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Air pollution – largest single environmental health risk
• 3.7 million deaths <60 years attributed to outdoor air pollution

• 80% the result of cardiovascular and cerebrovascular disease
www.who.int/mediacentre/factsheets/fs313/en/

remains a problem

• no «safe limit»

• stagnant weather patterns

• rapid global expansion

• >95% of the urban population in major cities is exposed to
pollution levels exceeding WHO air quality guidelines
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http://www.who.int/mediacentre/factsheets/fs313/en/


Air pollution – a complex mixture

Motor vehicles –

the dominant source

of urban air pollution:

• Nitrogen oxides

• Carbon dioxide

• Sulphur dioxide

• Carbon monoxide

• Hydrocarbons

• Metals……

• Particulate matter 

evidence for health effects

most consistent
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Air pollution – effects of shortterm exposure

short‐term increases (ie, over hours to days) in ambient 
particulate matter are associated with higher risk of 
cardiovascular morbidity (e.g. hospitalizations) and mortality 

• triggering of myocardial infarction,  arrhythmias, heart 
failure exacerbations, and stroke (ischaemic stroke?; total anterior

circulation infarcts?)

in the US and EU, all-cause mortality is estimated to rise 0.7-
1.7% with each 10 µg/m3 increase in the level of PM2.5 in the
preceeding days
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Longterm PM2.5 exposure - natural-cause mortality
Beelen et al. Lancet 2014



Air pollution – CVD effects of longterm exposure

Heart failure (HF) and Ischemic Heart Disease (IHD)

the risk of death from IHD has been estimated to increase by
10-30% per 10 µg/m3 rise in residential levels of PM2.5

Stroke & MI recurrence/heart failure exacerbation

strong heterogeneity of effects on stroke incidence

Sudden cardiac death
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Road way proximity and
risk of sudden cardiac death in women

Hart JE et al. Circulation 2014
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Subclinical effects of air pollution

obesity and diabetes

ambient levels of air pollutants have been associated
with BMI, prevalent and incident diabetes, and

cardiometabolic measures such as insulin resistance
and levels of serum leptin

9Cosselman et al Nature Rev Cardiology 2015



Traffic pollution & BMI 

growth in childhood
Jarrett M et al. Environmental Health

2014

Air pollution and obesity

Traffic pollution and
weight gain in adult 

women
White LF et al. Am J Prev Med 2016

Prenatal air pollution exposure of mice induces neuroinflammation and 

predisposes offspring to weight gain in adulthood in a sex-specific manner 

Bolton JL et al. FASEB J. 2012;26(11):



Air pollution and systemic inflammation (hs-crp)
Lanki T et al. Environmental Health Perspectives 2015



Ambient air pollution 
exaggerates adipose 

inflammation and 
insulin resistance 

Mouse Model of Diet-Induced 
Obesity

Sun et al. Circulation 2009
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Alterations of
macrophages and

adipocytes in relation
to inflammation

McNelis & Olefsky. Immunity 2014



Long-term exposure to air pollution and
serum leptin in older adults

Wang Y et al. J Occup Environ Health 2014
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the SAPALDIA cohort
Long-term air pollution and diabetes prevalence

Eze I et al Environ Int 2014
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the SAPALDIA cohort
Air pollution and metabolic syndrome

Eze et al. PLoS One 2015
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Association of PM10 with diabetes, 
by quartiles of diabetes gene risk score 

Eze et al. Environ Int 2016
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Jarrett M et al. Environmental Health 2014



Association of residential long-term air
pollution and satellite-derived greeness with

insulin-resistance in adolescents
Thiering E et al. Environ Health Perspectives 2016
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Subclinical effects of air pollution

atherosclerosis

air pollutant are related to lipid peroxidation and HDL 
dysfunction and contribute to multiple phases of

atherosclerotic disease

(etiology and stability of atherosclerotic plaques)
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Longterm air pollution and longitudinal change in 
coronary artery calcification

Kaufman JD et al. Lancet 3016

20

coronary calcium average increase 24 Agatston units/year

5 µg/m3 increase in PM2.5: additional  4.1 Agatston units/year



Ultrafine particles and CIMT 
the SAPALDIA Cohort

Aguilera I et al. EHP 2016
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Subclinical effects of air pollution

blood pressure and vascular function

positive association between longterm air pollution
and blood pressure or hypertension

(incl. pre-eclampsia and other pregnancy
complications)

anti-hypertensive medications mitigate PM-related BP 
increase suggesting PM influence established

pathways to hypertension

(e.g. endothelial dysfunction)
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Subclinical effects of air pollution

cardiac function & structure

cardiac electric instability

alterations in heart rate (variability)

irregularities in myocardial and ventricular
repolarization

but 

association thought to be limited to highly susceptible
individuals, as controlled-inhalation studies have shown no

short-term risk of arrhythmia in healthy adults

cardiac dysfunction and remodelling
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Traffic-related air pollution and right ventricle
(mass; end-diastolic volume)

Leary PJ et al. AJRCCM 2014
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MESA participants had a 

1.0 g (5%) increase in RV 

mass

RV hypertrophy in MESA 

participants associated with 

a three-fold increased risk 

of heart failure or 

cardiovascular death

Effect size comparable to 

smoking and diabetes



Population-level effects and interventions
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Population-level effects of improved air quality

The US Environmental Protection Agency estimates that the
Clean Air Act prevented

• over 160’000 deaths and 130’00 cases of MI in 2010

Benefits from decrease in both, longterm and acute exposure:

• longterm follow-up of large cohorts estimated a 27-31% 
decrease in total and CVD mortality for a 10 µg/m3 PM2.5 
decrease

• short-term effects of air pollution control during Bejing
Olympics (e.g. thrombosis decrease)

26Cosselman et al Nature Rev Cardiology 2015



Air pollution in perspective
Health risks of air pollution expressed in 

equivalent of passively smoked cigarettes
van der Zee SC et al. Environ Res 2016
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Air pollution and longevity
a nationwide analysis of the US

Baccarelli et al. EHP 2016
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SAPALDIA - MAKING USE OF 25 YEARS OF DATA
towards understanding healthy aging

> 25 Mio. CHF since 1991
7.6 Mio. CHF for 2014-2018
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