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Pollution and the Cardiovascular System 
 

*The signature physiologic consequence of air pollution is the same as cigarette 
smoke: a low grade arterial inflammation, arteriolar narrowing, and vascular 
prothrombotic changes.  As with cigarette smoke the effect can be almost 
immediate and chronic exposure to even low concentrations of pollution are 
associated with significant arteriolar narrowing. 
 
*Air pollution causes average blood pressure to increase within minutes.  All 
organs are affected. 
 
*Rates of heart attacks and strokes increase with air pollution and are the primary 
cause for increased community mortality rates.  Those rates increase within 
hours after exposure and stay elevated for as long as 30 days after the exposure 
has ended. 
 
*Particulate pollution concentrations typical of the Wasatch Front increase 
mortality rates about 10% according to the formula recommended by the 
American Heart Association published in May, 2010.   That means between 1,000 
and 2,000 Utahns die prematurely every year due to our air pollution. 
 
*Mortality plotted against air pollution concentrations shows no safe threshold, 
even at low levels, well below EPA national ambient air quality standards 
(NAAQS).  Furthermore this curve is not linear.  The steepest part of the curve is 
at low doses, i.e. small air pollution reductions have even greater public health 
benefit when the concentrations are already low.  A Dutch study demonstrated 
risks for cardiopulmonary mortality even at what are considered ‘background’ 
levels of particulate pollution. 
 

########################### 
 
1.  Brook R, Rajagopalan S, Pope CA, Brook J, Bhatnagar A, et al.  AHA Scientific 
Statement: Particulate Matter Air Pollution and Cardiovascular Disease; An Update to 
the Scientific Statement From the American Heart Association.  Circulation. 
2010;121:2331-2378. 
 
2.  Peters, A,  and Pope, CA  III Editorial, Lancet. Vol 360, Oct 19, 2002  
 



3.  Pope CA III, Muhlestein JB, May HT et al. Ischemic Heart Disease Events Triggered 
by Short-term Exposure to Fine Particulate Air Pollution.  Circulation 2006, 
114:2443-2448. 
 
4.  Dockery DW, Stone PH. Cardiovascular Risks from Fine Particulate Air 
Pollution.  NEJM 2007; 356:511-513 
 
5.  Miller KA, Siscovick DS, Sheppard L et al. Long-term Exposure to Air Pollution and 
Incidence of Cardiovascular Events in Women. NEJM 2007; 356:447-458. 
 
6. Peters, A. Air Quality and Cardiovascular Health: Smoke and Pollution Matter. 
Circulation. 2009: 120:924-927 
 
7. Bruce Urch, Frances Silverman, Paul Corey, Jeffrey R. Brook, Karl Z. Lukic, Sanjay 
Rajagopalan, and Robert D. Brook.  Environ Health Perspect. 2005 August; 113(8): 
1052–1055.Acute Blood Pressure Responses in Healthy Adults During Controlled Air 
Pollution Exposures 
 
8. Peters A, von Klot S, Heier M, et al.  Exposure to Traffic and the Onset of Myocardial 
Infarction.  NEJM Vol. 351:1721-1730. 
 
9.  Shang-Shyue Tsai, William B. Goggins, Hui-Fen Chiu, and Chun-Yuh Yang 
Evidence for an Association Between Air Pollution and Daily Stroke Admissions in 
Kaohsiung, Taiwan.  Stroke 2003;34:2612-2616 
 
10. Eugenia E. Calle and Michael J. Thun C. Arden Pope, III, Richard T. Burnett, Daniel 
Krewski, Michael Jerrett, Yuanli Shi. Circulation. 2009;120:941-948.  Cardiovascular 
Mortality and Exposure to Airbourne Fine Particulate Matter and Cigarette Smoke.   
 
11.  Hoffman B.  Presentation, American Thoracic Society (2010, May 17) Higher blood 
pressure found in people living in urban areas. 
 
12.  Kunzil N, Jerrett M,  Garcia-Esteban, R, et al.  Ambient Air Pollution and the 
Progression of Atherosclerosis in Adults.  PloS ONE, 2010; 2010; 5 (2): e9096 DOI: 
10.1371/journal.pone.0009096 
 
13.  Pope, CA III, Ezzate, M., Dockery, D. Fine-Particulate Air Pollution and Life 
Expectancy in the United States.  NEJM. Vol. 360:376-386 Jan. 22, 2009 Num. 4. 
 
14.  Baccarelli A, Martinelli A, Zanobetti A, et al.  Exposure to particulate air pollution 
and risk of deep vein thrombosis.  Arch Intern Med. 2008; 168:920-927 
 
15.  Jacobs L, Emmerechts J, Mathieu C, Hoylaerts MF, Fierens F, Hoet PH, Nemery 
B, Nawrot TS.  Air pollution related prothrombotic changes in persons with diabetes. 
Environ Health Perspect. 2010 Feb;118(2):191-6. 
 



16.  Adar SD, Klein R, Klein BE, Szpiro AA, Cotch MF, Wong TY, O'Neill MS, Shrager 
S, Barr RG, Siscovick DS, Daviglus ML, Sampson PD, Kaufman JD.  Air Pollution and 
the Microvasculature: A Cross-Sectional Assessment of In Vivo Retinal Images in the 
Population-Based Multi-Ethnic Study of Atherosclerosis (MESA).  PLoS Med. 2010 Nov 
30;7(11):e1000372 
 
17.  Koehoorn M, Davies Gan WQHW, Demers PA, Tamburic L, Brauer M.  
Long-Term Exposure to Traffic-Related Air Pollution and the Risk of Coronary Heart 
Disease Hospitalization and Mortality.  Environ Health Perspect. 2010 Nov 16. [Epub 
ahead of print] 
 
18.  Bauer M, Moebus S, Möhlenkamp S, Dragano N, Nonnemacher M, Fuchsluger M, 
Kessler C, Jakobs H, Memmesheimer M, Erbel R, Jöckel KH, Hoffmann B; HNR Study 
Investigative Group.  Urban Particulate Matter Air Pollution Is Associated With 
Subclinical Atherosclerosis Results From the HNR (Heinz Nixdorf Recall) Study.  J Am 
Coll Cardiol. 2010 Nov 23;56(22):1803-1808. 
 
19.  Silverman RA, Ito K, Freese J, Kaufman BJ, De Claro D, Braun J, Prezant DJ. 
Association of Ambient Fine Particles With Out-of-Hospital Cardiac Arrests in New York 
City.  Am J Epidemiol. 2010 Aug 20. [Epub ahead of print] 
 
20.  American College of Cardiology (2008, August 14). Air Pollution Damages More 
Than Lungs: Heart And Blood Vessels Suffer Too. 
 
21.  Katariina Kallio, MD, PhD; Eero Jokinen, MD, PhD; Maiju Saarinen, MSSc; Mauri 
Hämäläinen, PhD; Iina Volanen, MD, PhD; Tuuli Kaitosaari, MD, PhD; Tapani 
Rönnemaa, MD, PhD; Jorma Viikari, MD, PhD; Olli T. Raitakari, MD, PhD and Olli 
Simell, MD, PhD  Arterial Intima-Media Thickness, Endothelial Function, and 
Apolipoproteins in Adolescents Frequently Exposed to Tobacco Smoke.  Circulation: 
Cardiovascular Quality and Outcomes. 2010.  Published online before print March 2, 
2010, doi: 10.1161/CIRCOUTCOMES.109.857771 
 
22.  Federation of American Societies for Experimental Biology (2010, April 28). Mexico 
City air pollution adversely affects the hearts of young people. ScienceDaily. Retrieved 
April 29, 2010, from http://www.sciencedaily.com 
/releases/2010/04/100428153256.htm 
 
American Heart Association (2010, July 22). Smog might trigger cell death in the heart, 
study finds. ScienceDaily. Retrieved June 25,  
 
23.  Delfino RJ, Tjoa T, Gillen DL, Staimer N, Polidori A, Arhami M, Jamner L, Sioutas 
C, Longhurst J.  Traffic-related air pollution and blood pressure in elderly subjects with 
coronary artery disease.  Epidemiology. 2010 May;21(3):396-404. 
 
24. Urch B, Silverman F, Corey P, Brook J, Lukic K,  Rajagopalan S, Brook R.  Acute 
Blood Pressure Responses in Healthy Adults During Controlled Air Pollution Exposures.  



Environ Health Perspect. 2005 August; 113(8): 1052–1055. 
 
25.  Ruckerl, R. et al. (2007) Air pollution and inflammation (interleukin-6, C-reactive 
protein, fibrinogen) in myocardial infarction survivors. Environ. Health Perspect. 115, 
1072–1080.  
 
26.  Pham, H, AC Bonham, KE Pinkerton and CY Chen. 2009. Central neuroplasticity 
and decreased heart rate variability following particulate matter exposure in mice. 
Environmental Health Perspectives doi: 10.1289/ehp.0900674. 
 
27.  Alexeeff SE, Coull BA, Gryparis A, Suh H, Sparrow D, Vokonas PS, Schwartz J. 
Medium-Term Exposure to Traffic-Related Air Pollution and Markers of Inflammation 
and Endothelial Function.  Environ Health Perspect. 2011 Feb 24. [Epub ahead of print] 
 
28.  Nawrot TS, et al.  Heart attacks: Public health importance of triggers of myocardial 
infaction: a comparative risk assessment. The Lancet, Vol. 377, February 26, 2011, p. 
732. DOI: 10.1016/S0140-6736(10)62296-9 
 
29.  Davoodi G, Sharif AY, Kazemisaeid A, Sadeghian S, Farahani AV, Sheikhvatan M, 
Pashang M.  Comparison of heart rate variability and cardiac arrhythmias in polluted 
and clean air episodes in healthy individuals. 
Environ Health Prev Med. 2010 Jul;15(4):217-21. Epub 2010 Jan 22. 
 
30.  Bai N, Kido T, Suzuki H, Yang G, Kavanagh TJ, Kaufman JD, Rosenfeld ME, van 
Breemen C, Eeden SF.  Changes in atherosclerotic plaques induced by inhalation of 
diesel exhaust.  Atherosclerosis. 2011 Mar 2. [Epub ahead of print] 
 
31.  Kampfrath T,  Maiseyeu A,  Ying Z,  Shah Z,  Deiuliis JA, et al. Chronic Fine 
Particulate Matter Exposure Induces Systemic Vascular Dysfunction via NADPH 
Oxidase and TLR4 Pathways. Circulation Research, 2011; 108 (6): 716 DOI: 
10.1161/CIRCRESAHA.110.237560 
 
32.  Harrison CM, Pompilius M, Pinkerton KE, Ballinger SW 2011. Mitochondrial 
Oxidative Stress Significantly Influences Atherogenic Risk and Cytokine-Induced 
Oxidant Production. Environ Health Perspect 119:676-681. doi:10.1289/ehp.1002857 
 
33.  Brook RD, Shin HH, Bard RL, Burnett RT, Vette A, Croghan C, et al. 2011. 
Exploration of the Rapid Effects of Personal Fine Particulate Matter Exposure on 
Arterial Hemodynamics and Vascular Function during the Same Day. Environ Health 
Perspect 119:688-694. doi:10.1289/ehp.1002107 
 
34.  Sérgio Chiarelli P, Amador Pereira LA, Nascimento Saldiva PH, Ferreira Filho C, 
Bueno Garcia ML, Ferreira Braga AL, Conceição Martins L.  The association between 
air pollution and blood pressure in traffic controllers in Santo André, São Paulo, Brazil.  
Environ Res. 2011 May 11. [Epub ahead of print] 
 



35.  Chiusolo M, Cadum E, Stafoggia M, Galassi C, Berti G, Faustini A, Bisanti L, 
Vigotti MA, Dessì MP, Cernigliaro A, Mallone S, Pacelli B, Minerba S, Simonato L, 
Forastiere F.  Short Term Effects of Nitrogen Dioxide on Mortality and Susceptibility 
Factors in Ten Italian Cities: the EpiAir Study.  Environ Health Perspect. 2011 May 17. 
[Epub ahead of print] 
 
36. Domínguez-Rodríguez A, Abreu-Afonso J, Rodríguez S, Juárez-Prera RA, 
Arroyo-Ucar E, Jiménez-Sosa A, González Y, Abreu-González P, Avanzas P.  
Comparative Study of Ambient Air Particles in Patients Hospitalized for Heart Failure 
and Acute Coronary Syndrome. 
 
37. Brook RD, Shin HH, Bard RL, Burnett RT, Vette A, Croghan C, Thornburg J, Rodes 
C, Williams R.  Exploration of the rapid effects of personal fine particulate matter 
exposure on arterial hemodynamics and vascular function during the same day. Environ 
Health Perspect. 2011 May;119(5):688-94.   
 
38.  Mallone S, Stafoggia M, Faustini A, Gobbi GP, Marconi A, Forastiere F 2011. 
Saharan Dust and Associations between Particulate Matter and Daily Mortality in Rome, 
Italy. Environ Health Perspect.  doi:10.1289/ehp.1003026 
 
39.  Nuvolone D, Balzi D,  Chini M,  Scala D , Giovannini F, and Barchielli A .  
Short-Term Association Between Ambient Air Pollution and Risk of Hospitalization for 
Acute Myocardial Infarction: Results of the Cardiovascular Risk and Air Pollution in 
Tuscany (RISCAT) Study.  American Journal of Epidemiology Volume174, Issue1Pp. 
63-71. 
 
40.  Williams R, Brook R, Bard R, Conner T, Shin H, Burnett R.  Impact of personal 
and ambient-level exposures to nitrogen dioxide and particulate matter on 
cardiovascular function.  Int J Environ Health Res. 2011 Jun 28. [Epub ahead of print]   
 
41. Mills NL, Miller MR, Lucking AJ, Beveridge J, Flint L, Boere AJ, Fokkens PH, Boon 
NA, Sandstrom T, Blomberg A, Duffin R, Donaldson K, Hadoke PW, Cassee FR, Newby 
DE.  Combustion-derived nanoparticulate induces the adverse vascular effects of 
diesel exhaust inhalation. European Heart Journal, July 13, 2011 
DOI:10.1093/eurheartj/ehr195 
 
42.  Fattore E, Paiano V, Borgini A, Tittarelli A, Bertoldi M, Crosignani P, Fanelli R.  
Human health risk in relation to air quality in two municipalities in an industrialized area 
of Northern Italy.  Environ Res. 2011 Jul 15. [Epub ahead of print] 
 
43.  Meyer G, Boissiere J, Tanguy S, Rugale C, Gayrard S, Jover B, Obert P, Reboul 
C.  Carbon Monoxide Pollution Impairs Myocardial Perfusion Reserve: Implication of 
Coronary Endothelial Dysfunction.  Cardiovasc Toxicol. 2011 Jul 27. [Epub ahead of 
print]. 
 
44.  Ayotte, P, A Carrier, N Ouellet, V Boiteau, B Abdous, EAL Sidi, ML Château-Degat 



and E Dewailly. 2011. Relation between methylmercury exposure and plasma 
paraoxonase activity in Inuit adults from Nunavik.  Environmental Health Perspectives 
http://dx.doi.org/10.1289/ehp.1003296. 
  
 
 
 
 
 

 
Pollution and the Brain 

 
*  The systemic inflammation caused by air pollution also affects the brain 
 
* Air pollution components reach the brain and can penetrate deeply into the 
parenchyma 
 
* Many of the compounds adsorbed to particulate matter are neurotoxic 
 
* Air pollution causes CNS oxidative stress, neuroinflammation, neuronal 
damage, cortical stress measured by EEG, enhancement of Alzheimer 
type-abnormal filamentous proteins, BBB changes, and cerebrovascular 
damage.  Many of these changes can be found in children and young adults. 
 
* Greater air pollution exposure is associated with lower intelligence and poorer 
motor function in children, decreased cognition in adults, higher rates of strokes, 
multiple sclerosis, autism, Parkinson's and other neurodegenerative diseases. 
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Pollution and  Chromosomal/Fetal Development 

 
* Pregnant women exposed to more air pollution give birth to babies with 
significantly more chromosomal aberrations and epigenetic changes which can 
be passed on to multiple subsequent generations. 
  
* Exposure even to brief episodes of pollution at critical stages in the 
development of the human embryo can cause a person to experience an 
increased likelihood of multiple chronic diseases including those of the heart, 
lungs, immune system and brain and even obesity, diabetes and cancer. 
 
* Air pollution breathed by a pregnant mother causes epigenetic changes in the 
womb, which is associated with higher rates of asthma and decreased lung 
function in those children 5 years later. 
 
* Exposure to intermittent air pollution is associated with sperm DNA damage and 
consequent increase in the rates of male infertility, miscarriages and other 



adverse reproductive outcomes. 
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Pollution and the Lung 



 
* Air pollution permanently inhibits lung growth in children. 
 
*  Brief exposure to ozone and particulate matter reduce lung function even in 
young healthy adults and the reduction can last for a week after the pollution 
exposure is over.  
 
* Air pollution causes lung cancer. 
 
*  Long term ozone exposure causes an increase in overall mortality in addition 
to that from particulate matter.  Most of the mortality is respiratory.  
 
* Air pollution exacerbates virtually all pulmonary diseases and likely plays a 
causative role in reactive airways disease. 
 
* Air pollution is associated with increased rates of hospitalization and death 
from respiratory diseases from neonates to the elderly 
 
*  The correlation between the above health outcomes and ozone  are still found 
at concentrations between one half and one third the current EPA  NAAQS 
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Pollution and Birth Outcomes 
 
* Air pollution causes morphologic changes in the placenta, inhibiting blood 
transfer to the fetus 
 
* Pregnant women exposed to more air pollution have multiple adverse 
pregnancy outcomes including pre-eclampsia, intrauterine growth retardation, 
premature births, low birth wt. syndrome and neonates with smaller head 
circumference 
 
*Air pollution is associated with higher rates of birth defects including neural 
tube and cardiac birth defects 
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Miscellaneous Health Consequences 
 
*Air pollution is associated with higher rates of breast cancer,  lung cancer, 
childhood leukemia, diabetes, immune suppression, bacterial infections, lupus, 
juvenile arthritis, infant mortality, sleep apnea, and suicide 
 
*Air pollution causes systemic oxidative stress, cytotoxicity, and penetrates 
intracellular structures 
 
* Air pollution accelerates the aging process and shortens the lengths of 
telomeres 
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