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Abstract

Introduction: Measuring exhaled nitric oxide (eNO) is a noninvasive and useful method
for evaluating the correlation between airway inflammation and air pollution. The method is
being used in studies; however, the effects of polluted air on eNO values are poorly
understood. If polluted air significantly affects eNO concentrations, then it would be hard to
evaluate the concentration of eNO, particularly in epidemiological measurements to detect the
effects of airway inflammation, such as that in bronchial asthma. Thus, we hypothesized that
short-term exposure to air pollution affects eNO values.

Purpose: To study the effects of environmental nitrogen oxides on the measurement of
eNO concentration.

Subjects and Methods: A total of 19 school children who lived on a large street with
heavy traffic with random allocation were studied. Subjects with bronchial asthma were
identified with a questionnaire. Suspended particulate matter. including particulate matter
with an aerodynamic diameter �2.5 µm (PM2.5), optical black carbon, nitric oxide (NO), nitric
dioxide (NO2), and nitrogen oxides (NOX), were measured at a fixed place along the street every
hour for 11 consecutive days. The concentrations of NO and NO2 for each subject were
measured by an individual 2-pyenyl-4,4,5,5-tetramethylimidazoline-3-oxide-1-oxyl sampler, and
the concentration of eNO was measured with the off-line method.

Results: Of 19 subjects, 3 were found to have bronchial asthma. The level of each
pollutant for 11 days peaked during the mornings (6～9 a.m.) and evenings (6～9 p.m.) due to
traffic jams; average eNO values in healthy subjects and those with asthma were 27.1 ± 9.7
and 57.7 ± 18.6 ppb (p＝0.098), respectively. It was found that the eNO value remained high
when the mean values of various pollutants remained high for 8 hours before the
measurements. It was estimated that the mean eNO values increased by 1.08 ppb (95% CI:
0.72～1.45) when the mean NOX value for the previous 8 hours reached approximately 10 ppb.

Conclusion: We conclude that short-term exposure to polluted air of at least 8 hours
before measurement affects eNO values. Therefore, caution should be exercised when
measuring eNO value in epidemiological studies.
(J Nippon Med Sch 2007; 74: 30―36)
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Introduction

Exhaled nitric oxide (eNO) levels are high in
airway inflammatory disorders, such as bronchial
asthma1―3. Measuring eNO is noninvasive and is an
effective tool for evaluating airway inflammation in
bronchial asthma, which is likely to be caused or
exacerbated by air pollution4,5 and by intrinsic and
extrinsic allergens. In this regard, the measurement
method might be applied to epidemiological studies.
One study by Franklin et al.6 found that prolonged
exposure (5～10 weeks) to air pollution affected eNO
values in infants. This result raises the possibility
that exposure to ambient nitrogen oxide (NOx)
affects eNO measurement, although the period of
exposure required has not been determined. It
might be crucial to study the short-term effects of
exposure, such as that several hours before
measurements of eNO for individual subjects,
because the longer monitoring of NOx might be
more costly, which may interfere with
epidemiological studies to identify persons with
asthma by measuring eNO. For this reason, we
hypothesized that a short-term exposure to air
pollution including NOx affects eNO values. The
present study aimed to test this hypothesis
methodologically.

Subjects and Methods

Subjects
School children were considered suitable subjects

for evaluating the effects of short-term exposure to
air pollution for this study, because they spend each
day near measurement points, unlike adults, who
move about a wider area. Therefore, for this
preliminary study, 19 school children (13 boys and 6
girls), aged of 5 to 10 years were enrolled at random
after obtaining informed consent from each of their
parents.
A trunk road and a heavy traffic road were

defined according to epidemiological standards7―11. In
this study, we enrolled subjects residing close to a
trunk road in Tokyo, Japan, with a traffic volume of
more than 40,000 vehicles in a 12-hour period during

weekdays. Furthermore, the subjects were selected
from among residents living within 20 to 350 meters
from the corresponding street. Subjects with
bronchial asthma were identified with the Japanese
version of the American Thoracic Society-Division of
Lung Disease (ATS-DLD) questionnaire12, as used in
previous studies13.

Measurement of eNO
The eNO value of each subject was measured for

11 consecutive days from Nov. 2nd to 12th, 2004, from
14 : 00 to 20 : 00 depending on the daily schedule of
the individual, with the off-line method14―16, which has
been shown to be equivalent to the on-line method17.
Briefly, the subjects inhaled maximally and then
exhaled air to the level of the maximal expiratory
position with a constant pressure of 15 cmH2O and
with a speed corresponding as closely as possible to
50 ml�sec, which was monitored on a screen. To
avoid the collected air from being affected by the
nasal cavity, upper airway, or outside air, the first
400 ml of exhaled air was discarded; then, 200 to 400
ml of exhaled air was collected into a 1.5l Mylar
sample bag. Within 2 hours after the air was
sampled, each eNO value was measured using a
chemiluminescent analyzer (Model NA-623N, Kimoto
Electric Co., Ltd., Osaka, Japan). The complete
measurement system employed in this study is
illustrated in detail in Figure 1.

Measurement of Pollutants
Changing levels of air pollutants at one designated

place on the corresponding road were recorded
every hour where the subjects resided;
approximately 50 meters away from the main
street7,9, in accordance with the epidemiological
study criterion set by the Ministry of the
Enviroment18. Pollutants, including particulate matter
with an aerodynamic diameter �2.5 µm (PM2.5),
optical black carbon (OBC), nitric oxide (NO), and
nitrogen oxides (NOX), were measured by a
suspended particulate matter monitor and nitrogen
oxides analyzer (Model SPM-613D, Kimoto Electric
Co., Ltd.).
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Fig. 1 Measuring equipment for eNO.
The complete measurement system for eNO using the off-line method7 in this 
study is shown.   The sampling kit (a mouthpiece, pressure meter, adjustable 
valve for expiratory air flow, and Mylar bag) (left) and measuring equipment (a 
chemiluminescent analyzer) (right). 

Individual Sampling of Air Pollutants
A 2-pyenyl-4,4,5,5-tetramethylimidazoline-3-oxide-1-

oxyls (PTIO) sampler19, a small, portable measuring
instrument, was attached to each subject’s clothes.
The sampler was used to collect air-samples for
evaluating individual effects by measuring the total
amounts of NO and NO2 every 24 hours for 11
consecutive days from November 2 to 12, 2004.

Statistical Analysis
The data were analyzed with standard statistical

techniques using SPSS for Windows (version 8.0;
SPSS, Inc. Chicago, IL, USA). Data are expressed as
the mean ± standard deviation of the mean (S.D.),
and differences with a P-value less than 0.05 were
considered significant.
Models were created to examine the relative roles

of various exposure windows on eNO concentrations
and the relative roles of individual pollutants, which
were highly correlated. Separate models were
created for individual hourly lag models and for
moving average models to reflect cumulative
exposures to remove irregular variance from the
time series. All modeling was performed with the
General Linear Model procedure in SAS (SAS
Institute, 1997). To test whether there was
heterogeneity in the response to NO, PM2.5, NOx, and
OBC, we also fitted mixed models allowing a random

slope. We then tested whether the variability in
slopes was significant20.

Results

Subject Characteristics
The mean age of the subjects was 7.8 ± 1.5 years.

Of the 19 subjects, 3 were identified as having
bronchial asthma by the ATS-DLD questionnaire.

Daily Changes of Each Pollutant
Mean values per hour of each pollutant including

NO, NOx, PM2.5, and OBC for 11 consecutive days
reached a maximum in the morning (6～9 a.m.)
followed by the evening (6～9 p.m.) (Fig. 2). The
values of NOX, PM2.5, and OBC varied over a range of
20 to 350 ppb, 10 to 120 µg�m3, and 1 to 20 µg�m3,
respectively. The daily mean values of NOX, PM2.5,
and OBC during the study period showed a wide
variation: 114.3 ± 71.0 ppb (mean ± S.D.), 39.0 ± 16.9
µg�m3, and 8.0 ± 3.7 µg�m3, respectively. As the
representative changes, the lowest daily mean value
of each pollutant was shown on November 3 and 7
for the 11 days (Fig. 3), indicating that each reached
a maximum both on November 5 and November 10.

Individual Measures for eNO
Mean eNO values for the 11 days for healthy
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subjects (n=16) and subjects with asthma (n=3) were
27.1 ± 9.7 ppb and 57.7 ± 18.6 ppb, respectively (p=
0.098). However, there was no significant correlation
between eNO values and individual NO or NOx
values obtained by the samplers for 24 hours. Since
there was no significant correlation between the

eNO concentration and a 24-hour exposure to
pollutants, we examined the relationship between
eNO and the pattern of the average concentration of
air pollutants before eNO measurement.
Changing patterns of the correlation coefficient for

eNO on interquartile changes in NO, PM2.5, NOx, and

Fig. 2 Daily changes in each pollutant per hour
Mean values per hour of each pollutant, including NO, NOx, PM2.5, and OBC, for 11 consecutive days are shown.  The 
peak value of each pollutant was observed when the traffic increased to its maximum in the mornings (6～9 a.m.) and 
evenings (6～9 p.m.).  Daily changing averages of NO (open circle with broken line), the average of NOx (open square with 
thin solid line), the averages of PM2.5 (open triangle with thick solid line), and averages of OBC (open large square with thick solid 
line) are shown. 

Fig. 3 Daily change in the mean values of air pollutants 
Daily changes in the mean values of air pollutants are shown.  The lowest daily mean value 
of each pollutant was shown on November 3 and 7 for the 11 days, indicating that each 
reached a maximum both on November 5 and November 10.  The daily changing averages 
of NO (open circle with broken line), NOx (open square with thin solid line), PM2.5 (open triangle 
with thick solid line), and OBC (open triangle with thick solid line) are shown. 
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OBC every hour for 24 hours are shown in Figure 4.
Individual hourly lag models (Fig. 5) showed a
consistent association between the eNO value and
NO, PM2.5, NOX, and OBC for exposure during the
previous 24 hours. The model indicated that when
the eNO value was greater, there was a higher
concentration of air pollutants, including NO, NOX,
PM2.5, and OBC. The change in eNO for an
interquartile range change in NO measurement
during the previous 8 hours increased to 0.117 ppb�
µg�m3 (95% CI: 0.070～0.0164), and that with PM2.5

increased to 0.145 ppb�µg�m3 (95% CI: 0.062～0.228)
when NOX measurements reached 0.105 ppb�µg�m3

(95% CI: 0.067～0.142). Similarly, OBC measurements
reached 1.56 ppb�µg�m3 (95% CI: 0.95～2.18). The
trend on the graphs strongly suggest that
fluctuations in eNO were affected by changes in air
pollutants over at least the previous 8-hour period,
although the effects remained in a narrow range.
This relation was observed both for the healthy

subjects and subjects with asthma (data not shown).

Discussion

In the present study, we have shown that short-
term exposure to polluted air of at least 8 hours
before measurement might affect eNO values.
A correlation between airway inflammation and

air pollution has been reported. Giroux et al.14 have
reported eNO levels in two groups of children with
asthma residing in different environments (rural and
urban) using the off-line method. The eNO values
were significantly lower in children living in the
rural area than in children living in the urban area
and were comparable to those in healthy children.
Amsterdam et al.21 have tested the hypothesis that
eNO values are affected by air pollutants in healthy
nonsmoking adults using off-line and on-line
methods. They have reported that the eNO values
increase as pollution worsens. In a long-term study

Fig. 4 Change in the correlation coefficient for eNO on interquartile changes in NO, PM2.5, NOx, and OBC for the 
individual hourly moving average
Each hourly moving average showed consistent associations between NO, PM2.5, NOx, OBC, and eNO for 
exposures during the previous 24 hours.  eNO was high when concentrations of air pollutants, including NO, 
NOx, PM2.5, and OBC, were high.
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of children22, a positive correlation between eNO
values and the level of air pollutants, including NO2,
CO, PM2.5, and pollen, was observed. Franklin et al.6

found in their long-term study (5 to 100 weeks) with
the off-line method that prolonged exposure to air
pollution affects eNO values in children. All these
previous studies suggest that eNO values are
affected by changes in pollutant levels in ambient
air. However, ambient conditions are can each day,
each hour, or even each moment owing to traffic
congestion. As shown in Figure 3, air pollution
reached a maximum on both November 5 and
November 10, suggesting that it likely to be affected
by the Japanese business system, in which
defrayment by banks is made on the 5th and 10th of
each month. Also, the mean values of air pollutants
reached a maximum on weekdays and dropped on
the weekend (November 7) and on a national holiday
(November 3) owing to a reduced traffic volume.
This finding also suggests pollution reached a
maximum during business hours only, until 3 p.m.,

when banks generally close in Japan.
Epidemiological studies regarding air pollution
should always consider local factors such as those
described above. Thus, we need to clarify the short-
term effects of air pollution as well as long-term
effects, as previously performed6. When polluted air
may affect the eNO concentration significantly, we
should take account of this when using eNO values
in epidemiological studies to detect the effects of
airway inflammation, such as in bronchial asthma.
In the present study, we have shown that eNO

values were easily affected by various
concentrations of pollutants in ambient air. The peak
values of each pollutant, including NO2, CO, PM2.5,
and OBC, were similarly observed when traffic
increased to its maximal volume in the mornings
and evenings. The present data clearly show that
short-term exposure to air pollutants for at least 6 to
8 hours before eNO measurements affected the
results (Fig. 4).
However, the present study has several

Fig. 5 Association of the eNO value with NO, PM2.5, NOx, and OBC at different lags between exposure and 
effect
Changes in eNO values (ppb) on interquartile changes in NO, PM2.5, NOx, and OBC for individual hourly 
lag models. Error bars indicate 95% confidence intervals.  The data of 6-, 7-, and 8-hour moving averages 
were created to reflect the most relevant window of exposure.
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limitations. First, only school children were studied.
Steerenberg et al.23 report that the daily eNO value
is positively associated with ambient CO and NO in
healthy nonsmoking adults; exposure in the morning
to a high level of outdoor pollution is associated with
an increased eNO level which persists for up to 5
hours. However, the data from eight adult subjects
in our preliminary study contrasted with their
findings (data not shown). Concerning the behavior
of children, the areas they go to are likely to be
limited after school, whereas adult subjects might
move over a wider area for their work. Second, no
current smokers were included in the present study.
It has been reported that the eNO value is strongly
affected by smoking status24, although the effects of
passive smoking could not be avoided.
In conclusion, short-term exposure to polluted air

of at least 8 hours before measurement might affect
eNO values. Therefore, caution should be exercised
when measuring eNO values in epidemiological
studies.

This study was performed as a part of contract
research for the Ministry of the Environment, Japan.
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