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Abstract
Objectives: Ambient ozone (O3) exposure is associated with a variety of health conditions. The objective of this study was 
to examine the effect of increased daily concentrations of ozone on emergency department (ED) visits due to lower respi­
ratory diseases (LRD), such as acute or chronic bronchitis, in Edmonton, Canada. Materials and Methods: Data concer­
ning 10 years (1992–2002) were obtained from 5 Edmonton hospital Emergency Departments. Odds ratios (ORs) for ED 
visits associated with the increased ozone levels were calculated employing a case-crossover technique with a time-stratified 
strategy to define controls. In the constructed conditional logistic regression models, adjustments were made for daily num­
ber of influenza ED visits and weather variables using natural splines. ORs and their 95% confidence intervals (95% CI) were 
reported in relation to an increase in the interquartile range (IQR = 17.9 ppb) of the ground-level ozone. Results: Over­
all, 48 252 ED visits due to LRD were identified, of which 53% were made by males. The presentations peaked in December 
(12%) and February (11.7%) and were the lowest in August (5.6%). Positive and statistically significant results were obtained 
for acute bronchitis: for same day (OR = 1.09, 95% CI: 1.05–1.13, lag 0) and for lag 2, lag 3–7 and 9 days; for chronic bronchi­
tis: for lag 6, 7, and lag 9 days (OR = 1.11, 95% CI: 1.05–1.18, lag 9). For all ED visits for LRD, lag 0, lag 1, and lag 3–9 days 
showed positive and statistically significant associations (OR = 1.06, 95% CI: 1.03–1.09, lag 0). Conclusions: These findings 
support the hypothesis concerning positive associations between ozone and the ED visits due to LRD.
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INTRODUCTION

Lower respiratory symptoms and conditions are defined 
as lower respiratory tract infections such as pneumonia, 
but can be also applied to other types of infections includ­
ing lung abscess and acute bronchitis. Symptoms of lower 
respiratory tract conditions, such as shortness of breath, 
wheeze, dyspnea and cough are also common emergen­
cy department (ED) presenting complaints. While these 
problems are present throughout the whole year, in many 

high latitude Northern and Southern hemispheric coun­
tries they predominate in cold seasons. There is a variety 
of causes for these conditions including viral and bacterial 
infections, cigarette smoking and second hand exposure, 
non-compliance with chronic medications as well as poor 
air quality.
In this study, we have considered ED visits due to lower 
respiratory diseases (LRD). We have investigated the as­
sociation between the ambient ground-level ozone (O3) 
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outcomes. These daily counts were analyzed as a number 
of separate individual events on a specific day. The ground 
level ozone was represented as the highest daily maxi­
mum  8-hour average of ozone concentrations. Weather 
variables, i.e. temperature and relative humidity were ex­
pressed as daily mean values.

MATERIALS AND METHODS

The data on ED visits were supplied by the former Capital 
Health (now called Alberta Health Services (AHS) – Ed­
monton Zone) for all the 5 major acute care hospitals in 
the Edmonton area. Edmonton has an academic-focused 
health care system and is a part of one of the largest in­
tegrated health regions in Canada. The system provides 
complete health services to approximately 1 million resi­
dents. The sites are staffed with full-time Emergency Phy­
sicians. Each site deals with approximately  50  000 visits 

exposure and ED presentations diagnosed as LRDs, 
including acute/chronic bronchitis and chronic airway 
obstruction (See Table 1 for a detailed list of the classi­
fied health endpoints). Ambient ozone is recognized to 
adversely affect respiratory health. Ozone is absorbed by 
both upper and lower respiratory tract, and is a power­
ful oxidant that can damage respiratory tract, causing 
inflammation and irritation. Previous work has identi­
fied ozone levels as being associated with a variety of ED 
respiratory [1–4] and non-respiratory presentations such 
as otitis media [5], conjunctivitis, skin conditions [6] and 
cellulitis [7,8].
To investigate potential correlations between the ground 
level ozone concentration and these lower respiratory 
conditions, we used a comprehensive ED database from 
Edmonton, Canada. A  case-crossover (CC) design [9] 
was applied for this type of data. Daily counts of ED vis­
its due to LRD were used to represent considered health 

Table 1. Lower respiratory disease classification used in the study of ED visits in Edmonton

Description of the diagnosed ED visits ICD-9 code Counts
Acute bronchitis 466.00 12 864
Acute bronchiolitis 466.10 3 665
Acute bronchiolitis due to respiratory syncytial virus 466.11 1 315
Acute bronchiolitis due to other infectious organisms 466.19 3 888
Bronchitis not specific acute/chronic 490.00 10 098
Simple chronic bronchitis 491.00 125
Mucopurulent chronic bronchitis 491.10 1
Obstructive chronic bronchitis without exacerbation 491.20 270
Obstructive chronic with (acute) exacerbation 491.21 5 614
Other chronic bronchitis 491.80 14
Unspecified chronic bronchitis 491.90 137
Emphysematous bleb 492.00 15
Other emphysema 492.80 904
Bronchiectasis 494.00 400
Chronic airway obstruction, not elsewhere classified 496.00 8 942
Total 48 252

All descriptions are original from the used database. An ICD code identifies cases.
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E–N:  0.85; E–C:  0.89; N–C:  0.88, based on  3.552 daily 
averages.
Maximum  8-hour average concentrations were used to 
represent the ozone exposure. The daily maximum was 
defined as the highest of the 24 possible 8-hour averages. 
A valid day measurement was defined as the one with at 
least  75% (18  and more averages up to  24) of the pos­
sible 8-hour averages in the day. 
The study used a case-crossover (CC) design, which is an 
adaptation of the case–control methodology employed 
elsewhere [9]. By definition, in the case-crossover tech­
nique the cases act as their own controls on a set of pre­
defined control days proximate to the time they become 
cases. A  time-stratified approach to determine referent 
control periods was widely adopted as it has been shown 
to produce unbiased conditional logistic regression esti­
mates [12]. In the design, the controls are matched to 
the case periods by the day of the week for the case pe­
riod (usually day), the control periods are determined as 
other days in the same month and year. This strategy was 
used here, thus,  3 or  4 controls were present for each 
case, depending on the day of the week when the case 
occurred and the number of days in the month. All sta­
tistical analyses were executed with SAS, using the pro­
cedure PHREG to realize the conditional logistic regres­
sion models. 
A p-value less than 0.05 (p ≤ 0.05) was considered sta­
tistically significant in all the presented statistical results. 
The results were reported as odds ratios (ORs) and their 
corresponding 95% confidence intervals (CI). The values 
of ORs were reported for an increase in the concentration 
represented as the interquartile range (IQR = 75–25th 
values of percentiles, IQR  =  17.9  ppb) of the ozone 
level. Since daily temperature and relative humidity may 
also affect acute outcomes of lower respiratory illness, 
we adjusted for these 2 variables. Temperature and rela­
tive humidity were used in a form of natural splines with 
the  3 degrees of freedom. All components, ozone and 

annually; teaching medical students, interns and residents 
are also common.
The sample considered in this study were the patients 
served by these  5 hospitals in Edmonton, between 
April 1, 1992 and March 31, 2002. Almost 3 million ED 
records were identified in the database. The Internation­
al Classification of Disease (ICD) 9th Revision (ICD-9) 
codes (World Health Organization, 1997) were applied to 
identify the cases classified as LRD, among them ICD-9 
groups 466 (acute bronchitis) and 490 (chronic bronchi­
tis). The analysis was performed separately for gender (all, 
males, females) and for the following strata: all ages, older 
than 65 years of age (> 65), younger than 19 years of age 
(0–18), older than 18 years of age (19–19+), warm period 
(April–September), cold period (October–March), and 
separately for the 2 subgroups of LRD (ICD-9: 466 and 
ICD-9: 490).
We have also retrieved and tabulated the daily number 
of visits due to influenza (ICD-9:  487.0,  487.1,  487.8; 
with 108, 12 986, and 2171 number of cases, respectively) 
to adjust for the potential confounding impact of the sea­
sonal viral respiratory epidemic period. 
Environment Canada’s weather archive [10], supplied 
data for selected weather variables that were recorded 
hourly. Only 2 meteorological variables were used: ambi­
ent temperature (dry bulb) and relative humidity. The 
daily mean as an average of hourly readings (an aver­
age of  24 measurements) was used to represent daily 
values of these weather parameters. In the final models, 
the weather variables were used in a spline form as con­
founders. Natural cubic splines with  3 degrees of free­
dom were constructed.
The data on the ambient ground-level ozone were sup­
plied by Environment Canada [11]. We acquired ozone 
levels measured only at the monitoring stations in Ed­
monton. For ozone measurements, the correlation be­
tween ozone levels for the 3 monitoring stations (north­
west  –  N, central  – C, and east  –  E) were as follows: 
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The ozone values (daily averages from the 3 fixed moni­
tors, each station had  24 hourly measurements and at 
least  1 station worked) were available during  3652 days 
and had the mean value of 18.6 (ppb), with standard de­
viation of 9.3, median value = 17.8, IQR = 14.0 for daily 
mean, and IQR = 17.9 for a maximum 8 h average ozone. 
Weather data obtained from the Environment Canada’s 
weather archive had the following corresponding values 
for temperature of  3.9 (ºC),  11.9,  5.4, IQR  =  17.9, and 
for relative humidity of 66 (%), 13.6,  66.1, IQR = 18.5, 
respectively.
The main results (estimated odds ratios) are displayed 
on  4 figures. These figures show the values of ORs and 
their  95% CIs in numerical and graphical (line bars) 
forms. The results are reported for IQR = 17.9 ppb. The 
results were calculated for all, male and female patients 
with ozone exposure lagged by (same day)  0,  1,  2 up  
to 9 days in relation to the case day. Figure 2 represents va
lues for all the ED visits due to lower respiratory conditions 
(N = 48 252) stratified by sex (all, males, and females). The 
left side of the figure shows the results for all ages and the 
right part for the patients older than 65 years of age (> 65). 
The results for 2 age groups – not older than 19 years of age 
(0–18), not younger than 18 years of age (19–19+) – are 
shown on Figure 3. Figure 4 provides the values of ORs 
and their 95% CIs for 2 strata: warm period (April–Sep­
tember) and cold period (October–March). Figure 5 illus­
trates the results for the ED visits due to acute bronchitis 
(ICD-9: 460, left part of the figure) and to chronic bronchi­
tis (ICD-9: 490), right part of the figure.
The following patterns were noted for ozone and ED visits 
due to lower respiratory diseases. For all the patients posi­
tive and statistically significant results were obtained for 
ozone exposure lagged by 0, 1, and 3 to 9 days. For the male 
patients estimated ORs were significant for lags 0, 1, 3, 4, 7 
and 9 days. For the female patients the ORs estimated for 
lag 0 and lags 4 up to 9 days had significant values. We ob­
served association for older males (> 65) for lag 1 and lag 3. 

meteorological factors, in the constructed models were 
lagged by the same number of days, from 0 to 9 days.
For some health conditions, considered as a sub-group of 
lower respiratory disease, we performed our analysis sepa­
rately: 466 (acute bronchitis) and 490 (chronic bronchitis). 
In the case of our logistic regression models we have also 
adjusted for the confounding impact of daily ED visits due 
to influenza.

RESULTS

Table 1 provides counts of ED visits due to lower respira­
tory conditions identified by ICD-9 codes and considered 
in this study as LRDs. The table includes original short de­
scriptions of the diagnosed visits. Figure 1 shows the num­
ber of visits by sex and age (in years). The frequency of ED 
visits in the case of patients of 86 years of age and older 
(>  86) is represented by  1 point, which shows summa­
rized frequencies for seniors. The overall number of visits 
was 48 252 (males = 25 418, 53%; females = 22 834, 47%). 
The volume of visits varied from a  low  5.6% in July to 
a high 12% in December. The values were expressed in 
relation to the total number of diagnosed visits considered 
in the study. 

Fig. 1. Frequency of ED visits due to lower respiratory diseases 
by age and sex in 5 Emergency Departments in Edmonton, 
Canada (1992–2002)
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OR – odd ratios; CI – confidence intervals. 
Interquartile range: 17.9 ppb.

Fig. 2. Patients of all ages and patients older than 65 years of age

Abbreviations as in Figure 2.

Fig. 3. Two age groups: 0–18 and 19–19+
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Abbreviations as in Figure 2.

Fig. 4. Two periods: warm months and cold months

Fig. 5. Two ICD-9 groups (466, 490)



O R I G I N A L  P A P E R S         T. KOUSHA, B.H. ROWE

IJOMEH 2014;27(1)56

that poor air quality, in the form of higher levels of ozone, 
may contribute to bronchitis exacerbations that require 
ED visits. Ozone may induce morphological and bio­
chemical effects in nasal and respiratory airways [15,16]. 
Airborne infectious, allergic and air pollution agents are 
among the most common inflammatory factors and ozone 
is among them.
Few published studies have examined the effect of air pol­
lution on the lower respiratory conditions. As mentioned 
previously, we followed the methods of a similar study [3], 
by attempting to use similar disease categories and health 
outcomes. In another study [4], the authors obtained data 
on 4 million ED visits from 31 hospitals in Atlanta. They 
assessed visits due to asthma, chronic obstructive pulmo­
nary disease, lower respiratory infection and pneumonia 
in relation to air pollutants using Poisson generalized es­
timating equations. As those authors stated, the results 
of their study contribute to the evidence of an association 
of several correlated gaseous and particulate pollutants, 
including O3, NO2, CO, particulate matter (PM), and or­
ganic carbon, with specific respiratory conditions [4]. Us­
ing the same Edmonton data, an association between 
asthma and the increased levels of O3 and PM has been 
identified previously [17]. In addition, ozone (lag 2 days) 
was most consistently associated with respiratory, but not 
cardiac, ED presentations [18]. 
In the presented study, we attempted to identify sex and 
time-lagged exposure for which ozone is correlated to 
lower respiratory conditions. Overall, our findings differ 
from the Atlanta study in 2 important ways. First, Edmon­
ton and Atlanta have contrasting climates. Edmonton has 
a longer and more severe cold winter period and a shorter, 
less extreme and dryer summer period. In addition, Ed­
monton has a high proportion of sunny days, relatively dry 
climate and exposure to oil refineries in the surrounding 
communities that may influence the quality of air. Second, 
we have recruited a  more homogenous population than 
the Atlanta and other Edmonton cohorts.

Figure 3 indicates that the younger patients (the age group 
[0–18]), are more affected by recent exposure in relation to 
the day of ED visit. For both age groups we have also seen 
the effect on the same day of (lag 0) exposure. Figure 4 in­
dicates that a larger number of positive effects was detected 
in the cold period in comparison to the warm period. Fig­
ure 5 indicates that more recent exposures had stronger as­
sociations with the ED visits due to acute bronchitis than to 
chronic bronchitis. 

DISCUSSION AND CONCLUSIONS

Using a relatively large administrative database from 1  in­
tegrated geographic area in Western Canada (Alberta) 
linked to the reliable and valid Environment Canada data, 
we explored the association between the ozone levels 
and lower respiratory presentations to EDs in a northern 
Canadian region over a 10-year period. Significant short-
term effects were observed for the ambient ground level 
ozone exposures on daily ED visits due to lower respira­
tory diseases. Ambient air pollutant affects patients differ­
ently depending on sex and the time of exposure (in terms 
of lagged days) resulting in different health conditions.
The number of visits due to bronchitis is bimodal: it peaks 
in early childhood and then again in older age. The early 
childhood peak probably represents a  misdiagnosis. For 
example, “bronchitis” is not a disease of children or non-
smokers; however, asthma and bronchiolitis are. Since 
many children in early years with wheezing conditions 
receive a multitude of other diagnoses, the misclassifica­
tion is not surprising. In addition, the second peak in older 
adults is probably a consequence of COPD, and men have 
more presentations than women. COPD is a rising cause 
of morbidity and mortality in many countries [13,14].
There are several known and common causes of lower re­
spiratory illnesses. Among them there are: viral and bac­
terial infections, cigarette smoke exposure (both primary 
and secondary) and poor air quality. This study indicates 
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N = 292 285) as health endpoints, obtained positive and 
statistically significant associations with ozone for each 
lag [21–23].
Many episodes of lower respiratory conditions do not re­
sult in an ED visit, thus our findings are not generalizable 
to all such episodes. These data would, however, reflect 
the more severe LRD cases. It is possible that high ozone 
levels are correlated with sunny weather, when persons 
spend more time outside. This, in turn, is associated with 
them being exposed to other environmental factors that 
may also influence health. However, majority of the pre­
sentations were in the winter months.
The ground level ozone is formed when NO2 is exposed to 
the ultraviolet radiation in the sunlight. Organic gas con­
centrations in the atmosphere have a significant effect on 
ozone levels. The large majority of this air pollution arises 
from combustion of fossil fuels (e.g., mobile sources of air 
pollution). It is reasonable to assume that lower respira­
tory tract presentations would be the highest during peak 
combustion of fossil fuels and that interventions to reduce 
fossil fuel combustion may have direct influence on health 
care resource use. The ground level ozone, is a secondary 
pollutant and can actually be scavenged from the air by 
fresh combustion pollutants.
The results presented here support the hypothesis that ED 
visits due to lower respiratory tract conditions are corre­
lated with the ambient ground level ozone. 
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In the literature there are several other studies that sup­
port these results. For example, using the same dataset 
we have explored the association between ozone levels 
and 0–3 day lags in ED presentations due to otitis media. 
Otitis media is often a consequence of upper respiratory 
infections and is considered as a type of upper respiratory 
illness. There is also evidence of an association between 
ozone level and respiratory conditions such as asthma and 
pneumonia [19,20]. Finally, there is also evidence of an as­
sociation between ozone level and skin conditions [6] and 
cellulitis [7,8]. These findings are not surprising since skin 
and respiratory tract are the main organs in direct contact 
with ambient ozone. 
The casual associations could not be established using 
such a study design. The case-crossover methodology ap­
plied in our study, in which each patient serves as his or 
her own control, reduces or eliminates the confounding 
effects. Confounding might still be possible with time-
varying characteristics.
The limitations of this study are typical of this type of 
research. They include the adequacy of the model and 
impact of measurement error in the exposure and out­
come variables. The fixed-site monitoring sites avail­
able in Edmonton provide daily pollution exposures of 
ambient air pollution and are applied to represent aver­
age population exposure. The fixed site monitors do not 
fully reflect variation in exposure among individuals; 
however, alternatives are not readily available. The in­
dividual data on potentially important effect modifiers 
such as medication use, smoking status, socio-econom­
ic status, race and other medical co-morbidities were 
not available from this database. We have conducted 
numerous hypothesis tests, increasing the risk of false 
positive results; however, we have observed trends or 
similar statistical results for different health conditions 
categorized as lower respiratory conditions. Another 
study using the same ED data and statistical method and 
considering all respiratory conditions (ICD-9: 459–460, 
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