
Hindawi Publishing Corporation
ISRN Public Health
Volume 2013, Article ID 846297, 5 pages
http://dx.doi.org/10.1155/2013/846297

Research Article

Remarks on Ambient Air Pollution and Health Outcomes

MieczysBaw Szyszkowicz

Population Studies Division, Health Canada, Ottawa, ON, Canada K1A 0K9

Correspondence should be addressed to Mieczysław Szyszkowicz; mietek.szyszkowicz@hc-sc.gc.ca

Received 29 April 2013; Accepted 26 June 2013

Academic Editors: R. S. Carel, T. Nawrot, and A. Rosano

Copyright © 2013 Mieczysław Szyszkowicz. �is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Background. Ambient air pollution is a recognized risk factor for multiple health conditions. For some health problems, the
impact of air pollution is particularly evident to the patients in a speci
c age range. Nonsimultaneous exposures to two or more
air pollutants may have di�erent relationships with health outcomes than do simultaneous exposures. Methods. Case-crossover
technique was used to analyze data on emergency department (ED) visits for ischemic heart disease (IHD), epistaxis, and upper
respiratory infection (URI). Conditional logistic regression models were used to estimate odds ratios and their 95% con
dence
intervals corresponding to an increase in an interquartile range of air pollutant concentrations. Results. �e results for IHD show
that for older patients (age 60+ years), the association between sulphur dioxide (SO2) exposure and IHD is weak. For ED visits for
epistaxis (O3 and SO2 in one model) and URI (O3 and NO2 in one model), air pollutants lagged di�erently in the common model
indicated signi
cant statistical associations but not for common lags. Conclusion. �e study 
ndings, based on analyzed examples,
suggest that (i) IHD cases in older age are less related to air pollution and (ii) air pollutants may a�ect some health conditions by a
speci
c sequence of exposure occurrences.

1. Introduction

Air pollution is a recognized risk factor for multiple health
conditions, exacerbates disease states, and increases prema-
ture mortality [1–5]. In many epidemiological studies, age
groups are de
ned a priori and, usually, persons of age greater
than, say, 65 years of age (i.e., 65+) are considered and
included in one group. It is an implicit assumption that air
health e�ects are the same for all persons of this age and older.
For some diseases, it may happen that in such a group the
older persons are more a�ected by a preexisting disease itself
rather than by an impact from environmental conditions. In
this work, emergency department (ED) visits for ischemic
heart disease (IHD) were considered in this context. �e
cases were identi
ed using the ICD-9 codes 410–414 (the
International Classi
cation of Diseases, 9th Revision).

�e second example is related to the situation when
two air pollutants considered in the same model show
di�erent associations with health outcomes. �us, for two
air pollutants, say X and Y, the con
guration X (lag 0), Y
(lag 0) may have a di�erent association with the considered
health endpoint than does the con
guration X (lag 0), Y

(lag 1). �e air pollutants in the statistical model usually
are included with the same or di�erent lags. Exposure may
be interpreted as simultaneous (X and Y with the same
lags) or nonsimultaneous (X and Y with di�erent lags). In
this case, two di�erent health conditions are analyzed: (i)
epistaxis (ICD-9: 784.7) for patients 18 years old and younger
and (ii) upper respiratory infection (URI) identi
ed with
ICD-9 codes 460–465 and 472–474. Some combinations
of lags may better represent the real situation, even in
relations among two or more air pollutants, for example,
high nitrogen dioxide concentration is usually followed by
a high ozone concentration. �us we expect that ozone (lag
0) and nitrogen dioxide (lag 1) are better representation than
lag 1 for ozone and lag 0 for nitrogen dioxide.

2. Materials and Method

�e health data for IHD were obtained from one of the
hospitals in Toronto for the period April 1999–March 2002.
Epistaxis and URI data were retrieved from ED database pro-
vided by a group of 
ve hospitals in Edmonton for a 10-year
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Figure 1: ED visits for ischemic heart disease (IHD). (a) Odds ratios (OR, 95% CI) by age groups and (b) levels of SO2 by age group
for cases and controls. (c) Levels of SO2 by age group for cases—shown by sex. �e results are shown for the sequence of age groups:
[20, 39], [21, 40], . . . , [66, 85].

period (April 1992–March 2002). Associations between ambi-
ent air pollutants and the considered health outcomes were
investigated using a case-crossover design (SO2 with IHD,
SO2 and O3 with epistaxis, and NO2 and O3 with URI). �is
design is an adaptation of the case-control method, whereby
cases serve as their own controls [6]. A subject’s exposure to
external factors at the time of a health event (case period)
is compared with another period when the subject was a
noncase (control period). Most time-invariant confounders
are controlled by making within-subject comparisons. We

used time-strati
ed approach to identify control periods.
Similarly, the matching of control to case periods by day of

week ostensibly controlled for the in�uence of day-of-week
e�ects [7]. In our study, in the constructed models we
adjusted for temperature and relative humidity in a nonlinear
form. Both meteorological factors were included in the form
of natural splines with 3 degrees of freedom.

�e calculated OR for in emergency visits were estimated
for an interquartile range (IQR, IQR = Q3-Q1 = 75th–25th
percentile) increase in air pollutant concentrations.

In the case of IHD, a sequence of overlapping age intervals
was created to be able to investigate the relationship between
ED visits and the age of patients. �e sequence was de
ned
as follows: [20, 39], [21, 40], . . . , [66, 85] years. �e analysis
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Figure 2: ED visits for epistaxis (age < 19 years). Odds ratios (OR, 95% CI) estimated by single-pollutant models.

was performed separately for each age interval. In addition,
the calculation was performed for patients in the age interval
of [20, 85] years. For each age interval, the corresponding
values of sulphur dioxide concentrations for both the case and
matched-control periods were estimated and represented as
Q1, median, and Q3.�e daily mean value (24-hour average)
was used to represent the SO2 level on a speci
c day. �e
same representationwas used for other ambient air pollutants
considered here.

3. Results and Discussion

3.1. Results for Ischemic Heart Disease (IHD). �e results
for IHD are reported in the form of one 
gure (Figure 1)
with three panels (a–c). Figure 1(a) shows OR and their
corresponding 95% CI intervals for the sequence of over-
lapping age groups. �ese values are shown for SO2 for its
IQR of 2.9 ppb. For all patients, that is, those in the age
interval of [20, 85] years, the estimated OR = 1.12 (95%
CI: 1.02–1.23). Figure 1(b) illustrates the quartiles (Q1, Q3)
and median for the pollutant levels by case/control period.
Also, it illustrates the number of ED visits for IHD (scaled
by 140 to 
t into the 
gure). �e number of ED visits for
IHD increases with age. �e estimated OR are large, and
the 95% CIs are narrower with a growing number of cases.
For older patients, we observe that OR are positive but
not statistically signi
cant. Figure 1(c) shows the values of
sulphur dioxide concentrations by case period for males and
females, respectively.�e frequency of ED visits also is shown
by sex and age group and is scaled by 60 to 
t into the 
gure.

�e illustration indicates that males of increasing age are less
exposed than that females even the number of IHD cases is
larger for males than that for females, and increases with age.
In total there were 2,348 cases in the study. Daily mean value
for SO2 was 4.2 ppb with standard deviation = 2.6 ppb.

3.2. Results for Epistaxis. We considered ED visits for epis-
taxis for patients younger than 19 years of age. We identi
ed
15,038 cases (males = 8,587, females = 6,451). As nose bleeding
falls under two main categories in relation to age—anterior
bleeds and posterior bleeds—we may observe di�erent rela-
tionships with air pollutant concentrations by age. In this
study our intention was to address only the methodological
issue; thus, we do not go into much detail here. We focus our
attention for ED visits for epistaxis among young persons.
We studied primarily the relationship between two pollutants
(SO2 and O3) and epistaxis. We also considered other air
pollutants to obtain more information on the associations
with ozone.

For single-pollutant models—that is, each air pollu-
tant was considered separately—we obtained the following
results: for lag 0, OR = 0.982 (95% CI: 0.920–1.048, for
SO2), OR = 0.964 (0.856–1.085, for O3); for lag 1, OR =
1.018 (0.954–1.085, for SO2), OR = 0.993 (0.879–1.120, for
O3); and for lag 2, OR = 1.077 (1.012–1.147, for SO2), OR =
1.037 (0.919–1.170, for O3). �e results for single-pollutant
models are shown in Figure 2 for lags from 0 to 3 days. �e

gure also illustrates the results for four other air pollutants:
carbonmonoxide (CO), NO2, and particulate matter (PM) of
di�erent aerometric diameters (2.5 and 10microns, resp.).We
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Figure 3: ED visits for epistaxis (age < 19 years). Odds ratios (OR, 95% CI) estimated by two-pollutant models with di�erent lags.

focused on SO2 and O3. Figure 3 shows the results for two-
pollutant models for di�erent combinations of air pollutants
and lags used in the common models. All the considered
models were two-pollutant models with ambient ozone as
the second pollutant. �e strongest association was obtained
for the two-pollutant model with SO2 and O3 lagged by 2
days and 1 day, respectively. �is result is in contrast to that
using single-pollutant models, where only one positive and
statistically signi
cant result was observed, that is, for sulphur
dioxide with lag 2 but not for O3. �e association for ozone
was observed for older patients (age > 18 years) and is thus
probably an indication of a di�erent type of epistaxis.�edata
are not shown here.

3.3. Results for Upper Respiratory Infection (URI). In case
of ED visits for URI, we considered NO2 and O3, as both
air pollutants usually are strongly correlated. Figure 4 shows
the results for both pollutants considered in single-pollutant
models (both lagged by the same number of days: 0 or 1)
and in two-pollutant models. �e two-pollutant models are
indicated by rectangles. �e brackets [∗] are used to indicate
the speci
c pollutant for which the results are reported. We
observed that in the case of two-pollutant models, when we
used O3 exposure (lag 1) before NO2 exposure (lag 0), the
result is weak. Such a con
guration is less probable in nature,
as nitrogen dioxide usually precedes ozone. It is opposite to

the properly modelled situation: NO2 lagged by 1 day and O3
lagged by 0 day (same-day exposure).

�e results for epistaxis and URI are reported for the
following values of IQRs for the considered 6 air pollutants:
(CO, NO2, SO2, O3, PM10, PM2.5) = (IQR: 0.4 ppm, 12.8 ppb,
2.3 ppb, 14.0 ppb, 15.0�g/m3, 6.2�g/m3), respectively. �e
corresponding daily mean values were 0.7, 21.9, 2.6, 18.6,
22.6, and 8.5, respectively. �e correlation coe�cients for the
daily average values of air pollutant concentrations were as
follows: O3-CO: −0.55, O3-NO2: −0.53, O3-SO2: −0.27, O3-
PM10: −0.07, O3-PM2.5: 0.05, CO-NO2: 0.78, CO-SO2: 0.43,
CO-PM10: 0.43, CO-PM2.5: 0.32, NO2-SO2: 0.47, NO2-PM2.5:
0.39, NO2-PM10: 0.33, SO2-PM2.5: 0.21, SO2-PM10: 0.22, and
PM2.5-PM10: 0.76.

3.4. Discussion. We applied a widely accepted and o�en used
statistical method, the case-crossover technique realized by
using conditional logistic regression, to estimate odds ratios
in relation to short-term exposure to air pollutants and
associated health outcomes.Weobserved that for somehealth
outcomes, in our case ED visits for IHD, the association with
air pollution (here, SO2) decreases with age. It may be an
e�ect that older persons are more protected from the e�ects
of exposure to ambient air pollution by virtue of their lifestyle.
�ey o�en spend more time at home, do not commute to
work, and possibly stay away frommore polluted areas. It also
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Figure 4: ED visits for upper respiratory infection (URI). Odds ratios (OR, 95% CI) for di�erent con
gurations (lags) of O3 and NO2 in the
models.

may be a biological e�ect; that is, for older persons the disease
itself a�ects their health without any environmental triggers,
or possibly another trigger is stronger than exposure to air
pollutants. In addition, the impact of lagged exposure (say, lag
of 1 day) may be stronger than same-day exposure for older
persons.

�e second problem considered here is related to two-
pollutant models, where the applicable air pollutants were
lagged by a di�erent number of days. It may be viewed as
modelling exposure to two pollutants in a time sequence.
In the case of epistaxis, we observed associations for ozone
and sulphur dioxide, lagged di�erently (ozone: 1 day; sulphur
dioxide: 2 day). �e association of ozone exposure and
hospital epistaxis presentation was already observed and
published [8].

�e presented phenomenon (di�erent lags in one model)
is implicitly known and very o�en applied. It is in case
of weather variables, for example, temperature. Even in
one-pollutant models incorporating temperature, di�erent
approaches are usually used; temperature is considered on
the day of the event or is lagged by the same number of
days as the applicable air pollutant. Since temperature and air
pollution are o�en correlated, the obtained results may di�er
from these two options [9].

�e presented results may also be just an e�ect of the
pure numerical properties of regression models where two
pollutants are correlated or, as in case of single-pollutant
models, where temperature and air pollutant are considered.
�us, two variables used in a common model and di�erently
shi�ed by a few days by using lags may show a stronger
association than those considered with the same lag.
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