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Summary
Background Fraction of exhaled nitric oxide (FeNO) as a biomarker of airway inflammation in
children warrants better clarification.
Objective To identify the determinants of FeNO in children and assess the validity of FeNO as a
discriminative tool for asthma, rhinitis or allergic sensitization in a population setting.
Methods Children aged 5–18 years (N = 1717) were evaluated using online FeNO
measurements, questionnaires, anthropometric measurements, pulmonary function tests and
total and specific serum IgE.
Results FeNO levels were age-dependent, with an average increase of 7.4% per year of age. It
decreased with increasing body mass index (BMI), estimated at 1.5% decrease per kg/m2.
Children with allergic sensitization had elevated FeNO independent of allergic symptoms. In
the combined analyses of asthma, rhinitis and allergic sensitization, elevated FeNO levels
were confined mainly to children having allergic sensitization. After adjusting for allergic
sensitization, a significant association between rhinitis and FeNO remained, but no such
association was seen with asthma. The sensitivity, specificity, and positive (PPV) and negative
predictive values (NPV) of FeNO at the optimum cut-off of 28 p.p.b. for diagnosing asthma
were 64.3%, 69.9%, 8.8%, and 97.7%, respectively (area under the ROC curve [AUC] 0.67), and
were slightly better for diagnosing allergic asthma: 70.0%, 70.4%, 9.0%, 98.3%, respectively
(AUC 0.71). FeNO had modest accuracy in discriminating rhinitis with an AUC value of 0.70,
and performed better in discriminating allergic rhinitis (AUC 0.78). FeNO was a robust
discriminator of allergic sensitization independent of symptoms at a cut-off of 15.4 p.p.b.
(AUC 0.80; sensitivity 72.2%; specificity 71.2%; PPV 76.9%; NPV 65.8%).
Conclusion and Clinical Relevance FeNO measurement discriminates children with and
without allergic sensitization independent of allergic symptoms. On the other hand, low
FeNO levels in children may help exclude allergic asthma but high levels may be caused by
allergic sensitization, older age, rhinitis, and lower BMI, in addition to asthma.
Keywords allergic rhinitis, allergic sensitization, asthma, atopy, body mass index, children,
exhaled nitric oxide
Submitted 6 August 2010; revised 5 November 2010; accepted 30 November 2010

Introduction
Exhaled nitric oxide has been widely reported as a marker
for eosinophilic airway inflammation [1]. Recently, the
Prediction of Allergies in Taiwanese Children (PATCH) study

group. Study coordinator: J-L Huang. Principle investigators:
T-C. Yao, L-S. Ou, K-W. Yeh, W-I. Lee, L-C. Chen.

fraction of exhaled nitric oxide (FeNO) has attracted much
attention because it has been advocated as a valuable tool
for diagnosing asthma, monitoring therapeutic response,
evaluating current symptom control, and predicting exacerbations [1–5]. Evidence of its overall diagnostic
usefulness for asthma in children is mixed, as early
clinic-based studies depict robust results [6–13], while
more recent population-based studies have disappointing
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outcomes [14–17]. Such inconsistencies may reflect small
sample sizes or differences between studies with respect to
sampling strategies, measurement techniques, and confounding factors such as age, gender, anthropometric
measurements, pulmonary function, and atopy (allergic
sensitization).
These conflicting findings make it difficult to interpret
FeNO levels in the clinic and hamper the advance of FeNO
as a research tool in epidemiology. Undoubtedly, one of
the most frequent questions raised by medical professionals and epidemiologists, as well as parents of children
with asthma-like symptoms, is how FeNO levels should be
interpreted. In this regard, a better understanding of the
determinants of FeNO levels based on current measurement standards and its diagnostic accuracy in a large
population-based study will help clarify its value in
clinical practice and epidemiologic research. The opportunity to address these issues stems from the Prediction of
Allergies in Taiwanese Children (PATCH) study, which is a
joint study initiated in 2007 to investigate the epidemiology and predictive factors of asthma and allergies in
children, including subjects from a birth cohort as well as
several cohorts of school and pre-school children.
The objective of the current study was to identify the
determinants of FeNO levels in children according to
current measurement standards in a large population
sample. Of particular interest was the validity of FeNO
measurement as a discriminative tool for asthma, rhinitis
or allergic sensitization in children in the community.
Methods
Study population and study design
The investigation was performed in public schools in
Keelung, Taiwan, from January 2008 to January 2009.
Study participants were recruited from a school-based
sample of 5351 children (2616 boys, 48.9%; age, 10.42.9
years) in an International Study of Asthma and Allergies
in Childhood (ISAAC) epidemiologic survey, T. C. Yao,
L. S. Ou, W. I. Lee, K. W. Yeh, L. C. Chen, J. L. Huang,
unpublished data. A random sample of 1900 subjects were
invited to participate, aiming to include approximately
1500 children in the study with an expected participation
rate of 80%. Of these, FeNO measurements were attempted
in 1717 subjects (842 boys, 49.0%; age, 10.32.6 years)
whose parents agreed to participate, representing a participation rate of 90.4%. All subjects were born to parents
who were both of Asian descent. There was no significant
difference in terms of age, gender, and prevalence of
asthma, allergic rhinitis, and atopic dermatitis between
these 1717 subjects and the original 5351 cohort members.
Parents answered a questionnaire regarding demographic data, general health information, and additional
questions on possible clinical symptoms and diagnosis of
c
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allergic diseases. FeNO measurements and pulmonary
function tests were performed, and if parents agreed to
blood sampling, blood was collected for total and allergen-specific serum IgE. Weights and heights were measured according to standard protocols. Body mass index
(BMI) was defined as weight (kg) divided by the height
squared (m2) whereas body surface area (BSA) was defined
as the square root of product of weight (kg) times height
(cm) divided by 3600. Assessments were conducted in the
schools. This study was conducted with the approval of
the Institutional Review Board of Chang Gung Medical
Foundation (96-0370B) and the parents of all subjects
provided written informed consent.
Exhaled nitric oxide and pulmonary function
FeNO measurements were performed by chemiluminescence analyzer (CLD 88sp NO analyzers, Eco Medics,
Duernten, Switzerland) according to 2005 ATS/ERS recommendations for standardized online measurement [18]. The
children were requested to avoid eating, drinking, and
strenuous exercise 1 h before FeNO measurements, which
were performed before spirometry. Ambient nitric oxide
and ambient temperature at the time of each test were
recorded. The subjects inhaled NO-free air to total lung
capacity over a period of 2–3 s through a mouthpiece. The
subjects exhaled against expiratory resistance to prevent
contamination with nasal nitric oxide. Repeated exhalations (three that agree within 10% or two within 5%) were
performed without a nose clip at a constant flow rate of
50 mL/s. The mean FeNO was recorded. Pulmonary function was measured using spirometry (Spirolab IIs, Medical
International Research, Roma, Italy) in accordance with the
ATS/ERS recommendations [19]. Three technically acceptable forced expirations were performed for up to eight
tests. The highest forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1), and forced expiratory flow
(FEF25 75) were recorded and percentages of the predicted
values were calculated [20].
Total and allergen-specific serum immunoglobulin E
Total serum IgE was measured by ImmunoCAPTM (Phadia,
Uppsala, Sweden). Allergen-specific serum IgE was measured
by ImmunoCAPTM Phadiatops Infant (Phadia), a reliable
alternative to skin prick tests for detecting allergic sensitization [21]. The following allergens were included: house dust
mite, cat, dog, birch, timothy, ragweed, wall pellitory, egg
white, cow’s milk, peanut, and shrimp. The Phadiatop Infant
results were expressed on a scale of classes 0–6.
Phenotype definitions
Current and past allergic symptoms and diagnosis of
allergic diseases were assessed using a modified ISAAC
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questionnaire [22]. Asthma was defined as ever having
asthma and either the occurrence of wheeze in the last 12
months or current use of asthma medication. Rhinitis and
eczema were defined as ever having the two diseases,
respectively, and either the presence of symptoms in the
last 12 months or current use of medication for the two
diseases, respectively. Allergic sensitization was defined
as a positive Phadiatop Infant test result (X0.35 PAU/L;
class 1–6).

Statistical analysis
All data analyses were performed using the SPSS statistical package version 15.0 for Windows (SPSS, Chicago,
IL, USA). FeNO values were logarithmically transformed
for analysis and results presented as back-transformed
values [i.e. geometric means with 95% confidence intervals (CI)]. Univariate analyses using simple linear regression and Student’s t-test were carried out to assess
associations between log-transformed FeNO values and
the following explanatory variables: age, anthropometric
measurements, total IgE, pulmonary function tests, ambient nitric oxide and temperature, gender, asthma, rhinitis,
eczema, allergic sensitization, recent upper respiratory
infection (URI) symptoms (in the past 2 weeks), active
and passive smoking, premature birth, and eating or
drinking within 1 h before measurements. For multivariate analysis, multiple linear regression used a stepwiseselection method with variables that had a P-value o0.1
in univariate analyses for consideration of inclusion into
the model. Receiver–operator characteristic (ROC) curves
were generated to assess the overall validity of FeNO for
discriminating asthma, rhinitis, or allergic sensitization,
respectively. In addition, relationships among allergic
sensitization, rhinitis, and asthma were further investigated using a general linear model ANCOVA with logtransformed FeNO values as the outcome variable and
with adjustments for age and BMI. A Po0.05 was considered statistically significant.

Univariate analyses of factors associated with fraction of
exhaled nitric oxide levels
Univariate analyses were used to investigate the relationship of FeNO levels to the explanatory variables listed in
Table 1. There were significant differences in FeNO levels
between subjects grouped by gender, allergic diseases (i.e.
asthma, rhinitis, and eczema), allergic sensitization, recent
URI symptoms in the past 2 weeks, or drinking within 1 h
before test. There were significant correlations between
FeNO levels and age, height, weight, BSA, total IgE levels,
several parameters of pulmonary function, and ambient
temperature.
FeNO levels significantly and positively correlated to
age (r = 0.217, Po0.001; Table 1). Anthropometric variables such as height, weight, and BSA all significantly
positively related to FeNO, whereas BMI was marginally
significant (Table 1). Boys had significantly higher FeNO
levels than did the girls (geometric mean and 95% CI, 19.8
[18.7–20.9] vs. 17.5 [16.6–18.4] p.p.b.; P = 0.002).
Asthma, rhinitis, and eczema were all associated with
higher FeNO levels (Table 1; all Po0.001). Subjects with
allergic sensitization had higher FeNO levels than those
without (26.1 [24.7–27.7] vs. 11.6 [11.1–12.2] p.p.b.,
Po0.001), with a positive correlation between FeNO
levels and the height of Phadiatop Infant titres (r = 0.653,
Po0.001). There was also a significant correlation of total
IgE levels with FeNO levels in this cohort (r = 0.551,
Po0.001). URI symptoms within the past 2 weeks of
survey were also associated with higher FeNO levels (21.2
[19.8–22.6] vs. 16.9 [16.1–17.8] p.p.b.; Po0.001). In addition, there was a significant correlation between FeNO
levels and parameters of pulmonary function, including
FVC, FEV1, FEF25 75, FVC %predicted, and FEV1/FVC
%predicted (Table 1; all Po0.05).
Despite recommendations to avoid drink and food, 59
children drank and 15 children ate within 1 h before
testing. Drinking was significantly related to higher FeNO
levels (Po0.001). There was a marginally significant
negative association between FeNO levels and the ambient
temperature (P = 0.044) but no significant association was
found between FeNO levels and active smoking, passive
smoking, premature birth, and ambient nitric oxide.

Results
Subject characteristics
Acceptable FeNO measurements were obtained in 1651 of
1717 (96.2%) study subjects. The characteristics of the
1651 subjects (807 boys; age: 10.32.6 years [range
5–18]) were shown in Table 1. Acceptable pulmonary
function tests and total and specific IgE levels were
available in 1619 (98.1%) and 1278 (77.4%) of 1651
subjects, respectively. The geometric mean FeNO level in
the study population was 18.6 parts per billion (p.p.b.)
(95% CI, 17.9–19.3).

Multivariate analyses of factors associated with fraction of
exhaled nitric oxide levels
Multivariate analyses of FeNO levels were performed
using variables that had a P-value o0.1 in univariate
analyses. Allergic sensitization, age, rhinitis, and BMI
were significantly and independently associated with
FeNO levels in this large population cohort of children in
a multiple linear regression model (Table 2). This regression model explained 52.2% of total variation in FeNO
levels for subjects in this population. The gradual increase
c
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Table 1. Characteristics of the study subjects and univariate analyses of factors associated with FeNO
Continuous variable

MeanSD

Age (years)
Anthropometric measurement
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Body surface area (m2)
Total IgE (kU/L)
Pulmonary function
FVC (L)
FEV1 (L)
FEV1/FVC ratio (%)
FEF25–75 (L/s)
FVC % predicted (%)
FEV1 % predicted (%)
FEV1/FVC % predicted (%)
FEF25–75 % predicted (%)
Ambient nitric oxide (p.p.b)
Ambient temperature ( 1C)

n

R

P-value

10.32.6

1651

0.217

o0.001

139.114.7
37.413.3
18.73.6
1.190.26
295.0533.8

1651
1651
1651
1651
1278

0.213
0.147
0.045
0.169
0.551

o0.001
o0.001
0.065
o0.001
o0.001

2.100.66
1.820.58
86.96.1
2.200.78
91.311.3
90.010.7
97.06.9
89.119.8
2.322.77
22.25.8

1619
1619
1619
1619
1619
1619
1619
1619
1651
1651

0.191
0.193
0.006
0.162
0.062
0.033
0.049
0.026
0.003
0.050

o0.001
o0.001
0.813
o0.001
0.013
0.180
0.047
0.303
0.903
0.044

FeNO (p.p.b), Geometric mean (95% CI)
Categorical variable

%

n (yes/no)

Yes

No

P-value

Gender (male)
Asthma
Rhinitis
Eczema
Allergic sensitization
Recent URI symptoms
Active smoking
Passive smoking
Premature birth
Drinking within 1 h before testing
Eating within 1 h before testing

48.9
4.3
28.4
6.4
57.0
41.3
0.6
52.5
6.4
3.6
0.9

807/844
70/1548
455/1146
103/1495
729/549
653/929
10/1641
835/756
101/1481
59/1592
15/1636

19.8 (18.7–20.9)
30.2 (24.5–37.2)
28.0 (25.9–30.2)
29.4 (24.9–34.7)
26.1 (24.7–27.7)
21.2 (19.8–22.6)
18.9 (11.3–31.5)
18.7 (17.7–19.8)
19.4 (16.4–22.8)
27.1 (22.1–33.3)
23.0 (14.3–37.1)

17.5 (16.6–18.4)
18.1 (17.4–18.8)
15.7 (15.1–16.4)
17.9 (17.2–18.7)
11.6 (11.1–12.2)
16.9 (16.1–17.8)
18.6 (17.8–19.3)
18.4 (17.4–19.5)
18.5 (17.7–19.3)
18.3 (17.6–27.1)
18.5 (17.8–19.3)

0.002
o0.001
o0.001
o0.001
o0.001
o0.001
0.946
0.689
0.591
o0.001
0.303

Allergic sensitization was defined as positive Phadiatop Infant test results (X0.35 PAU/L).
FeNO, fraction of exhaled nitric oxide; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; FEF, forced expiratory flow; p.p.b, parts per
billion; CI, confidence intervals; URI, upper respiratory infection.

of regression coefficients with increasing Phadiatop Infant classes suggested a dose response for the effect of
allergic sensitization on FeNO levels.
Validity of fraction of exhaled nitric oxide in
discriminating asthma, rhinitis, or allergic sensitization
A ROC curve was generated to determine the sensitivity
and specificity of FeNO for diagnosing asthma in this
population (Fig. 1a). The area under the ROC curve (AUC)
(95% CI) was 0.67 (0.60–0.74). The highest combination of
sensitivity and specificity was observed with a cut-off
level of 28 p.p.b. (64.3% and 69.9%, respectively) for
predicting asthma. There were notable extremely low
positive predictive value (PPV; 8.8%) and the extremely
high negative predictive value (NPV; 97.7%). The discric
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minative accuracy of FeNO was slightly improved
(AUC = 0.71) by fine-tuning the outcome variable to
allergic asthma (asthma and allergic sensitization) (Fig.
1b). At a cut-off of 28 p.p.b., the sensitivity, specificity,
PPV, and NPV were 70.0%, 70.4%, 9.0%, and 98.3%,
respectively. It may be suggested that the combined use
of both FeNO and spirometry may have better diagnostic
properties for asthma. We examined this issue by applying
both FeNO and pulmonary function variable (either
FEV1o80% predicted or FEV1/FVC ratioo80%) for the
diagnosis of either asthma or allergic asthma. However,
the addition of pulmonary function variable (FEV1 or
FEV1/FVC) to FeNO measurement did not increase accuracy, as the combination resulted in high specificity
(95.3–97.6%) but at the cost of very low sensitivity
(14.5–20.4%).
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Table 2. Multivariate analyses of factors associated with FeNO
Variable

Coefficient (95% CI)

P-value

Allergic sensitization
Phadiatop Infant class 6
Phadiatop Infant class 5
Phadiatop Infant class 4
Phadiatop Infant class 3
Phadiatop Infant class 2
Phadiatop Infant class 1
Phadiatop Infant class 0
Age
Rhinitis
Body mass index

1.449 (1.253–1.646)
1.349 (1.217–1.481)
1.161 (1.052–1.269)
0.883 (0.783–0.983)
0.296 (0.195–0.396)
0.119 (0.005–0.233)
–
0.071 (0.058–0.084)
0.165 (0.090–0.240)
0.015 ( 0.024– 0.005)

o0.001
o0.001
o0.001
o0.001
o0.001
o0.001
–
o0.001
o0.001
0.002

Coefficients should be judged as the change of log FeNO when the
variables change 1 unit.
Compared with Phadiatop Infant class 0.
w
Cumulative R2 = 0.522.
FeNO, fraction of exhaled nitric oxide; CI, confidence intervals.

On the other hand, FeNO had modest accuracy in
discriminating between children with and without rhinitis, with an AUC value of 0.70 (Fig. 1c). We also analyzed
the data using allergic rhinitis (rhinitis and allergic
sensitization) as the outcome variable, which improved
the accuracy of FeNO (AUC = 0.78) (Fig. 1d). The sensitivity, specificity, PPV, and NPV were 70.5%, 75.8%, 47.2%,
and 89.3%, respectively at a FeNO cut-off of 24.7 p.p.b.
As FeNO was closely associated with allergic sensitization, it was hypothesized that FeNO measurement might
provide a simple non-invasive screening test to distinguish atopic and non-atopic children. The AUC (95% CI)
was 0.80 (0.77–0.82) (Fig. 1e). The optimum cut-off level
of 15.4 p.p.b. was identified as having the best combination of sensitivity and specificity (72.2% and 71.2%,
respectively) for predicting allergic sensitization. The
PPV and NPV were 76.9% and 65.8%, respectively. Taken
together, the ability of FeNO in discriminating allergic
sensitization was better than in diagnosing asthma.
Relationships between fraction of exhaled nitric oxide
levels and allergic sensitization, rhinitis, and asthma
Relationships between allergic sensitization, rhinitis, and
asthma were further explored using an ANCOVA model with
log-transformed FeNO values as the outcome variable and
with adjustments for age and BMI. In the combined
analyses of allergic sensitization, rhinitis, and asthma,
elevated FeNO levels were confined mainly to children
having allergic sensitization (Fig. 2). Children with allergic sensitization showed significantly elevated FeNO levels when they had asthma and/or rhinitis. Notably,
among children with neither asthma nor rhinitis, the
geometric mean FeNO level in subjects who had allergic
sensitization (21.7 p.p.b.) was 1.9 times higher than in

those without allergic sensitization (11.3 p.p.b.; Po0.001).
In the presence of allergic sensitization, children with coexisting asthma and/or rhinitis had even higher FeNO
levels. In contrast, in the absence of allergic sensitization,
FeNO levels in children with asthma were not significantly
different from those without asthma. Children with nonallergic rhinitis but no asthma had small but significant
elevations in FeNO levels compared with asymptomatic
non-sensitized subjects.
Discussion
This population-based study identifies that allergic sensitization, age, rhinitis, and BMI are independent determinants of FeNO levels in children. This is the largest study
to date that measures FeNO with a single-breath online
method in accordance with current standards in a population of 1717 Asian children over a wide age range in the
community. The findings allow the medical community to
discriminate the pros and cons of FeNO as a diagnostic
tool from research to the ‘real world’, the community, and
provide important useful information on interpreting
FeNO levels in children.
In the current study, allergic sensitization is a significant factor, although not the only one, in explaining
variation of FeNO in a population setting. In the combined
analyses of asthma, rhinitis, and allergic sensitization, the
data here demonstrates that elevated FeNO levels are
mainly confined to atopic children. The clear dose–response correlation between FeNO levels and allergic
sensitization in terms of Phadiatop Infant titres suggests
that the relationship between FeNO and atopy is not only
qualitative but also quantitative. This is supported by the
positive correlation of FeNO with the number of positive
skin prick tests in other investigations [23–27]. The present results also indicate that the close relationship
between allergic sensitization and elevated FeNO levels is
independent of allergic symptoms, as children with allergic sensitization have elevated FeNO levels regardless of
whether symptoms of asthma or allergic rhinitis are
present. Thus, this study establishes FeNO as a noninvasive biomarker of atopy.
This study is the first to test the validity of FeNO
measurement for discriminating children with and without allergic sensitization in a population-based survey,
which establishes that FeNO is a robust discriminator of
allergic sensitization. Leung et al. [28] provide support for
our findings from their factor analysis which identifies
that atopy-related indices and FeNO are entered into the
same cluster, acting as a separate dimension that is not
overlapping with airway inflammation in the assessment
of childhood asthma. Of note is also the existing evidence
that in atopic subjects, FeNO levels are associated with
airway inflammation [29], airway hyperresponsiveness
and current wheezing [30]. In addition, Malmberg et al.
c
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Fig. 1. Receiver–operator characteristic (ROC) curves indicating the sensitivity and specificity of fraction of exhaled nitric oxide (FeNO) measurements
for predicting asthma (a, b), rhinitis (c, d), or allergic sensitization (e). (a) Asthma (area under the ROC curve [AUC] [95% CI], 0.67 [0.60–0.74]). (b)
Allergic asthma (AUC, 0.71 [0.64–0.79]). (c) Rhinitis (AUC, 0.70 [0.67–0.73]). (d) Allergic rhinitis (AUC, 0.78 [0.75–0.81]). (e) Allergic sensitization (AUC,
0.80 [0.77–0.82]).

[31] report discordant data in a clinic-based study of 132
patients with suspected asthma which shows that symptomatic steroid-naı̈ve asthma and sputum eosinophilia are
more important determinants of high levels of FeNO than
allergic sensitization. It is therefore clear that FeNO is
more than just a marker of atopy.
There remains considerable debate regarding the validity of FeNO measurement as a diagnostic tool for asthma
c
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from research to clinical practice. There has been evidence
presented in recent years that demonstrate good sensitivity and specificity of elevated FeNO for discriminating
asthmatic and non-asthmatic subjects in children and
adults, mostly in small clinic-based studies [6–13]. In
contrast, population surveys in children [15–17] and
adults [14] report that FeNO measurement is not a useful
tool in diagnosing asthma. Indeed, the current study
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Fig. 2. Box plots showing median and interquartile ranges of Fraction of
exhaled nitric oxide (FeNO) by subject group. Dots beyond the bounds of
the whiskers denote outliers. P-values refer to the comparisons indicated
by the marker with adjustments for age and body mass index using the

Po0.001; NS, not statistically significant.
ANCOVA model. Po0.05;

shows that asthmatic children overall have higher FeNO
levels than other children. However, this association is due
merely entirely to the effects of allergic sensitization, age,
rhinitis, and BMI: in multivariate analyses FeNO is no
longer a significant predictor of asthma. A similar result is
reported by Scott et al. [23] and Jackson et al. [32]; once
allergic sensitization is accounted for, the relationship of
asthma and FeNO levels become insignificant in a population setting. It is somewhat disappointing that FeNO is not
a reliable predictor of asthma in this population survey, as
elevated levels do not distinguish between asthma and
effects of other host determinants of FeNO and the low
PPV will probably result in an unacceptably high false
positive rate of diagnosis. Nonetheless, the almost perfect
NPV (98.3%) of FeNO at a cut-off of 28 p.p.b. for allergic
asthma could allow physicians to use low levels of FeNO
in children with vague symptoms to exclude the diagnosis
of allergic asthma. A plausible explanation for the overt
discrepancies between clinic-based and population-based
studies is that allergic sensitization and other important
host determinants of FeNO have not been accounted for in
the former studies.
It is also worth noting that, consistent with previous
studies [14,24,33–36], FeNO levels are significantly increased in children with rhinitis but without asthma,
independent of other confounding factors. The data in
the current study also establishes an age-dependent in-

crease of FeNO levels with an average increase of 7.4% per
year of age from young children to adolescents, which has
been suggested in previous smaller studies in children
[37–40] and adults [41]. The mechanism for this age
dependency is unclear but having the same fixed expiratory flow in all ages is a possible reason [3]. Some studies
suggest the role of gender on influencing FeNO levels
[42–44], while others disagree [37,41]. In the multivariate
analyses here, gender is not independently associated with
FeNO levels, after accounting for effects of allergic sensitization and clinical status. A plausible explanation for
the gender difference of FeNO levels in univariate analysis
is the higher prevalence of allergic sensitization and
allergic rhinitis in boys.
What is interesting is also the previously unreported
negative independent association between BMI and FeNO
levels in children, although the impact is only modest (i.e.
1.5% decrease in FeNO per kg/m2). Similarly, Linn et al.
[45] note that increasing weight-for-height is associated
with decreasing FeNO in children aged 7–10 years. In
addition, Maniscalco et al. [46] observe a reduction in
FeNO in 24 adults with severe obesity which is restored
after weight loss, supporting our data. The relationship
between BMI and FeNO remains to be explained. Ho et al.
[47] demonstrate that FeNO levels are affected by airway
calibre. It is therefore reasonable to speculate that, with
increasing BMI, the airway is narrower than expected on
the basis of the reduction in lung volume [48], then the
consequent increase in airflow velocity when the exhalation rate at the mouth is kept constant diminishes the
transit time of alveolar gas in the airway and thereby
reduces the amount of nitric oxide exhaled.
The representative sampling of children in the community, large sample size, wide age range, incorporation of
spirometric testing and objective markers of atopy
(Phadiatops Infant and total IgE levels), and use of
current standards for single-breath online measurement
all add strength to these results. Furthermore, ethnic
differences of FeNO levels between Caucasians and Asians
are noted in some reports [37,42,45,49]. The reasons for
these ethnic differences are poorly understood. However,
the small samples size of Asian subgroup in previous
studies makes it difficult to investigate the determinants
of FeNO levels in Asian children, which is now addressed
by the current study. Although it may be argued that the
low accuracy of FeNO in discriminating asthma could be
attributed to the low prevalence of asthma in this cohort,
it is indeed a general principle that ROC curves are
theoretically independent of disease prevalence [50]. The
population-based design of this study does not allow
preclusion on the contribution of asthma in raising FeNO
levels in children because asthmatic children recruited in
a population setting tend to have milder disease and/or
are receiving anti-inflammatory treatment which could
affect FeNO levels. Moreover, this cross-sectional study
c
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can not address the role of FeNO measurement as a clinical
guide for asthma management which has been well
documented [1–5]. Instead, it provides important practical
information regarding the interpretation of FeNO levels
in children. Here, we report solid evidence that elevated
FeNO levels in children can be due to other host factors,
including allergic sensitization, older age, rhinitis, and
lower BMI rather than asthma per se, which must not
be disregarded when considering the application of
FeNO measurement in the diagnosis and management
of asthma.
In conclusion, this large population-based study identifies that allergic sensitization is probably the most
important factor affecting FeNO levels within the whole
population. FeNO measurement discriminates children
with and without allergic sensitization independent of
allergic symptoms. We present clear evidence that while it
is possible to use low FeNO levels to exclude allergic
asthma, high FeNO levels may be caused by other important host factors including allergic sensitization, age,
rhinitis, and BMI, in addition to asthma.
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