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•Sistema 
scolastico

•Sistema sanitario

•Servizi sociali

•Trasporti

•Attività ricreative

•Alimentazione

•Attività fisica

•Fumo

•Alcool

•Attività sessuale

•Farmaci

•Clima
Ozono,radiazioni ultraviolette

•Luogo di vita
Abitazione, trasporti,traffico,
attività lavorative, 

rumore, 
radiazioni fisiche,
Onde elettromagnetiche

•Aria
Biossido di azoto, 
particolato,
anidride solforosa,
Inquinanti organici,

e inorganici,….

•Acqua e alimenti
Metalli pesanti,
pesticidi, disinfettanti,

Inquinanti organici,
Diossine,…..

•Povertà

•Occupazione

•Esclusione

•Ambiente socio-
culturale

•Patrimonio 
genetico

•Sesso

•Età

Accesso ai 
servizi

Stile di vitaAmbientaliSocio economiciIndividuali
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Causa principale delle patologie cardiovascolari da 
inquinamento sembra essere il particolato ultrafine 
(le cosiddette nanoparticelle) derivante dai processi 
di combustione (in primo luogo da traffico 
veicolare), che funge anche da carrier per 
materiale organico e metalli pesanti.

Brook RD Clin Sci (Lond) 115: 175–187 (2008) 
Simkhovich BZ et al. J Am Coll Cardiol 25: 719–726 (2008) 
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Many of the individual components of atmospheric PM are not
especially toxic at ambient levels and some major 
constituents, such as sodium chloride, are harmless. 

By contrast, combustion-derived nanoparticles carry soluble
organic compounds, polycyclic aromatic hydrocarbons, and 
oxidized transition metals on their surface and can generate 
oxidative stress and inflammation.

Scheepers PT and Bos RP Int Arch Occup Environ Health 64: 163–177 (1992) 

Donaldson K et al. Part Fibre Toxicol 2: 10 (2005) 



(A) Average change in heart rate and ST-
segment in lead II. 

(B) Maximal ST-segment depression (P = 
0.003, diesel exhaust versus filtered 
air). 

(C) total ischemic burden (P <0.001, diesel 
exhaust versus filtered air) as an 
average of leads II, V2, and V5. 

Mills NL et al. N Engl J Med . 357:1075-1082 (2007)
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• Particolato (PM)*
• NO2

• Ozono
• SO2

• Composti Organici Volatili (VOC)**
• Metalli pesanti

**idrocarburi contenenti carbonio ed idrogeno come unici elementi (alcheni e composti aromatici) sia composti contenenti ossigeno, cloro o

altri elementi tra il carbonio e l'idrogeno, come aldeidi, eteri, alcool, esteri, clorofluorocarburi (CFC) ed idroclorofluorocarburi (HCFC). 

*ritenuto (anche da ONU e WHO) come la componente più pericolosa.

Miller KA et al. N Engl J Med 356: 447–458  (2007) 
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Typical background concentrations of PM10 in North America or Western Europe

are between 20 and 50 � g/m3; these concentrations increase to between 100 

and 250 � g/m3 in industrialized areas and in the developing world.
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The WHO estimates that air pollution is responsable for
3 million premature deaths each year.
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1.4

2.1

1.3

PM10**

14Mortalità per cancro al 
polmone

0.7Ricoveri ospedalieri

Pazienti over 65 anni

120.9Mortalità per patologie 
cardiovascolari

1.3Mortalità per patologie 
respiratorie

60.6Mortalità generica

PM2.5***PM10*Effetti

*Anderson HR WHO Regional Office for Europe 2004

**MISA Meta Analisi Italiana su otto grandi città italiane 

*** Pope A.C., Journal American Association 2002 

*** Pope Circulation 2004
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RBC   8.0 µm

PM2.5 2.5 µm

Nanoparticle 0.1 µm
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AM, alveolar macrophages; 
PM, particulate matter;  
TB, the alveolar-duct–terminal bronchiolar region.

Mills NL et al. Nat Clin Pract Cardiovasc Med doi:10.1038/ncpcardio1399. adapted from Lehnert BE (1992) Environ Health Perspect 97: 17–46 
(2008)
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Mills NL et al. Nat Clin Pract Cardiovasc Med doi:10.1038/ncpcardio1399 (2008)
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Pulmonary inflammation has been demonstrated after inhalation of both
concentrated ambient PM and dilute diesel exhaust. Such exposures led
to elevated plasma concentrations of cytokines such as interleukin (IL)
1� , IL-6, and granulocyte–macrophage colony-stimulating factor.

Increases of systemic inflammation have been reported after exposure to PM. In 
animal studies, plasma fibrinogen concentrations are raised in both normal and 
hypertensive rats exposed to PM.25 In panel and population studies, exposure has
been associated with evidence of an acute phase response, namely increased
serum C-reactive protein and plasma fibrinogen concentrations, enhanced plasma 
viscosity, and altered leukocyte expression of adhesion molecules.

van Eeden SF et al. Am J Respir Crit Care Med 164: 826–830 (2001) 
Ghio AJ et al. Am J Respir Crit Care Med 162: 981–988 (2000) 

Cassee FR et al. J Toxicol Environ Health A 68: 773–796 (2005) 
Peters A et al. MONICA-Augsburg Study. Eur Heart J 22: 1198–1204 (2001) 
Frampton MW et al. Environ Health Perspect 114: 51–58 (2006) 
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Translocation of inhaled nanoparticles across the alveolar–
blood barrier has been demonstrated in animal studies.

Convincing demonstration of translocation has been difficult to
achieve in humans; however, such particle translocation
seems plausible—either as a naked particle or after 
ingestion by alveolar macrophages.

Kreyling WG et al. J Toxicol Environ Health A 65: 1513–1530 (2002)
Mills NL et al. Am J Respir Crit Care Med 173: 426–431 (2006) 
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Mills NL et al. Nat Clin Pract Cardiovasc Med doi:10.1038/ncpcardio1399 (2008)

Brook RD et al. Circulation 109: 2655–2671 (2004) 



Nanoparticles could interact with the vascular endothelium or have direct effects on 
atherosclerotic plaques and cause local oxidative stress and proinflammatory effects
similar to those seen in the lungs. Increased inflammation could destabilize coronary
plaques, which might result in rupture, thrombosis, and acute coronary syndrome.
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Association between

inhaled PM and adverse

cardiovascular outcomes

might be explained by the 

effect of PM exposure on 

the autonomic control of 

heart rate and rhythm.

Liao D et al. Environ Health Perspect 107: 521–525 (1999) 
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PM 10

PM 2,5
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This review presents the epidemiological evidence linking 

air pollution to overall mortality, cardiovascular mortality 

and myocardial infarction.

VERMYLEN J. et al. J Thromb and Haemostas, 3: 1955–1961(2005) 

Ambient air pollution and acute 
myocardial infarction
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the time spent in cars, on public transport, or on 

motorcycles or bicycles was consistently linked to the 

onset of symptoms

Peters A et al. N Engl J Med 351: 1721–1730 (2004) 

Exposure to traffic and the onset of 
myocardial infarction

691 patients with acute myocardial infarction



Hoffmann B et al. Circulation 116: 489–496 (2007) 

Residential exposure to traffic is associated

with coronary atherosclerosis.

4,494 individuals living in close proximity to a major urban road 

Increased coronary artery calcium scores (a marker 

of coronary atherosclerosis) by 60%.
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Residential Exposure to Traffic-Related Air 
Pollution and Survival After Heart Failure

Medina-Ramon M. et Al.Environmental Health Perspectives. 116(4):481-485. (2008)

A total of 1,389 patients hospitalized with acute HF 

Residential exposure to traffic-related air 

pollution increases the mortality risk after 

hospitalization with acute HF. Reducing

exposure to traffic-related emissions may

improve the long-term prognosis of HF patients. 



�	���	���	����������

Associations of Fine and Ultrafine

Particulate Air Pollution With 
Stroke Mortality in an Area of 

Low Air Pollution Levels

Jaana Kettunen et al. Stroke 2007;38;918-922

We therefore evaluated the effects of several particle measures including, 
for the first time to our knowledge, ultrafine particles (<0.1 µm) on stroke.

…PM2.5, but also ultrafine particles and carbon monoxid e, are 
associated with increased risk of fatal stroke…
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Long-Term Exposure to Air Pollution and 
Incidence of Cardiovascular Events in Women

• 65,893 postmenopausal women without a history of cardiovascular disease;   
36 U.S. metropolitan areas from 1994 to 1998

High levels of particulate pollution increases the risk of 
dying from heart disease or stroke , having a heart attack 
or stroke , or requiring a bypass . Efforts to reduce such 
pollution could improve the health of the populatio n.

Miller KA et al. N Engl J Med 356: 447–458 (2007) 



L’associazione tra inquinamento aereo e malattie 
cardiovascolari è solidamente dimostrata.

Non sono ancora del tutto chiari i meccanismi 
patogenetici che sottendono tale associazione.

Esiste una chiara evidenza del ruolo preminente 
che in questo campo gioca il particolato fine e 
ultrafine derivante dai processi di combustione.
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• il miglioramento degli standard della qualità
dell’aria; 

• la riduzione dell’esposizione; 
• la reingegnerizzazione dei motori degli 

autoveicoli.

Una diminuzione della morbilità e della mortalità
per cause cardiovascolari può essere conseguita 
attraverso:
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Exposure to air pollution could worsen symptoms of angina, 

exacerbate exerciseinduced myocardial ischemia, and trigger acute 

myocardial infarction. Many of these effects could be mediated

through direct effects on the vasculature (reduced nitric oxide

bioavailability secondary to oxidative stress has been postulated as

one potential mechanism).

Mills NL et al. Nat Clin Pract Cardiovasc Med 1:36-44 (2009)

Mills NL et al. Circulation 112: 3930–3936 (2005) 

Abnormalities of vascular function are not only restricted to vasomotion. 

The acute release of tissue plasminogen activator, a key regulator of 

endogenous fibrinolytic capacity, was reduced after diesel exhaust

inhalation.
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ACUTI

• Aritmie
• Angina
• IMA
• Insufficienza 

cardiaca
• Ictus

CRONICI

• Riduzione 
dell’aspettativa di 
vita da malattia 
coronarica

Peters A et al. Circulation 103: 2810–2815 (2001) 

Mann JK et al. Environ Health Perspect 110: 1247–1252 (2002) 
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Nelle giornate più inquinate, il rischio di infarto aumenta del 5%.

G.Di Pasquale 37°Congresso Anmco. Firenze 2006.


