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•Stroke is the third largest cause of death and a major 
cause of disability in the United States.

•700,000 new or recurrent cases of stroke occur 
annually.

•Health care expenditures over $30 billion annually in 
direct costs, and $21 billion in lost productivity.

•Because of long term disability, the true cost of stroke 
due to diminished productivity and reduced quality of 
life among disabled survivors of stroke and their 
caregivers is likely even greater.

Scope of the Problem
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Stroke Pathophysiologic Causes

• Ischemic – A blood vessel gets blocked (80%)

• Hemorrhagic – A blood vessel bursts (15%)

• Subarachnoid hemorrhage and others (5%)

Warlow, Lancet 2003

Stroke is Not a Single Entity

Small vessel Infarct

Large vessel Atherothrombotic
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Stroke Types and Subtypes

Warlow, Lancet 2003

Triggering of Stroke

• Large‐vessel (atherothrombotic), and some 
small vessel (lacunar) strokes, may result from 
acute hemodynamic changes that disrupt 
vulnerable atherosclerotic plaques. 

• Transient hemodynamic changes may trigger 
cardioembolic strokes by dislodging 
preformed thrombi.
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Putative Mechanisms for
Cerebrovascular Events

Adapted from: Brook et al. Circulation, 2004

Long‐term Exposure:
Chronic Effects
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Stroke 2003

Stroke Mortality and Hospital Admissions:
Sheffield, UK

Maheswaran et al. Stroke 2005



7/20/2012

6

NEJM 2007

PM2.5 and the Risk of Stroke:
Health Professionals Follow‐up Study

Total CVD
(1,661 events)

Ischemic Stroke
(230 events)

Hemorrhagic Stroke
(70 events)

Basic Model 0.99 (0.90, 1.10) 0.74 (0.56, 0.96) 1.33 (0.86, 2.06)

Full Model 0.99 (0.90, 1.10) 0.76 (0.58, 0.99) 1.35 (0.87, 2.09)

Puett et al. EHP 2011
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Andersen et al. Stroke 2012

Stroke and Long-term Exposure to NO2 
Danish Diet, Cancer and Health Cohort

Short‐term Exposure:
Acute Effects
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Association Between Air Pollution and
Daily Stroke Admissions in Kaohsiung, Taiwan

Tsai et al. Stroke 2003

Percent change in hospitalization risk for an IQR 
increase in Same‐Day PM10 levels

Ischemic Stroke
(n=155,503)

Hemorrhagic Stroke
(n=19,314)

Wellenius et al. Stroke 2005
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Percent change in hospitalization risk for a 10 µg/m3

increase in PM2.5 in 204 US counties.

Dominici et al. 
JAMA 2006

Dijon Stroke Register

• Identified 1487 patients hospitalized for 
ischemic stroke and 220 patients for 
hemorrhagic stroke

• Found an association between O3 and 
ischemic stroke

• Found no association between SO2, NOx, CO, 
or PM10 and either ischemic or hemorrhagic 
stroke

Henrotin et al. Occup Environ Med 2007
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Brain Attack Surveillance in Corpus Christi
(BASIC) Project

Lisabeth et al. Ann Neurol 2008

Days before Hospitalization

O’Donnell  et al. Epidemiology 2011

Fine Particulate Air Pollution (PM2.5) and
Risk of Acute Ischemic Stroke: 

Registry of the Canadian Stroke Network, Ontario Canada
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Common Limitations of Existing 
Acute Effects Studies

• Outcome Misclassification

– Low specificity

– Moderate sensitivity

• Exposure Misclassification

– Time of event onset

– Spatial misalignment

• Subjects hospitalized 
with confirmed 
acute ischemic 
stroke

• N=1705

• 89% lived within 20 
km

[_

Boston APRAISE Study
(Air Pollution and Risk of Acute Ischemic StrokE)
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Wellenius et al. Arch Intern Med 2012

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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PM2.5 and Risk of Ischemic Stroke Onset

Wellenius et al. Arch Intern Med 2012

PM2.5 and Risk of Ischemic Stroke Onset

Wellenius et al. Arch Intern Med 2012
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Association with Other Pollutants

Wellenius et al. Arch Intern Med 2012

Subgroup OR (95% CI) Ph

Presumed Stroke Etiology Large Artery 1.24 (1.04 ,1.48) 0.19

Small Vessel 1.19 (1.02 ,1.37)

Cardioembolic 1.09 (0.93 ,1.27)

Other/Undetermined 0.99 (0.85 ,1.15)

History of Diabetes Yes 1.10 (1.00 ,1.21) 0.67

No 1.14 (0.99 ,1.32)

History of Atrial Fibrillation Yes 1.11 (1.02 ,1.22) 0.92

No 1.13 (0.96 ,1.32)

History of Hypertension Yes 1.10 (0.96 ,1.27) 0.86

No 1.12 (1.02 ,1.23)

History of Stroke Yes 1.12 (1.02 ,1.23) 0.80

No 1.09 (0.95 ,1.26)

Subgroup Analyses

Wellenius et al. Arch Intern Med 2012
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Public Health Impact

• We found an 11% excess relative risk of stroke 
onset comparing a typical “polluted” day to a 
typical “clean” day in Boston.

• Public health impact can be high because:

– The incidence rate of stroke among the elderly is 
high (184,000 in Northeast in 2007)

– Nearly everyone is exposed

– If causal, a 2 µg/m3 (~20%) reduction in PM2.5 may 
have averted 6,100 strokes in Northeast in 2007

Public Health Impact

• In Boston, we found a 34% higher risk of 
stroke onset on the 16% of days where the 
AQI was above the good category, but still in 
attainment of the EPA standard.

• Public health impact can be high

– The incidence of stroke among the elderly is high

– 148,000 ischemic strokes in the Northeast in 2007

– If causal, approximately 7,600 excess strokes 
might have been avoided that year if no days 
exceeded the AQI good category.
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Summary

• Long‐term, chronic 
exposure to air pollution is 
associated with increased 
risk of stroke.  
– The association is stronger for 

fatal than non‐fatal stroke

– New evidence indicates that 
the association is stronger for 
ischemic stroke than 
hemorrhagic stroke

• Short‐term, acute exposure 
to air pollution is associated 
with a transient increased 
risk of stroke within less 
than 1 day.
– The association is stronger for 

ischemic than hemorrhagic 
stroke

– Accurate data on timing of 
stroke onset is crucial for 
estimation of the acute effect 
of air pollution

It Takes a Village

BIDMC

• Mary Burger

• Peter Lokken

• Gottfried Schlaug

RCSN

• Jiming Fang

• Moira Kapral

• Martin O’Donnell

HSPH

• Brent Coull

• Doug Dockery

• Heike Gibson

• Diane Gold

• Alexandros Gryparis

• Petros Koutrakis

• Joel Schwartz

• Helen Suh

• Antonella Zanobetti



7/20/2012

18

Funding

• NIH (ES015774, ES009825, ES017125, and ES000002)

• EPA (R832416 and RD83479801)

• Canadian Institutes of Health Research


