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INTRODUCTION

The prevalence of allergic disease has increased during the 
past decade in Korea. There is an increasing tendency for chil-
dren to be exposed to traffic-related air pollutants (TAP), which 
contributes to potential risk factors for allergic disease.

Exposure to TAP is a major contributor to chronic respiratory 
and allergic diseases. Recent studies have examined the effects 
of exposure to road vehicle traffic on respiratory disease,1-4 lung 
function,2-10 and allergic rhinitis (AR).11,12 There have also been 
studies demonstrating the effects of exposure to TAP on chil-
dren’s asthma or related symptoms1,2,12-18 and allergic sensitiza-
tion13,19; most studies found positive associations, although not 

all were significant. 
Both epidemiologic and experimental studies have proposed 

that exposure to TAP (i.e., diesel exhaust from heavy traffic) can 
increase the risks of airway or epidermal inflammation and al-
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lergic sensitization, but the role of the exposure in the etiology 
of asthma or allergic diseases is not completely understood. 
Few studies have investigated the effects of exposure to TAP on 
allergic disease in children and objectively assessed the expo-
sure to TAP in South Korea.

This study evaluated the relationship of living near main 
roads to allergic disease, airway hyperresponsiveness (AHR), 
allergic sensitization, and lung function in Korean children. 

MATERIALS AND METHODS

A total of 5,443 children aged 6-14 years from 33 elementary 
schools in 10 cities in 2005-2006 were included in a baseline 
survey of the Children’s Health and Environmental Research 
(CHEER) study. The participants’ parents were asked to respond 
to questionnaires. Their children underwent physical examina-
tions and clinical tests. The test results were collected by trained 
field technicians who visited the schools. With exclusion of chil-
dren with missing information on address (n=1,182), 4,261 chil-
dren were included for the final analysis. Measurements of pul-
monary functions or AHR and allergic sensitization were made 
on 1,855 and 1,254 children, respectively.

The study protocol was approved by the Institutional Review 
Boards of the Dankook University College of Medicine and Ul-
san University College of Medicine. Written consents were ob-
tained from all participants’ parents after they were fully in-
formed of the survey protocol.

Questionnaire
The diagnosis of allergic disease was made on the basis of the 

questionnaire survey. We used ISAAC questionnaire that has 
been a standardized method to evaluate allergic disease in epi-
demiologic studies worldwide. Korean ISAAC questionnaire has 
already been validated.20 The prevalence of allergic disease was 
identified through a comprehensive history taking: (1) diagnosis 
of allergic disease—Has your child ever been diagnosed with 
asthma (or allergic rhinitis) by a physician?; (2) lifetime symp-
toms of asthma—Has your child ever had wheezing or whistling 
in the chest?; (3) 12-month symptoms of asthma—Has your 
child had wheezing or whistling in the chest during the last 12 
months?; (4) lifetime symptoms of allergic rhinitis—Has your 
child ever had a problem with sneezing, a runny, or a blocked 
nose when he/she DID NOT have a cold or the flu?; and (5) 
12-month symptoms of allergic rhinitis—During the past 12 
months, has your child had a problem with sneezing, a runny 
nose, or a blocked nose when he/she DID NOT have a cold or 
the flu? Age, gender, parental history of allergy, maternal educa-
tional level, household income, study region (metropolitans, in-
dustrial areas, and rural areas), preterm birth, maternal smok-
ing during pregnancy, environmental tobacco smoke (ETS) ex-
posure at home, keeping of pets, and bronchiolitis before age 2 
were considered confounding factors.

Pulmonary function and methacholine challenge tests
Baseline spirometry was performed on each subject accord-

ing to the American Thoracic Society guidelines21 using a porta-
ble microspirometer (Microspiro HI-298, Tokyo, Japan). We 
measured forced vital capacity (FVC), forced expiratory volume 
in 1 second (FEV1), and mean forced expiratory flow during the 
middle half of the FVC (FEF25-75).

Methacholine challenge tests were carried out using a modifi-
cation of the method originally described by Chai et al.22 Each 
subject inhaled 5 inspiratory capacity breaths of buffered saline 
solution and increasing concentrations of methacholine (0.625, 
1.25, 2.5, 5, 12.5, and 25 mg/mL) at 5-minute intervals. The pro-
cedure was terminated when FEV1 was decreased by >20% of 
saline solution. The response to methacholine challenge was 
expressed as PC20 (i.e., the concentration that caused a fall in 
FEV1 of 20% from baseline).

Skin prick tests
Skin prick tests were performed for 16 common Korean inhal-

ants and food allergens, together with negative and positive con-
trols (Allergopharma, Reinbek, Germany). The allergens includ-
ed house dust mites (Dermatophagoides pteronyssinus and D. 
farinae), cat, dog, cockroach, molds (Alternaria alternata and 
Aspergillus fumigates), grass, tree mix (I), tree mix (II), mugwort, 
ragweed, egg, milk, peanut, and soybean. A mean wheal diame-
ter of at least 3 mm greater than the negative control was taken 
as positive. Allergic sensitization was defined as the presence of 
1 or more positive reactions in the skin prick test.

Assessment of traffic-related air pollution exposure: the 
distance to the main road and road length

To assign an exposure estimate of each subject, the residential 
address of each participant was geocoded and subsequently 
mapped using geographic information system (GIS) computer 
software ArcGIS 9.3 (ESRI, 2009). 

The distance to the nearest main road was calculated. The hy-
potheses were that a major road is the greatest contributor to 
TAP traffic-related air pollution exposure and that the degree of 
exposure is proportional to proximity to this source. The total 
road length of the main road and the proportion of the main 
road area within the 200-m home area were also considered. 

Statistical analysis
We categorized the distance of residence from the nearest 

main road into 4 categories as <75, 75 to 150, 150 to 225, or 
>225 m in increments of 75 m. Moreover, the distribution of the 
length and proportion of main roads within the 200-m home 
area was skewed. We assigned “0 m” to the first category and 
stratified the others by tertiles. The length of main roads within 
the 200-m home area (0, 1 to 165, 165 to 254, and >254 m), and 
the proportion of the main road area within the 200-m home 
area (0, 0.1 to 1.94, 1.94 to 3.58, and >3.58%) were also classi-
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fied into 4 categories. The association between TAP and allergic 
disease was analyzed using ‘binreg’, which was performed to 
estimate the prevalence ratios (PRs) and 95% confidence inter-
vals (CIs) of allergic disorders relative to the distance of homes 
from the nearest main road, the length of main roads, and the 
proportion of the main road area. Multiple logistic regression 
analysis was employed to control for confounding effects of se-

lected factors. Confounding variables considered were parental 
history of asthma, atopic eczema, or allergic rhinitis, the mater-
nal educational level, preterm birth, bronchiolitis before age 2, 
ETS at home, maternal smoking during pregnancy, indoor do-
mestic pets, and study region. The trend of association was as-
sessed by assigning consecutive integers (0-3) to the levels of 
independent variables. For lung function parameters, results 
are presented as regression coefficients (beta) and 95% CIs rep-
resenting changes in each exposure category compared to the 
first one by multiple linear regression models. Two-sided P val-
ues <0.05 were considered significant. All statistical analyses 
were performed with STATA version 10.0 IC.

RESULTS

The characteristics of the study population are summarized in 
Table 1. Of the 4,261 children, 23.8% and 12.4% were positive for 
the lifetime and 12-month prevalences of wheezing based on 
the ISAAC criteria, respectively, and the lifetime prevalences of 
asthma diagnosis and 12-month asthma treatment were 11.1% 
and 4.4%, respectively. The lifetime and 12-month prevalences 
of AR were 46.6% and 41.6%, respectively; the lifetime preva-
lences of AR diagnosis and 12-month AR treatment were 25.8% 
and 20.6%, respectively. The prevalences of AHR (PC20 ≤8) 
and allergic sensitization were 21.0% and 33.5%, respectively 
(Table 2).

Positive exposure-response relationships were found between 
the length of main roads within the 200-m home area and life-
time wheeze (adjusted PR for comparison of the longest (>254 
m) to the shortest (0 m) length categories=1.24; 95% CIs: 1.04-
1.47; P for trend=0.022) and diagnosed asthma (PR=1.42; 95% 
CIs: 1.08-1.86; P for trend=0.011). The proportion of the main 
road area within the 200-m home area was associated with a 
significant increase in the prevalence of diagnosed asthma (P 

Table 1. Description of the study population (N=4,261)

n/N %

Female gender 2,070/4,261 48.6
Age (year)
   6   707/4,261 16.6 
   7  2,233/4,261 52.4
   8  915/4,261 21.5 
   9-14   406/4,261 9.5
Parental history of allergy  1,091/4,261 25.6
Maternal educational level
   ≤12 years  2,633/4,006 65.7
   >12 years  1,373/4,006 34.3
Household income
   <3,000 USD/month  2,931/4,158 70.5
   ≥3,000 USD/month 1,227/4,158 29.5 
Study region
   Metropolitans  1,098/4,261 25.8
   Industrial areas  1,587/4,261 37.2
   Rural areas  1,576/4,261 37.0
Preterm birth 169/4,004 4.2 
Mother smoking during pregnancy  32/4,043 0.8
ETS at home, ever 1,899/4,042 47.0 
Keeping of pets, ever  821/4,261 19.3
Bronchiolitis before age 2  344/4,076 8.4

Table 2. Prevalence of allergic disease, airway hyperresponsiveness, and allergic sensitization of the study subjects

Total Study region (%)

n/N % Metropolitans Industrial area Rural area P  value

Wheeze, ever  1,000/4,203 23.8 24.5 23.6 23.4 0.792
Wheeze, past year  522/4,203 12.4 10.7 12.7 13.3 0.109
Diagnosed asthma, ever  466/4,203 11.1 11.9 10.3 11.3 0.401
Asthma treatment, past year  184/4,203 4.4 4.0 4.3   4.7 0.627
Allergic rhinitis symptoms, ever  1,943/4,167 46.6 47.6 46.9 45.7 0.621
Allergic rhinitis symptoms, past year  1,734/4,167 41.6 43.3 42.2 39.9 0.181
Diagnosed allergic rhinitis, ever  1,076/4,167 25.8 28.8 28.6 21.0 <0.001
Allergic rhinitis treatment, past year  858/4,167 20.6 23.1 23.3 16.1 <0.001
Airway hyperresponsiveness
   PC20≤8 mg/mL  389/1,855 21.0 27.7 16.8 18.2 <0.001
Allergic sensitization
   Any allergen positive  420/1,254 33.5 36.7 33.6 29.7 0.129
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for trend=0.021) (Table 3). 
Inverse associations were found between the distance to the 

nearest main road and AR (P for trend=0.042 for lifetime AR 
symptoms, P for trend=0.033 for diagnosed AR). The highest 
adjusted PR for children living less than 75 m from main roads 
was found for lifetime AR symptoms (PR, 1.12; 95% CIs: 1.02-

1.22), past-year AR symptoms (PR, 1.12; 95% CIs: 1.01-1.23), di-
agnosed AR (PR=1.17; 95% CIs: 1.01-1.35), and treated AR 
(PR=1.20; 95% CIs: 1.01-1.42). The proportion of the main road 
area within the 200-m home area was associated with a signifi-
cant increase in the prevalence of diagnosed AR (P for trend 
=0.032) (Table 4). 

Table 3. Adjusted associations (prevalence ratio, PR) between traffic-related air pollution exposure and asthmatic outcome

  Total Lifetime
wheezing (+)

Past year
wheezing (+)

Lifetime diagnosed 
asthma (+)

Past year asthma 
treatment (+)

N % PR* 95% CIs % PR* 95% CIs % PR* 95% CIs % PR* 95% CIs

Distance from main 
   road (m)

225+ 1,800 22.6 1.00 13.3 1.00 10.4 1.00 4.6 1.00
150-225  399 24.1 1.09 0.88-1.35 12.3 1.02 0.74-1.40 11.3 1.13 0.81-1.59 4.8 1.12 0.64-1.96
75-150 1,263 23.4 1.04 0.89-1.21 10.2 0.82 0.65-1.04 11.9 1.23 0.98-1.56 3.9 1.00 0.68-1.49
<75  741 27.1 1.17 0.99-1.38 14.2 1.16 0.91-1.48 11.2 1.11 0.84-1.46 4.5 1.08 0.69-1.68
P  for trend† 0.114 0.756 0.236 0.236

Length of main roads 
   within 200 m from 
   home (m)

0 1,934 22.6 1.00 13.1 1.00 10.5 1.00 4.7 1.00
1-165  753 23.5 1.01 0.86-1.20 11.0 0.84 0.64-1.10 10.6 1.00 0.76-1.31 3.7 0.80 0.50-1.28
165-254  759 24.1 1.06 0.89-1.25 12.6 1.08 0.84-1.38 11.2 1.17 0.89-1.52 4.3 1.15 0.75-1.77
254+  757 26.8 1.24 1.04-1.47 11.9 1.05 0.80-1.38 12.9 1.42 1.08-1.86 4.4 1.19 0.75-1.90
P  for trend† 0.022 0.517 0.011 0.353

Proportion of main road 
   area within 200 m 
   from home (%)

0 1,934 22.6 1.00 13.1 1.00 10.5 1.00 4.7 1.00
0.1-1.94  751 23.8 0.99 0.84-1.18 11.2 0.82 0.88-1.07 10.3 0.96 0.73-1.26 3.2 0.70 0.43-1.13
1.94-3.58  759 25.0 1.14 0.97-1.35 12.6 1.12 0.88-1.43 12.1 1.29 1.00-1.67 4.7 1.26 0.83-1.92
3.58+  759 25.6 1.14 0.96-1.36 11.7 0.97 0.74-1.27 12.4 1.32 1.00-1.74 4.5 1.10 0.68-1.77
P  for trend† 0.079 0.825 0.021 0.439

*Adjusted for age, gender, study region, parental history of allergy, maternal educational level, keeping of pets, preterm birth, moving to new house before age 1, 
and ETS at home; †P value for the trend of adjusted PRs.

Table 4. Adjusted associations (prevalence ratio, PR) between traffic-related air pollution exposure and allergic rhinitis (AR)

  Total Lifetime
AR symptoms (+)

Past year
AR symptoms (+)

Lifetime
diagnosed AR (+)

Past year
AR treatment (+)

N % PR* 95% CIs % PR* 95% CIs % PR* 95% CIs % PR* 95% CIs

Distance from main 
   road (m)

225+ 1,779 44.7 1.00 39.3 1.00 22.3 1.00 17.0 1.00
150-225  398 47.0 1.06 0.94-1.19 42.7 1.09 0.96-1.24 25.6 1.04 0.86-1.23 22.9 1.20 0.97-1.48
75-150 1,257 46.9 1.03 0.95-1.12 42.1 1.03 0.94-1.13 28.2 1.09 0.95-1.24 22.8 1.13 0.97-1.31
<75  733 50.6 1.12 1.02-1.22 45.7 1.12 1.01-1.23 30.6 1.17 1.01-1.35 24.3 1.20 1.01-1.42
P  for trend† 0.042 0.087 0.033 0.055

Length of main roads 
   within 200 m from 
   home (m)

0 1,913 44.4 1.00 39.0 1.00 22.2 1.00 17.1 1.00
1-165  749 49.8 1.10 1.01-1.21 44.1 1.10 0.99-1.21 27.8 1.14 0.99-1.32 22.3 1.18 0.93-1.36
165-254  755 47.7 1.05 0.96-1.15 43.3 1.07 0.96-1.19 29.0 1.12 0.97-1.30 24.0 1.19 1.00-1.41
254+  750 48.1 1.08 0.98-1.19 44.1 1.10 0.99-1.23 29.9 1.12 0.96-1.29 24.3 1.16 0.97-1.38
P  for trend† 0.141 0.077 0.139 0.072

Proportion of main road 
   area within 200 m 
   from home (%)

0 1,913 44.4 1.00 39.0 1.00 22.2 1.00 17.1 1.00
0.1-1.94  745 48.6 1.07 0.98-1.17 44.7 1.12 1.01-1.23 25.5 1.05 0.91-1.22 21.5 1.12 0.95-1.33
1.94-3.58  757 49.1 1.10 1.01-1.21 43.3 1.07 0.96-1.18 31.2 1.23 1.07-1.41 25.1 1.26 1.06-1.48
3.58+  752 47.9 1.07 0.97-1.18 43.5 1.08 0.97-1.20 29.9 1.13 0.97-1.30 23.9 1.14 0.96-1.36
P  for trend† 0.075 0.152 0.032 0.054

*Adjusted for age, gender, study region, parental history of allergy, maternal educational level, moving to new house before age 1, ETS at home; †P value for the 
trend of adjusted PRs.
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For AHR, the highest adjusted PR for 75-150 m distance from 
main road categories was significant (PR=1.30, 95% CIs: 1.02-
1.65), but no dose-response relationship was found (P for trend=  
0.099). However, the distance to the main road, the length of the 
main road, and the proportion of the main road area were asso-
ciated with allergic sensitization and had a exposure-response 
relationship with allergic sensitization (P for trend=0.001 for the 
distance to the main road; P for trend=0.041 for the length of the 
main road; P for trend=0.006 for the proportion of the main 

road area) (Table 5). 
A strong inverse association was observed between proximity 

to the main road and lung function in linear regression models 
adjusted for age, gender, height, and weight (P for trend=0.004 
for FEV1; P for trend=0.013 for FEV1/FVC; P for trend=0.018 
for FEF25-75). The length of the main road or the proportion of 
the main road area was associated with reduced expiratory flow 
(FEV1) in schoolchildren (Table 6).

Table 5. Adjusted associations (prevalence ratio, PR) between traffic-related air pollution exposure and airway hyperresponsiveness or allergic sensitization

 Airway hyperresponsiveness (+) 
(PC20≤8)

Allergic sensitization (+)
(at least 1 allergen)

n/N % PR* 95% CIs n/N % PR† 95% CIs

Distance from main road (m) 225+ 136/822 16.5 1.00 159/594 26.8 1.00
150-225 42/192 21.9 1.14 0.82-1.60 48/124 38.7 1.62 1.23-2.15
75-150 134/508 26.4 1.30 1.02-1.65 129/309 41.7 1.68 1.35-2.08
<75 77/333 23.1 1.19 0.90-1.57 84/227 37.0 1.52 1.19-1.93
P  for trend‡ 0.099 0.001

Length of main roads within 
   200 m from home (m)

0 155/889 17.4 1.00 177/627 28.2 1.00
1-165 89/382 23.3 1.16 0.92-1.50 96/237 40.5 1.52 1.23-1.89
165-254 78/312 25.0 1.21 0.92-1.58 74/189 39.2 1.39 1.09-1.78
254+ 67/272 24.6 1.16 0.87-1.56 73/201 36.3 1.35 1.03-1.76
P  for trend‡ 0.225 0.041

Proportion of main road area 
   within 200 m from home (%)

0 155/889 17.4 1.00 177/627 28.2 1.00
0.1-1.94 86/381 22.6 1.11 0.86-1.43 97/254 38.2 1.38 1.12-1.71
1.94-3.58 79/328 24.1 1.20 0.92-1.56 75/188 39.9 1.42 1.11-1.81
3.58+ 69/257 26.8 1.24 0.93-1.65 71/185 38.4 1.42 1.09-1.85
P  for trend‡ 0.107 0.006

*Adjusted for age, gender, study region, keeping of pets, and preterm birth; †Adjusted for age, gender, study region, and parental history of allergy; ‡P value for the 
trend of adjusted PRs.

Table 6. Adjusted associations (regression coefficients, beta) between traffic-related air pollution exposure and lung function (N=1,855)

FVC (mL) FEV1 (mL) FEV1/FVC (%) FEF25-75 (mL/s)

Beta* 95% CIs Beta* 95% CIs Beta* 95% CIs Beta* 95% CIs

Distance from main road (m) 225+ 0 0 0 0 
150-225 -24 -52 to 5 -20 -45 to 6 0.06 -0.80 to 0.91 -18  -86 to 51
75-150 -30 -51 to -10 -39 -56 to -22 -0.76 -1.39 to -0.13 -60 -111 to -10
<75 -5 -27 to 18 -16 -36 to 4 -0.71 -1.47 to 0.06 -50 -105 to 4
P  for trend† 0.154 0.004 0.013 0.018

Length of main roads within 
   200 m from home (m)

0 0 0 0 0 
1-165 -21 -42 to 1 -26 -45 to -8 -0.47 -1.15 to 0.21 -28  -83 to 28
165-254 -7 -30 to 16 -14 -35 to 7 -0.49 -1.21 to 0.22 -49 -103 to 4
254+ -20 -45 to 5 -24 -45 to -3 -0.41 -1.23 to 0.42 -38  -95 to 18
P  for trend† 0.155 0.024 0.197 0.085

Length of main roads within 
   200 m from home (m)

0 0 0 0 0 
0.1-1.94 1  -21 to 23 -11 -30 to 8 -0.73 -1.44 to -0.02 -9  -67 to 49
1.94-3.58 -30  -53 to -7 -35 -55 to -14 -0.54 -1.23 to 0.15 -69 -121 to -18
3.58+ -22 -47 to 3 -20 -41 to 0 0.03 -0.77 to 0.83 -31  -87 to 26
P  for trend† 0.011 0.003 0.603 0.052

*Adjusted for age, gender, height, and weight; †P value for the beta trend.
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DISCUSSION

We found that the distance to main roads and the length of 
main road are associated with the prevalence of allergic disease 
in Korean schoolchildren. The current cross-sectional study 
found that a shorter distance from the residence to the nearest 
main road, especially within a 75-m home area, was significant-
ly related to an increased prevalence of symptoms of AR, physi-
cian-diagnosed AR, allergic sensitization, and reduced pulmo-
nary function. Furthermore, the length of main roads or the 
proportion of the main road area within the 200-m home area 
were associated with significant increases in the prevalences of 
lifetime wheezing, diagnosed asthma, past-year AR symptoms, 
diagnosed AR, and allergic sensitization as well as with reduced 
pulmonary function in schoolchildren.

To the best of our knowledge, this is the first study on chil-
dren’s respiratory health within a community that includes 3 
different indicators for assessing long-term TAP exposure—the 
distance to busy roads, the length of main roads and main road 
density in the home area by a GIS.

In addition, 3 different indicators were applied to assess aller-
gic disease using both subjective questionnaire data and objec-
tive measurements of atopy, AHR, and lung function. Overall, 
these results are in agreement with those of other investigations 
documenting significant associations between the distance to 
main roads and respiratory/allergic symptoms. For example, in 
German cohorts at 2 years of age, living <50 m from a roadway 
was associated with “asthmatic/obstructive bronchitis.”12 When 
data at ages 4 and 6 years were included, the distance to road-
ways continued to be associated with asthmatic bronchitis, AR, 
and allergic sensitization.13 In a Japanese cohort, children aged 
6 to 9 years were recruited from 10 schools across 8 communi-
ties. Six of the 10 schools were located in zones with heavy traf-
fic and the others were in rural areas without. Urban school-
children living close to a main road (<50 m of trunk roads) had 
an increased prevalence of asthma in comparison to rural 
school children.14 Two Dutch studies reported not statistically 
significant associations between the prevalence of asthma and 
distance metrics (i.e., the distance to the school <100 m) 
among 2,053 Dutch children sampled from 24 schools located 
within 400 m of a motorway15 and those living within 100 m of a 
freeway among 1,068 children sampled from 13 schools in 
southern Holland.1 A significant association was found be-
tween the prevalence of asthma and living within 75 m of a ma-
jor road in the Southern California Children’s Health Study.16 

U.S. children aged 8-10 years showed the highest between as-
sociation asthma and distance metrics (i.e., living within 75 m 
of a freeway or a highway).18

There was a positive association between living alongside busy 
roads and allergic sensitization, which is in agreement with 
those of 2 previous studies.13,19 In German cohorts, living less 
than 50 m from the nearest main road was associated with an 

increased risk of sensitization to outdoor allergens (pollen or 
mold), and the distance to a main road had a dose-response re-
lationship with sensitization to outdoor allergens.13 In a Swedish 
birth cohort (BAMSE), sensitization to pollen was significantly 
associated with traffic-PM10 and traffic-NOx. Another paper re-
ported that sensitization was modified by polymorphisms in 
genes encoding glutathione S-transferase P1 (GSTP1) and tu-
mor necrosis factor (TNF).19 In contrast, long-term exposure to 
outdoor air pollutants has no association with sensitization in 
10-year-old schoolchildren in Norway.23 TAP may induce the re-
lease of allergenic granules from grass pollen24 and affect the 
morphology and possibly the allergenicity of pollen grains.25

The results of this study suggest that TAP exposure is associat-
ed with reduced lung function in schoolchildren. These results 
therefore support recent cohort data in Europe and the USA. It 
has been shown that there are significantly negative associations 
between traffic density in school districts and measures of expi-
ratory flow (PEF and MEF25),3 between home outdoor benzene 
and having FEF25-75 <70% predicted,5 and between various lung-
function indicators and traffic density and the distance from 
homes and schools to roads (within 300 m).6,7 Furthermore, 
road density within the 200-m home area is significantly associ-
ated with FEV1 among children with asthma.8 PEF, FEF25, and 
FEF50 are negatively associated with both early-life and lifetime 
exposure (i.e., spatially resolved dispersion models for NO2 and 
PM10

9). FEV1 and FEF25-75 are significantly associated with living 
within 500 m of a freeway compared to those living at least 1,500 
m from a freeway.10 These results, along with ours, suggest that 
residential proximity to traffic is a risk factor for reductions in 
lung volume and lung development.

However, we did not find significant associations between 
TAP and AHR. There are still conflicting results regarding the 
effects of air pollution on AHR. This study population was chil-
dren aged 6-14 years, and only cross-sectional associations 
were analyzed. Therefore, this study may have not considered 
vulnerable periods to AHR. Further prospective studies are 
warranted.

The major mechanism underlying harmful effects induced by 
air pollutants is oxidative stress. Oxidative stress has been sug-
gested to be the major underlying mechanism behind many of 
toxic reactions induced by air pollutants. Reactive oxygen spe-
cies (ROS) and free radicals are generated in response to TAP 
and can overwhelm the redox system and damage cell wall lip-
id, protein, and DNA, thereby leading to airway inflammation 
and airway hyperreactivity.26

There is increasing evidence mainly from animal and human 
in vivo and in vitro studies indicating that diesel exhaust parti-
cles induce allergic reactions and have immunologic effects on 
the development of allergic sensitization.27 Combined exposure 
to allergen and diesel exhaust particles may change the im-
mune response towards IgE,28 and exposure to diesel exhaust 
particles could induce epigenetic changes (i.e., changes in the 
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methylation process affect differentiation of T helper cells) and 
thereby possibly the risk of asthma and allergic sensitization.29

Although biological mechanisms by which TAP reduces lung 
function in children are not fully understood, chronic airway 
inflammation could decrease lung function measures like those 
reported in our study. However, it is difficult to discuss patho-
genetic mechanisms in the context of a cross-sectional study.

This study has some strengths. First, this study was based on a 
large sample with a high response rate (86.7%), and thus had 
less selection bias affecting results. Second, information pertain-
ing to asthma symptoms and allergic disease included items de-
rived from the International Study of Asthma and Allergies in 
Childhood (ISAAC). Third, we used 3 different objective esti-
mates of traffic-related exposures compared to previous investi-
gations, including proximity to main roads, the length of main 
roads, and road density using the GIS software. Because con-
centrations of TAP, such as particulate matter and nitrogen diox-
ide (NO2), have been shown to be highest at the roadside and to 
fall exponentially at background levels within approximately 150 
m, subjects living very close to a main road are likely to be ex-
posed not only to a higher amount of traffic-derived particles 
and gases but also to more toxic emitted aerosols.30 Our expo-
sure metrics focus on motor vehicles themselves and incorpo-
rate a mixture of associated putative hazards (i.e., road particu-
late matters, non-combusted fuel vapors, and a mixture of emis-
sion toxicants). Finally, lung function, AHR, and sensitization 
were assessed by objective measurements, so misclassification 
is a minor problem.

This study has some limitations. First, this is a cross-sectional 
study. Parents were asked to report their children’s lifetime and 
past-year prevalence of symptoms of asthma. Thus, recall bias 
and nondifferential misclassification of disease may be of con-
cern, which may result in reverse causality induced by avoid-
ance of their children’s disease. Second, we enrolled children 
aged ≥6 years, so it was hard to determine the effect of air pol-
lution on early life, a critical time to develop allergic disease. 
Third, this study did not assess the relationship between the dis-
tance to the roads and the pollutants, a crude indicator of expo-
sure as a proxy for a mixture of pollutants arising from exhaust 
emissions. Exposure to TAP was influenced by the type of build-
ing, the type of traffic on the road, the presence of physical ob-
structions between the road and the home, the amount of time 
spent at home and exposure elsewhere, and indoor air pollution 
that could also be responsible for asthma and allergic disease. 
The absence of such information may have led to a small ran-
dom misclassification, while it seems unlikely to be an explana-
tion of the observed positive associations. Furthermore, it is dif-
ficult to obtain measurements of traffic counts or traffic density 
in most cities in developing countries. This study suggests that 
road density may be a reasonable alternative to traffic density. 
With the exact address of individual location, however, we as-
sessed individual-based exposure models to the addresses at 

the baseline survey; thus, we could not incorporate the residen-
tial history of the study participants precisely. Our investigation 
did not allow us to definitely distinguish the effect of prior expo-
sure from that of the present exposure. Genetic polymorphism 
and dietary factors that influence the redox system may modu-
late the effects of air pollution on allergic disease. Therefore, fur-
ther genetic association studies are required to identify individ-
uals vulnerable to adverse effects from TAP, and ongoing co-
horts should reassess the effects of traffic exhaust on allergic dis-
ease, respiratory health, and sensitization in children.

In conclusion, the results of this study suggest that exposure 
to traffic-related air pollution may be associated with an in-
creased risk of asthma, AR, and allergic sensitization, as well as 
with reduced lung function in schoolchildren. The observed re-
lationship between the prevalence of allergic disease and resi-
dential proximity to main roads suggest that emissions from 
motor vehicles may have clinical implications. However, our re-
sults were based on a cross-sectional study using a proxy mark-
er for TAP during a crude exposure period. Further longitudinal 
studies are warranted. 
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