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Background: Consistent evidence has shown increased all-cause mortality, and mortality from broad
categories of causes associated with airborne particles. Less is known about associations with specific
causes of death, and modifiers of those associations.

Aims: To examine these questions in 20 US cities, between 1989 and 2000.

Methods: Mortdlity files were obtained from the National Center for Health Statistics. Air pollution data
were obtained from the Environmental Protection Agency website. The associations between daily
concentrations of particulate matter of aero-diameter < 10 um (PM;0) and daily mortality from all-cause
and selected causes of death, were examined using a case-crossover design. Temporal effects of PM;o
were examined using lag models, in first stage regressions. City specific modifiers of these associations
were examined in second stage regressions.

Results: All-cause mortality increased with PM;o exposures occurring both one and two days prior the
event. Deaths from heart disease were primarily associated with PM;o on the two days before, while
respiratory deaths were associated with PM;o exposure on all three days. Analyses using only one lag
underestimated the effects for all-cause, heart, and respiratory deaths. Several city characteristics modified
the effects of PMo on daily mortality. Important findings were seen for population density, percentage of
primary PM; from traffic, variance of summer temperature, and mean of winter temperature.
Conclusions: There was overall evidence of increased daily mortality from increased concentrations of
PMyo that persisted across several days, and matching for temperature did not affect these associations.
Heferogeneity in the city specific PMio effects could be explained by differences in certain city

characteristics.

hort term increases in concentrations of airborne
S particles, complex mixtures of solid and liquid droplets,

have been associated with immediate increases in
mortality events."™ The largest study of air pollution, the
National Morbidity and Mortality Study (NMMAPS), exam-
ined this association in all the cities in the United States.” The
important evidence coming from this study confirmed
previous findings on the positive association between
particulate matter of aero-diameter equal or less then
10 pm (PM;o) and daily deaths, and proved that such
relation was little changed when controlling for any gaseous
pollutant. They also confirmed that none of the gaseous
pollutants had an independent effect on the daily mortality.
However, because the NMMAPS included cities that only
monitored PM, one day in six, it could only examine lags
one day at a time, thus it could not address whether the
mortality association persisted across several days.

Most of the evidence for the positive effects of PM,, has
been generally shown in association with all-cause mortal-
ity,*® or mortality from all respiratory and/or cardiovascular
disease.”"* Such a broad definition of cause of death can
possibly underestimate the magnitude of the association that
one would observe had a more specific classification of
diseases been used. Only a few studies to date have examined
the acute effects of particulate matter and cause specific daily
mortality,”” and fewer were multi-city studies.

Differing results with the more specific definition of
mortality causes may aid our understanding of the possible
mechanisms that induce the PM,, related events. Particles
are thought to be involved in complex inflammatory
responses in animals and humans, which could lead to
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cardiovascular and/or pulmonary effects, and possibly to
cardiovascular and/or pulmonary events."*>* Experimental
studies have shown that exposures to concentrated air
particles induce pulmonary inflammatory response, such as
alveolar cytokine release, responsible for bronchospasm, and
reduction of pulmonary function.”*” The mechanisms lead-
ing to cardiovascular effects have been suggested to be a
result of increasing blood clotting factors such as increased
serum levels of fibrinogen,” * increased inflammatory factors
like C-reactive protein,* or cardiotoxicity by mechanisms
such as the increase of plaque formation and decrease of
plaque stability,” vasoconstriction and temporary coronary
occlusion,” * and ischaemia.”® Increased reactive oxygen
species in the lung and heart have been produced by
exposure to concentrated air particles as = well.”
Epidemiological studies have suggested similar mechanisms.
Increased concentrations of particulate matter have been
associated with plasma viscosity'® and fibrinogen** which are
suspected risk factors for cardiovascular disease. Results for
C-reactive protein concentrations have been mixed.** ** **

In the present study we examined the acute effects of
particulate matter on all-cause and cause specific daily
mortality for a list of diseases. For this, we obtained detailed
mortality files for a 12 year period between 1989 and 2000.

Abbreviations: AT, apparent temperature; COPD, chronic obstructive
pulmonary disease; HF, heart failure; ICD, International Classification of
Diseases; IHD, ischaemic heart disease; MI, myocardial infarction;
NMMAPS, National Morbidity and Morio|iP/ Air Pollution Study; NO,
nitrogen dioxide; PM1, particulate matter of aero-diameter equal or less
than 10 pm
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