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ABSTRACT: The prevalence of allergic rhinitis, a common respiratory disorder, may
be rapidly increasing. Epidemiological studies, however, indicate little about its
association with climatic factors and air pollution. The relationship between traffic-
related air pollutants and allergic rhinitis in middle-school students was therefore
investigated.

In a nationwide survey of middle-school students in Taiwan conducted in 1995/1996,
the lifetime prevalence of physician-diagnosed allergic rhinitis and typical symptoms of
allergic rhinitis were compared with air-monitoring station data on temperature,
relative humidity, sulphur dioxide (SO2), nitrogen oxides (NOx), ozone (O3), carbon
monoxide (CO) and particulate matter with a 50% cut-off aerodynamic diameter of
10 mm (PM10).

A total of 331,686 nonsmoking children attended schools located within 2 km of 55
stations. Mean (range) annual exposures were: CO 853 (381–1,610) parts per billion
(ppb), NOx 35.1 (10.2–72.4) ppb, SO2 7.57 (0.88–21.2) ppb, PM10 69.2 (40.1–116.2)
mg?m-3, O3 21.3 (12.4–34.1) ppb, temperature 22.9 (19.6–25.1)uC, and relative humidity
76.2 (64.8–86.2)%. The prevalence of physician-diagnosed allergic rhinitis was 28.6 and
19.5% in males and females, respectively, with prevalence of questionnaire-determined
allergic rhinitis 42.4 and 34.0%. After adjustment for age, parental education and
history of atopic eczema, physician-diagnosed allergic rhinitis was found to be
associated with higher nonsummer (September–May) warmth and traffic-related air
pollutants, including CO, NOx and O3. Questionnaire-determined allergic rhinitis
correlated only with traffic-related air pollutants.

Nonsummer warmth and traffic-related air pollution, probably mediated through
exposure to common allergens such as dust mites, are possible risk factors for allergic
rhinitis in middle-school-aged children.
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Allergic rhinitis, especially in adolescents and children, has
become a major public-health problem in developed and
developing countries [1]. According to the Tucson Children9s
Respiratory Study [2], for example, during 1986–1990, the
prevalence of physician-diagnosed allergic rhinitis was esti-
mated at 42% in children during their first 6 yrs of life. In
1993, self-diagnosed allergic rhinitis was reported as 14.2% in
the USA, ranging 11.7–20.2% in different regions [3], but,
considering all possible associated symptoms, the prevalence
was 31.5%. In addition, considerable evidence has been
presented about increasing prevalences of atopic diseases,
such as asthma, allergic rhinitis and atopic eczema [4, 5]. A
large-scale cohort study in the UK revealed a rising trend of
allergic rhinitis, from 12 to 23% during 1958–1970 [6]. Several
large surveys in Switzerland also showed increasing pre-
valence of self-reported hay fever from 9.6% in 1985 to 13.5%
in 1992 [7]. Similar results have also been reported all around
the world [2, 8, 9].

Except for age [10], family history with genetic risks [2, 11],
and family size or number of siblings [12], there seem to be no
reliable predictors of allergic rhinitis. The results of epidemio-
logical studies investigating the relation between air pollution

and allergic rhinitis are also contradictory. Preliminary studies
from Germany [13, 14] and Italy [15] suggested a positive
correlation between traffic density and the morbidity of
allergic rhinitis. Ambient air-pollution level was also noted to
be associated with the prevalence [16–19] and severity of
allergic rhinitis [20]. In contrast to these results, a series of
other epidemiological studies found no significant association
between traffic-related air pollution and allergic rhinitis [9, 11,
21, 22], although several reports demonstrated traffic-related
motor vehicle exhaust fumes could interact with pollen grains
or allergen-bearing particles, and may increase their aller-
genicity [13, 14, 16].

Low temperatures may have a direct effect on exacer-
bations of asthma symptoms in the short term [23, 24]; however,
warmer mean temperatures contrarily revealed an association
with increased asthma prevalence [18, 25], although, for
allergic rhinitis, relevant report was limited in scope. A recent
study in Italy showed a higher climate indicator, including
higher mean temperature and lower temperature range, in the
Mediterranean region was associated with asthma symptoms,
but not with the prevalence of allergic rhinitis [16]. Further-
more, climate was also proven as a modifier of the association
between traffic pollution, and could increase the risk forFor editorial comments see page 913.
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allergic rhinitis in those exposed to stable, higher tempera-
tures [16].

The present study was designed to compare allergic rhinitis
prevalences from a nationwide survey of air pollution and
climatic data. The relationship between traffic-related air
pollutants, climatic factors and allergic rhinitis in middle-
school students in Taiwan is described.

Materials and methods

Design and study methods

A nationwide survey of respiratory diseases and symptoms
in middle-school students in Taiwan was conducted between
October 1995 – May 1996. A total of 800 middle schools in
24 counties and cities were investigated. The study protocol
was approved by the Respiratory Health Screening Steering
Committee of Taiwan Environmental Protection Administra-
tion (Taipei, Taiwan) and the Institutional Review Board at
National Cheng Kung University Medical College (Tainan,
Taiwan), and complied with the principles outlined in the
Helsinki Declaration [26]. The standard International Study
of Asthma and Allergies in Childhood, Chinese version,
questionnaire was taken home by students and answered by
parents. Only some personal data, such as smoking or
drinking habits were reported by the children themselves.
Subjects were mostly aged 12–14 yrs.

Definition of allergic rhinitis

Two indicators of allergic rhinitis were considered. Physician-
diagnosed allergic rhinitis was defined by parental report in
answer to the question "Have you ever being diagnosed as
having allergic rhinitis by a physician?" Information on
questionnaire-determined symptoms of allergic rhinitis was
obtained with the question "Have you ever had a problem
with sneezing, or a runny or blocked nose, when you did not
have a cold or the flu?" Atopic eczema was defined as the
presence of itching skin eruptions at the cubital, popliteal,
neck, periauricular and eyebrow areas for o6 months, or the
diagnosis of atopic eczema by a physician in the subject9s
history. Information on lifetime prevalences of allergic rhinitis
and atopic eczema were obtained using these definitions.

Air pollution and meteorological data

Complete monitoring data for the air pollutants sulphur
dioxide (SO2), nitrogen oxides (NOx), ozone (O3), carbon
monoxide (CO) and particulate matter with a 50% cut-off
aerodynamic diameter of 10 mm (PM10), as well as daily
temperature and relative humidity, were available from 66
Environmental Protection Administration monitoring stations
from 1994. Concentrations of each pollutant were measured
continuously, CO by nondispersive infra-red absorption,
NOx by chemiluminescence, O3 by ultraviolet absorption,
SO2 by ultraviolet fluorescence and PM10 by beta gauge, and
reported hourly. The study population was limited to children
attending schools located within 2 km of 55 of these monitor-
ing stations; 11 stations were discarded because there were no
schools in the 2-km catchment areas.

Community-specific annual means for each air pollutant,
temperature and relative humidity, in 1994, were calculated
as the mean of the 1994 monthly means. Temperature and
relative humidity were highly correlated across the commu-
nities, and there were also strong between-site correlations of
the five monitored air pollutants. Principal component factor

analysis with varimax rotation [27] was used to produce
independent indicators of the community-specific climate and
source-specific indicators of exposure to air pollution.

Statistical analysis

Previously reported analyses of respiratory health out-
comes have demonstrated a larger intercity variation than
would be predicted by interindividual variation [22, 28]. Two-
stage methods were used to correct for any excess between-
site variability. In the first step, a logistic regression model
was used to estimate the adjusted logit of sex-specific disease
frequency in each of the 55 catchment areas, controlling for
the known individual-level confounders, such as age, parental
education and history of atopic eczema, whose differential
distributions in communities were associated independently
with air pollution. Self-reported active smokers were excluded.
In the second step, these community-specific adjusted logits of
allergic rhinitis were regressed against the community-specific
temperature, relative humidity and air-pollution factors; the
regression used weights inversely proportional to the sum of
the between-site and within-site variances of the adjusted
logits. Results from the second step were summarised as odds
ratios (ORs) in order to determine the relative effectiveness
for each factor score of temperature, relative humidity and air
pollutants on the prevalence of allergic rhinitis. The sex-
specific adjusted prevalences of allergic rhinitis were plotted
against the scores of rotated components of traffic-related air
pollutants. Significance was set at pv0.05.

Results

In 1995, 1,139,452 students were enrolled in 800 middle
schools in 24 counties and cities in Taiwan. A total of
1,018,031 (89.3%) students and their parents responded to the
questionnaire satisfactorily (individual school range 87–93%).
Of that number, 332,686 (32.7%; 161,744 males, 170,942
females) were nonsmokers and enrolled in a school within the
2-km catchment areas of each air monitoring station. After
excluding questionnaires with unanswered questions, data
from 312,873 (30.1%; 153,602 males, 159,271 females) remained
for further analysis. Table 1 shows the characteristics of study
subjects by sex, and ORs for risk factors by multiple logistic
regression model. Prevalences of physician-diagnosed allergic
rhinitis were 28.6 and 19.5% in males and females, respec-
tively, with prevalences of questionnaire-determined allergic
rhinitis of 42.4 and 34.0%.

Table 2 summarises the community-specific air pollution
and meteorological annual means. Two factors were identified
from principal component analysis of community-specific tem-
perature: nonsummer warmth, and summer warmth (table 3);
three factors were found for relative humidity: summer and
autumn humidity, spring dryness, and winter humidity. Two
factors were identified for community-specific air pollutants
(table 4). The first community-specific factor was positively
associated with CO and NOx levels and negatively associated
with O3 levels, suggesting traffic-related motor vehicle emis-
sions; the second was highly associated with SO2 and PM10

levels, indicating emissions from power plants, industry and
domestic fossil-fuel combustion, as previously reviewed for
Taiwan [29].

Sex-specific adjusted logits of physician-diagnosed and
questionnaire-determined allergic rhinitis were regressed
against the two temperature factors, three relative humidity
factors and two air pollutant factors, which were all normal-
ised to scores with mean 0 and variance 1. When climatic and
air-pollutant factors were mutually adjusted, traffic-related
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air pollutants remained the main determinant of physician-
diagnosed allergic rhinitis (OR1.17, 95% confidence interval
(CI) 1.07–1.29 in males; OR 1.16, 95% CI 1.05–1.29 in
females) (table 5); higher nonsummer (September–May)
temperature was also positively related to prevalence of
allergic rhinitis (OR 1.10, 95% CI 1.02–1.19 in males; OR
1.09, 95% CI 1.01–1.19 in females). However, questionnaire-
determined allergic rhinitis was associated only with traffic-
related air pollutants in both sexes. Interaction terms for
temperature and humidity factors were used in the regression
models and found to be nonsignificant (data not shown).
Adjusted community-specific allergic rhinitis prevalences were
plotted against traffic-related air-pollution factor scores (fig. 1).
There were no obvious outliers. Quadratic and cubic terms
were used in the regression models and these terms were also
not significant (data not shown), which indicated the regres-
sion lines were compatible with linearity. In addition, a 1SD

increase in traffic-related air-pollutant factor score represented
an increase in CO level of 257 parts per billion (ppb) and in
NOx level of 12.2 ppb and a decrease in O3 level of 4.1 ppb.

After adjustment for climatic factors, the effects of each
pollutant on physician-diagnosed and questionnaire-determined
allergic rhinitis were assessed separately. In the regression
model in which p-values were calculated, significant associa-
tions were found for CO, NOx, and O3 levels in both sexes but
none for SO2 and PM10 levels (data not shown). Negative and
relatively weak correlations for O3 levels were also noted.

Discussion

The present study was based on a large data set and
investigated the chronic effects of ambient air pollutants on
allergic rhinitis in a cross-sectional design. The main results
of the analysis showed that prevalences of both physician-
diagnosed and questionnaire-determined allergic rhinitis,
occurring more frequently than other respiratory symptoms
[1, 5, 6, 11], in middle-school students from 55 communities in
Taiwan were associated with traffic-related air pollutants,
especially NOx and CO.

Younger subjects and males showed a higher rate of
reporting allergic rhinitis (table 1), as seen in other studies [9,
30–32]. It was also found that the level of parental education
was associated with the occurrence of allergic rhinitis in
children. Parents with a higher educational level were more
likely to be aware of the specific health condition of their
children. Moreover, the level of exposure to allergens was
lower at higher socioeconomic levels, which would result in
a protective effect in their children and make them more
susceptible to specific allergens in older age [33, 34]. Since age,
history of atopy and parental education were potential
predictive factors for allergic rhinitis, these factors wereT
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Table 2. – Annual air pollution and meteorological data for
1994 from 55 air-monitoring stations in Taiwan

Mean¡SD Median Range IQR

CO ppb 853¡277 843 381–1610 675–1001
NOx ppb 35.1¡13.4 34.0 10.2–72.4 25.6–42.9
SO2 ppb 7.57¡4.15 7.22 0.88–21.2 5.01–8.77
PM10 mg?m-3 69.2¡17.8 65.9 40.1–116.2 54.0–81.7
O3 ppb 21.3¡4.5 21.5 12.4–34.1 18.7–23.4
Temperature uC 22.9¡1.1 22.8 19.6–25.1 22.3–23.6
Relative humidity % 76.2¡3.7 76.6 64.8–86.2 74.8–78.6

IQR: interquartile range; CO: carbon monoxide; ppb: parts per billion;
NOx: nitrogen oxides; SO2: sulphur dioxide; PM10: particulate matter
with a 50% cut-off aerodynamic diameter of 10 mm; O3: ozone.
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analysed in the first-stage regression. The questionnaire also
enquired about other personal factors, such as daily cigarette
consumption in families, incense burning at home and regular

exercise. It was decided not to include these factors in the
adjustment step for three reasons. First, cigarette smoking
and incense use might be reduced by a family with a child with
allergic rhinitis. The present results showed a negative
association between these factors and allergic rhinitis (data
not shown), which was consistent with recent studies in
Sweden and Spain [35, 36]. Secondly, the child could have
been encouraged to exercise when exhibiting signs and symp-
toms of allergic rhinitis. Thirdly, inclusion of these factors
might have given significant associations, but they would have
been difficult to interpret for causality.

In children with a physician9s diagnosis of allergic rhinitis,
80.9% were reported as having typical symptoms, whereas, in
those without such a diagnosis, only 24.4% reported such
symptoms (pv0.001). Underdiagnosis was possible in children
with symptoms. In children diagnosed as having allergic
rhinitis but without symptoms, it was likely that they were in
remission or that their symptoms were transient and not
recalled by the parents. According to the present defini-
tion, questionnaire-determined allergic rhinitis included a
physician9s diagnosis because it was thought it would be
based on clinical symptoms, although some were possibly
under-reported associated symptoms.

Table 3. – Factor loading of monthly mean temperature and relative humidity in Taiwan, 1994

Temperature Relative humidity

Factor 1 Factor 2 Factor 1 Factor 2 Factor 3

Eigenvalue (% variance) 9.27 (77.3) 1.67 (14.0) 5.62 (46.8) 2.14 (17.8) 1.35 (11.2)
Factor loading

January 0.927 0.303 0.162 -0.016 0.903
February 0.929 0.283 0.160 -0.242 0.902
March 0.966 0.188 0.174 -0.566 0.704
April 0.896 0.235 0.122 -0.809 0.188
May 0.891 0.309 0.063 -0.909 0.139
June 0.398 0.856 0.209 -0.737 0.077
July 0.338 0.900 0.745 -0.331 0.200
August 0.082 0.901 0.746 -0.366 0.076
September 0.523 0.804 0.902 -0.239 0.095
October 0.747 0.587 0.875 -0.122 0.134
November 0.880 0.434 0.804 -0.048 0.206
December 0.867 0.413 0.733 0.110 0.046

Factor Nonsummer warmth Summer warmth Summer/autumn humidity Spring dryness Winter humidity

Two factors have eigenvalues of w1 for temperature and account for 91.3% of variance; three have eigenvalues of w1 for relative humidity and
account for 75.9% of variance.

Table 4. – Factor loading of mean annual levels of criteria air
pollutants in Taiwan, 1994

Factor 1 Factor 2

Eigenvalue (%
variance)

2.92 (58.3) 1.31 (26.2)

Factor loading
CO 0.927 0.127
NOx 0.911 0.278
O3 -0.921 0.038
SO2 0.268 0.827
PM10 -0.037 0.901

Factor Traffic-related Fossil fuel
combustion related

Two factors have eigenvalues ofw1 and account for 84.5% of variance.
CO: carbon monoxide; NOx: nitrogen oxides; O3: ozone; SO2: sulphur
dioxide; PM10: particulate matter with a 50% cut-off aerodynamic
diameter of 10 mm.

Table 5. – Relationship between physician-diagnosed and questionnaire-determined allergic rhinitis and environmental factors in
middle-school students

Males Females

Physician-diagnosed Questionnaire-determined Physician-diagnosed Questionnaire-determined

OR aOR (95% CI) OR aOR (95% CI) OR aOR (95% CI) OR aOR (95% CI)

Air pollution
Traffic-related 1.14** 1.17 (1.07–1.29)** 1.07* 1.09 (1.01–1.17)* 1.14** 1.16 (1.05–1.29)** 1.10** 1.12 (1.04–1.20)**
Fossil fuel
combustion related

1.05 1.00 (0.92–1.08) 1.02 1.00 (0.94–1.06) 1.05 0.99 (0.90–1.08) 1.01 0.99 (0.93–1.05)

Temperature
Nonsummer warmth 1.02 1.10 (1.02–1.19)* 1.01 1.05 (0.99–1.11) 1.02 1.09 (1.01–1.19)* 1.00 1.04 (0.98–1.11)
Summer warmth 1.11** 1.00 (0.91–1.10) 1.07* 1.03 (0.95–1.10) 1.13** 1.03 (0.93–1.14) 1.08* 1.02 (0.95–1.09)

Humidity
Summer/autumn 0.97 0.99 (0.93–1.06) 1.00 1.03 (0.98–1.08) 0.98 1.01 (0.94–1.09) 0.98 1.02 (0.97–1.08)
Spring dryness 0.94 0.95 (0.89–1.02) 0.98 0.99 (0.94–1.04) 0.95 0.97 (0.90–1.04) 0.98 1.00 (0.95–1.05)
Winter 0.96 0.95 (0.89–1.01) 1.00 0.99 (0.95–1.04) 0.97 0.95 (0.89–1.02) 1.01 1.00 (0.95–1.04)

Odds ratios (ORs) are expressed for a change in each factor by 1SD. aOR: mutually adjusted OR; CI: confidence interval. *, **: pv0.05, pv0.01.
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In mutually adjusted models, the climatic factor, non-
summer temperature, was associated with lifetime cumulative
incidence of allergic rhinitis. The result was compatible with
preliminary findings in asthma [18] and with another study
in New Zealand [25]. One recent study concluded that mite
allergen exposure is the most significant factor associated with
asthma and allergic rhinitis in Taiwan [32]. Increased
temperature (up to 30uC) and relative humidity favour the
development of mites, especially during colder seasons [37]. In
a subtropical climate, indoor environmental factors, such as
home dampness and mould growth, have been proved to be
strong predictors of respiratory symptoms, including cough,
wheezing, bronchitis, asthma and allergic rhinitis [38, 39]. No
indoor temperature or relative humidity data were available
in the present study, and only outdoor air monitoring data
could be used in exposure assessment. Although the high
outdoor humidity in Taiwan (monthly mean 68–80%) is an
important determinant of indoor humidity, no significant
humidity factor associated with allergic rhinitis could be
identified (table 5), which was inconsistent with the previous
finding that asthma was more prevalent in communities with
higher winter humidity [18]. One possible explanation that
was considered was that both elevated winter temperature
and humidity were associated with increased prevalence of
allergic rhinitis, which would indicate dust mite growth.
However, winter humidity might have reduced rhinitis
symptoms and therefore negated the effect of winter humidity
on mite survival. Various species of pollen should be also
considered in the pathogenesis of asthma and allergic rhinitis
[40]. Further studies are warranted to identify the causal

relationship between various pollen species and distinct atopic
diseases.

It is of worth to note the interactions between air pollutants
and climatic factors. Summer warmth was associated with
increased prevalence of allergic rhinitis; however, nonsummer
warmth only showed positive but nonsignificant correlations.
After mutual adjustment, the effects of summer warmth dis-
appeared but those of nonsummer warmth emerged (table 5).
Crude estimates of the association between climatic factors
and allergic rhinitis could be biased by air pollution and lead
to misleading interpretations.

Except for "wheezing" and "whistling in the chest", the
association between traffic-related exposure and allergy-
related symptoms or atopic manifestations was less clear. In
West Germany, KRÄMER et al. [17] found that outdoor levels
of NOx were associated with symptoms of allergic rhinitis.
Another study of identical cross-sectional design showed that
high levels of SO2 and black smoke in East Germany were
associated with a lower prevalence of asthma and allergic
rhinitis than in West Germany [41]; however, the design did
not investigate the role of motor-vehicle pollutants, which
biased the results. Both studies suggested a positive cor-
relation between the prevalence of self-reported symptoms
of allergic rhinitis and self-reported motor-vehicle traffic
exposure, after adjusting for personal risk factors. High traffic
noise was also found to be positively associated with nasal
symptoms [13, 14]. In Egypt, SAMIR et al. [42] used blood-
cadmium level as a parameter of degree and proximity of
exposure to air pollution; they found a significant causal
relationship between air pollution and allergic rhinitis. In
human exposure studies using either controlled chamber
protocols or nasal provocation tests, significantly increased
levels of mast cell tryptase and eosinophil cationic protein in
nasal lavage fluid were found in subjects with a history of
allergic rhinitis who had been exposed to 400 ppb NO2 for 6 h
[19, 43]. All these results suggest that exposure to heavy traffic
might provoke an asthma attack or aggravate pre-existing
allergic rhinitis. For this reason, NOx and CO might serve
as indicators of motor-vehicle emission levels rather than
as direct measures of the causal agent. The present study
findings were compatible with the hypothesis that exposure to
traffic-related pollutants might have caused changes in the
susceptibility of children to allergens, and, therefore, might
have contributed to the development of allergic rhinitis.

High traffic density has been inversely correlated with
concentrations of O3 [44]. O3 was also negatively associated
with traffic-related air pollutants (table 4). Since the air
pollutants examined in the present study were related, it was
virtually impossible to isolate the health effects caused by
each one. However, using all air pollutants in the regression
model, no significant result was found, which suggested
collinear effects between each air pollutant (data not shown).
In the individual pollutant regression analysis, O3 showed
negative associations with the prevalence of allergic rhinitis.
One rational explanation considered was that O3 was formed
at some distance from emission sources and scavenged in the
city centre by nitrogen monoxide from motor-vehicle exhaust
[45]. This suggested the hypothesis that direct emissions from
motor-vehicle traffic, which scavenge O3 and, therefore, nega-
tively correlate with O3 levels, were more important determi-
nants of allergic rhinitis than secondary air pollutants, such as
O3. The present authors believe that the opposing effects of
CO/NOx and O3 were caused by the combination of a positive
effect of CO and NOx on allergic rhinitis and a negative
relationship between CO/NOx and O3.

NOx have been proved to be acute respiratory irritants in
animal and controlled human exposure studies [19, 43].
Although not known to be a respiratory irritant, CO is known
to affect cardiovascular function. Whether the significant
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Fig. 1. – Association of traffic-related air pollutant scores with pre-
valence of: a) physician-diagnosed and b) questionnaire-determined
allergic rhinitis adjusted for age, atopic eczema and parental educa-
tion (––––: regression line). Data are presented as mean¡SE for the 55
communities ($: males; #: females); scores were normalised to mean
0 and variance 1 after factor analysis.
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association between traffic-related air pollution and allergic
rhinitis was directly related to NOx or CO from automobile
exhaust or caused by other traffic-related pollutants not
measured by the air-monitoring stations could not be deter-
mined in the present study. Other possible motor-vehicle
emissions include fine and ultrafine particles (including various
heavy metals) and a wide range of organic compounds. How-
ever, DOCKERY et al. [22] found that fine-particle concentrations
were unassociated with respiratory symptoms in children in
the 24-cities study. Epidemiological data concerning associa-
tions between respiratory illness and organic compounds are
also limited. In a study of indoor inhalable flour dust, there
was either weak or inconsistent evidence of associations with
rhinitis or nasal irritant sensitivity [46]. No significant associa-
tion was noted between lifetime allergic rhinitis prevalence
and fossil fuel combustion related air pollutants, namely SO2

and PM10, which was compatible with the previous analysis
in asthma [18].

Although personal-exposure data were lacking, the ecolo-
gical exposure assessment had many advantages in the present
study. The density of elementary and middle schools in
Taiwan was very high, and almost all of the surveyed children
attended schools within 1 km of their homes. Monitoring
stations located near the schools were also likely to be near
the students9 homes, and thus provided good indicators of
both school and home exposure. A preliminary German study
suggested that outdoor NO2 level was a better predictor for
atopic diseases determination than NO2 exposure at the
personal level [17]. The present study also proves the validity
of outdoor data on traffic-related air pollutants from air-
monitoring stations as predictors of the prevalence of allergic
rhinitis.

It was questioned whether any possible bias could exist in
the study design. Heating and air conditioning were rare in
Taiwanese classrooms in 1995/1996. Coal stoves were used in
v2% of homes in 1994, but probably more in rural than urban
areas [47]. The selection of the study population in close
vicinity to the 55 air-monitoring station was not random.
Compared to all middle-school students in Taiwan, the
selected subjects were similar in sex ratio (50.4% male) and
age (mean 13.8 yrs) but parents of these students might have
received more education, smoked less and complained more
about air pollution problems. The prevalence of allergic
rhinitis in the subpopulation was a little higher than that in
the total population (data not shown); however, it is not
thought that results from the correlation study comparing the
effects of climatic factors and air pollutants in allergic rhinitis
were biased. Ecological confounders such as urbanisation and
socialisation could be present in the data analysis and there
might be incomplete adjustment between community dif-
ferences and residual confounding. However, more complete
personal risk factor data were very difficult to obtain in such a
large-scale survey. The investigators decided not to try
to obtain more personal information, because it would have
resulted in a lower participation rate and would have
introduced greater bias into the study.

It is not thought that any important potential confounders
were missed in the present analysis. Migration from one
community to another could lead to misclassification of
exposure. However, errors in exposure assessment were likely
to be random, which would reduce the magnitude of associa-
tion but not introduce positive bias into the associations.
Children in urban and rural communities might not live in the
same proximity to their schools. Children who lived further
away from school were more likely to be exposed to more air
pollutants due to spending more time in traffic. Since rural
children tended to live further away from their schools and
in areas with less traffic-related air pollution than did city
children, this could have reduced the association between

traffic-related pollutants and allergic rhinitis prevalence. The
exposure information obtained from air monitoring stations
was limited to the criteria air pollutants in 1994 and sub-
sequent years. Using air pollution and meteorological data
from 1994 in exposure assessment was rational when con-
sidering the latency period of allergic rhinitis. Bias could be
introduced if differential changes in these exposure variables
were found between communities. However, from monitoring
data in later years, differential changes were not seen (data
not shown).

In conclusion, parental reports of physician-diagnosed and
questionnaire-determined allergic rhinitis in the present study
were both highly correlated with traffic-related air pollutants
(nitrogen oxides, carbon monoxide and ozone) but not other
pollutants (particulate matter with a 50% cut-off aerodynamic
diameter of 10 mm and sulphur dioxide). Negative and rela-
tively weak correlations with allergic rhinitis were found for
the secondary air pollutant ozone. Physician-diagnosed allergic
rhinitis in both sexes was also shown to be associated with
nonsummer (September–May) warmth, probably mediated
through exposure to common allergens such as dust mites.
Public health policy for reducing certain traffic-related air
pollutants might be needed because of the rapidly increasing
prevalence of allergic rhinitis.
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