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ABSTRACT: Significant associations have been reported between particles with a
50% cut-off aerodynamic diameter of 10 mm (PM10) and ozone ambient concen-
trations, and daily number of deaths from respiratory causes. The aim of the present
study was to assess such associations among elderly ($65 yrs) residents of Mexico
City.

Ambient air pollution data were provided by the Metropolitan Monitoring Net-
work. During the study period, the average daily PM10 ranged 23.4±175.3 mg.m-3, and
ozone 1 h daily maximums ranged 39.4±216.7 ppb. Information was compiled on the
primary and underlying causes of death. The analyses were conducted separately
according to place of death (within or out of a hospital unit) using time-series method-
ology.

The total number of deaths from all respiratory causes and mortality for chronic
obstructive pulmonary diseases (COPD) were significantly related to PM10 over
different lags: an increase of 10 mg.m-3 was related to a 2.9% (95% (CI): 0.9±4.9%)
increase and to a 4.1% (95% CI: 1.3%±6.9%) increase with a 3-day lag when death
occurred out of medical units, respectively. For deaths occurring in medical units, a
longer lag and smaller risk estimate was observed. An interactive effect between PM10

and ozone was detected.
This study confirms that there is an important impact of PM10 on respiratory

morbidity among elderly subjects. It also indicates that accounting for primary and
underlying causes of death, and considering place of death may reduce misclassifica-
tion and provide more accurate estimates of the adverse impact of PM10 on mortality.
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A series of recent studies have reported significant asso-
ciations between daily number of deaths and levels of am-
bient air pollutants, especially levels of particulate matter.
These associations have been found across a wide range of
air pollutant levels and weather patterns in western coun-
tries [1±6] as well as in some developing countries [7].
However, many factors, such as particulate composition,
exposure pattern, simultaneous exposure to other pollu-
tants, and underlying health status may affect the associ-
ation and explain variations in the effects observed [1, 4].

Although these reports indicate that exposure to parti-
culate air pollution is related to short-term increases in
mortality and morbidity, in general, they only include
primary cause of death which provides limited information
on the underlying associated causes. Such an omission will
lead to an underestimation of the daily counts of specific
causes of death and subsequently could lead to an under-
estimation of the effect of air pollution. In addition, it is
likely that the place of death (within or out of a medical
unit) reflects the exposure to air pollutants on the days
preceding death. Therefore, it would be expected that the
acute effect of air pollution on specific causes of death
have a different pattern depending on the place where
death occurred, particularly with regards to lag structure.

In this study, the results of a time-series study conducted
in Mexico City, Mexico are reported, in which the asso-
ciation between mortality, due to respiratory causes, and air
pollution was evaluated in an elderly population ($65 yrs).
Information on primary and underlying causes of death as
well as on the place of death was obtained. Because
Mexico City experiences high levels of both PM10 and
ozone, it was possible to study the interactive effect of
these pollutants on death from respiratory causes.

Material and methods

This study was carried out in Mexico City, a city of
~8,600,00 people, from January 1±December 31, 1994.
The study population comprised of people age $65 yrs
who died during the study period and who lived in the city
at the time of death.

Air pollution and meteorological data were provided by
the automatic network of ambient monitoring of Mexico
City, which comprised of 33 stations, 22 of which were
located within the Distrito Federal, and 11 in surrounding
areas of the city. The stations recorded daily concentrations
of ozone (O3), nitrogen dioxide (NO2), sulphur dioxide
(SO2), and PM10, as well as meteorological variables such
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as temperature, relative humidity, and wind speed. These
concentrations were measured in adherence with the USA
Environmental Protection Agency (EPA) [4] standard me-
thods. The study refocussed on the association of the
daily variations of O3 and PM10 and deaths due to res-
piratory causes, because these pollutants reach high levels
frequently exceeding the Mexican standard and constitute
the main health concern for residents of Mexico City.

A 24-h average, and maximum 1-h and 8-h moving
averages were used to reflect daily ozone levels. Particulate
samplers recorded 24-h average concentrations during the
study.

On the basis of statistical criteria including goodness of
fit and maximum correlation, as well as on the units in
which norms are stated, it was decided to use 1-h ozone
daily maximum and 24-h average for PM10 in the final
regression model.

The mean population exposure was estimated by aver-
aging the measurements provided by all monitors that rec-
orded the corresponding pollutants. The mean correlation
coefficients assessed between monitoring stations were
0.43 for PM10 and 0.48 for O3.

The Ministry of Health in Mexico provided the death
certificates, which included individual information such as
age, sex, county of residence, place of death (in or out of a
medical unit), and primary and underlying causes of death.
Trained health professionals reviewed and extracted data
from these certificates and categorized them by date,
causes, and place of death.

To date, most of the studies relating mortality to ambient
air pollution have considered only the primary cause of
death [4]; however, incorporating the information on
underlying causes, may help in giving a better under-
standing of the relationship between air pollution and
death due to respiratory causes. The causes of death were
classified into two groups according to International
Classification of Diseases, ninth revision (ICD-9): 1) total
respiratory diseases, which includes chronic obstructive
pulmonary disease (COPD) (ICD-9 490-496), and lower
respiratory infections (ICD-9 466, 480-487) and 2) the
specific group for COPD. The outcome variables were
defined as the daily number of deaths for each of these
groups.

Statistical Analysis

The daily number of total respiratory deaths and the
number of deaths due to COPD, and their relationship with
the daily levels of O3 and PM10 were modelled using a
time series analysis with Poisson regression [8].

The outcome variables were modelled controlling for
long- and short-term trends that might have caused con-
founding [9±10], following the methodological issues
proposed by SCHWARTZ et al. [11]. Long-term trends were
adjusted for by controlling for cold or warm months (Oct-
ober±January/February±September). Short-term trends
were controlled for by including in the model the mini-
mum temperature on the day preceding death; in addition,
adjustment for place of death was performed and no re-
maining seasonal effect was observed. When variables
such as, time, month, relative humidity, day of the week
and holidays were included in the model, the results
remained similar; therefore, the most parsimonious model
was reported.

Single pollutant models exploring different lag periods
ranging 1±7 days were tested and the cumulative effect was
examined by averaging levels over 3, 5 and 7 days. The
effects of each pollutant were examined separately, strati-
fying for place of death and compared using an unpaired t-
test.

To account for potential serial autocorrelation due to
longitudinal data and overdispersion, the final models were
estimated using the Iteratively Weighted and Filtered
Least-Squares method (IWFLS), which can be considered
as a generalization of the Poisson regression that takes into
account these issues [12]. Since the results were very
similar to those found using Poisson regression, it was
decided to present those obtained with the standard tech-
nique. An outlier was detected on March 13, 1994 that
showed a strong influence in the models. On that day, only
one death from respiratory causes occurred, a stark con-
trast to the observed mean of 13.5 deaths per day; there-
fore, this outlier was excluded from the data.

The goodness of fit of the final model was checked
using a quantile-quantile normal plot of the deviance resi-
duals [8]. The relationship between the total mortality
from respiratory causes occurring within a medical unit
with a 3-day lag for PM10 adjusted for minimum temp-
erature and cold/warm months is shown in fig. 1. The
probability distribution for the deviance residuals is close
enough to a normal distribution to validate the model; the
residuals of the remaining models exhibited a similar
pattern. The proposed core models for deaths occurring
inside and outside a medical unit reduced the total devi-
ance by 12.23% and 14.47%, respectively.

Results

Summary statistics for pollutants and meteorological
variables are shown in table 1. Of the 20,669 deaths that
occurred during the study period, 4,919 (23.8%) were
attributed to respiratory causes; of these 2,294 (11.1% of
total) were due to COPD. The average number of daily
respiratory deaths was 13.5 and were similarly distributed
in and out of medical facilities (7.2 and 6.3 respectively).
For COPD, the daily average was 6.3 and was also simi-
larly distributed in and out of medical units (3.1 and 3.2,
respectively).
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Fig. 1. ± Quantile-quantile normal plot of deviance residuals for the
Poisson regression model for total deaths due to respiratory causes in a
medical unit, for PM10 lag 3, adjusting for minimum temperature and
season. Mexico, Distrito Federal, 1994.
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Time series for PM10 and O3 are presented in fig. 2.
During the study period the Mexican standard for O3 (110
ppb 1-h maximum) was exceeded on 287 days (79%) and
the corresponding for PM10 (150 mg.m-3 24-h average) on
3 days. The 24-h average PM10 levels exceeded 50 mg.m-3

on 85% of the days. The observed correlation between
PM10 and O3 was 0.46 (p<0.01). The highest concentra-
tions of particulate matter, ranging 35.9±175.3 mg.m-3,
with a mean of 84.5 mg.m-3 were registered during the cold
months; during the warm months, these levels ranged
23.4±130.9 mg.m-3, with a mean of 70.3 mg.m-3. Ozone
levels were relatively homogenous over the year. During
the cold months, the levels ranged 39.4±216.7 ppb with a
mean of 139.5 ppb, while during the warm months, the
levels ranged 48.9±212.3 ppb with a mean of 131.9 ppb
(fig. 2).

Table 2 shows the association between air pollutant
levels and the number of daily deaths caused by any
respiratory disease that occurred in and out of a medical
unit. Relative risks were calculated for an increase of 10
mg.m-3 for PM10 and 40 pbb for ozone. The number of
daily deaths occurring out of a medical unit was strongly
associated with particulate levels; it was observed that an
increase of 10 mg.m-3 of PM10 levels was related to an in-

crease of 2.4% (95% confidence interval (CI): 0.4%,
4.5%) in the number of daily deaths occurring outside a
medical unit from respiratory causes (p<0.05) with a 1-
day lag. For lags of 2, 3, 4 and 5 days, an increase in the
number of daily deaths from respiratory causes of 2.7%
(95% CI: 0.7%, 4.7%), 2.9% (95% CI: 0.9%, 4.9%),
2.6% (95% CI: 0.6%, 4.5%) and 2.0% (95% CI: 0.06%,
4.0%) respectively were observed. For an increase of 10
mg.m-3 in the 5-day average PM10 levels, a significant
increase of 4.2% (95% CI: 1.7%, 6.8%) in the number of
deaths from respiratory causes was observed.

The mortality pattern occurring within compared to out-
side a medical unit differed significantly, where lower ef-
fects and longer lag structures were observed. Increases of
a 24-h average of PM10 were associated with a significant
increase in the daily respiratory mortality with 5 and 7-day
lags. Cumulative exposure to PM10 over 5 and 7 days was
also related to mortality from respiratory causes.

A weak association between O3 levels and deaths oc-
curring out of medical units were observed. An increase of
40 ppb in the maximum daily 1-h ozone level was
associated with a 5.6% increase in daily mortality with a 2-
days lag. A significant association for cumulative exposure
over 3 and 5 days was also noted, but observed no as-
sociation between deaths for respiratory causes that occur-
red within medical units and O3 levels.

Figure 3 presents the smoothing relationship between
the estimated total number of daily deaths due to respir-
atory illnesses occurring outside a medical unit and the
3-day lag exposure of PM10. The smooth curve was con-
structed using the Lowess technique [13], and suggests a
linear relationship between daily mortality and PM10 over
the range of ambient levels observed in this study [13].

Daily mortality for COPD presented similar patterns in
the lag structure, cumulative exposure, and differences be-
tween deaths occurring in and out of medical unit than
those observed for the total number of deaths from res-
piratory causes. However, as shown in table 3, the esti-
mated regression coefficients were larger for deaths from
COPD than those obtained for all deaths from respiratory
causes. An increase of 10 mg.m-3 in the daily PM10 ave-
rage was related to 3.0% (95% CI: 0.1%, 5.9%) increase
in daily deaths from COPD occurring out of medical units
with 1-day lag. This estimate reached 6.1% (95% CI:
2.4%, 9.9%) when a cumulative exposure over a period of
5 days was considered. For deaths due to COPD that

Table 1. ± Summary statistics for air pollutants and meterological variables in Mexico, Distrito Federal, 1994

Range Mean SD Percentiles

25% 50% 75%

PM10: daily average mg.m-3 23.4±175.3 75.1 23.7 58.6 74.4 88.3
O3 1 h max ppb 39.4±216.7 134.5 33.4 116.7 135.8 156.6
NO2: 1 h ppm 0.019±0.073 0.038 0.010 0.031 0.037 0.045
SO2: daily average ppm 0.009±0.047 0.020 0.005 0.017 0.019 0.021
Minimum temperature daily average 8C 1.5±15.8 10.8 2.2 9.4 11.0 12.4
Total daily mortality from respiratory causes
Within medical unit 0±18 7.2 2.8 5 7 9
Out of medical unit 1±17 6.3 2.7 4 6 8

Daily mortality for COPD
Within medical unit 0±12 3.1 1.8 2 3 4
Out of medical unit 0±11 3.2 1.9 2 3 4

PM10: particles with a 50% cut-off aerodynamic diameter of 10 mm; O3: Ozone; NO2: nitrogen dioxide.
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Fig. 2. ± Time series of ozone and PM10 in Mexico, Distrito Federal,
1994. The x-axis represents the day and the month within 1994. - - - -:
ozone, parts per billion; ±±±±: particles with a 50% cut-off aerodynamic
diameter of 10 mm, mg.m-3.
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occurred in medical units, the effect was significantly
smaller, and the lag period was longer. The important ef-
fect of O3 ambient levels on death from COPD was
smaller than that observed for PM10.

Because of the high correlation between PM10 and O3

levels, the authors studied the effect of PM10, stratifying
for days with high and low O3 levels; the cut-off point used
was the observed median (116.7 ppb), which is very close
to the standard established by EPA [14]. No significant
effect of PM10 during the days when O3 levels were low
were observed (table 4); however, on days when O3 levels
exceeded the cut-off point, a significant effect of PM10 on
the total number of respiratory deaths and death due to
COPD that occurred out of medical units was observed.
This finding suggests a synergic effect of PM10 and O3

on respiratory mortality on days when ambient O3 levels
are high.

Multi-pollutant models were fitted and PM10 levels
remained significantly related to respiratory mortality, but
the effect of O3 was no longer significant. SO2 levels were
not significantly related to respiratory deaths. When strati-
fying the data based on the median of SO2, no interactive
effect between SO2 and PM10 was found.

Discussion

In this study, an important impact of PM10 on res-
piratory mortality among elderly residents of Mexico City
was observed. For deaths occurring out of medical units, a
4.1% (95% CI: 1.3±6.9%) increase in daily COPD mor-
tality associated with a 3-day lag increase of 10 mg.m-3

in the daily average level of PM10 was observed. When
cumulative exposure over 5 days was considered this esti-
mate reached 6.1% (95% CI: 2.4±9.9%). The relationship
appeared linear over the range of ambient levels observed
in the study. For deaths occurring within the medical unit,
the effects were significantly smaller and less consistent.
Results also suggest an interaction between PM10 and O3

effects on respiratory mortality.
Several studies have investigated the association of air

pollution with mortality for respiratory causes. In general,
these estimates have been higher (ranging from a 1.5±3.7%
per 10 mg.m-3 increase in PM10) than for deaths from all
causes occurring in the general population [3], especially
among the elderly [2±5]. These estimations are similar to
those observed in the study for deaths occurring within
medical units. However, the impact of PM10 on deaths
due to respiratory causes appears larger in the presented
study population when one only considers those deaths
that occurred out of medical facilities. There was also a
longer lag effect for those deaths that occurred within

Table 2. ± Regression coefficients and relative risk (RR) for total number of deaths from respiratory causes adjusted for
minimum temperature and season in Mexico, Distrito Federal, 1994

Outside medical unit Inside medical unit

Variables RR* 95% CI RR* 95% CI p-value#

PM10

Lag 1 1.0244 1.0043±1.0448 1.0157 0.9971±1.0347 0.000
Lag 2 1.0268 1.0073±1.0465 1.0112 0.9933±1.0295 0.000
Lag 3 1.0286 1.0090±1.0486 1.0156 0.9975±1.0341 0.000
Lag 4 1.0255 1.0059±1.0454 1.0091 0.9910±1.0275 0.000
Lag 5 1.0201 1.0006±1.0399 1.0236 1.0054±1.0421 0.000
Avg 3 1.0377 1.0141±1.0619 1.0200 1.0010±1.0422 0.000
Avg 5 1.0422 1.0166±1.0684 1.0245 1.0010±1.0485 0.000
Avg 7 1.0393 1.0126±1.0668 1.0278 1.0031±1.0531 0.000

O3

Lag 1 1.0173 0.9673±1.0699 1.0378 0.9900±1.0879 0.000
Lag 2 1.0558 1.0048±1.1094 1.0164 0.9707±1.0642 0.000
Lag 3 1.0359 0.9863±1.0880 0.9978 0.9532±1.0444 0.001
Lag 4 1.0297 0.9802±1.0816 1.0315 0.9851±1.0801 0.321
Lag 5 1.0403 0.9898±1.0934 1.0228 0.9766±1.0712 0.000
Avg 3 1.0793 1.0036±1.1608 1.0379 0.9700±1.1105 0.000
Avg 5 1.1403 1.0410±1.2490 1.0686 0.9821±1.1628 0.000
Avg 7 1.1013 0.9902±1.2248 1.0890 0.9867±1.2020 0.004

PM10: particles with a 50% cut-off aerodynamic diameter of 10 mm; lag: estimate of the latency period; Avg: estimate of the cumulative
exposure; O3: ozone; 95% CI: 95% confidence interval; *: relative risk was computed for an increase at 10 mg.m-3 of PM10 or 40 ppb at
ozone; #: comparing coefficients from the regression models according to place of death.
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Fig. 3. ± Smooth function of the number of daily death by total
respiratory causes outside a medical unit and particles with a 50% cut-off
aerodynamic diameter of 10 mm levels with a 3-days lag. Mexico,
Distrito Federal, 1994.
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medical units than for those occurring out of them. One
explanation could be that those who died in medical units
have received treatment and have been isolated from
outdoor pollution. Additional information on the time
spent in hospital before death would help to understand
the different patterns observed between deaths occurring
inside/outside medical unit; unfortunately, the authors did
not have access to these data. Based on the results, it
seems that the lack of stratification by place of death may
lead to an underestimation of the impact of air pollution
on mortality and may also obscure the lag structure.
Another important factor to account for in estimating the
impact of air pollution on health is the underlying cause
of death. In this study, the impact of 10 mg.m-3 of PM10

on deaths for respiratory causes increased from 0.6±2.9%
when underlying as well as primary causes of death were

considered. For deaths due to COPD these estimates
raised from 2.0±4.1%.

In an earlier study conducted in Mexico City, BORJA et
al. [15] reported an excess mortality of 0.5% (95% CI:
0.3±0.7%) associated with a 10 mg.m-3 increase in total
suspended particulates (TSPs) assuming that the PM10/
TSP ratio is close to 0.50, this estimate corresponds ap-
proximately to a 1.0% (95% CI: 0.6±1.4%) per 10 mg.m-3

increase of PM10. For mortality from respiratory causes,
(mortality that is most likely to occur among the elderly)
the estimates reported would correspond to an increase of
1.9% (95% CI 0.3±3.6%) per 10 mg.m-3 increase in the
PM10 daily mean. However, in this study, TSP was only
measured by one monitor over the entire city every 6
days, therefore lag effects could not be fully explored.
The risk estimates reported in the study of BORJA-ABURTO

Table 3. ± Regression coefficients and relative risk (RR) for total number of deaths from chronic obstructive pulmonary
disease adjusted for minimum temperature and season in Mexico, Distrito Federal, 1994

Outside medical unit Inside medical unit

Variables RR* 95% CI RR* 95% CI p-value#

PM10

Lag 1 1.0295 1.0012±1.0585 1.0189 0.9907±1.0479 0.000
Lag 2 1.0403 1.0127±1.0686 1.0191 0.9917±1.0472 0.000
Lag 3 1.0407 1.0128±1.0693 1.0273 0.9995±1.0559 0.000
Lag 4 1.0350 1.0073±1.0635 1.0249 0.9971±1.0534 0.000
Lag 5 1.0339 1.0063±1.0624 1.0329 1.0051±1.0614 0.325
Avg 3 1.0525 1.0189±1.0872 1.0304 0.9973±1.0647 0.000
Avg 5 1.0609 1.0242±1.0988 1.0407 1.0046±1.0781 0.000
Avg 7 1.0556 1.0174±1.0952 1.0422 1.0044±1.0814 0.000

O3

Lag 1 1.0419 0.9702±1.1189 1.0458 0.9735±1.1235 0.165
Lag 2 1.0452 0.9748±1.1207 0.9903 0.9237±1.0617 0.000
Lag 3 1.0826 1.0096±1.1609 1.0176 0.9492±1.0910 0.000
Lag 4 1.0017 0.9349±1.0733 1.0559 0.9842±1.1328 0.000
Lag 5 1.0160 0.9474±1.0897 1.0745 1.0009±1.1536 0.000
Avg 3 1.1279 1.0176±1.2503 1.0405 0.9388±1.1531 0.000
Avg 5 1.1556 1.0402±1.2838 1.1355 0.9981±1.2919 0.000
Avg 7 1.1191 0.9632±1.3003 1.1628 1.0004±1.3516 0.000

PM10: particles with a 50% cut-off aerodynamic diameter of 10 mm; lag: estimate of the latency period; Avg: estimate of the cumulative
exposure; O3: ozone; 95% CI: 95% confidence interval; *: relative risk was computed for an increase at 10 mg.m-3 of PM10 or 40 ppb at
ozone; #: comparing coefficients from the regression models according to place of death.

Table 4. ± Particulate matter with a 50% cut-off aerodynamic diameter of 10 mm (PM10) effect on daily mortality stratified for
ozone levels in Mexico, Distrito Federal, 1994

Upper ozone levels# Lower ozone levels#

RR* 95% CI RR* 95%CI

Total respiratory mortality
Outside medical unit PM10 (3 days lag) 1.133 1.054±1.218 0.973 0.858±1.103

PM10 (avg 5 days) 1.173 1.076±1.278 0.905 0.725±1.128
Inside medical unit PM10 (3 days lag) 1.031 0.963±1.103 1.090 0.970±1.225

PM10 (avg 5 days) 1.058 0.977±1.146 1.117 0.912±1.367
COPD
Outside medical unit PM10 (3 days lag) 1.166 1.053±1.290 0.996 0.831±1.193

PM10 (avg 5 days) 1.232 1.092±1.391 0.963 0.704±1.319
Inside medical unit PM10 (3 days lag) 1.063 0.960±1.178 1.123 0.938±1.344

PM10 (avg 5 days) 1.096 0.971±1.237 1.143 0.833±1.567

COPD: chronic obstructive pulmonary disease; RR: relative risk; 95% CI: 95% confidence interval; lag: estimate of the latency period;
Avg: estimate of the cumulative exposure; #: using the median ozone level (1116.7 parts per billion) with the same lag of PM10 as a cut-
off point; *: relative risk was computed for a 30 mg.m-3 increase in PM10.
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et al. [15] are considerably lower than those observed in
the present population. Several factors, particularly the
lack of accounting for lag effect and the fact that primary
and underlying causes of death were considered in the
present study, may explain this difference. A more recent
study, BORJA-ABURTO et al. [16], evaluated the impact of
particles with a 50% cut-off aerodynamic diameter of 2.5
mm (PM2.5) on total mortality among residents of the
southwest part of Mexico City; and reported that a 10
mg.m-3 increase in the level of PM2.5 was associated with
a 2.5% increase in mortality among people $65 yrs of
age. Assuming a ratio of 0.7 between PM2.5 and PM10 as
observed in previous studies conducted in the southwest
part of Mexico City, this estimate will correspond to an
increase of 3.8% in the number of deaths. This estimate is
close to the results that were observed in the present study
when deaths occurring outside and inside medical units
were combined (3.3% 95% CI: 1.3±5.3%).

As observed in other studies [2±6], an exposure-res-
ponse relationship between PM10 and mortality from
respiratory causes, that is consistent with a monotonic in-
crease across the range of particulates, was observed in
this study. A small increase in deaths due to respiratory
causes associated with O3 exposure was also observed.
However, this effect was not consistent and was mostly
present when exposure over several days was considered.
More relevant was the interaction observed between
PM10 and O3 on mortality from respiratory causes. When
days of the study were classified according to O3 levels, it
was observed that the relationship between PM10 and
respiratory mortality was only significant on those days
when O3 levels were high (>116.7 ppb). The cut-off point
to classify low or high ozone levels was close to current
EPA standards [14]. Such interaction has not previously
been reported, probably because few cities have con-
comitant high levels of PM10 and O3 pollution. This
interaction could also partly explain the strong effects of
PM10 observed in this study.

One of the major limitations of time-series studies is that
exposure is estimated at the population level and is based
on ambient monitoring networks. Because of the large
potential for misclassifying exposures and outcomes, it has
been argued that the effects observed in this type of study is
likely to underestimate the true effect [17]. Although in the
present study, the estimation of exposure was based on
data that was obtained from ambient monitoring stations,
considering underlying as well as primary causes of death
and accounting for place of death are likely to have
decreased the possibility of misclassification and to have
provided a more accurate estimate of the impact of air
pollutants on deaths from respiratory causes in the
elderly.
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