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What is air pollution?

9 out of 10 people in the
world breath polluted air 
(WHO)



Air pollutants

• Particulate matter (PM10, PM2.5, components e.g. OC, BC)
• Nitrogen dioxide (NO2)
• Carbon dioxide (CO2)
• Ozone 
• Sulfur dioxide (SO2)



Particulate matter

• Complex mix of particles in solid and liquid phase which dimentions
can span from few nm to 100 µm.

• Aerodinamic equivalent diameter



Lefol Nani Guarieiro (2013). ISBN: 978-953-51-0950-1, InTech, DOI: 10.5772/52513. 



Particulate matter – PM10, PM2.5, Coarse
particles, UFP



UFPs passage in the blood stream

7Da Nemmar et al. Circulation 2002;105:411



Source: WHO website



Particulate
matter

Source: WHO website



Particulate
matter –
PM2.5

40%+

Source: WHO website



NO2

40%+

Source: WHO website



Ozone

Secondary 
pollutant 
produced when 
carbon monoxide 
(CO), methane, or 
VOCs are oxidized 
in the presence of 
nitrogen oxides 
and sunlight.

Source: WHO website



SO2

Source: WHO website





House of Parliament, Claude Monet (1904)



The London’s Great Smog – Winter 1952

16



Six Cities Study: Effect on mortality of a daily increase of 10 
g/m3 in PM10
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Adapted from Dockery D.W. (1993). N. Engl. J. Med, 329: 1753-1759.



Effect of a daily increase of 10 g/m3 in PM10 and 
admissions cardiovascular diseases
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Rajagopalan JACC 2018;72(17):2954-70



Source: WHO website





Cardiovascular disease leading cause of death

Over 17 million 
premature deaths 

in 2016.



AIR 
POLLUTION
3.3  million

Other causes 
13.7 million

Exposures to air pollution was responsible of 19% of these 
deaths (http://ghdx.healthdata.org/gbd-results-tool; GBD Lancet. 2017;390:1345–1422.)



AIR 
POLLUTION
3.3  million

IHD
2.1

million 

Stroke
1.1

million 

Exposures to air pollution was responsible of 19% of these 
deaths (http://ghdx.healthdata.org/gbd-results-tool; GBD Lancet. 2017;390:1345–1422.)

Other causes 
13.7 million



Source: ISGlobal website



Source: ISGlobal website



Biological Pathways Whereby PM2.5 Promotes Cardiovascular Events

Adapted from Rajagopalan JACC 2018;72(17):2954-70



Associations between PM2.5 and Heart Rate Variability Are Modified by 
Beta-Blocker Use in Patients with Coronary Heart Disease

de Hartog et al Environ Health Perspect. 2009 Jan; 117(1): 105–111.



Associations between UFP and Heart 
Rate Variability Are Modified by 
Beta-Blocker Use in Patients with 
Coronary Heart Disease

Fossati et al ISEE 2011



Arterial plaques in mice after exposure to New York PM (Sun 
et al, JAMA Dec 2005)



Ultrafine particles (UFP) promote early atherosclerosis (Araujo, 2008)



Diesel exhaust exposure chamber

Mills et al, New England Journal of Medicine, 2007 (13.Sept)
Slide courtesy of 
Prof. Jordi Sunyer



1 hour diesel exposure in a chamber in 20 IAM survivors 
(Mills et al, N Engl J Med 2007)

Slide courtesy of 
Prof. Jordi Sunyer



Estimated Percentage Changea in MiRNAs for 
an Interquartile Range Increase in the Selected 

Exposure Window for Each Air Pollutant b
(n = 153, Except n=132 for Organic Carbon)

Immune Response Related GeneGo Pathway Enriched in Target Genes of 5/8 miRNAs   HMGB1/RAGE signaling pathway



Adapted from Rajagopalan JACC 2018;72(17):2954-70
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A life course model, created by Nancy Hepp and Tom Austin from Berkman et al 2000; Hardy R, Lawlor DA, Kuh D. Future
Cardiology. 2015;11(1):101-13; Aboderin I, et al 2001; WHO. 2002; Halfon N, et al. Maternal and Child Health Journal. 2014 
Feb;18(2):344-65; Hanson MA, et al. Journal of Physiology. 2016 Apr 15;594(8):2147-60.





Exposure groups

Built environment
Surrounding natural spaces

Meteorology

Ultraviolet (UV)
Outdoor air pollution
Traffic

Road traffic noise
Indoor air pollution
Tobacco smoking
Organochlorine compounds (OCs)
Polybrominated diphenyl ether (PBDEs)
Perfluoroalkyl substances (PFASs)
Metals and elements
Phthalate metabolites
Phenols
Organophosphate (OP) pesticide metabolites
Water disinfection byproducts (DBPs)Vrijheid et al. 2014



To wrap up

• Air pollution causes 3.3 milion premature cardiovascular deaths a 
year they can be prevent!!

• Main source traffic (diesel for UFP and PM2.5)
• Its cardiometabolic effects start as early as in childhood
• Prevention strategies can be at different levels (individual and 

societal/governamental)
• Medical doctors can act as a lobby to reduce air pollution



Thanks!

serena.fossati@isglobal.org


