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London Fog,
December 1952






London Deaths by Week
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(12+ studies, 170+ cities)
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10 mg/m3 PM, . or 20 ng/m3 PM,, 0.4% to 1.5%

Increase in relative risk of mortality—small but
remarkably consistent across meta-analyses and multi-city studies.






Prospective Air Pollution/Respiratory
Disease Studies

Following 1973 Arab oil embargo, National Institute of
Environmental Health Sciences director, David Rall,
NIEHS proposes longitudinal study of health effects
associated with expected switch from oil to coal

Harvard Six Cities Study

Ferris and Speizer propose to study adults and
children in six eastern US cities

SOx and Respirable particles

~8,000 adults

~14,000 children

Enrolled 1974-1977
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10 nmg/m3 PM, - approximately /Generally bigger effects on

6% to 17% increase in relative risk ~ cardiopuimonary/cardiovascular
of mortality, with some outliers. disease mortality.
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Cause of Death ~ #of cases (% of total) RR (95% Cl)

N Engl J Med 1993 analysis
Lung Cance 111 (7.8 1.37(0.8-2.31

Cardiopulmonary 759 (53.1) 1.37(1.11-1.68)
Other 551 (38.5) 1.01 (0.79-1.30)

2001 analysis
Lung Cancer 226 (8.3) 1.50 (1.02-2.19)

Cardiopulmonary 1391 (50.9) 1.32 (1.13-1.53)
Other 1115 (40.7) 1.03 (0.86-1.23)
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Six Cities Cohort Follow-up
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Santiago Particle Trends 1989-2001

3.000 highly pollutant
S buses retired

Natural gas introduction

Unleaded fuel

A 4

,| Light vehicles 300 sulfur ppm diese]
catalytic converters
Total PM10, fine and coarse mode trends, Santiago M onitorjng Network (1989-2001
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PM Inhalation

!

Lungs
e Inflammation
Heart « Oxidative stress Blood
« Altered cardiac * Accelerated progression « Altered rheology
autonomic function — and exacerbation of COPD =l « Increased coagulability
* Increased dysrhythmic * Increased respiratory symptoms « Translocated particles
susceptibility « Effected pulmonary reflexes « Peripheral thrombosis
* Altered cardiac * Reduced lung function « Reduced oxygen saturation
repolarization
sIncreased myocardial
Ischemie

Systemic Inflammation

Oxidative Stress
* Increased CRP

* Proinflammatory mediators
Vasculature /

 Leukocyte & platelet activation

Brain

* Atherosclerosis,
accelerated progression of and
destabilization of plaques
» Endothelial dysfunction
« Vasoconstriction and Hypertension

 Increased cerebrovascular
ischemia

There are multiple mechanistic pathways have compl  ex interactions and interdependencies
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* Increased coagulability
 Translocated particles
* Peripheral thrombosis
» Reduced oxygen saturation

« Altered cardiac
autonomic function
* Increased dysrhythmic
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Respiratory effects were first studied









Utah Valley, 1989, (PM10 = 50 ng/m?)



Pope, Amer J Public Health 1989; 79: 623



Peak Flow and Air Pollution in Utah Valley
Pope et al, ARRD 1991

School children in
Utah Valley

Measured Peak Flow

each evening before
bed

Recorded respiratory
symptoms and
bronchodilator use

3 months in winter of
1989/900
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Altered Cardiac Autonomic Function

There is growing recognition of the role of autonomic dysfunction in
cardiovascular mortality.

HRV measures provide quantitative, well-defined indicators of cardiac
autonomic function



Heart Rate Variability (HRV)

e HRV Indicator of e Low SDNN

autonomic tone assoclated with risk
« SDNN - standard of sudden death

deviation of time  Decreased SDNN

Intervals between assoclated with

normal beats poor cardiovascular
« SDNN decreases prognosis

with age



Utah Valley Ambulatory ECG Pllot
Pope et al, AHJ 1999

Panel of 6 Emeritus BYU
faculty, Winter 1995/96

24 hour ambulatory ECG
monitoring

Three occasions - before,
during and after PM
episode

Conclusions

— Decreased heart rate
variability (SDNN) following
episodes

— Participants unwilling to
repeat measurement
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PM associations with HR and HRV

20+ studies Variety exposures, methods, subjects, etc.
/u | - : g
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Effect of Air Pollution on ICD Detected Arrnythmias
Rich et al, AJE 2005; 161:1123

Tufts NEMC Arrhythmia Clinic
203 ICD patients
- Average follow-up 3.2 years
- 47% had ICD therapy

722 arrhythmic episode days

-~ 1 arrhythmic episode day
per year

Daily air pollution
Countway Library

Ventricular arrhythmias
associated with air pollution in
24 hours prior

PM, : (7.8 mg/m3)
. +18% (95% CI 1% to 37%)
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Single-photon counting apparatus

cooler

Boveris et alProc. Natl. Acad. Sci’f7: 347-351, 1980
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PM Inhalation
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Lungs
e Inflammation
Heart « Oxidative stress Blood
« Altered cardiac * Accelerated progression « Altered rheology
autonomic function — and exacerbation of COPD =l « Increased coagulability
* Increased dysrhythmic * Increased respiratory symptoms « Translocated particles
susceptibility « Effected pulmonary reflexes « Peripheral thrombosis
* Altered cardiac * Reduced lung function « Reduced oxygen saturation
repolarization
sIncreased myocardial
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Systemic Inflammation
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 Leukocyte & platelet activation

Vasculature
* Atherosclerosis,
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 Increased cerebrovascular
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There are m echanistic pathways have compl  ex interactions and interdependencies



(@)
r
=
al
=
)
V)
©
D
&)
=
)

D

Pneumonia

Increase per 10 g/m?3



Pulmonary/Systemic Oxidative Stress/Inflammation
and Accelerated Atherosclerosis

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

Long-term PM exposure  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

srupture

«clotting, and

sprecipitating acute
cardiovascular
or cerebrovascular events
(MI or ischemic stroke).









Ambient Air Pollution and Atherosclerosis In

Los Angeles
Kuenzli et al, EHP 2005

«798 participants in 2 clinical trials
«Carotid intima-media thickness
(CIMT) subclinical atherosclerosis.
*Geocoded resident to assign annual
mean PM2.5.

10 ng/m?3 increase in mean PM, ¢
associated with 5.9% (p=0.018)
increase in CIMT

«Stronger associations in Women
and Older subjects



Gage Occupational & Environmental Health Unit
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Low Birth Weight Study by
Bell et al (2006)
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Ammonium Regional Background
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0,
Nitrate 8%

27%

11%

Sulfate
8% Natural city
dust
Celem 1%
7%
- Chloride City anthropogenic
dust
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7% 10%



Santiago






