10 pg/m3 PM, . — approximately /Generally bigger effects on

6% to 17% increase in relative risk ~ cardiopulmonary/cardiovascular
: : : disease mortality.
of mortality, with some outliers.



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?




Table 3. Comparizon of estimated excess risk of mortality estimates for different time scales of expozure,

% Change in Risk of Mortality Associated with an
lucrement of 10 pg/'m® PM, . or 20 pa/m® PM,; or BS

Time Scale Cardiovascalar
Sty Primary Sources of Exposure All Camse cardiopulmonary Respiratory Lung Camncer
Daily time zeries Table 1 1-3 days 0.4-14 064 0614
10 L5, cities, ime series, extended Schwartz 200022 1 day 1.3 - -
distributed lag 2 days 21 -~ -
5 days 26 — -
10 European cities, time series, extended  Zanobetti et al. 20022151 2 days 14 = -
distributed lag 40 days 3.4 - -
10 European cities, time series, extended  Zanobetti et al 2003218 2 days - 14 1.5
distributed lag 20 days = 21 34
30 daye - 4 3
40 days = 4.0 a6
Dublin daily ime series, extendad Goodman etal. 200437 1 day 0.8 0.8 1.8
distributed lag 40 days 2.2 2.2 7.2
Dublin imtervention Clancy et al. 2007203 manths to year d.2 W a.7
Litah Valkey, time series and imtervention Pope et al. 1842= 5 days d kb i0
13 months 43 . .
Harvard Six-Cities, extended analysiz Laden et al. 2006124 1-8 yr 14 - -
Prozpective cohort studies Dockery et al. 1903 10+ yr 17 o268 -

Pope et al. 2002179

/

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 ug/m® PM, . or 20 ug/m® PM,, or BS estimated for

different time scales of exposure (approximate number of days, log scale).



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)

e 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) /

121 d Children's Lung Growth
(Gauderman et al. 2004)

10

FEV, <80% of predicted (%)

20 25
PM, . (ug/m°)




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 plaqgues more vulnerable to
°ru ptu re Plaque with
-clottl_ng, a_nd o5 Srsance
sprecipitating acute £
I Cap . .
cardiovascular s 2N ﬁ_
or cerebrovascular events e e
(Ml or ischemic stroke). Biseiclor farms

around the rupture,
blocking the artery




Inflammation/Accelerated Atherosclerosis Is
supported by evidence that:

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 WBCSs) (Schwartz 2001)

» Subclinical chronic inflammatory
lung injury (Souza et al. 1998)

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

g

CIMT (L)
S

T T T T
(52-1910  M9N-=20.73 (20.7-2.00 (221-24)

(wartiles of PM; ¢ (range, Lg/m?)

Figure 2. Mean CIMT + 1 SE among quartiles of the
PM; ¢ distribution. The y-axis shows mean CIMT lev-
els at the population average of the adjustment
covariates (age, sex, education, and income). The
first quartile is the reference group.




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

PM exposure

!

Pulmonary inflammation
!

Systemic inflammatory responses
(including release of inflammatory
mediators, bone marrow stimulation
and release of leukocytes and platelets)
15
Progression and destabilization of
atherosclerotic plaques

In rabbits naturally prone to develop atherosclerosis they
found that:

PM exposure
i
Accelerated progression of atherosclerotic plaques

; =5 James Hogg
with greater vulnerability to plaque rupture




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

PM, - (85-110 ng/m3) — vascular inflammation and atherosclerosis

Representative Photomicrographs of Aortic Arch Sections
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PM Inhalation

\

Lungs
* Inflammation
Heart - Oxidative stress Blood
- Altered cardiac * Accelerated progression « Altered rheology
autonomic function = and exacerbation of COPD ======p> * Increased coagulability
* Increased dysrhythmic * Increased respiratory symptoms » Translocated particles
susceptibility « Effected pulmonary reflexes « Peripheral thrombosis
« Altered cardiac * Reduced lung function « Reduced oxygen saturation
repolarization
*Increased myocardial
Ischemia

'Systemic Inflammation

Oxidative Stress
* Increased CRP

 Proinflammatory mediators
Vasculature /

 Leukocyte & platelet activation

 Atherosclerosis, Brain

accelerated progression of and
destabilization of plaques
» Endothelial dysfunction
 VVasoconstriction and Hypertension

 Increased cerebrovascular
iIschemia

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.




