
10 µg/m3 PM2.5 → approximately 
6% to 17% increase in relative risk 
of mortality, with some outliers.

Generally bigger effects on 
cardiopulmonary/cardiovascular 
disease mortality.



Time scales of exposure

Are the excess deaths observed in the short-term studies due 
primarily to mortality displacement (harvesting)?

Why are the PM-mortality effect estimates from the long-term 
studies so much larger than from the short-term studies?

Can we learn more about the dynamic exposure-response 
relationship by integrating evidence from long-term, intermediate, 
and short-term time scales?



The PM-mortality effect estimates are consistently 
larger for longer time scales of exposure.
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Figure 1.  Comparison of % change in risk of mortality associated with
an increment of 10 µg/m3 PM2.5 or 20 µg/m3 PM10 or BS estimated for
different time scales of exposure (approximate number of days, log scale).
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Long-term PM exposure and Respiratory disease:
• Pulmonary retention of fine PM and small airway remodeling contributing to

COPD (Brauer et al. 2001; Churg et al. 2003)
• Deficits in lung function (Ackermann-Liebrich et al. 1997)
• Increased symptoms of obstructive airway

disease (chronic cough, bronchitis, chest illness)
• Deficits in rate of lung function growth in

children (Gauderman et al. 2004)
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Long-term PM exposure and Cardiovascular disease:
Pulmonary/Systemic Oxidative Stress/Inflammation and 
Accelerated Atherosclerosis

Inflammation (and blood lipids) contribute to the initiation and progression of 
atherosclerosis.

Long-term PM exposure → pulmonary/systemic oxidative stress→ low to 
moderate grade inflammation → initiate and accelerate atherosclerosis.

Short-term PM exposures and related inflammation may contribute to acute 
thrombotic complications of atherosclerosis increasing the risk of making 
atherosclerotic plaques more vulnerable to

•rupture
•clotting, and
•precipitating acute

cardiovascular
or cerebrovascular events
(MI or ischemic stroke).



Long-term PM exposure associated with:
• Ischemic heart disease mortality (Pope et al. 2004; Jarrett et al. 2005;

Miller et al. 2004)
• Blood markers of cardiovascular risk (fibrinogen levels, counts of platelets

and WBCs) (Schwartz 2001)
• Subclinical chronic inflammatory

lung injury (Souza et al. 1998)

• Subclinical atherosclerosis
(carotid intima-media thickness,
CIMT)  (Kunzli et al. 2005)

Inflammation/Accelerated Atherosclerosis is 
supported by evidence that:



PM exposure
↓

Pulmonary inflammation
↓

Systemic inflammatory responses
(including release of inflammatory

mediators, bone marrow stimulation
and release of leukocytes and platelets)

↓
Progression and destabilization of

atherosclerotic plaques

In rabbits naturally prone to develop atherosclerosis they 
found that:

PM exposure
↓↓

Accelerated progression of atherosclerotic plaques
with greater vulnerability to plaque rupture

A series of Sub-chronic studies by van Eeden, Hogg, Suwa et al. (1997-2002) suggest:

Stephan van Eeden

James Hogg



Sun et al. JAMA 2005
A hyperlipidemic (ApoE-deficient) sub-chronic mouse model:

PM2.5 (85-110 µg/m3) → vascular inflammation and atherosclerosis

Representative Photomicrographs of Aortic Arch Sections



Blood
• Altered rheology

• Increased coagulability
• Translocated particles
• Peripheral thrombosis

• Reduced oxygen saturation

Systemic Inflammation
Oxidative Stress

• Increased CRP
• Proinflammatory mediators

• Leukocyte & platelet activation

PM Inhalation

Brain
• Increased cerebrovascular

ischemia

Heart
• Altered cardiac

autonomic function
• Increased dysrhythmic

susceptibility
• Altered cardiac 

repolarization
•Increased myocardial

ischemia

Vasculature
• Atherosclerosis,

accelerated progression of and 
destabilization of plaques
• Endothelial dysfunction

• Vasoconstriction and Hypertension

Lungs
• Inflammation

• Oxidative stress
• Accelerated progression

and exacerbation of COPD
• Increased respiratory symptoms

• Effected pulmonary reflexes
• Reduced lung function

There are multiple mechanistic pathways have  complex interactions and interdependencies



Pope et al. Ischemic Heart Disease Events Triggered by 
Short-Term Exposure to Fine Particulate Air 
Pollution.  Circulation (in press).

Methods:
Case-crossover study design was used to analyze 

ischemic heart disease events in 12,865 patients who 
lived on Utah’s Wasatch Front.

Patients were drawn from a large, ongoing registry of 
patients who underwent coronary arteriography and 
were followed longitudinally.


