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BACKGROUND: Air pollution caused by motor vehicle emissions has
been associated with exacerbations of obstructive airway diseases; however,
the nature of the resulting bronchitis has not been quantified.
OBJECTIVE: To examine whether proximity to major roads or highways
is associated with an increase in sputum neutrophils or eosinophils, and to
evaluate the effect of proximity to roads on spirometry and exacerbations
in patients with asthma.

METHODS: A retrospective study of 485 sputum cell counts from
patients attending a tertiary chest clinic in Hamilton, Ontario, identified
eosinophilic or neutrophilic bronchitis. Patients’ residences were geocoded
to the street network of Hamilton using geographic information system
software. Associations among bronchitis, lung function, and proximity to
major roads and highways were examined using multinomial logistic and
multivariate linear regression analyses adjusted for patient age, smoking
status and corticosteroid medications.

RESULTS: Patients living within 1000 m of highways showed an increased
risk of bronchitis (OR 3.8 [95% CI 1.0 to 13.7]; P<0.05), particularly neutro-
philic bronchitis (OR 4.7 [95% CI 1.2 to 18.7]; P<0.05) as well as an
increased risk of an asthma diagnosis (OR 1.9 [95% CI 1.0 to 3.4]; P<0.05).
Patients living within 300 m of a major road were at increased risk for an
asthma exacerbation (OR 1.9 [95% CI 1.5 to 15.5]; P<0.01) and lower lung
function, particularly in women (P=0.036).

CONCLUSION: In patients with airway diseases, living close to a highway
or major road was associated with neutrophilic bronchitis, an increased risk
of asthma diagnosis, asthma exacerbations and lower lung function.
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Lassociation entre la proximité des grandes routes
et la numération cellulaire des expectorations

HISTORIQUIE : La pollution de lair causée par les émissions des véhicules
automobiles s’associe a des exacerbations des maladies respiratoires obstruc-
tives, mais la nature de la bronchite qui en découle n’est pas quantifiée.
OBJECTIF : Examiner si la proximité des grandes routes et des autoroutes
s'associe 2 une augmentation des neutrophiles ou des éosinophiles dans les
expectorations et évaluer Peffet de la proximité des routes sur la spirométrie
et les exacerbations chez les patients asthmatiques.

METHODOLOGIE : Une étude rétrospective de 485 numérations cellu-
laires d’expectorations de patients qui fréquentaient une clinique de soins
pulmonaires tertiaires de Hamilton, en Ontario, a permis de dépister des
bronchites & éosinophiles ou a neutrophiles. Les chercheurs ont procédé au
géocodage du lieu de résidence des patients par rapport au réseau routier de
Hamilton au moyen d’un systéme d’information géographique. Ils ont
examiné les associations entre la bronchite, la fonction pulmonaire et la
proximité des grandes routes et des autoroutes a 'aide d’analyses de logis-
tique multinomiale et de régression linéaire multivariée rajustées selon
I’age, le tabagisme et la prise de corticoides des patients.

RESULTATS : Les patients qui habitaient a moins de 1 000 métres
d’une autoroute présentaient un risque accru de bronchite (risque relatif
[RR] 3,8 [95 % IC 1,0 a 13,7]; P<0,05), notamment de bronchite & neutro-
philes (RR 4,7 [95 % IC 1,2 a 18,7]; P<0,05), de méme qu’un risque accru
de diagnostic d’asthme (RR 1,9 [95 % IC 1,0 a 3,4]; P<0,05). Les patients
qui habitaient & moins de 300 metres d’'une grande route étaient plus vul-
nérables a une exacerbation de l'asthme (RR 1,9 [95 % IC 1,5 a 15,5];
P<0,01) et & une fonction pulmonaire réduite, notamment chez les femmes
(P=0,036).

CONCLUSION : Chez les patients ayant une maladie respiratoire, le
fait de vivre prés d’'une autoroute ou d'une grande route s’associait a une
bronchite a neutrophiles, & un risque accru de diagnostic d’asthme, a des
exacerbations de 'asthme et 2 une fonction pulmonaire réduite.

Air pollution from vehicular traffic emissions is a serious health haz-
ard with significant impact on public health (1). Ambient particu-
late matter and pollutants from automobiles such as carbon monoxide
and nitrogen dioxide are associated with respiratory morbidity and mor-
tality; these effects may be greater among persons with pre-existing
obstructive airway diseases such as asthma (2,3). Proximity to major
roads and high-density traffic has been reported to be associated with
higher rates of wheezing (4), atopy (5) and respiratory symptoms (6),
decline in lung function (7) and increased health care use in children
(8). One of the mechanisms may be due to worsening of airway inflam-
mation. Short-term exposures to vehicular traffic emissions in subjects
with asthma (9) and healthy traffic police officer volunteers (10) were
reported to be associated with neutrophilic inflammation. A 2 h expos-
ure to road tunnel traffic was reported to be associated with increased
lymphocyte and macrophage counts in bronchoalveolar lavage fluid
(11). Exposure to ambient pollution has been associated with increased
exhaled nitric oxide (6) and malondialdehyde (12). However, an asso-
ciation between proximity to vehicular traffic and airway inflammation
has not been examined in any population-based studies.

Total and differential cell counts in sputum isolated from saliva and
dispersed with dithiothreitol were demonstrated to be a robust tool for

assessing the presence and severity of bronchitis (13) and are a routine
test in our clinic. The Hamilton Census Metropolitan Area (Hamilton,
Ontario) is located at the western tip of Lake Ontario, and has been
well characterized for the effects of air pollution on morbidity and
mortality (14). We assessed the relationship between the presence and
severity of bronchitis in persons with airway diseases and proximity to
major roads and highways using a spatial analysis approach with geo-
graphic information system (GIS) software and statistical methods.
The primary objective was to examine whether proximity to major
roads or highways is associated with an increase in sputum neutrophils
or eosinophils, irrespective of the physiological abnormality (ie,
asthma or chronic obstructive pulmonary disease [COPD]). The sec-
ondary objectives were to examine the effect of proximity to roads on
spirometry and exacerbations in patients with asthma.

METHODS
Design
The present study was a retrospective survey of a computerized data-
base of bronchitis measurements obtained from spontaneous or
induced sputum cell counts of patients with airway diseases attending
the outpatient clinic of the Firestone Institute for Respiratory Health
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Figure 1) Geocoded addresses of patients in the Hamilton Census
Metropolitan Area (Hamilton, Ontario)

(Hamilton, Ontario) between January 2004 and December 2006.
Active bronchitis was defined as the presence of elevated levels of
inflammatory cells in sputum. Bronchitis was further classified into
two subtypes: eosinophilic (EB) (normal total cell count [TCC],
eosinophils greater than 1.1%) or neutrophilic (NB) (TCC greater
than 10 million cells/g, neutrophils greater than 65%) (15). Drawing
from a database of 1076 patients, some with multiple visits, two subsets
of data were extracted for analysis — the first with the initial visits of
patients when they were stable (n=485), the second with the first vis-
its of patients when they experienced an exacerbation (n=189).

A diagnosis of asthma was based on information provided by the
referring physician, which included a compatible clinical history with
evidence of reversible airflow limitation (increase in forced expiratory
volume in 1's [FEV,] of 15% or greater following a bronchodilator) or
airway hyper-responsiveness (provocative concentration of meth-
acholine causing a 20% fall in FEV,). COPD was defined as a post-
bronchodilator FEV/vital capacity (VC) of less than 70%. An
exacerbation was defined as an increase in cough, dyspnea, sputum
volume or purulence, or a fall in FEV, of at least 20% that, in the
opinion of the referring physician, required an adjustment to therapy.

Sputum induction and examination of total and differential cell
counts were performed as described by Pizzichini et al (16). Spirometry
was performed according to standards of the American Thoracic
Society. Moderate or many sputum macrophage inclusions were used
as a marker of current or former cigarette smoking.

Geographical analysis

Geographical data were prepared using GIS software package ArcGIS
9.x (ESRI, USA). Patients’ residences were geocoded to the street
network of Hamilton (Figure 1). Roads were classified into two groups:
provincial highways that carry high-volume, trans-province and trans-
USA traffic; and major roads of the local street network. For proximity
analysis, patient addresses were assigned to spatial buffer zones of
widths of 0 m to 500 m, 500 m to 1000 m, and 1000 m to 1500 m that
were created around provincial highways. Buffer zones of 0 m to 100 m,
100 m to 200 m, 200 m to 300 m, and 300m to 400 m were created
around major east-west roads. Proximity to the major industrial zone
in Hamilton (Figure 2) was adjusted for by creating 1 km buffer zones
around a centreline shown in Figure 2. The effect of the industrial
zone itself was also investigated.

Buffer zone widths were selected based on the following three cri-
teria: the need to spatially resolve the distances at which patients may
be affected by pollution from vehicular traffic; the need to have an
adequate number of patients in each buffer zone for statistical analyses;
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Figure 2) Hillshade of the central core of Hamilton, Ontario, show-
ing the Niagara escarpment, the main industrial area and the centre-
line used to demarcate industry buffer zones

and to avoid overlap with buffer zones from neighbouring roads.
Furthermore, previous studies (17) have established that the strongest
zone of exposure lies within 500 m of major roads. ArcGIS software
was used to assign each patient to a buffer zone.

Statistical analysis

Multinomial logistic and multivariate linear regression analyses were
performed with SPSS version 16 (IBM Corporation, USA). Analyses
were performed as follows: multinomial logistic regression with
outcome of bronchitis subtypes, with reference category of patients
classified as normal using the data from the stable and exacerbated
databases; binomial logistic regression for diagnosis of asthma in both
databases; and multivariate linear regression for lung function in the
stable and exacerbated groups. All analyses were adjusted for patient
age, smoking status — identified by macrophages with smokers’ inclu-
sions — and corticosteroid medications. In addition, the study con-
trolled for temperature and humidity on the day of the patients’ visits.
Meteorological data were obtained from the Environment Canada
meteorology station at the Hamilton International Airport. Spatial
autocorrelation in the residuals of the models were found to be negli-
gible, indicating no underlying, unaccounted spatial dependence in the
models. It was not possible to determine possible associations between
the subtypes of bronchitis within the asthma or COPD groups because
of the small number of patients within each buffer zone.

RESULTS

The clinical characteristics of patients in stable and exacerbated
phases are summarized in Table 1. In the stable group, 34% of patients
had asthma and 22% had COPD. In the exacerbated group, 41% and
37% of patients were diagnosed with asthma and COPD, respectively.
All other diagnoses were grouped as ‘all others’, which included bron-
chiectasis and nonobstructive diseases such as sarcoidosis and pulmon-
ary fibrosis.

Exploratory analysis

Table 2 summarizes the mean + SD of TCC and differential cell
counts, as well as the number of patients with EB and NB within each
buffer zone for both stable and exacerbated data sets. Overall, higher
cell counts were observed in the exacerbated group. In the stable
group, neutrophil percentages tended to be highest in the zones closest
to roads and highways. In the exacerbated cases, TCC and eosinophil
percentage were highest within 1 km of the industrial zone but neutro-
phil values did not vary greatly.
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TABLE 1
Clinical characteristics of stable and exacerbated patients

Stable Exacerbated
Physician diagnosis (%) Asthma (34.4) COPD (21.9) All others (43.7) Asthma (40.7) COPD (37.0) All others (22.2)
Patients, n 167 106 212 77 70 42
Age, years 47.5%£17.9 64.3+11 56.7+15.3 46.2+19.4 66.3+12.9 62.6+15.6
Men, % 40.7 50 37.3 29.9 48.6 35.7
Current or former smoker, % 21 50 20.7 20.8 31.4 7.1
FEVL % predicted 87.9+23.5 51.5+25.4 91.0+27.6 73.1+38.0 44.6+30.2 79.9+33.4
FEV,/VC, % 73.1+16.9 50.8+21.9 75.7+18.2 61.4+32.1 43.2+26.9 70.0£25.1
ICS*, ug/day, median (interquartile range) 800 (0-2000) 1000 (0-2000) 0 (0-400) 1000 (0-2000) 800 (0-2000) 0 (0-400)
Patients receiving ICS, % 63.5 64.1 25 27 23.8 6.9
Patients receiving prednisone, % 2.2 35 1.9 4.8 7.9 2.1

Data presented as mean + SD unless otherwise indicated; *Inhaled corticosteroid (ICS) dose calculated as beclomethasone dipropionate equivalents, in which 1 pg
beclomethasone = 1 ug budesonide = 0.5 pg fluticasone. COPD Chronic obstructive pulmonary disease; FEV, Forced expiratory volume in 1 s; VC Vital capacity

TABLE 2

Total cell counts (TCC) and differential sputum cell counts for patients with eosinophilic bronchitis (EB) and neutrophilic
bronchitis (NB) living within each buffer zone for major roads, highways and industry

Stable Exacerbated
Bronchitis, n Bronchitis, n
Buffer zone Eosinophils, % Neutrophils, % TCC, ><106/g EB NB Eosinophils, % Neutrophils, % TCC, ><106/g EB NB
Total 2.5+8.1 61.2+27.1 9.4+12.1 121 124 4.1+£11.3 66.6+27.9 19.3+26.4 64 75
Major road, m
0-100 2.7+4.8 74.4+24.7 13.7+£10.9 24 18 1.4+2.3 74.1+25.0 23.4+21.8 5 12
>100-200 5.6+13.5 63.8+£28.0 12.5+12.0 18 18 8.7+15.9 70.24£27.5 30.3+46.8 13 10
>200-300 7.0+13.6 63.6+24.8 14.3+15.4 28 17 8.8+15.4 63.2+26.6 9.1+8.5 15 6
>300-400 6.9+15.9 70.4+28.0 11.449.5 15 18 7.3+19.6 74.5+24.7 30.0+£29.5 8 12
Other 4.018.4 66.4+24.8 19.4+17.7 36 53 4.4+10.0 71.9+27.3 28.2+26.6 23 35
Highway, m
0-500 5.7+15.1 71.1+24.7 18.5+20.4 16 17 6.6+£12.2 71.6+25.3 26.1+25.8 6 8
>500-1000 6.2+11.9 62.4+28.3 10.4+9.3 19 14 8.7+16.7 72.5+25.7 24.8+29.5 4 10
>1000-1500 1.6+3.1 73.4+18.5 14.016.8 15 18 5.4+11.7 70.0+28.3 33.4+51.8 10 9
Other 4.5+9.7 68.1+27.2 15.2+13.9 71 75 4.9+13.5 71.2426.5 22.3+21.6 44 48
Industry, km
0-1 6.3+10.2 66.1+23.3 13.249.2 13 15 9.0+18.4 68.41+27.8 30.1+52.0 11 10
>1-2 4.1+10.3 69.94+29.2 16.0+13.8 18 21 6.5+17.7 67.1+29.2 17.1+16.6 8 11
>2-3 3.246.7 67.3125.5 11.649.5 16 14 5.5+12.8 61.4+28.9 18.2+17.3 11 8
>3-4 7.3£12.8 67.4+28.1 10.6+7.4 17 8 1.8+2.6 84.1+14.2 35.5+32.6 5 10
Other 4.6+11.9 68.5+25.6 17.2+17.8 57 66 4.9+10.5 72.7426.1 24.8422.1 29 36

Data presented as mean + SD unless otherwise indicated

Table 3 shows similar statistics for patients with asthma and COPD.
Stable asthma eosinophil percentages peaked at 200 m to 300 m from
major roads, while percentages in the exacerbated group were
highest at 100 m to 200 m from major roads, within 1 km of major
highways and within 1 km of industry. Neutrophil percentages did not
vary greatly except for a spike 3 km to 4 km from the industrial zone.
This peak was also observed in the exacerbated COPD group and was
accompanied by high TCCs.

Regression analysis — bronchitis subtypes, asthma and COPD

Logistic regression analysis for bronchitis subtypes in the stable group
revealed that patients who lived 3 km to 4 km from the industrial zone
showed increased risk of EB (OR 4.77 [95% CI 1.62 to 14.05]; P=0.05)
(Table 4). This suggests that proximity to industry is not directly asso-
ciated with these diagnoses. The 3 km to 4 km buffer around the indus-
trial zone is located at the base of the Niagara escarpment (Figure 2),
which is known to restrict air flow in this lower part of the city. Hence,
the observed effect may have resulted from a combination of industry
emissions and the accumulation of pollution at the base of the escarp-
ment. There was an increased odds of NB within 1 km of major high-
ways (OR 4.69 [95% CI 1.18 to 18.67]; P=0.028). Living within 1 km of
a highway was associated with asthma in the stable group (OR 1.78 [95%
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CI 1.12 to 2.83]; P=0.016). Living within 1 km of industry was margin-
ally significant (P=0.06) for increased odds of asthma in the stable
group, and is consistent with the relatively high eosinophil percentage
observed in this zone. The odds of COPD also increased within 2 km to
3 km of industry (OR 2.68 [95% CI 1.28 to 5.68]; P=0.009).

Within the exacerbated group, there was a decreased risk of EB for
patients residing within 1 km to 1.5 km of highways (OR 0.35 [95% CI
0.12 t0 0.98]; P=0.045). There were no statistically significant positive
relationships between subtypes of exacerbated bronchitis and major
roads, highways or industry. However, the significance of EB at 200 m
to 300 m from major roads was noteworthy (P=0.065).

Proximity to roads, lung function and bronchitis

Multivariate linear regression analysis identified no significant asso-
ciation between lung function and proximity to highways or major
roads in either the stable or exacerbated groups. However, when the
stable data set was divided into sex subgroups, the effect of proximity
to major roads on lung function was more pronounced in women
than in men (Table 5). Women living within 200 m of a major road
had significantly lower FEV, (B=-0.17; P=0.029), VC (B=-0.27;
P=0.002) and VC% (B=-4.95; P=0.037) compared with women liv-
ing further away. This effect was not observed in the analysis of the

15



Wallace et al

TABLE 3

Total cell counts (TCC) and differential sputum cell counts for patients living within each buffer zone for major roads,

highways and industry

Stable asthma

Stable chronic obstructive pulmonary disease

Buffer zone Patients, n Eosinophils, % Neutrophils, %  TCC, x10%/g Patients, n Eosinophils, % Neutrophils, % TCC x106/g
Major roads, m
0-100 24 2.3#5.5 55.5+30.3 8.9+9.5 29 0.6+0.8 78.2+15.0 8.4+10.0
>100-200 28 2.7+6.2 47.5+27.6 6.8+7.5 15 4.1+14.8 72.6+29.3 14.+16.6
>200-300 28 6.2+14.9 59.9+26.9 10.1+11.8 15 1.7+3.9 74.0+24.2 13.7£21.4
>300-400 26 4.3+14.0 55.1+32.5 6.2+6.7 16 1.1+1.7 69.7+18.6 8.8+9.2
Other 61 4.249.8 54.9+30.2 9.0+10.6 17 1.6+4.5 68.421.5 14.2421.5
Highways, m
0-1000 57 3.9+11.8 51.8+31.6 7.0+8.3 19 4.9+13.2 67.3+29.7 26.7+26.9
>1000-1500 22 1.7+3.8 62.4+26.4 8.9+7.4 12 0.7+1.1 74.4+24.2 7.9+4.9
Other 88 4.9+11.5 52.6+28.8 8.0£9.8 66 0.8+2.5 75.2+19.3 11.7+15.1
Industry, km
0-1 24 5.4+9.5 52.9+22.1 7.946.5 15 0.6%+1.0 69.9+27.9 9.348.2
>1-2 24 29459 48.9+30.1 7.0£7.0 16 0.5+1.0 82.7+16.6 15.6+16.9
>2-3 20 3.0+8.0 51.8+27.0 4.9+6.0 19 0.6+0.9 75.4+17.8 8.1+10.0
>3-4 18 4.448.2 57.2+33.3 9.648.1 7 0.4+0.5 72.5+6.5 5.6+3.1
Other 81 3.8£12.4 54.6+31.1 8.2+10.8 47 2.6+8.8 71.0+23.8 15.4+22.4
Exacerbated asthma Exacerbated chronic obstructive pulmonary disease
Major roads, m
0-100 7 1.0+1.7 61.+31.7 12.4+14.3 8 1.0+2.2 78.4+26.4 26.4+29.9
>100-200 11 13.4+21.8 53.1+27.7 10.2+10.8 12 2.3+3.7 68.1+30.0 17.7424.2
>200-300 18 8.5+16.1 62.8+27.0 6.445.8 8 1.0+1.1 67.6+25.3 9.1+10.1
>300-400 12 11.1+25.0 56.8+36.9 26.3+32.6 13 1.1+2.0 72.9+20.8 22.5+25.6
Other 29 6.5+13.4 60.5+31.0 18.0+£22.2 21 2.5+6.6 75.5+23.3 26.9+29.4
Highways, m
0-1000 15 10.2+18.0 65.7+29.8 12.7+10.2 18 3.4+7.5 68.5+25.0 23.3+31.5
>1000-1500 14 4.8+12.6 62.3+32.4 22.0£26.7 6 1.6+£2.0 52.3+26.2 5.446.7
Other 48 7.9+18.4 55.5+£30.8 11.8+16.3 37 1.1+1.7 79.4+19.8 23.5+25.0
Industry, km
0-1 10 14.2+24.6 51.7+30.5 7.6%6.5 7 5.5+11.1 76.2+24.8 29.5+41.2
>1-2 13 9.1+21.1 57.2£32.1 11.5+17.3 10 0.4+0.8 71.3+28.9 13.6+15.9
>2-3 12 6.4+16.2 51.4+31.2 9.1+11.6 9 1.8+2.4 72.8+20.9 17.5+£22.3
>3-4 4 1.3+1.8 71.8+£31.0 29.8+44.8 11 1.5+#2.5 84.1+12.5 33.0+32.3
Other 38 6.0+12.8 61.7+31.0 16.7+20.8 33 1.242.3 72.8+25.5 21.0+21.2

Data presented as mean = SD unless otherwise indicated

TABLE 4

Results of logistic regression analyses for bronchitis subtype, asthma and

according to proximity to major roads, highways and industry

chronic obstructive pulmonary disease (COPD)

Stable group

QOutcome Independent variable B SE P Exp(B) 95% ClI
Eosinophilic bronchitis 3 km to 4 km from industry 1.56 0.55 0.005 4.77 1.62-14.05
Neutrophilic bronchitis 1 km from highway 1.55 0.71 0.028 4.69 1.18-18.67
Neutrophilic bronchitis 3 km to 4 km from industry 0.71 0.61 0.245 2.04 0.61-6.80
Asthma 0 km to 1 km from highway 0.57 0.24 0.016 1.78 1.12-2.83
0 km to 1 km from industry 0.59 0.32 0.061 1.81 0.97-3.36
COPD 2 km to 3 km from industry 0.99 0.38 0.009 2.68 1.28-5.64
Exacerbated group
Asthma 200 m to 300 m from major road 1.58 0.59 0.008 4.85 1.52-15.53
COPD 3 km to 4 km from industry 1.80 0.67 0.007 6.04 1.625-22.47

subgroup of men. Similar results were observed for FEV, (B=-0.16;
P=0.036) and VC (B =-0.23; P=0.008) in women living within 300 m
of a major road. However within this 300 m buffer zone, men also
exhibited decreased VC (B=-0.34; P=0.037) and VC% (B=-5.4;
P=0.037). The mean (+ SD) for these lung function parameters in
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women were as follows: FEV, 2.1£1.1 L/min, VC 2.841.2 L/min and
VC% 91.4+28.7%; in men: FEV| 2.7+1.3 L/min, VC 3.9+1.5 L/min
and VC% 86.8+25.1%. Analysis of the exacerbated group according
to sex was not possible because of the small number of patients in
this group.
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TABLE 5

Road traffic and sputum cell counts

Results of multivariate linear regression analysis for outcomes of lung function in men and women of the stable subgroup

living in buffer zones 200 m and 300 m from major roads

Outcome Buffer Patients in Unstandardized coefficients
measure zone, m Sex buffer zone, n B SE P 95% ClI for B R2
FEV, 200 Female 59 -0.17 0.08 0.029 —-0.32 t0 —-0.02 0.48
Male 94 —-0.02 0.15 0.911 -0.32t00.28 0.29
FEV, 300 Female 96 -0.16 0.07 0.036 —-0.30 to —0.01 0.49
Male 131 -0.18 0.14 0.203 -0.46 t0 0.10 0.30
vC 200 Female 59 -0.27 0.09 0.002 —0.44 t0 -0.10 0.40
Male 94 —-0.02 0.18 0.918 -0.37t00.33 0.13
VC 300 Female 96 -0.23 0.08 0.008 —0.39 to —0.06 0.39
Male 131 -0.34 0.16 0.037 —-0.66 to —0.02 0.15
VC, % 200 Female 59 -4.95 2.36 0.037 -9.6t0 -0.31 0.12
Male 94 —-0.05 2.83 0.985 —-5.63 t0 5.52 0.13
VC, % 300 Female 96 -3.52 2.29 0.125 —-8.02 to 0.99 0.11
Male 131 5.4 2.59 0.037 —10.53 to -0.33 0.15
FEV,, L/min Vital capacity, L/min Vital capacity, %
(mean = SD) (mean = SD) (mean = SD)
Women 2.1+1.1 2.8+1.2 91.4+28.7
Men 2.7+1.3 3.9£1.5 86.8+25.1

FEV, Forced expiratory volume in 1 s

DISCUSSION
The present retrospective study demonstrated associations between
residential proximity to air pollution from motor vehicle traffic, and
inflammatory subtypes of bronchitis and exacerbations in patients
with obstructive lung disease. Proximity to major highways increased
the risk of bronchitis, especially NB, and proximity to major roads was
associated with lower lung function.

The current study was the first to examine the association between
valid and reliable quantitative cell counts in sputum and residential
proximity to traffic pollution. Our findings were consistent with those
of a study conducted 30 years previously (18) that identified an asso-
ciation between NB and air pollution exposure, with no similar asso-
ciation with EB. This is of interest given that sputum cell counts were
not standardized, and GIS methods were less advanced at that time.
Furthermore, asthmatic patients who spent 2 h walking on streets
exposed to diesel pollution demonstrated an acute (but nonsignifi-
cant) increase in neutrophils with no increase in eosinophils (9), and
traffic police officers exhibited increased airway neutrophil inflamma-
tion (10). Our work using objective measures is also supported by
studies of random populations of both adults and children using
questionnaire-based surveys (4-8,19,20), which identified associations
between patients with reported symptoms of chronic cough or phlegm
and increased traffic density.

There is a significant amount of in vivo evidence supporting that
neutrophils are unregulated in the presence of a variety of air pollutants
(eg, nitrogen dioxide and ozone) in both healthy (21) and asthmatic
subjects (22), which suggests that the production of neutrophils is
upregulated via interleukin 8 (23). We do not know whether NB in
some subjects was associated with bacterial or viral infections because
culture data were not available. It is difficult to determine the reason for
the lower risk for EB, which could be explained by an inadequate con-
centration of air pollutants that may not be powerful enough to promote
airway eosinophilia. Because we did not have information on sputum
cells after treatment of NB with an antibiotic, we cannot exclude the
possibility of NB masking sputum eosinophils (24). Perhaps air pollution
elicits a T helper cell-1-like immune modulation effect similar to ciga-
rette smoke, which has been shown to lower the risk of allergic sensitiza-
tion and this may be another reason that we did not detect eosinophils
(25). This, however, needs further prospective evaluation.

Can Respir J Vol 18 No 1 January/February 2011

Similar to a large cohort study from the United States (26), we
found that the effect of traffic pollution on lung function was more
pronounced in women than in men; however, the mechanisms need
further investigation. Our data in adults with lung disease may be sig-
nificant because similar associations between lung function decline
and traffic pollution were observed in a significantly smaller number of
individuals. Exposure to air pollution from traffic sources has demon-
strated long-term declines in lung function during an important period
of growth in large numbers of children (7). Furthermore, in children
with persistent asthma, a short-term effect (five days) has been associ-
ated with acute decreases in lung function concomitant with increases
in respiratory symptoms (27), as well as in asthmatic adults with even
shorter exposure (2 h) to diesel particulates (9).

In contrast to other published studies, we did not find an association
between residential proximity to a highway and stable or exacerbated
COPD (28). This is interesting considering that the neutrophilia
observed in our COPD patients was generally more severe; however, the
inadequate number of patients in this group precluded us from dividing
the group into subgroups for reliable multinomial analyses. However,
considering our findings of increased neutrophil percentage in patients
with COPD, it may suggest that the neutrophilia present in COPD is a
feature of the disease rather than being modified by air pollutants.

The strengths of the present study were the reliable and valid
measurements of airway inflammation that were made blinded to the
patients’ clinical details, and the geospatial analyses that enabled us
to relate measurement of bronchitis to exposure to pollution from
vehicular traffic in an urban population. The spatial extent of impact
for mobile pollution sources reviewed in the present study was on
the order of 100 m to 400 m for elemental carbon or particulate
matter mass concentration (excluding background concentration),
200 m to 500 m for nitrogen dioxide and 100 m to 300 m for ultrafine
particle counts (17). For Hamilton, we have similarly demonstrated
that pollutants such as NOx are highest close to major highways.
Hence, despite the complexity of the Hamilton pollution landscape,
we believe that information can be gleaned from highway proximity
analyses. The current study was limited by its retrospective design
and, therefore, did not allow us to account for other factors such as
the patient’s length of occupancy at their address, indoor pollution,
secondhand smoke exposure, socioeconomic status, occupation, atopy,
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early childhood exposure to pollutants, treatment effect with anti-
biotic, and deficits of dietary factors or genetic antioxidant defenses
that can increase susceptibility to air pollution — all of which need
prospective evaluation.

CONCLUSION

Results of the present retrospective study indicate that the presence of
bronchitis, an asthma diagnosis and exacerbations of the disease are, to
some extent, predictive based on residential proximity to air pollutants
from vehicular traffic emissions in patients with lung disease who live
in an urban environment and attended a tertiary care centre. The cur-
rent study also highlighted the importance of neutrophils as cells
involved in airway disease, and that neutrophils play a role that may be
amplified by nonallergic environmental stimuli such as air pollutants.
The study also demonstrated that GIS and sputum cell counts can be
used to study biological effects of air pollution in the community.
Further prospective studies would assist in confirming these findings,
and would also assess the role of other environmental stimuli (eg,
allergens), current therapies and respiratory infections associated with
exposure to vehicular traffic pollutants.
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