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Effect of outdoor and indoor nitrogen dioxide
on respiratory symptoms in schoolchildren
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air, is considered to be a potential risk factor for asthma. We investigated con-
currently the effects of outdoor and indoor NO, on the prevalence and incidence
of resplratory symptoms among chlldren

A cohort study was carried out over 3 years on 842 schoolchildren hvmg in seven
different communities in Japan. Indoor NO, concentrations over 24 hours were
measured in both winter and summer in the homes of the subjects, and a 3-year
average of the outdoor NO, concentration was determined for each community.
Resplratory symptoms were evaluated every year from responses to questlonnalres

The prevalence of brOHChltlS Wheeze and asthma 51gn1f1cantly increased with in-
creases of indoor NO, concentrations among girls, but not among boys. In neither
boys nor girls were there significant differences in the prevalence of respiratory
symptoms among urban, suburban, and rural districts. The incidence of asthma
increased among children living in areas with high concentrations of outdoor
NO,. Multiple logistic regression analysis showed that a 10 parts per billion (ppb)
increase of outdoor NO, concentration was associated with an increased incidence
of wheeze and asthma (odds ratios [OR] = 1.76, 95% CI : 1.04-3.23 and OR = 2.10,
95% CI: 1.10-4.75, respectively), but that no such associations were found with
indoor NO, concentration (OR = 0.73, 95% CI: 0.45-1.14 and OR = 0.87, 95%
CI:0.51-1.43, respectlvely)

These flndmgs suggest that outdoor NO2 air pollutlon may be partlcularly 1mport—
ant for the development of wheeze and asthma among children. Indoor NO,
concentrations were associated with the prevalence of respiratory symptoms only
among glrls Glrls ‘may be more susceptlble to mdoor air pollutlon than boys

Nltrogen dloXIde air pollutlon 1nd00r enVlronment Wheeze asthma cohort study

Recently, the prevalence of asthma has been increasing in many
countries.!"? Several hypotheses have been advanced to explain
this increase.> Nitrogen dioxide (NO,), an oxidant gas produced
by the combustion of fossil fuels, is considered to be a potential
risk factor for asthma.? At high concentrations encountered in
the home environment, NO, is known to increase the bronchial
responsiveness of patients with asthma.’ Automobile exhaust
is the main source of NO, in outdoor air in urban areas.* Some
studies have shown high prevalence rates of wheeze®$ or
asthma’ among children living in areas with high NO, con-
centrations. However, the available epidemiological evidence is
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limited and the effect of NO, concentrations in ambient air is
not conclusive.” 10

The domestic use of combustion appliances also produces
high indoor concentrations of NO, 1112 11 homes with unvented
cooking or heating apphances 1nd00r concentrations of NO,
may exceed outdoor levels. 13 Therefore, in evaluating the effects
of ambient air pollution on human health, several studies have
assessed the indoor or personal exposure levels of N02,14'15
Because of methodological problems, however, these studies have
not sufficiently evaluated the effects of indoor air pollution.13

To evaluate the effects of environmental factors on respiratory
health, we conducted a series of epidemiological surveys in
schoolchildren.'?1¢ mdoor NO, concentrations in the homes
of these children have been detailed previously.!? The object-
ive of this study was to investigate the association of the
prevalence and incidence of respiratory symptoms in children
with outdoor air pollution and indoor NO, concentrations in
their homes.
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Methods

Subjects

The study subjects were 1029 fourth grade pupils (aged 9-10
years) who, on October 1992, were attending nine elementary
schools from seven different communities of Chiba Prefecture,
Japan. Of these schools, six in four communities (Chiba,
Funabashi, Ichikawa, and Kashiwa) are located in urban areas,
and their school districts are intersected by major trunk roads
that are national highways or motorways. The subjects in Chiba
and Funabashi were from two schools, respectively, in adjacent
districts in each community. One of the remaining three schools
is located in a suburban community (Eirakudai), and the other
two schools are in rural communities (Ichihara and Tateyama).
In each of these cases, there were no major roads or factories
within the school district.

The 3-year average concentrations of NO, in 1991-1993,
measured at ambient air monitoring stations in the vicinities of
these schools, were 25.3-31.3 parts per billion (ppb) for the
urban communities, 19.3 ppb for the suburban community, and
7.0-10.7 ppb for the rural communities.

Questionnaire

A survey of respiratory symptoms was conducted on all the
subjects in October of each year from 1992 (fourth grade) to
1994 (sixth grade). In the first survey, a standard respiratory
symptom questionnaire, the modified Japanese version of ATS-
DLD-78-C,17 was sent, through the schools, to the parents of
all subjects. The questionnaire covered respiratory symptoms
and medical history of the children, feeding method in infancy,
history of allergic diseases of the parents, and smoking habits
of household members, as well as certain characteristics of
the house, such as the type of heating. In the second and third
surveys, we used a simple questionnaire on only respiratory
symptoms and on any changes in the residential environment
for the past year. These questionnaires were filled out by either
parent. All incomplete questionnaires, accompanied by a request
for completion, were returned to the subjects.

According to the responses to the questionnaires, bronchitis
was defined as any chest illness ever diagnosed as bronchitis by
a physician. Wheeze was a positive response to the question
‘Has your child had wheezing or whistling in the chest during
the last 12 months?” Asthma was defined as ‘two or more episodes
of wheezing accompanied by dyspnoea that had ever been given
the diagnosis of asthma by a physician” and ‘the occurrence of
asthmatic attacks or the need for any medication for asthma
during the past 2 years’. For children who had no previous
history of wheeze or asthma in the first survey, the incidence of
wheezing or asthmatic symptoms in the second or third surveys
was evaluated. The definitions of wheeze and asthma were
consistent across the three surveys. Children who had been
diagnosed as having eczema, atopy, allergic rhinitis, or pollinosis
by a physician, or who had received hyposensitization therapy,
were considered to have a history of allergic diseases.

Measurements of indoor nitrogen dioxide
concentration

Measurements of indoor NO, concentrations were carried out
in each subject’s home on two occasions, in winter (January
or February 1993) and in summer (June or July 1993). The

24-hour average concentration of indoor NO, (ppb) was
measured in the living room using badge-type samplers (Toyo
Roshi, Tokyo, Japan). Details of the measurement procedure
have been given elsewhere.!?

For homes in which the measurement time was >22 hours
and <26 hours in both seasons, the annual average of the
indoor NO, concentration was calculated as the geometrical
mean of the two seasonal NO, concentrations, according to the
method described by Neas et al.l*

Data analysis

The prevalence of respiratory symptoms in each survey was first
compared in relation to sex, district, indoor NO, concentration,
parental smoking habits, and type of heating appliance. Annual
averages of indoor NO, concentrations were categorized in
four groups: 0-19, 20-29, 30-39 and =40 ppb. The relationship
between the prevalence of respiratory symptoms and indoor
NO, concentrations was estimated by Armitage’s method.'8

The effects of outdoor and indoor NO, concentrations, parental
smoking habits, and the use of an unvented heater in winter
on the prevalence of respiratory symptoms were assessed using
multiple logistic regression models, separately by sex. The models
also included a history of allergic diseases, respiratory diseases
under 2 years old, feeding method in infancy, and parental
history of allergic diseases. The 3-year average of NO, concentra-
tions in 1991-1993, measured at the monitoring station near
each school, was used as the outdoor NO, concentration. We
counted outdoor and indoor NO, concentrations as continuous
variables, and the other factors as having variables consisting of
two categories.

The correlation between the incidence rate of wheeze or
asthma and ambient concentration of NO, in each community
was estimated. A logistic regression model was used to evaluate
the effects of various factors on the incidence of wheeze or
asthma. Because wheezing symptoms arose during the study
period among only 13 boys and 9 girls, and asthmatic symptoms
arose among only 13 boys and 5 girls, the models combined
both sexes and included sex in addition to the above factors as
independent variables. All analyses were conducted using SAS
software (Version 6, SAS Institute, Inc., Cary, NC).

Results

Completed respiratory symptom questionnaires were obtained
from 1018 of the target population (98.9%) in the first survey.
The NO, samplers were collected from 1022 homes (99.3%) in
winter and 1006 homes (97.8%) in summer. For the 905 homes
in which available measurements were conducted in both winter
and summer, annual averages of indoor NO, concentrations
were calculated. Responses to the questionnaire were not avail-
able for 63 children in the second or third surveys, primarily
because of changed residence. Thus, the final sample for analysis
comprised 842 children (434 boys and 408 girls). There were no
differences between the characteristics of the children in whose
homes indoor NO, measurements were conducted and children
from whom only questionnaires were obtained. The percentage
of children who were not followed up in the second and third
surveys was slightly higher in the urban districts than in the
suburban and rural districts, although the difference was not
significant (Table 1).
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Table 1 Initial characteristics of the study subjects followed for 2 years, subjects not followed, and those without indoor nitrogen dioxide (NO,)

measurements
Indoor NO, measurements
Follow-up No follow-up Questionnaire only
(n = 842) (n=63) (n=113)
Characteristics (%) (%) (%) P-value?

Use of unvented heater in winter

@ Comparison among the three groups.

b parts per billion.

€ Comparison between the subjects followed for 2 years and the subjects not followed.

The indoor NO, concentrations according to community
and type of heating appliances are shown in Table 2. Overall,
270 homes used vented heaters and 572 homes used unvented
heaters in winter. In all communities, the indoor NO, con-
centrations in winter were very much higher in homes with
unvented heaters than in homes with vented heaters. Indoor
NO, concentrations were lower in summer than in winter,
independent of the type of heater used. The annual average of
indoor NO, concentrations was higher in homes with unvented
heaters (mean: 32.4 ppb, range: 4.7-73.7 ppb) than in homes
with vented heaters (18.4 ppb, 3.5-49.2 ppb) (Figure 1).

Table 3 shows the prevalence of allergic diseases and respir-
atory symptoms by district, indoor NO, concentration, parental
smoking habits, and type of heating appliance used in winter.
A history of allergic diseases was not related to any of these
variables. Among boys, the prevalence rates of wheeze and
asthma were highest in urban districts, except for asthma in the
first survey. However, these differences among the districts were
not significant. There was no consistent association between
respiratory symptoms and indoor NO, concentration among
boys throughout the three surveys.

Among girls, the prevalence rates of wheeze and asthma were
highest in the urban districts, except for asthma in the third sur-
vey, although these differences were not significant. Over the
3-year period of survey, the prevalence of respiratory symptoms

was highest among girls living in homes with an annual average
indoor NO, concentration =40 ppb. There were significant
trends of increasing respiratory symptoms among girls in asso-
ciation with increasing indoor NO, concentrations, except for
asthma on the third survey. The prevalence of respiratory symp-
toms did not significantly differ in relation to parental smoking
habits and the type of heating appliance among either boys or
girls.

The association of respiratory symptoms with outdoor and
indoor NO, concentrations was analysed using logistic regres-
sion models. The adjusted odds ratios (OR) were expressed as
the effect of a 10-ppb increase in outdoor or indoor NO, con-
centration in the child’s home (Table 4). No significant relation-
ship of history of allergic diseases with these environmental
factors was present among either boys or girls. Among boys,
neither wheeze nor asthma was associated with outdoor or
indoor NO, concentration. The factors that significantly
impacted on wheeze and asthma among boys were history of
allergic diseases (OR = 4.39 and 4.86, respectively) in the first
survey and history of allergic diseases (OR = 2.61 and 2.98,
respectively) and respiratory disease under 2 years old (OR =
2.80 and 2.94, respectively) in the second survey.

For respiratory symptoms among girls, the adjusted OR of
indoor NO, concentrations were above one in all three surveys
and the ratios were significantly different from one in the first
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Table 2 Indoor nitrogen dioxide (NO,) concentrations by community and type of heating appliance used in winter

Type of heating

Mean indoor NO, concentrations (ppb)

Outdoor NO,

Community appliance N Annual Winter Summer® concentrations (ppb)2

Chiba Vented 27 20.4 25.8 18.1 25.3

e

ittt o tree USSP PRPRPRP Unvemed S 357 U 761 e ST

T

e

L Nemed 50 85 26 171 27

Eirakudai Vented 25 20.9 14.6 19.3

feverre st sSSP Unvemed e

T 11 T
Unvented 84 75.1

T e G e
Vented 270 0

e S

@ 3.year average concentration of NO, in 1991-1993, measured at an ambient air monitoring station adjacent to each school.

b Mean of NO, concentrations at all subjects’” homes in each community, independent of the type of heating appliance used in winter.

Homes using vented heaters
in winter

35 -

Mean 18.4 ppb

30

25 o
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Percent of homes
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Indoor NO, concentrations (ppb)

Homes using unvented
heaters in winter

Mean 32.4 ppb

Percent of homes
B
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Indoor NO, concentrations (ppb)

Figure 1 Annual average of indoor nitrogen dioxide (NO,)
concentration by type of heater used in winter

and second surveys. The adjusted OR of outdoor NO, con-
centrations were above one in the first and second surveys,
although none of the values were significant. The prevalence of
wheeze among girls was also significantly related to a history of

allergic diseases in all three surveys (OR = 4.36, 8.50 and 4.96).
In the first and second surveys, the effects of breastfeeding in
infancy (OR = 2.32 and 2.64) and respiratory disease under 2
years of age (OR = 6.35 and 3.65) were additionally significant.
The prevalence of asthma among girls was significantly related
to a history of allergic diseases in all the three surveys (OR =
5.28, 7.11, and 10.86), and breastfeeding in infancy in the first
and second surveys (OR = 3.14 and 3.75).

The incidence of wheeze and asthma in the second or third
surveys was evaluated among children who had no symptoms
in the first survey. The incidence rates of wheeze and asthma
for each community were 0-6.5% and 0-3.6%, respectively.
Asthmatic symptoms tended to develop significantly with
increasing outdoor NO, concentrations (r2 =0.783, P = 0.008,
Figure 2). The logistic regression models examined the effects of
various factors on incidence (Table 5). The adjusted OR of the
incidence of wheeze and asthma were 1.76 and 2.13, respect-
ively, per 10-ppb increase in outdoor NO, concentration; values
that were significantly different from one. A history of allergic
diseases was also related to a significant increase in the incidence
of wheeze and asthma. Breastfeeding in infancy was related to
a significant decrease in the incidence of wheeze. The etfects of
sex, indoor NO,, parental smoking habits, and use of unvented
heaters were not significant.

Discussion

Air pollutants, such as NO,, have been considered as one of the
environmental factors that affects the prevalence of wheezing
bronchitis or asthma.®” Exposure to an ambient level of NO,
has been shown to enhance asthmatic reaction to an inhaled
allergen.19 However, most of the previous epidemiological studies
are cross-sectional, and few prospective cohort studies have
estimated the incidence of wheeze or asthma. Neas et al.'# con-
ducted a cohort study for 3 years and examined the effect of NO,
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Table 3 Prevalence of respiratory symptoms in relation to district, indoor nitrogen dixoide (NO,) concentration, parental smoking habits,
and type of heating appliance

Wheeze Asthma
History of Bronchitis 4th grade 5th grade 6th grade 4th grade 5th grade 6th grade
Factors N allergic diseases? ever? (1992) (1993) (1994) (1992) (1993) (1994)

P-value 0.833 0.262 0.515 0.181 0.057 0.234 0.477 0.758

@ The first survey (1992) only.
b parts per billion.

€ P-value for the trend by Armitage’s method.



NITROGEN DIOXIDE AND RESPIRATORY SYMPTOMS IN SCHOOLCHILDREN 867

‘uorqiq 1ad syreq P
‘S3[BLIBA UIAIS 9A0QR 01 UONIPPE UL $3seISIP JI313[[e JO A10181Y 10} paisnlpe soner sppo
‘Topowr uo1ssaI3a1 dnsIo[ ay) Sursn ‘saseasip d181d[[e Jo Aroisiy [erudred pue ‘Aduejur ur spoylaw Jurpaady ‘9fe Jo s1eak g 1apun saseasip Arolerrdsar Surpnpur sa[qeLIeA UdAJS 10] paisnlpe soner sppo q

"A[U0 (266 1) AdAINS 1s11] SYL ,

19°9-1C°0 OI'I 6V v—LT0 <0'1 98 V—1¢°0 ST'IL SL'ET-69°0 IL'C  T0¥-1€0 LO'T 68'1-1T0 ¢9°0 OV'T97'0 ¥O'IL 8¢ 1-67'0 €80 IojuIm Ul I9]e9Y pajuaAUn JO 95}

81T-C90 ST 997901 L9T #7901 €91 T6'1-8L0 €1  ¥¥c—90'T 09T €8T-0¢1 06T 061-90'T 'l <€1-680 or'l  oseonurqddor
‘uonenuaduod CON 100pup

60°C-59°0 aseanur qdd o1

‘uonenuadUod QN 100pINQO

sa[eway
T€2-170 1£0 0L THT0 ¥9°0 86 1-T0 120 69 1-120 090 951-9T0 €90 STI-€C0 ¥S0 €CT1-620 090 €9T-LS0 960  IDIUIM UI 191edy PAIUaAUN JO 3501
See—evo VIl 1€°C-s¥'0 660 L6'C—€S0 IT1 69'¢—8¢°0 8¢l cTT6¥'0 TO'1 CL'T-S9°0 0¢'1 8I'1-8¢°0 L9°0 6¢'1-09°0 60 S1qey SU{OWS [eIuaTed
0€'T-6¥'0 8L°0 6€ 17090 CT6'0 O0TI-8Y'0 LLO I¥1-850 160 6C1-650 830 6£1-89°0 860 8C'I-LL0 ¥O'I  8TI-S8°0 SO'IL aseanur qdd o1
‘uonenuaduod CON Ioopug
SP'T-CL'0 LTT  SPT-L80 I¥V'T 6817690 II'T 697980 9% 1 80C-¢80 8TT 6L1-9L°0 SI'T 091-180 ¢I'l TTI-SL'O 960 oseanul nn_ﬁE oIl
‘uoneUuIdU0d CON 100pINQO
Sa[eW
ID%S6 40 ID %S6 80 ID %S6 40 ID %S6 80 ID %S6 ;40 ID %S6 80 ID %S6 ;40 ID %S6 4O s1010eq
(Fe61) (c661) (z661) (Fe61) (c661) (z661) 1943 ,S3seasIp d1didqe
dpeid 419 dpeid yig opeid iy apeid 19 apeid yig opeid iy spIyouorg Jo A103sTH
ewIyIsy 9ZIdYM

swordwAs A101e11dsa1 Jo 20ua[eAdId 91 UO SI01DB] [BIUIWIUOIAUD 100pUl pue 21nsodxa (CON) IpIXOIp UagonIu Jo 1A 10§ ID %56 pue (JO) Sonel sppO ¥ [qeL



868 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

8 1
r?2 =0.223
P =0.284
[ ]
g ¢
i
N
Q
2
z 4
‘G Y [
3 °
]
o 4 [ ]
g .
0 L 4 T T T J
0 10 20 30 40

3-year average of outdoor NO, concentrations (ppb)

41
r2=0.783 °
P =0.008 ®
g€ 3
o . °
€
=
s
©
e 27
o
g °
i=4
LT3
k=t
21 .
0 *— . . -
0 10 20 30 40

3-year average of outdoor NO, concentrations (ppb)

Figure 2 Incidence rates of wheeze or asthma and outdoor nitrogen
dioxide (NO,) concentration for each community

on the annual cumulative incidence of respiratory symptoms
during the prior year. However, they did not refer to the rates
of newly developed asthma during the study period. In a study
of children living in eight areas of Japan for 5 years, the incid-
ence of asthma tended to increase in areas with an annual mean
NO, concentration >0.03 parts per million (ppm), although
the effects of confounding factors, including allergy, were not
considered.??

In our study, the prevalence of wheeze and asthma decreased
over the study period in all districts. In a British cohort, more
than two-thirds of the children with a history of wheeze or
asthma by age 7 experienced no attacks at age 1121 our subjects

were observed from ages 9-10 to ages 11-12. The remission of
wheeze or asthma may be due to growth. On the other hand,
some children first reported wheezing or asthmatic symptoms
during the study period. The incidence rates were higher in
areas with high concentrations of outdoor NO,. The relation-
ships between outdoor NO, and the incidence of wheeze or
asthma remained significant, even after adjustment for potential
confounding factors such as history of allergic diseases and in-
door NO, concentration. Respiratory symptoms were evaluated
by a standardized questionnaire in the first survey, and a simple
questionnaire in the second and third surveys because the latter
were easy to complete. The difference in questionnaires might
lead to potential bias in responses.22 However, the two question-
naires included the same questions about respiratory symptoms,
and the definitions of wheeze and asthma were unified. There-
fore, we have considered that misclassification due to the differ-
ence in questionnaires is minimal.

In cohort studies, a substantial number of subjects may be
inevitably lost to follow-up primarily because of out-migration.
Forastiere et al.>> obtained responses from 84.6% of the primary
subjects after a 3.5-year interval in a cohort of children. We
were able to follow up 842 children (93.0% of the subjects in
the first survey) for 2 years, which satistied the purpose of our
study.

To evaluate the health effects of outdoor air pollution, the
potential involvement of indoor air pollution also should be
considered.! 1713 The use of gas cooking stoves often has been
considered as a major indoor source of NOz.l L13 geveral studies
have shown that a gas stove in the home is a risk factor for
respiratory symptoms and diseases in children, %24 while others
have failed to demonstrate such effects.2>26 [n Japan, almost all
homes use gas appliances for cooking, and the use of unvented
heaters in winter is usually considered a source of indoor air
pollution.'?16 The present study also showed that indoor NO,
concentrations were higher in homes with unvented compared
to vented heaters. However, neither prevalence nor incidence of
respiratory symptoms was significantly associated with type of
heater.

A few studies have included measurements of NO, in the
subjects” homes. Neas et al.'* demonstrated an association
between indoor NO, concentrations and increased incidence of
lower respiratory symptoms in children. Infante-Rivard®® found
a dose-response relationship between personal exposure to

Table 5 Odds ratios (OR) and 95% CI? for various risk factors on the incidence of wheeze or asthma for the follow-up period

Incidence of wheeze

Incidence of asthma

Factors OR

95% CI

P-value OR 95% CI

Sex, boy versus girl

Use of unvented heater in winter

0.45-2.80

0.91-10.48

2.08 0.75-6.72

0.36-4.62

@ 0dds ratios adjusted for all variables using the logistic regression model.
b parts per billion.
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NO, and asthma, but NO, measurements were conducted in
only 140 children. In other studies, indoor NO, exposure has
been minimally associated with either respiratory symptoms or
illnesses.2%27 Most of these studies have been conducted in
only one area, and few studies have considered the potential
effects of various environmental factors, including outdoor air
pollution. Braun-Fahrlander et al.? reported that NO, meas-
ured outdoors but not indoors was associated with the duration
of respiratory symptoms in children.

In this study, valid measurements of indoor NO , concentrations
were obtained in 905 homes from seven different communities
in both winter and summer, although each measurement
was carried out on only one day. Then, we estimated the effects
of outdoor and indoor NO, together using multiple logistic
models. The relationships between the prevalence of respiratory
symptoms and indoor NO, concentration were significant among
girls, but not among boys. We have previously reported that
pulmonary function measurements were associated with indoor
NO, among girls only.16 Neas et al.'* found a stronger effect of
indoor NO, on respiratory symptoms among girls than among
boys. In other studies, a gas stove in the home appeared to be a
risk factor for respiratory illnesses, primarily among girls and
young women.®1124 Melia er al.2* suggested that girls would
be more likely to spend more time in the kitchen. Pershagen
et al.% also found an increased risk associated with a gas stove in
girls only, but they suggested that environmental exposure did
not differ between boys and girls, since 90% of their subjects
were under 2 years. Constitutional factors linked to sex may be
of importance in respiratory symptoms or diseases.

Outdoor NO, exposure was also reported to be a risk factor
for wheezing bronchitis in only gilrls.6 In our study, outdoor
NO, concentration was not significantly associated with the
prevalence of respiratory symptoms in either boys or girls. The
incidence of wheeze and asthma was higher among boys than
girls, although the sex-related difference was not significant.
Since wheeze and asthma had arisen in only a small number of
our subjects, the incidence should be further evaluated in more
large-scale cohort studies.

Environmental tobacco smoke (ETS) has been shown to
increase the incidence of asthma and wheezing in childhood.?8
However, Chinn and Rona?? found that ETS exposure was
associated with wheezing but not with diagnosed asthma. In the
present study, parental smoking was not related to either wheeze
or asthma in children. This may be because we did not evaluate
the effect of ETS exposure, but only parental smoking habits.
Breastfeeding in infancy was strongly associated with a low
incidence of wheeze. Wilson et al.>% showed the protective effect
of breastfeeding against respiratory illness during childhood.

A history of allergic diseases was also associated with the in-
cidence of wheeze and asthma. Half of the subjects had a history
of allergic diseases, among which atopy and allergic rhinitis
were dominant. In a British cohort, atopy had an influence on
the incidence of wheezing during adulthood.?! No increase
in allergic diseases was observed with increasing levels of air
pollution in the International Study of Asthma and Allergy in
Childhood (ISAAC).Z'9 The comparisons between eastern and
western European populations showed a higher prevalence of
infectious airway diseases and a lower prevalence of allergic
diseases in eastern areas with high levels of sulphur oxides and
suspended particles.ﬂ'32 A recent report from Germany found

no effect of air pollution on the development of allergies.33 The
present study showed no difference in the prevalence of allergic
diseases in relation to districts and indoor NO, concentrations.

On the other hand, several studies using the ISAAC ques-
tionnaire have shown that air pollution from heavy traffic has
adverse effects on the respiratory health of children living in
urban areas.”>%3% Traffic-related NO, has been shown to be
associated with the prevalence of asthma and respiratory symp-
toms in children.”-3¢ Our study districts in urban communities
were intersected by major trunk roads, and the high NO, con-
centrations were derived primarily from automobile exhaust.!?
Exposure to NO, has been assumed to influence asthma in two
ways: by decreasing the threshold of allergens in the develop-
ment of asthma and worsening the morbidity of existing atopy
or asthma.>3” Our findings are consistent with the latter possi-
bility, in that the incidence of wheeze and asthma was associated
with NO, exposure and allergic diseases. Atopic children would
be expected to have a greater risk of respiratory symptoms with
exposure to NO, than non-atopic children.>8 Accordingly, it is
possible that NO, directly causes airway inflammation and
cellular damage in the human body.39

Pilotto ef al.*0 suggested that repeated exposure to short-term
peaks of NO, is more important in pathogenesis than long-term
exposure to lower levels of NO,. However, the NO, monitors
used in epidemiological studies can obtain only average concen-
trations over the measurement periods.6 In this study, outdoor
NO, levels were assessed using only 3-year average concen-
trations. Therefore, our results may underestimate the effects of
NO, exposure. The presence of other pollutants, such as par-
ticulates, ozone, and formaldehyde, in the outdoor and indoor
environment should be also considered.*® Fine particles have
been reported to be associated with the prevalence of bron-
chitis, but not with asthma.*! Outdoor NO, concentration may
act as a surrogate for the real cause of the health effects. The
association between respiratory symptoms and air pollutants
other than NO, should be further evaluated.

In conclusion, this study showed that the incidence of wheeze
and asthma increased among children living in areas with high
concentrations of outdoor NO,. This relationship remained sig-
nificant even after adjustment for various factors, such as indoor
NO, concentration. These findings suggest that air pollution,
including NO,, may be particularly important for the develop-
ment of wheeze and asthma in urban districts. Indoor NO, con-
centrations were associated with the prevalence of respiratory
symptoms among girls, but not among boys. The relationship
between indoor NO, and the incidence of wheeze or asthma
was not significant either. The incidence and prognosis of respir-
atory symptoms should be further evaluated in a longitudinal
study for many more years.
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