Noise exposure at the place of residence is associated with
atherothrombotic risk, in men but not in women. Findings from
ENVI-MI (Environment and Myocardial Infarction) study
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Abstract
This study analysed the relationships between environmental noise and atherothrombotic risk (AtR). Patients
were identified from the Côte d’Or infarction observatory. From 2004 to 2008, 867 consecutive myocardial
infarction (MI) patients were included. The AtR was quantified by the TRS- 2P score. Environmental models
were used for quantifying residential noise exposure. Odds ratios (OR) were expressed for a 10-dB(A)
increase. The mean age was 68 y, 66% were male. Main CV factors were smoking, hypertension and
hypercholesterolemia. The OR of road-related noise and railway-related noise were 1.16 (1.02-1.32) and
1.03 (1.00-1.06), respectively. When stratified on sex, OR related to transportation LAeq,24h and LAeq,night were
1.24 (1.04-1.47) and 1.26 (1.08-1.47) for men and 1.01 (0.80-1.30) and 0.96 (0.76-1.20) for women,
respectively. If confirmed, the identification only in men of an association between the environmental noise
and the AtR could have major consequences in terms of public health.
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Introduction

The World Health Organization (WHO) has estimated that exposure to noise in Western Europe is
responsible for a million years of healthy life lost [1]. Recent epidemiological studies suggest that noise
exposure may be associated with an increase in cardiovascular disease including myocardial infarction (MI)
[2]. In 2018, a meta-analysis commissioned by the WHO concluded that, above 50 dB, road traffic noise
increased the incidence of coronary heart disease by 8% per 10 dB (A) (LDEN) [3]. However, only a few
studies have investigated the specific weight of exposure to ambient noise on atherothrombotic risk. In
addition, the question of whether home noise exposure might influence the risk of cardiovascular events after
MI remains unclear. The aim of this study is to analyse the relationships between environmental noise and
atherothrombotic risk (AtR) and to assess a possible difference between men and women in this relationship.
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Method

Study population
Patients having presented a MI between January 2004 and December 2008 were identified from the Côte
d’Or infarction observatory (RICO). Only patients living in the Dijon urban unit (France, Burgundy, 237,000
inhabitants in 2006) at the time of their MI were included in this study.
Medical data
Demographical, clinical and biological data were collected by the RICO in the medical records, including
risk factors, comorbidities, chronic medications, heart failure (HF) and hemodynamic parameters. The
Thrombolysis in Myocardial Infarction Risk Score for Secondary Prevention (TRS-2P) was calculated to
quantify atherothrombotic risk [4], in order to assess long-term risk after recent acute MI [5,6]. TRS-2P is the
arithmetic sum of 9 parameters associated with atherothrombotic risk: age ≥75 years, diabetes mellitus,
hypertension, current smoking, peripheral artery disease (PAD), prior stroke, prior coronary artery bypass
grafting (CABG), history of HF, and renal failure (estimated glomerular filtration rate <60 mL.min−1). Four
atherothrombotic risk classes were defined: low-risk (TRS-2P = 0/1), medium-low-risk (TRS-2P = 2),
medium-high-risk (TRS-2P = 3) and high-risk (TRS-2P ≥ 4).
Environmental noise exposure
Outdoor noise levels were calculated in accordance with the European directive 2002/49/EC [7] using the
environmental noise prediction Mithra-SIG software (version 3.7, https://www.geomod.fr/fr/geomatiquemodelisation-3d/mithrasig/)[8]. Noise levels were calculated in front of the residential building of each
patient (average noise level in front of each façade and floor), using the address at the time of the MI.
Three noises sources were considered: rail traffic, road traffic, and pedestrian streets. Equivalent continuous
A-weighted sound levels were calculated considering two time periods: daily equivalent A-weighted noise
level (LAeq,24h) and night equivalent A-weighted noise level (LAeq,night) from 22:00 to 6:00.

Socio-economic level
The neighbourhood socio-economic level was estimated at the IRIS scale (geographical scale of the French
sub-municipal census block groups defined by the National Institute of Statistic and Economics Studies
(INSEE)) using the deprivation index developed by Lalloué et al. [9,10]. The index was discretized into 3
classes: advantaged, mixed and disadvantaged IRIS.
Statistical analyses
Ordinal regressions with adjacent category models with constant coefficients were used to assess the
relationship between atherothrombotic risk and noise levels. The odds ratios associated with noise exposure
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were expressed for an increase of 10 dB (A). Statistical analysis was performed using R version 4.0.2
statistical software [11].
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Results

Of the 1350 eligible patients, 879 patients were included in the study. The majority of patients (n = 567,
64.5%) were men. Main CV factors were smoking, hypertension and hypercholesterolemia. In the
univariable analysis, the acoustical indices were positively associated with atherothrombotic risk. The OR of
road-related noise and railway-related noise were 1.16 (1.02-1.32) and 1.03 (1.00-1.06), respectively. The
association was only slightly changed after adjustment.
When stratified on sex, the association remained significant in men, but was no longer found in women. The
OR related to transportation L24h and Ln were 1.24 (1.04-1.47) and 1.26 (1.08-1.47) for men and 1.01 (0.801.30) and 0.96 (0.76-1.20) for women, respectively.

4

Conclusions

Our results suggest for the first time an association between exposure to transport noise and atherothrombotic
risk, and support the hypothesis of a specific sensitivity of men to the CV effects of chronic environmental
noise exposure. Further studies, conducted on a prospective population basis, are therefore necessary to
better understand this interaction of gender on the CV effects of environmental noise on health, and to adapt,
if necessary, the prevention messages.

Acknowledgements
The authors thank Florence Bichat, Mailis Saint Jalmes, Etienne Baudouin and Jessica Massenot for their
help in data collection. ENVI MI study was supported by a grant from Fondation Coeur et Recherche. RICO
is supported by the University Hospital of Dijon, the Association de Cardiologie de Bourgogne, Fédération
Française de Cardiologie, and by grants from the Agence Régionale de Santé de Bourgogne Franche Comté,
and from the Conseil Régional de Bourgogne Franche Comté. Computations have been performed on the
supercomputer facilities of the Mésocentre de calcul de Franche-Comté.

References
[1] WHO Regional Office for Europe. Burden of disease from environmental noise. Quantification of
healthy life years lost in Europe. [Internet]. Copenhagen; 2011 [cité 15 avr 2018] p. 106. Disponible sur:
http://www.euro.who.int/__data/assets/pdf_file/0008/136466/e94888.pdf
[2] Münzel T, Daiber A, Steven S, Tran LP, Ullmann E, Kossmann S, et al. Effects of noise on vascular
function, oxidative stress, and inflammation: mechanistic insight from studies in mice. Eur Heart J. 01
2017;38(37):2838-49.
[3] Kempen E van, Casas M, Pershagen G, Foraster M. WHO Environmental Noise Guidelines for the
European Region: A Systematic Review on Environmental Noise and Cardiovascular and Metabolic
Effects: A Summary. Int J Environ Res Public Health. 22 févr 2018;15(2).
[4] Bohula Erin A., Bonaca Marc P., Braunwald Eugene, Aylward Philip E., Corbalan Ramon, De Ferrari
Gaetano M., et al. Atherothrombotic Risk Stratification and the Efficacy and Safety of Vorapaxar in
3

Patients With Stable Ischemic Heart Disease and Previous Myocardial Infarction. Circulation. 2016 Jul
26;134(4):304–13.
[5] Puymirat E, Bonaca M, Fumery M, Tea V, Aissaoui N, Lemesles G, et al. Atherothrombotic risk
stratification after acute myocardial infarction: The Thrombolysis in Myocardial Infarction Risk Score
for Secondary Prevention in the light of the French Registry of Acute ST Elevation or non‐ST Elevation
Myocardial Infarction registries. Clin Cardiol. 2018 Dec 27;42(2):227–34.
[6] Zafrir B, Adawi S, Khalaily M, Jaffe R, Eitan A, Barnett‐Griness O, et al. Long‐Term Risk Stratification
of Patients Undergoing Coronary Angiography According to the Thrombolysis in Myocardial Infarction
Risk Score for Secondary Prevention. J Am Heart Assoc Cardiovasc Cerebrovasc Dis. 2019 Jul 4;8(14).
[7] European Commission PO of the E. CELEX1, Directive 2002/49/EC of the European Parliament and of
the Council of 25 June 2002 relating to the assessment and management of environmental noise Declaration by the Commission in the Conciliation Committee on the Directive relating to the
assessment and management of environmental noise [Internet]. 2002 [cited 2019 Jun 15]. Available
from:
https://publications.europa.eu/en/publication-detail/-/publication/27d1a64e-08f0-4665-a25896f16c7af072/language-en
[8] Barba-Vasseur M, Bernard N, Pujol S, Sagot P, Riethmuller D, Thiriez G, et al. Does low to moderate
environmental exposure to noise and air pollution influence preterm delivery in medium-sized cities? Int
J Epidemiol. 2017 Dec 1;46(6):2017–27.
[9] Lalloué B, Monnez J-M, Padilla C, Kihal W, Le Meur N, Zmirou-Navier D, et al. A statistical procedure
to create a neighborhood socioeconomic index for health inequalities analysis. Int J Equity Health. 28
mars 2013;12:21.
[10]
Mariet A-S, Mauny F, Pujol S, Thiriez G, Sagot P, Riethmuller D, et al. Multiple pregnancies and air
pollution in moderately polluted cities: Is there an association between air pollution and fetal growth?
Environ Int. 2018;121(Pt 1):890‑7.
[11]
R Core Team. R: A Language and Environment for Statistical Computing [Internet]. Vienna,
Austria: R Foundation for Statistical Computing; 2020. Available from: http://www.r-project.org/

4

