There are some indications of stronger associations for el-
emental carbon but effect estimates show a high vari-
ability across cities (3).

Cohort studies addressing the long term effects on car-
diovascular mortality report higher effects than time series
study. A recent analysis of 12 European cohort studies
with 100°000 people enrolled from 1997 to 2007 found a
13% increased risk of coronary events per 5 pg/m? in-
crease in estimated annual mean PM2.5 and a 12%
increased risk of coronary events per 10 pg/m? increase in
estimated annual mean PM10 (4).

Transportation noise and cardiovascular diseases

Very high noise levels (> 85 dBA) is leading to hearing
loss due to its direct damaging effects on hair cells of the
inner ear (5). However, for negative effects on the cardio-
vascular system other pathways are relevant, which in-
volves the cognitive perception and the physiological re-
action to noise exposure at lower levels. In this context
noise is defined as unwanted sound. Noise exposure trig-
gers an increase in sympathetic responses (fight-flight re-
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Figure 1. Overview of effects from ambient air pollution from Thurston et al, 2017 (1). Bold type indicates conditions currently

included in the Global Burden of Disease categories

actions) and increased release of corticoids (defeat reac-
tions) resulting in an increased blood viscosity, activation
of blood coagulation and an increased blood pressure (6).
If noise stress persists for many years cardiovascular dis-
eases may develop. Notably, the cognitive perception of
noise is not a prerequisite for its adverse cardiovascular ef-
fects (7).

In 2018 the World Health Organization (WHO) has
published new Environmental Noise Guidelines including
systematic reviews for various diseases (7). For incident
ischemic heart disease (IHD), road traffic noise was found
to be significantly associated with an 8% increase in risk
per 10 dB(A) increase in noise exposure (10). Using the
GRADE (Grading of Recommendations, Assessment, De-
velopment and Evaluations) approach, the WHO expert
group ranked the quality of evidence for an effect of road
traffic noise on IHD as high. For rail and aircraft noise the
quality of evidence was ranked lower due to fewer studies
of high quality. The WHO recommended L, (equivalent
noise level over the whole day) guidelines of 53 dB for
road traffic, 54 dB for railway noise and 45 dB for aircraft
noise to prevent adverse health effects. To prevent effects
on sleep, the WHO recommended nighttime noise levels
of 45 dB for road traffic, 44 dB for railway noise and 40
dB for aircraft noise. Since the data collection of the WHO
report has ended in August 2015, various high quality co-
hort studies have led to further support of an association
between traffic noise and cardiovascular diseases.In
Switzerland, we conducted a nationwide cohort study on
cardiovascular deaths between 2000 and 2008 and mod-
eled road traffic, railway and aircraft noise levels at each
address of the 4.4 million adults aged >30 years in the
Swiss National Cohort (SNC). After adjusting for relevant

confounders significant exposure response associations
were found for various cardiovascular causes of deaths
(Table I). The study also indicated that characteristic of the
noise source is also important. Highly fluctuating noise
exposure during the night (e.g. from trains and planes) was
more strongly associated with acute coronary events,
whereas for chronic cardiovascular diseases continuous-
like daytime noise exposure (e.g. from a highway) was
most relevant (9).

Joint effects of air pollution and cardiovascular diseases

Transportation noise and air pollution impact health
through different pathways, though they also share many
biologic pathways (10). This raises the questions about
potential synergistic or antagonistic effects from com-
bined exposure to noise and air pollution. Further, mutual
confounding is also of concern, since transportation noise
and air pollution both originate from traffic and correla-
tions between long-term traffic noise and air pollution
ranging from 0.16 to 0.72 have been reported in the liter-
ature (11). A systematic review of nine studies comprising
outcomes such as hospital discharge registers, self-re-
ported medication intake, and mortality found that less
than 10% of the effect estimate of noise was attenuated
after adjustment for air pollution or vice versa (11). and
thus concluded that confounding of cardiovascular effects
by noise or air pollution is low. However, the authors con-
cluded that improvements in exposure assessment may
change the situation.

In our SNC study we have thus looked closer into this
topic by conducting small-scale spatial modelling for
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Table 1. Relative risk per 10 dB increase in noise levels for various cardiovascular causes of death
from Héritier et al, 2017 (8). Significant associations are printed in bold

Cause of death Source Excess Risk (%) 95% Confidence intervals
All cardiovascular diseases Lgen Road 2.5 1.8 3.2
Lyen Railway 0.5 0.0 1.0
Lyen Aircraft -0.6 -0.15 0.2
Ischemic heart diseases Lgen Road 2.3 1.2 3.4
Lyen Railway 1.2 0.5 2.0
Lyen Aircraft -0.9 2.2 0.3
Mycordial infarction Lyen Road 4.0 2.1 5.9
Lyen Railway 2.0 0.7 3.3
Lden Aircraft 27 0.6 4.3
Hypertension related causes Lyen Road 53 3.0 7.5
Lyen Railway 1.1 -0.5 2.7
Lgen Alircraft 1.2 -1.5 3.9
Heart Failure Lden Road 5.1 2.7 7.4
Lyen Railway -0.3 -2.0 1.4
Lyen Aircraft 5.6 2.8 8.5
Stroke Lgen Road 1.1 -0.7 2.8
Lyen Railway -0.5 -1.7 0.8
Lden Aircraft -0.9 -4.9 3.2

* Multi exposure models adjusted for sex, neighborhood index of socio-economic position, civil tatus, education level, mother tongue, nationality and NO2 exposure

noise and air pollution (NO2 and PM2.5). Overall, we did
not find any indications for synergistic or antagonistic ef-
fects on myocardial infarction for combined exposure to
both types of pollutants. We observed that myocardial in-
farction was associated with transportation noise, inde-
pendent from air pollution exposure. Conversely, associa-
tions between air pollution and myocardial infarction be-
came smaller after adjustment for noise exposure, in par-
ticular in terms of NO2. The study thus suggests that air
pollution studies not adequately adjusting for transporta-
tion noise exposure may overestimate the cardiovascular
disease burden of air pollution. This finding need to be
confirmed in future studies applying small scale exposure
modelling.

Global burden of air pollution and transportation noise

In 2017, the Global Burden of Disease Risk Factor
Collaborators estimated 4.9 million deaths and 147 mil-
lion disability adjusted life years (DALYs) attributable to
indoor and outdoor air pollution on the whole globe (12).
A substantial part was attributable to ischemic heart dis-
eases from ambient air pollution (1 million deaths, 22 mil-
lion DALY’s). Occupational noise is estimated to cause 6
million DALY’s due to hearing loss. Strikingly, health im-
pact of environmental noise is not included in the Global
Burden of Diseases report, possibly reflecting lack of
noise exposure data for some parts of the world, which
would be needed for these calculations. However, the Eu-
ropean Office of the WHO concluded that traffic-related
noise accounts for over 1 million DALYs each year in the
European Region (13). A study estimating the Environ-
mental Burden of Disease in Europe for nine risk factors
concluded that ambient air pollution and transportation

noise are the two most relevant environmental stressors
for the population living in Europe (14).

In the last decades awareness for detrimental effects
from air pollution has substantially increased all over the
world. However, awareness for negative health effects
from environmental noise is not yet at the same level. It is
thus important to better communicate the substantial
public health impact from noise on a global scale, while
keeping the awareness for health effects from air pollu-
tion.

References

1) Thurston GD, Kipen H, Annesi-Maesano I, Balmes J, Brook RD,
Cromar K, De Matteis S, Forastiere F, Forsberg B, Frampton MW,
Grigg J, Heederik D, Kelly FJ, Kuenzli N, Laumbach R, Peters A,
Rajagopalan ST, Rich D, Ritz B, Samet JM, Sandstrom T, Sigsgaard
T, Sunyer J, Brunekreef B. A joint ERS/ATS policy statement: what
constitutes an adverse health effect of air pollution? An analytical
framework. Eur Respir J 2017; 49.

2) Ohlwein S, Kappeler R, Kutlar Joss M, Kunzli N, Hoffmann B.
Health effects of ultrafine particles: a systematic literature review
update of epidemiological evidence. International journal of public
health 2019; 64: 547-559.

3) Achilleos S, Kioumourtzoglou MA, Wu CD, Schwartz JD,
Koutrakis P, Papatheodorou SI. Acute effects of fine particulate
matter constituents on mortality: A systematic review and meta-
regression analysis. Environ Int 2017; 109: 89-100.

4) Cesaroni G, Forastiere F, Stafoggia M, Andersen ZJ, Badaloni C,
Beelen R, Caracciolo B, de Faire U, Erbel R, Eriksen KT, Fratiglioni
L, Galassi C, Hampel R, Heier M, Hennig F, Hilding A, Hoffmann
B, Houthuijs D, Jockel KH, Korek M, Lanki T, Leander K,
Magnusson PK, Migliore E, Ostenson CG, Overvad K, Pedersen
NL, J JP, Penell J, Pershagen G, Pyko A, Raaschou-Nielsen O, Ranzi
A, Ricceri F, Sacerdote C, Salomaa V, Swart W, Turunen AW, Vineis
P, Weinmayr G, Wolf K, de Hoogh K, Hoek G, Brunekreef B, Peters
A. Long term exposure to ambient air pollution and incidence of
acute coronary events: prospective cohort study and meta-analysis in



G Ital Med Lav Erg 2019; 41:4

5)
0)
7

8)

9)

11 European cohorts from the ESCAPE Project. Bmj 2014; 348:
£7412.

Munzel T, Gori T, Babisch W, Basner M. Cardiovascular effects of
environmental noise exposure. Eur Heart J 2014; 35: 829-36.
Lundberg U. Coping with Stress: Neuroendocrine Reactions and
Implications for Health. Noise Health 1999; 1: 67-74.

WHO. Environmental noise guidelines for the European Region.
2018.

Heritier H, Vienneau D, Foraster M, Eze IC, Schaffner E, Thiesse L,
Rudzik F, Habermacher M, Kopfli M, Pieren R, Brink M, Cajochen
C, Wunderli JM, Probst-Hensch N, Roosli M and group SNCs.
Transportation noise exposure and cardiovascular mortality: a
nationwide cohort study from Switzerland. Eur J Epidemiol 2017;
32:307-315.

Heritier H, Vienneau D, Foraster M, Eze IC, Schaffner E, Thiesse L,
Ruzdik F, Habermacher M, Kopfli M, Pieren R, Schmidt-Trucksass
A, Brink M, Cajochen C, Wunderli JM, Probst-Hensch N, R6osli M
and group SNCs. Diurnal variability of transportation noise
exposure and cardiovascular mortality: A nationwide cohort study
from Switzerland. International journal of hygiene and environmental
health 2018; 221: 556-563.

327

10) Miinzel T, Sgrensen M, Gori T, Schmidt FP, Rao X, Brook J, Chen

LC, Brook RD, Rajagopalan S. Environmental stressors and cardio-

metabolic disease: part I-epidemiologic evidence supporting a role

for noise and air pollution and effects of mitigation strategies.

European Heart Journal 2016: ehw269.

Tetreault LF, Perron S, Smargiassi A. Cardiovascular health, traffic-

related air pollution and noise: are associations mutually

confounded? A systematic review. International journal of public

health 2013; 58: 649-66.

12) Collaborators GBDRF. Global, regional, and national comparative
risk assessment of 84 behavioural, environmental and occupational,
and metabolic risks or clusters of risks for 195 countries and
territories, 1990-2017: a systematic analysis for the Global Burden
of Disease Study 2017. Lancet 2018; 392: 1923-1994.

13) Burden of disease from environmental noise - Quantification of
healthy life years lost in Europe 2011.

14) Hanninen O, Knol AB, Jantunen M, Lim TA, Conrad A, Rappolder
M, Carrer P, Fanetti AC, Kim R, Buekers J, Torfs R, Iavarone I,
Classen T, Hornberg C, Mekel OC and Group EBW. Environmental
burden of disease in Europe: assessing nine risk factors in six
countries. Environmental health perspectives 2014; 122: 439-46.

11

~

Correspondence: Martin Réosli, PhD, Professor of Environmental Epidemiology, Head of the Environmental Exposures and Health
Unit, Swiss Tropical and Public Health Institute, Associated Institute of the University of Basel, Mailing: Postfach, 4002 Basel, Office:
Socinstrasse 57, CH-4051 Basel, Switzerland, Phone: +41 61 284 8383, E-mail: martin.roosli@swissph.ch



