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Abstract Background. Recent studies have reported
associations between particulate air poliution and daily
mortality rates. Population-based, cross-sectional studies
of metropolitan areas in the United States have also found
associations between particulate air pollution and annual
mortality rates, but these studies have been criticized, in
part because they did not directly control for cigarette
smoking and other health risks.

Methods. In this prospective cohort study, we estimat-
ed the effects of air pollution on mortality, while controlling
for individual risk factors. Survival analysis, including Cox
proportional-hazards regression modeling, was conduct-
ed with data from a 14-to-16-year mortality follow-up of
8111 adults in six U.S. cities.

Resuilts. Mortality rates were most strongly associated
with cigarette smoking. After adjusting for smoking and

other risk factors, we observed statistically significant and
robust associations between air pollution and mortality.
The adjusted mortality-rate ratio for the most polluted of
the cities as compared with the least poliuted was 1.26 (95
percent confidence interval, 1.08 to 1.47). Air pollution
was positively associated with death from lung cancer and
cardiopulmonary disease but not with death from other
causes considered together. Mortality was most strongly
associated with air pollution with fine particulates, includ-
ing suifates. .

Conclusions. Although the effects of other, unmeas-
ured risk factors cannot be excluded with certainty, these
results suggest that fine-particulate air pollution, or a more
complex pollution mixture associated with fine particulate
matter, contributes to excess mortality in certain U.S.
cities. (N Engl J Med 1993;329:1753-9.)



Six Cities Adult Mortality Study

® Random sample of
8111 adults in six cities

m Dirty: Sfeubenville, OH &
St. Louis, Ml

m Moderate: Watertown,
MA & Harriman, TN

m Clean: Topeka, KS &
Portage, Wi

m Enrolled 1974-77
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m 14-16 years of mortality
follow-up
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Follow-up
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Six Cities Adult Mortality Study
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Six Cities Adult Mortality Study
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American Cancer Society — Cancer Prevention Study I

m Existing prospective cohort
m sample of entire US population
m 1.2 million adults

® Matched by zip code to PM, ; data
m 1978-1983 EPA monitoring
m 295,223 subjects
= 50 monitors



1980 Modeled Fine Particle Surface
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Adjusted Mortality for 1980 (Deaths/Yr/100,000)
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Air Pollution and Mortality in the Medicare Population
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ABSTRACT

BACKGROUND
Studies have shown that long-term exposure to air pollution increases mortality.
However, evidence is limited for air-pollution levels below the most recent Na-
tional Ambient Air Quality Standards. Previous studies involved predominantly
urban populations and did not have the statistical power to estimate the health
effects in underrepresented groups.

METHODS

We constructed an open cohort of all Medicare beneficiaries (60,925,443 persons)
in the continental United States from the years 2000 through 2012, with
460,310,521 person-years of follow-up. Annual averages of fine particulate matter
(particles with a mass median aerodynamic diameter of less than 2.5 um [PM,_])
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* 61 million MEDICARE beneficiaries ' -
e PM2.5(2000-12) estimated by hybrid models
e 39,716 unique zip codes
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A Exposure to PM, .
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