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Boston, MA

www.hazecam.net

Estimated PM10 Levels in
Large Cities

Cohen et al. GBD 2002
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Annual Mortality Attributable to 
Outdoor Air Pollution

Cohen et al. 2005

Ezzati et al.
Lancet 2002
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Estimated Annual Global Deaths 
Attributable to Outdoor Air Pollution

Anenberg et al. EHP 2010

Estimated Annual Excess Cardiopulmonary 
Mortality Rate Attributable to PM2.5

Anenberg et al.
EHP 2010
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Cause of death
Percent of total 

deaths

Estimated RR

per 50 µg/m3

increase in PM2.5

Percent of excess 
deaths due to  PM 

exposure

All Causes 100 1.07 100

Respiratory 8 1.25 28

Cardiovascular 45 1.11 69

Other 47 1.04 3

What Are People Dying Of?

Pope EHP 2000

Cardiovascular Effects of Short‐
Term Exposure
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The Problem

Dominici et al. AJE 2003
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Samet et al. NEJM 2000

PM10 and All‐Cause Mortality in 20 US Cities
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NMMAPS: Percent Change in Daily 
Mortality for a 10‐ppb Increase in O3

Bell et al. JAMA. 2004

Medicare Cohort Air Pollution Study 
(MCAPS), 1999–2002

Dominici et al. JAMA. 2006
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Dominici et al. JAMA. 2006

Percent Increase in CVD Hospital Admissions 
per 10 µg/m3 Increase in PM2.5

Bell et al. AJRCCM. 2009
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Percent Increase in CVD Hospital Admissions 
per IQR Increase in Each Component

Bell et al. AJRCCM. 2009

www.airnow.gov
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Air Quality Index for PM2.5

www.airnow.gov

AQI and Risk of Ischemic Stroke Onset
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Wellenius et al. Arch Intern Med 2012
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Nawrot et al. Lancet. 2011

Cardiovascular Effects of Long‐
Term Exposure
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Harvard Six‐Cities Study

• 8111 adults in 6 cities 
recruited between 
1974 and 1977

• 14‐16 year follow‐up 
for mortality

Dockery NEJM 1993

Women’s Health Initiative

• 65,000 women 
recruited from 49 
centers in 36 US 
Metropolitan areas 
between 1994 and 1998

• Followed prospectively 
through 2002

• Exposure estimated 
based on average PM2.5

levels in 2000 at nearest 
EPA monitor
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Women’s Health Initiative

Miller et al. NEJM. 2007

Nurses’ Health Study

Yanosky et al. Env Health Perspect. 2008
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Nurses’ Health Study

Puett et al. Env Health Perspect. 2009

Combining Ground and Satellite Data

Lee et al. Environ Res. 2012
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Combining Ground and Satellite Data

Lee et al. Environ Res. 2012

Kloog et al. PLoS One. 2012
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Kloog et al. PLoS One. 2012

Acute effects
– Clinical events

– Autonomic nervous 
system function

– Hemodynamics

– Inflammation

– Oxidative stress

– Hemostasis

– Endothelial cell function

Cardiovascular Health Effects of 
Particulate Air Pollution

Chronic effects
– Clinical events

– Atherosclerosis

– Hemodynamics

– Oxidative stress

– Inflammation
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Connection to Policy

Summary of NAAQS Promulgated for PM, 1971‐2006
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Connection to Policy



8/1/2012

20

Open Research Questions

• Who is most susceptible to these effects?

• Other health effects?

• What are the key components or sources of 
PM2.5 that elicit these effects?

• Interactions with other pollutants?

• Interactions with meteorological factors?

• Interactions with population/housing 
characteristics?

• Many more….

Summary

• Ambient PM2.5 is associated with a wide range 
of adverse cardiovascular health effects

• Many important research questions remain 
unanswered

• This research has direct relevance to public 
policy and public health

• EPA’s ambient air quality data has been (and 
will continue to be) central to health effects 
research
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Thank You!


