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Race, Gender, and Social Status as Modifiers
of the Effects of PMio on .Mortalty

Many studies have assessed the associ-

ation between daiy deaths or hospi-
tal admissions and ai pollution, both
in Europe and in the United
States.I-22 The most widely reported
associations are with parculate air
pollution. Although these associa-
tiods are now well documented, it is
stil unclear as to who are the more
sensitive groups. The National Acad-
emy of Science, in its Research Pr-
orities for Airborne Pariculate Mat-
ter, pointed out that it is importnt to
understad the characteristics of in-
dividuals that put them at increased
risk of adverse events due to parc-
ulate air pollution.23

Recent attention has been focused
on environmental justice. This refers
to the question of whether environ-
mental hazards are inequitably dis-
trbuted by class and race.24-26 Such

differences may be due to differ-
ences in exposure, differences in sus-
ceptibilty, or both. There is a need
for more research to define the prob-
lem, understad the causes, and iden-
tify solutions.25-31 Many studies
have analyzed differences in heath

by race and gender, and some em-
phasis has been given to the impor-

tace of social class as a predictor of

health.32-35 Recent studies have
shown that differential mortality ex-
ist by both race and socioeconomic
statuS.36-4O Socioeconomic inequal-
ities in mortality and morbidity have
been found also in EurOpe41 and in

Brazil.42 Whether these differences
lead to different responses to air-
borne parcles is relatively unexam-
ined. In the time series analysis of

short-term effect of ai pollution on

health, very few studies addressed
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effect modification to date; those that
did looked at the difference mainly
by age groups.43-S2

We decided to examine whether
race, sex, and education are potential
modifiers of the effects of airborne

parcles on total mortalty. In this
study, we analyzed the four largest
cities across the United States with
daily measurements of PM 10 during
the period for which we had mortal-
ity data. This multicity analysis,

which enabled us to average out

city-specifc varabilty, allowed us

to investigate the potential effect

modification by education, race, and
sex.

Data and Methods

Data

Most US cities measured PMIo for
i day in 6, but a number of locations
had monitors on a daily schedule.
The selection of the cities for this
study was based on the number of
daily measurements and on the pop-
ulation size. The four largest cities
with daily PMIo monitoring during
our study period (1986-1993) were
Chicago, Ilinois; Detroit, Michigan;
Minneapolis-St. Paul, Minnesota;

and Pittsburgh, Pennsylvania. For
Minneapolis and St. Paul, we com-
bined the two metropolitan counties

associated with these two neighbor-
ing cities and treated them as one
city.

The 1990 population of the metro-
polita counties for these cities var-
ied between i ,336,449 inhabitants in
Pittsburgh, Pennsylvania, and

5,105,067 in Chicago, illinois. In all
of the four cities, we had a tota of
782,502 deaths over the study pe-
riod.
Daily meteorological measure-

ments, such as mean temperature,
dew point, and barometric pressure,
were obtaed for each county from
the nearest airport weather station.
These data were extracted from the
EarthInfo Surface Airways CD
(EarthInfo CD NCDC Surface Air-
ways, Ear Info Inc, Boulder, CO).

Daily concentrations of PMlO

were obtained from the US Environ-
mental Protection Agency's Aero-
metrc Information Retrieval System
monitoring network. We excluded

days when air pollution exceeded the
ambient air quality standard of 150
i.g/m3 PMIo to study the association
at common concentrations.

Daily deaths were extracted from
the National Center for Health Sta-

tistics mortality tapes for the years
1986 through i 993. Deaths due to-
external causes (ICD-9: 800-999)
were excluded. Starng in 1990, the
number of years of education w~s

coded on death certificate tapes. ~d-
ucation is considered to be one of the
most important social factors in
health inasmuch as it relates to in-
come, class, degree of control in job,
etc.

We computed separate daily
counts of deaths stratified by sex,
race, and education to test the hy-
pothesis that persons in each of these
groups had higher risks of PM 

10'
Education was stratified on the basis
of whether or not the decedent had

some postsecondar education.

Methods
In each city, the associations be-

tween daily deaths and PM io were
investigated with a generalized addi-
tive robust Poisson regression mod-
ei.53 In the generalized additive

model, the outcome is assumed to

depend on a sum of non parametric
smooth functions for each variable,
which model the potential nonlinear
dependence of daily deaths on

weather and season. The model is of
the form: 10g(E(Y JJ = Cio + Si(Xi)

+ ... + Sp(~), where E(Yt) is the

expected value of the daily count of
deaths Yi, and S¡ are the smooth

functions of the covariates Xi' The
locally' weighted running-line

smoother, loess,s4 was chosen to es-
timate the smooth function.

We fit a model in each city to
allow for city-specific differences.
The varables included in each model
were season, weather variables (tem-
perature, dew point, and barometric

pressure), and day of the week! but
because weather and season vary
across the cities, the smoothing pa-
rameter for each varable was opti-
mized separately in each location. To
control for weather varables and day
of the week, we chose the smoothing
parameter that minimized the
Akaike's Information Criteria.55 To
model seasonality, we chose the
smoothing parameter that minimized
the sum of the autocorrelation of the
residuals while removing seasonal

patterns.
In some cities, autoregressive

terms56 were added in the model to

eliminate the remaining serial corre-
lation from the residuals. The mean
of PM 10 on the day of death and the

previous day was used as exposure

variable and was treated linearly.
We subdivided total mortality

counts by the effect modifier (sex,
race, and education) and estimated

our regressions on those subgroups.

We considered effect modification to
be indicated when the combined es-
timate of PMlO in one group was
outside of the 95% confidence inter-
val (Cl) of the effect estimate in

persons of the opposite strata.
In the second stage of the analysis,

we used the inverse variance
weighted averages to combine re-
sults across cities. If we assume that
the effect of PMIo is: ßj" - N(i., V),
where ßj" is the estimated effect iD
each city, we can then estimate i. and
its varance from the results in the
four cities by computing an inverse
variance weighted average.

Results
Table I shows the 25th, 50th, and

75th percentiles of each of the envi-
ronmental varables used in the anal-
ysis. The values for parcles repre-
sent the distribution of the mean of
the concurrent and previous day of
PM 10' The distrbution of the envi-
ronmental varables is simlar in the
four cities.

Chicago, Detroit, and Minne-
apolis-St.Paul PMIo had a moderate
number of missing values for PMIo,
which were mainly concentrated in
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the beginning of the 2922-day study
period. Pittsburgh had essentially
complete data.

Table 2 shows the mean daily
counts of tota mortty by sex, rac,
and educaton. Table 3 shows the pop-
ulations in each city by the same strta
and the death rates per i 0,00 persons.
The distrbution of the death by sex is
alost even; there ar fewer daily

death in persons with higher educa-

tion. The city with the highest percent-
age of death in peple with higher

education is Minneapolis-St. PauL. De-

trit had the lowest percentage. Con-

versly, the city with the lowest per-

centage (4%) of blacks is
Minneapolis-St. Paul, and the city
with the highest is Detrit. A simlar
distrbution is shown in Table 3 in
tenn of percentage of population.

Table 4 shows the results of the
analysis, expressed as the percentage
increase in daily deaths for a 10

¡ig/m3 increase in PMIo' The results

across city are relatively homoge-
neous.

The strongest evidence of effect
modification was by sex. The per-
centage increase in female deaths is
1.08 (95% CI, 0.85-1.31) compared
with 0.74% (95% CI, 0.53-0.96) for
male deaths. For each sex, the com-
bined estimate is outside of the 95%
CI for the opposite sex.

The differences were similar, but
somewhat smaller, when stratified by
race or education and were not sta-
tistically significant. However, the
effect of PMIo on total mortlity
tended to be higher for whites com-
pared with blacks, and for persons

with low education level compard
with persons with higher education

leveL.

Discussion
Regardless of significance level,

the differences in the effects of PM 10

on daily deaths among the various

TABLE 1

Percentile Values (25th, 50th, 75th) for the Environmental Variables in the Four
Cities: 1986-1993

PM10
Temperature Barometrc 0-1

City (oF) Dew Point Pressure (Ji.g/m=, No. Missing
Chicago 35 27 29.2 25 773

51 39 29.3 33
67 55 29.4 44

Detroit 35 64 29.2 22 479
50 27 29.3 33
67 39 29.4 47

Minneapolis 30 22 29.0 18 434
47 34 29.1 25
66 53 29.2 35

Pittsburgh 37 28 28.6 22 2
53 41 28.8 31
68 56 28.9 46
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strta were modest. For sex, there

was significant effect modification
with the slope in female deaths one
thrd larger than in male deaths. The
reasons for these differences are un-
clear and deserve furter investiga-

tion. Deposition of parcles in the
lung has been shown to var by

gender,57,58 with greater lung depo-

sition fractions of 1-¡iM parcles in
al regions for women. Most of the
PMIo in these cities is composed of
combustiol1 parcles, so deposition

may represent par of the explana-
tion. Many of the toxic components
of cigarette smoke are in the parcle
phase, and some studies have shown
that ",omen are more sensitive than
men to the effect of smoking on the
risk of mortality, chronic obstrctive
pulmonar disease (COPD), asthma,
and myocardial infarction.59-61
Other studies have shown that the
effects of smoking on lung function
may be greater in women than in
men.62-64 To the extent that parcles
from tobacco act through similar
mechanisms as outdoor combustion
paricles (eg, inflamation), these

results may be relevant for our find-
ings that the effect of PM 10 is higher
in women than in men. In patients
with COPD, Sunyer and coworkers65
reported a larger effect of particles
on the risk of mortaity for women
than for men.
Persons with less than a high

school education had about a 25%
higher PMlO slope than persons with
at least some college. The first ex-
planation for ths result that must be
considered is chance. Indeed the dif-
ference was not statistically signifi-
cant, makng chance a liely candi-
date. However, persons with COPD
have been shown to be at higher risk

TABLE 2

Mean :: Standard Deviation of the Daily Deaths Stratified by Sex, Education. and Race in the Four Cities
City White Black Male Female Education oc12 y Education ::12 y

Chicago 96.1 :! 12.2 36.1 :! 6.5 69.0 :! 9.3 64.4 :! 9.3 100.9:! 12.0 25.8 :! 5.5
Detroit 35.5 :! 6.8 24.0:! 5.2 31.5 :! 5.9 28.3 :! 5.8 46.8 :! 7.5 8.9 :! 3.1
Minneapolis 30.5:! 5.9 1.2:! 1.1 15.4:! 4.0 16.9:! 4.3 21.7:! 5.0 9.2:! 3.0
Pitsburgh 37.7 :! 6.9 4.6 :! 2.2 20.9 :! 4.8 21.5 :! 5.1 32.0 :! 6.2 6.8 :! 2.7
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of paricles-induced mortality. 65,66
COPD is primarly due to smoking,
and smoking is more common in
persons without a college education

in the United States. Hence, furter
investigation into this question may
be fruitfuL.

The finding of larger effects on
whites than on blacks contradicts our
original hypothesis that blacks, be-

cause of their poorer average health

status, might be at higher risk. Again,
chance seems to be the most likely
explanation for the higher slope in

whites. Neverteless, these findings

certainly are inconsistent with a
larger effect on blacks, and given the
large minority populations in Chi-

cago and Detroit, this is not likely
due to a lack of power. One possible
explanation is that particulate air pol-

lution risk is not generally higher in
persons with poorer health, but rather
is restricted to specific conditions not
overrepresented in minority groups.

Blacks have a lower rate of smoking
prevalence than whites, and in the
thrd National Health and Nutrtion

Examination Series, their rate of
chronic bronchitis was lower than for
whites (7.4% vs 4.9%).

In contrast to these findings of

modest evidence for interactions ver-
sus social factors, there is evidence
in the literature for more substantial
effect modification by medical con-
ditions, in addition to the higher risk
in subjects with COPD reported ear..
lier. For example, Schwartz reported
a higher risk of cardiovascular deaths
associated with airborne parcles in

TABLE 3

Percentage of Total Population by Sex, Race, and Education and Annual Death
Rates (per 100,000 Persons)

Chicago

5.11Total population"

% Black
% Female
% Education ;:12

years t

0.26
0.52
0.30

Death rates
White
Black
Male
female

109
100
103
89

Detroit Minneapolis Pittsburgh

1.342.11 1.52

0.40
0.53
0.25

0.05
0.52
0.39

0.11
0.53
0.30

107
103
115
93

82
53
77
78

118
112
122
111

" In millons.
t Persons aged 2:25 year.

subjects with respiratory infec-
tions.52

Airborne particles also have been
associated with systemic changes,

including decreased heart rate var-
abilty,67-69 increased peripheral

neutrophils,7o-n increased plasma
viscosity,73 increased heart

rate74,75 and increased blood pres-
sure,76 which could be potential
sources of specific effect modifica-
tions.
- In conclusion, we found that the
association between mortality and
PMIo was higher in female subjects
"than in male subjects, but we ob-
served only weak evidence of a
modest effect modification due to
social factors, race, and gender.

Although many studies pointed out
differences in health due to social
factors, race, or gender, the associ-
ation between mortality and paric-

ulate air pollution could depend

more on preexisting medical condi-
tions than on social factors, or the
effects of race and class may be
apparent only in persons with spe-

cific medical conditions. Further

work wil be needed to evaluate
this question.

Acknowledgment
Supported in par by Environmenta Pro-

tection Agency grnt R827353 and National
Institutes of Health grant ES 07410.

TABLE 4

Effect Modification by Sex, Race, and Education; Percentage Increase in Deaths (95% ei) for 10 (ig/m3) of PM,o Mean
Lags 0-1"

Education EducationCity White Black Male Female .:12y ~12y
Chicago 0.91 0.80 0.89 0.83 0.75 0.87

(0.59-1.23) (0.31-1.28) (0.53-1.25) (0.451.21) (0.37-1.13) (0.13-1.61)Detroit 0.92 0.64 0.46 1.26 1.03 0.35
(0.56-1.29) (0.20-1.08) (0.09-0.84) (0.84-1.68) (0.54-1.52) (-0.75-1.46)Minneapolis-5t. Paul 1.35 1.17 0.68 1.91 1.65 0.69
(0.78-1.92) (-1.70-4.13) (-0.11-1.48) (1.16-2.67) (0.70-2.61) (-0.77-2.17)Pitsburgh 0.99 1.20 0.95 0.93 0.90 0.72
(0.63-1.35) (0.22-2.18) (0.48-1.42) (0.46-1.40) (0.29-1.50) (-0.57-2.02)Combined 0.98 0.76 0.74 1.08 0.92 0.71
(0.80-1.17) (0.46 -1.07) (0.53-0.96) (0.85-1.31) (0.66-1.18) (0.19-1.23)

" CI, confidence interval; PM,o, particulate matter less than 10 ¡Jm.
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