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Background: Children are vulnerable to air pollution, which is known to be related to the recent increasing trend of allergic disease.
Objective: To investigate the effects of air pollution on respiratory allergic diseases in school children.
Methods: A prospective survey of parental responses to International Study of Asthma and Allergies in Childhood

questionnaires, together with allergy evaluation, was conducted in 1743 school children selected from metropolitan cities and
industrial areas during a 2-year period. Individual exposure to air pollution was estimated by using a geometric information
system with the 5-year mean concentration of air pollutants.

Results: A total of 1,340 children (male:female ratio, 51.4:48.6) with a mean (SD) age of 6.84 (0.51) years were included in
the analysis. Each child underwent allergy evaluation at the time of enrollment and at a 2-year follow-up. After 2 years, the
12-month prevalence of wheezing was significantly decreased, whereas the lifetime prevalence of allergic rhinitis showed a
significant increase. Ozone exposure was significantly associated with the 12-month prevalence of wheeze (odds ratio per 5 ppb,
1.372; 95% confidence interval, 1.016-1.852). Ozone was also associated with allergic rhinitis in children who reside in industrial
areas. In addition, significant positive associations between ozone and the rate of newly developed sensitization to outdoor
allergen were found (P for trend � .007).

Conclusion: Exposure to ozone was associated with current wheeze and allergic rhinitis. An increased rate of newly developed
sensitization to outdoor allergen by ozone may explain the association.

Ann Allergy Asthma Immunol. 2011;xx:xxx.

INTRODUCTION
The prevalence of allergic disease has increased worldwide,1,2

a phenomenon that may be attributed to environmental ef-
fects.3,4 Among the environmental factors, air pollution is
considered to be a major threat to childhood respiratory
health.5 Children may be more vulnerable to air pollution
because of their underdeveloped respiratory and immune
systems,6 together with the fact that they inhale more air than
adults per square meter.7

It is well known that ozone exacerbates allergic asthma8

and that exposure combined with exercise leads to decreases
in forced expiratory volume in 1 second (FEV1) and forced
vital capacity (FVC), concurrent with increased airways re-
sistance.9 Many studies have shown a potential association
between exposure to traffic exhaust and allergic disease in
children10-14; for example, exposure to a high level of air
pollutants from traffic increases the prevalence of asthma
symptoms and physician-diagnosed asthma.10 Exposure to
diesel exhaust particle has been shown to lead to an increase
in the total IgE level.11 Living alongside busy roads is asso-
ciated with an increased risk of allergic sensitization,12,13 and
exposure of infants and school children to air pollution from
traffic decreased their lung function.13,14 However, conflicting
results also have been reported according to the patient’s age,
country, and study design.15,16 In particular, there is consid-
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erable controversy regarding the link between air pollution
and the development of allergic sensitization, whereas there
is consistent evidence regarding the effect of air pollution on
the development of respiratory symptoms.17 Moreover, few
studies have been conducted in Asia.18 Therefore, the asso-
ciation between air pollution and allergic disease needs fur-
ther evaluation. The objective of the present study was to
evaluate the effect of air pollution, especially ozone, on the
development of respiratory allergic diseases and allergic sen-
sitization in Korean school children.

METHODS

Study Participants
From 2005 to 2006, we enrolled a total of 1,743 children from
16 elementary schools located in 2 different areas: 3 metropol-
itan cities and 4 industrial cities in Korea. Each industrial city
had at least 1 national industrial complex, and nearby schools
were invited to participate in the study. Parents of the partici-
pants were asked to respond to an International Study of Asthma
and Allergies in Childhood (ISAAC) questionnaire to evaluate
the presence of allergic diseases and risk factors. Respiratory and
allergy evaluation, such as pulmonary function test, methacho-
line challenge test, and skin prick test, was performed as well.
All participants were followed up 2 years later and underwent
the same survey again in the same season.

Of 1,743 children, 403 children were lost to follow-up,
with the most common reason being change to another
school. Therefore, 1,340 children were included in this study
(Figure 1). All children responded to the ISAAC question-
naire and underwent pulmonary and allergy evaluation twice
at 2-year intervals. The cohort was composed of 689 boys and
651 girls, with a mean (SD) age of 6.84 (0.51) years at the
time of enrollment.

The study protocol was approved by the institutional review
boards of the University of Ulsan College of Medicine. Written
consent was obtained from the parents of all participants after
they were fully informed of the details of the study.
3Figure 1. Follow-up of subjects.

2

ir Pollution Data and Exposure Assessment
easurements of air pollutants were compiled from air moni-

oring data routinely collected at monitoring stations operated by
he Department of Environment, Republic of Korea. From 11 to
7 monitoring stations were located in each of the 7 cities where
he children were enrolled. Sulfur dioxide was measured by
ulse UV fluorescence, nitrogen dioxide by the chemilumines-
ent method, carbon monoxide by the nondispersive infrared
ethod, and particles measuring 10 �m or less (PM10) by the
-ray absorption method. The hourly data available for gaseous
ollutants and PM10 in each monitoring station were used to
etermine daily, monthly, and yearly averages.19 We calculated
-year mean (2001-2005) concentrations of air pollutants at the
ndividual level by the ordinary kriging method.20 Kriging is a
eighted combination of monitored values and uses spatial

utocorrelation among data to determine the weights rather than
ssuming a function of inverse distance. Ordinary kriging was
mplemented with the Geostatistical Analyst extension of Arc-
IS (ArcMap, version 9.3; ESRI Inc, Redlands, Washington).
e also evaluated the quality of the predicted values from

riging using cross-validation. We assigned air pollutant con-
entrations for 5 years (2001-2005) for each individual based on
ocation of the residence at the time of the baseline survey; the
tudy population was assumed to be stable (did not move) during
he exposure period.

Of 1,340 children, 45 were excluded from air pollution
ssessment because their residential addresses were incom-
lete. Therefore, 1295 children were included in analyses
egarding air pollution.

uestionnaires
SAAC provides a useful standardized questionnaire for de-
ermining the prevalence of allergic diseases, and the modi-
ied Korean version of ISAAC was previously validated as a
ool for assessing allergic symptoms and diagnoses in Korean
hildren.21,22 The written questionnaire was composed of 3
arts. The first part consisted of general items, such as name,
ate of birth, sex, height, and weight. The second part focused
n history of allergic disease, and the third part was about
nvironmental factors pertinent to allergic diseases.

erum Total IgE Levels and Skin Prick Tests
he concentration of total serum IgE was measured by fluores-
ent enzyme immunoassay using the AutoCAP System (Phadia
B, Uppsala, Sweden). Skin prick tests were performed for 16

ommon Korean inhalants and food allergens, together with
egative and positive controls (Allergopharma, Reinbek, Ger-
any). These allergens included the house dust mites Der-
atophagoides pteronyssinus and Dermatophagoides farinae,

at, dog, cockroach, the molds Alternaria alternata and Asper-
illus fumigatus, grass, tree mix (I), tree mix (II), mugwort,
agweed, egg, milk, peanut, and soybean. Of these allergens,
rass, tree mix (I), tree mix (II), mugwort, and ragweed were
egarded as outdoor allergens. A mean wheal diameter of at least

mm greater than the negative control was considered to be a
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positive result. Atopy was defined as the presence of 1 or more
positive reactions via the skin prick test.

Pulmonary Function Test
Data on children’s lung function were collected by trained
field technicians who visited the schools. Baseline spirometry
was performed on each study participant according to Amer-
ican Thoracic Society guidelines23 using a portable microspi-
rometer (Microspiro HI-298; Chest Corporation, Tokyo,
Japan). We measured FVC, FEV1, and the mean forced
expiratory flow during the middle half of FVC (FEF25%-75%).

Table 1. Characteristics of the Study Participants

Characteristic
Study participants

(n � 1340)

Male:female ratio 51.4:48.6
Age, mean (SD), y 6.84 (0.51)
Grade, No. (%)

1 1,222/1,340 (91.2)
2 118/1,340 (8.8)

BMI, mean (SD) 16.69 (2.34)
Paternal history of allergic disease,

No. (%)
71/1,160 (6.1)

Maternal history of allergic disease,
No. (%)

67/1,157 (5.8)

Paternal educational level, No. (%)
�12 years 598/1,238 (48.3)
�12 years 640/1,238 (51.7)

Maternal educational level, No. (%)
�12 years 742/1,223 (60.7)
�12 years 481/1,223 (39.3)

Family income, No. (%)
�$3,000 (US) 809/1,224 (66.1)
�$3,000 (US) 415/1,224 (33.9)

Address, No. (%)
Metropolitan cities 620/1,340 (46.3)
Industrial areas 720/1,340 (53.7)

Prematurity, No. (%n) 64/1,219 (5.3)
Breastfeeding �3 mo, No. (%) 467/1,206 (38.7)
Smoking during pregnancy, No. (%) 3/1,231 (0.2)
ETS home, No. (%) 356/1,228 (29.0)
Dog ownership, No. (%) 219/1,250 (17.5)
Cat ownership, No. (%) 56/1,236 (4.5)
Bronchiolitis within first 2 years of life,

No. (%)
129/1,236 (10.4)

Abbreviations: BMI, body mass index; ETS, environmental tobacco
smoke.

Table 2. Five-Year Mean Concentrations of Air Pollutants at the Indiv

Pollutant Minimum 10th 25t

Nitrogen dioxide, ppb 13.49 13.48 18.5
Ozone, ppb 14.35 14.40 16.1
Sulfur dioxide, ppb 4.09 4.19 5.0
Carbon monoxide, ppm 4.89 4.89 5.6
PM10, �g/m3 38.98 44.82 49.8
Abbreviation: PM10, particles measuring 10 �m or less.

VOLUME xx, MONTH, 2011
ethacholine Challenge Test
ethacholine challenge tests were performed using a modi-

ication of the method described originally by Chai et al.24

pirometric measurements (FEV1 and FVC) were made using
computerized spirometer (Microspiro-HI 298) in accor-

ance with the recommendations of the American Thoracic
ociety. The time course of the preceding inspiration was
tandardized, and the FVC maneuver was continued until a
ause in the FEV1 curve was obvious by visual inspection.
ethacholine (Sigma Diagnostics, St. Louis, Missouri) solu-

ions were prepared at different concentrations (0.625, 1.25,
.5, 5, 12.5, and 25 mg/mL) in buffered saline solution (pH
.4). A Rosenthal-French dosimeter (Laboratory for Applied
mmunology, Baltimore, Maryland) was used to generate an
erosol from a nebulizer (DeVilbiss 646; DeVilbiss Health
are, Somerset, Pennsylvania). Each participant inhaled 5

nspiratory capacity breaths of buffered saline solution and
ncreasing concentrations of methacholine at 5-minute inter-
als. The procedure was terminated when the FEV1 decreased
y more than 20% of its saline solution. The response to the
ethacholine challenge was expressed as the concentration

hat caused a decrease in FEV1 of 20% from baseline (PC20).

tatistical Analysis
he associations between air pollution and the prevalence of

espiratory allergic diseases were analyzed using multiple
ogistic regression, and the results are presented as odds ratios
ORs) and 95% confidential intervals (CIs). The association
etween air pollution and the level of total IgE and number of
ensitizations was analyzed with linear regression. Air pollu-
ion exposure was classified into quartiles according to
istogram and used as categorical variables. All statistical
nalyses were performed with SPSS statistical software ver-
ion 15.0 for Windows (SPSS Inc, Chicago, Illinois).

ESULTS

tudy Population and Prevalence of Allergic Diseases
f the 1,340 children in the study, 620 (46.3%) resided in
etropolitan cities and 720 (53.7%) resided in industrial

reas. The characteristics of the study population are summa-
ized in Table 1. The levels of allergic markers, such as atopy,
irway hyperresponsiveness, and total IgE, were measured at
he time of enrollment and 2 years later. The log PC20 and the
topy rate increased significantly during the 2-year period

evel in 1,295 Patients

50th Mean 75th 90th Maximum

28.21 25.87 33.10 36.65 37.02
20.75 21.39 26.82 28.22 28.79
5.87 6.99 8.90 11.12 13.69
6.37 6.37 7.11 7.75 7.76

67.08 59.86 68.61 69.33 71.94
idual L

h
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(e-Table 1). The lifetime and 12-month prevalences of
wheezing were 26.1% and 12.9%, respectively, and the life-
time prevalence of asthma diagnosis was 10.1%. The lifetime
and 12-month prevalences of allergic rhinitis symptoms
were 47.0% and 42.6%, respectively, and the lifetime prev-
alence of allergic rhinitis was 26.4%. After the 2-year period,
the 12-month prevalence of wheezing was significantly de-
creased, whereas the lifetime prevalence of allergic rhinitis
showed a significant increase (e-Table 2). This trend suggests
an allergic march in children.

Air Pollutants and Asthma
The 5-year means of air pollutants before the enrollment were
25.87 ppb of nitrogen dioxide, 21.39 ppb of ozone, 6.99 ppb
of sulfur dioxide, 0.63 ppm of carbon monoxide, and 59.86
�g/m3 of PM10 (Table 2). Outdoor air pollution differed
between industrial and metropolitan areas, with the levels of
ozone and sulfur dioxide higher in industrial areas but the
levels of the other pollutants (nitrogen dioxide, carbon mon-
oxide, and PM10) higher in metropolitan cities. These differ-
ences are likely to reflect differences in the type of pollutants
emitted from traffic and factories (Table 3).

Using a geometric information system, each participant’s
individual exposure level was estimated according to their
residential address and the local 5-year means of air pollut-
ants. Each individual in the study population was categorized
into 1 of 4 groups based on the extent of their exposure to
pollutants. Categorical analyses in quartiles revealed an as-
sociation of ozone and the prevalence of 12-month wheezing
(OR per 5 ppb, 1.372; 95% CI, 1.016-1.852) (Table 4).

Table 3. Five-Year Mean (SD) Concentrations of Air Pollutants at
the Individual Level by Residential Area in 1,295 Children

Pollutant
Metropolitan

cities
Industrial

areas
P value

Nitrogen dioxide, ppb 29.64 (6.06) 22.50 (6.84) �.001
Ozone, ppb 17.70 (2.67) 24.68 (3.66) �.001
Sulfur dioxide, ppb 5.23 (0.93) 8.56 (2.23) �.001
Carbon monoxide, ppm 7.07 (0.40) 5.74 (0.88) �.001
PM10, �g/m3 63.05 (8.26) 57.01 (11.56) �.001

Abbreviation: PM10, particles measuring 10 �m or less.

Table 4. Asthma-Related Prevalence at the Time of Enrollmenta

No. (%) of participants

<15 15-20

Wheeze, ever 33/156 (21.2) 70/264 (26.5
Wheeze, past 1 year 17/156 (10.9) 29/264 (11.0
Asthma diagnosis, ever 12/155 (7.7) 29/264 (11.0
Asthma treatment, past 1 year 5/156 (3.2) 9/264 (3.4)

Abbreviations: CI, confidence interval; OR, odds ratio.
a When children were exposed to the higher level of ozone, they sho
b Adjusted for sex, age, body mass index, paternal and maternal
breastfeeding, environmental tobacco smoke home, keeping of dog an

log total IgE, log concentration that caused a decrease in forced expiratory

4

ir Pollutants and Allergic Rhinitis
he incidence of allergic rhinitis was not significantly asso-
iated with air pollutants. However, when residential area
as considered, a significant positive association between
zone and the presence of allergic rhinitis appeared in the
tudy participants from the industrial area (Table 5), where
he concentration of ozone was higher.

ir Pollutants and Allergic Markers for Atopy
o investigate the association between air pollutants and atopic
iomarkers, the relationship between ozone and IgE or sensiti-
ation to outdoor allergens was analyzed. A significant associ-
tion was found between ozone and total IgE level. Children
xposed to higher levels of ozone had increased levels of total
gE (P for trend � .03) (Figure 2). However, the significance
isappeared after adjusting for residential area.

The rate of newly developed sensitization to outdoor aller-
ens during the 2-year study period showed a significant
ssociation with the level of ozone after adjusting for con-
ounding factors (Figure 3), whereas new sensitization to
ndoor allergen was not significantly associated with any of
he air pollutants (data not shown).

ISCUSSION
he present study conducted nationwide in Korea revealed that
igher exposure to ozone was associated with 12-month preva-
ence of wheeze (OR per 5 ppb, 1.372; 95% CI, 1.016-1.852)
nd with the prevalence of allergic rhinitis. In addition, an
ncreased rate of newly developed sensitization to outdoor aller-
ens during the 2-year period was also found in children ex-
osed to the higher levels of ozone. These findings suggest that
zone may be associated with respiratory allergic symptoms by
romoting the new development of pollen sensitization.

According to a recent meta-analysis, traffic exhaust con-
ributes to the development of respiratory symptoms in
ealthy children, but potential effects of traffic exhaust on the
evelopment of allergic sensitization in children remain con-
roversial.17 The present study showed a significant associa-
ion between newly developed allergen sensitization and
xposure to ozone. The association with ozone was only for
utdoor allergens, including grass, tree, and weeds pollen, a

one concentration, ppb OR (95% CI) for ozone per
5 ppbb

20-25 >25

46/531 (27.5) 86/333 (25.8) 1.224 (0.977-1.534)
74/531 (13.9) 46/333 (13.8) 1.372 (1.016-1.852)
57/528 (10.8) 31/333 (9.3) 1.246 (0.890-1.745)
30/531 (5.6) 16/333 (4.8) 1.536 (0.912-2.588)

increased prevalence of current wheezing (wheeze, past 1 year).
y history, paternal education, family income, place of residence,
preterm birth, bronchiolitis within first 2 years of life, eosinophil count,
by oz

) 1
)
)

wed an
allerg

d cat,

volume in 1 second of 20% from baseline, and sensitization.
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finding that is consistent with previous studies.12,13 The rea-
son that the association with ozone is restricted to outdoor
allergens may reflect the postulated mechanism in which this
pollutants acts as an adjuvant to promote allergic sensitiza-
tion, an effect that is more likely to occur outdoors, where the
ozone concentration is higher. Particulate matter and nitrogen
dioxide were associated with the development of allergic
sensitization in previous studies; however, ozone was signif-
icant in the present study. Total IgE concentration showed a
similar association with exposure to ozone, although this was
not significant after adjusting for residential area. This find-
ing suggests that air pollution may promote IgE production as
reported in previous studies.11 We measured additional bio-
logical markers, such as PC20, total eosinophil count, and
FEV1, but no significant associations were found.

We used the 5-year mean concentration of traffic air pollut-
ants to estimate the exposure level because this reflects the
long-term exposure of an individual. However, the 5-year mean

Figure 2. Association (odds ratios) between Residential Level of Ozone
and Total IgE. (P for trend adjusted for sex, age, parental history of allergy,

Table 5. Adjusted Odds Ratios (95% Confidence Intervals) for
Ozone and Allergic Rhinitis by Residential Area

Ozone per 5 ppba Metropolitan cities Industrial areas

Symptom ever 1.007 (0.764-1.328) 1.360 (1.011-1.829)
12-Month symptom 1.042 (0.792-1.372) 1.469 (1.079-1.999)
Diagnosis ever 0.943 (0.693-1.281) 1.720 (1.220-2.425)
12-Month treatment 0.867 (0.627-1.200) 1.778 (1.222-2.586)

aAdjusted for sex, age, body mass index, paternal and maternal
allergy history, paternal education, family income, place of residence,
breastfeeding, environmental tobacco smoke home, keeping of dog
and cat, preterm birth, bronchiolitis within first 2 years of life, eosin-
ophil count, log total IgE, log concentration that caused a decrease in
forced expiratory volume in 1 second of 20% from baseline, and
sensitization.
amaternal education. For ozone, �15 ppb, 15–20 ppb, 20–25 ppb, �25 ppb).

VOLUME xx, MONTH, 2011
oes not reflect periodic (seasonal or daily) fluctuation, which
ay also be important in the development of asthma and allergic

hinitis. Therefore, future study may achieve greater sensitivity
y using more precise measures of air pollution.

The central mechanism underlying the harmful effect of air
ollution is oxidative stress. The reactive oxidative species pro-
uced in response to air pollution can overwhelm the redox
ystem, working in a balance of biological prooxidant and an-
ioxidant processes, and damage the cell wall lipid, protein, and
NA, thereby leading to airway inflammation and airway hy-
erreactivity.25 Therefore, dietary and genetic factors that influ-
nce the redox system may modulate the effects of air pollution
n allergic diseases. A diet rich in antioxidant was found to be
ssociated with a low prevalence of allergic disease.26 According
o glutathione-S-transferase M1 and glutathione-S-transferase
1 polymorphism coding the glutathione S transferase enzyme
enotype, the response to air pollution was different.27 The
ositive effect of antioxidant supplementation was predomi-
antly found only in children genetically susceptible to the
ffects of oxidants.28 This is an example of gene and environ-
ental interaction. Inconsistent results from many studies re-

arding the association of air pollution with allergic diseases can
e caused by the gene-environmental interaction. Therefore,
ore comprehensive studies that investigate genetic polymor-

hisms in the redox system and dietary factors are necessary to
earn the exact effect of air pollutant on allergic disease.

The present study has several limitations. It was conducted
rospectively, but the study participants were not enrolled in
arly life. It might result in reverse causality induced by avoid-
nce behavior due to the child’s disease. It was also hard to
etermine the effect of air pollution on the child during early life,
hich is considered a critical period for the development of

Figure 3. Association between Residential Level of Ozone and the rate of
ewly Developed Sensitization to Outdoor Allergens during the 2-Year
tudy Period. (Outdoor allergens were as follows; grass, tree mix (I), tree
ix (II), mugwort, ragweed. P for trend adjusted for sex, age, parental

istory of allergy, maternal education. For ozone, �15 ppb, 15–20 ppb,
0–25 ppb, �25 ppb).
llergic diseases. Two years may not be long enough to evaluate
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changes induced by air pollutants, and the follow-up rate was
relatively low at 77%. Genetic polymorphism and dietary factors
were not considered in the analysis. However, this nationwide
study enrolled more than 1,000 children; therefore, the data can
be considered representative of an Asian country. We obtained
a greater than 95% response rate to the ISAAC questionnaire,
which, together with additional biologic markers measured on
almost every study participant, allowed a highly reliable assess-
ment of allergic phenotype. Besides the traditional confounding
factors, in terms of allergy, several additional important factors,
such as sensitization and airway hyperresponsiveness, were in-
cluded in the analysis under the assumption that they would
provide a more precise assessment of the effect of air pollution
on asthma and allergic rhinitis. Therefore, despite several limi-
tations in the present study, the results provide firm evidence
supporting an association between air pollution and allergic
disease. To the best of our knowledge, this is the first report
showing an association between ozone and allergic disease and
sensitization in Asian children.

In summary, this study revealed that ozone exposure was
significantly associated with the 12-month prevalence of wheeze
and with all prevalences of allergic rhinitis. In addition, a sig-
nificant association was found between ozone and newly devel-
oped sensitization to outdoor allergen during the 2-year study
period. These findings suggest that ozone is a significant risk
factor for respiratory allergic diseases and that mechanism may
be related to sensitization to outdoor allergens.

SUPPLEMENTARY DATA
Supplementary data associated with this article can be found,
in the online version, at doi. 10.1016/j.anai.2011.05.025.
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e-Table 1. Results of Allergic and Respiratory Screening During the 2

Variable Start years (2

Male:female ratio 51.4:4
Age, mean (SD), y 6.84
BMI 16.68
Eosinophil count, mean (SD), % 3.71
Eosinophil counts (�4%), No. (%) 460/1,335
Log total IgE, mean (SD), IU/mL 1.99
Total IgE �100 IU/mL, No. (%) 639/1,331
Total IgE �300 IU/mL, No. (%) 288/1,331
Log PC20, mean (SD), mg/mL 1.34
PC20 �8, No. (%) 265/1,297
PC20 �16, No. (%) 441/1,297
FVC, mean (SD) 1.52
FVC predicted, mean (SD), % 100.12
FEV1, mean (SD) 1.38
FEV1 predicted, mean (SD), % 106.09
FEF25%-75%, mean (SD) 1.74
FEF25%-75% predicted, mean (SD), % 98.39
Atopy, No. (%) 395/1,337
Sensitizations, No. (%)

1 133/1,337
2 195/1,337
3 46/1,337
�4 21/1,337

Abbreviations: BMI, body mass index; FEF25%-75%, mean forced expir
1 second; FVC, forced vital capacity; PC20, concentration that cause
a Paired t test for continuous variable.

e-Table 2. Prevalence of Allergic Diseases During the 2-Year Study P

Variable Start years (2

Wheeze, ever, No. (%) 336/1,285
Wheeze, past 1 year, No. (%) 166/1,285
Asthma diagnosis, ever, No. (%) 129/1,281
Asthma treatment, past 1 year, No. (%) 60/1,285
AR symptom, ever, No. (%) 596/1,268
AR symptom, past 1 year, No. (%) 540/1,268
AR diagnosis, ever, No. (%) 335/1,268
AR treatment, past 1 year, No. (%) 271/1,268

Abbreviation: AR, allergic rhinitis.
-Year Study Period

005-2006) Follow-up years (2007-2008) P valuea

8.6
(0.51) 8.83 (0.50) �.001
(2.34) 17.98 (3.02) �.001
(2.56) 3.86 (2.82) .04
(34.5) 478/1,309 (36.5)
(0.61) 2.00 (0.62) .95
(48.0) 644/1,297 (49.7)
(21.6) 296/1,297 (22.8)
(0.48) 1.53 (0.35) �.001
(20.4) 129/1,335 (9.7)
(34.0) 233/1,335 (17.5)
(0.24) 1.90 (0.29) �.001
(12.99) 95.16 (12.32) �.001
(0.21) 1.72 (0.25) �.001
(13.64) 101.59 (12.90) �.001
(0.39) 1.79 (0.55) .002
(22.44)
(29.5) 535/1,337 (40.0) �.001

(9.9) 144/1,337 (10.8)
(14.6) 256/1,337 (19.1)
(3.4) 92/1,337 (6.9)
(1.6) 43/1,337 (3.2)

atory flow during the middle half of FVC; FEV1, forced expiratory volume in
d a decrease in FEV of 20% from baseline.
eriod in 1,340 Study Participants

005-2006) Follow-up years (2007-2008) P valuea

(26.1) 305/1,324 (23.0) .06
(12.9) 123/1,324 (9.3) .003
(10.1) 130/1,319 (9.9) .86
(4.7) 50/1,324 (3.8) .26
(47.0) 670/1,316 (50.9) .05
(42.6) 603/1,316 (45.8) .10
(26.4) 398/1,316 (30.2) .03
(21.4) 304/1,314 (23.1) .28
a There was no significant difference in prevalence between inner-city and industrial areas.
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