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BIOMARKERS
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Objective. Fractional exhaled nitric oxide (FeNO) is a non-invasive biomarker of airway inflammation. Our aim was to analyze the
interrelationship and differentiate the predicting effects of asthma, allergic rhinitis (AR), and atopic dermatitis (AD) on the FeNO levels in
children from mainland China.Methods. A case–control study with age- and gender matched 1:1 was designed based on a larger cross-sectional
survey on asthma, AR, and AD in Shanghai. A self-administered questionnaire was used to collect information on children’s health information.
Children with positive reports on physician-diagnosed asthma and/or AR and/or AD were recruited as cases, and children with no report of any
of the diseases were designated as controls. The FeNO measurement was performed online, using the NIOX MINO® instrument (Aerocrine
AB, Solna, Sweden) at 50 ml/min. Results. A total of 130 subjects (65 cases and 65 controls, average age = 10 years) were recruited in this
study. The average FeNO level was significantly higher in the cases (29.8 ± 1.9 ppb) than that in the controls (13.3 ± 1.7 ppb) (p< .001). Using
multiple linear regression analysis controlling for confounding factors, including parental asthma/allergic diseases and home exposure, asthma
(β = 0.330, p < .001) and AR (β = 0.157, p = .006) showed significant predicting effects for high FeNO levels, whereas AD was not related
to the FeNO levels. Conclusions. Both asthma and AR could independently increase the FeNO levels in Chinese schoolchildren. Other diseases
besides asthma should be considered when applying FeNO as a screening tool for asthma in Chinese children.
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INTRODUCTION

There is still an increasing prevalence of asthma in
children in the mainland China, and among other
cities Shanghai ranked the highest in the prevalence of
physician-diagnosed asthma (1). A key characteristic in
the pathogenesis of asthma is chronic airway inflam-
mation (2). Fractional exhaled nitric oxide (FeNO) has
been shown as a non-invasive surrogate marker of airway
inflammation (3, 4). An appropriate application of FeNO
measurements is expected to help identify children with
or at risk for developing asthma; this would be beneficial
in improving the control of asthma in clinics and the
community.

FeNO measurements, however, need to be interpreted
with caution in relation to childhood asthma, from several
points of view. Determinant factors that contribute to
FeNO levels have been widely investigated in western
populations, including disease-related factors, such as
asthma, allergic diseases, cystic fibrosis, primary ciliary
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dyskinesia, and so on (5–8), and non-disease-related
factors including age, gender, height, tobacco smoking,
and so on (9–11). Asthma, as the most directly
disease-related factor, has been the main field of interest.
In the case of equal levels of positive skin prick tests,
asthmatic children had higher FeNO than non-asthmatic
ones (7). Atopy or allergic diseases [such as allergic
rhinitis (AR) or atopic dermatitis (AD)] have been
reported as potential factors confounding the relationship
between FeNO and asthma (7, 12, 13). Atopic asthmatics
had higher FeNO levels than non-atopic asthmatics,
and no difference was detected between non-atopic
asthmatics and non-asthmatics, whether atopic or not (5).
Other studies concluded that AR should be taken into
consideration in the evaluation of FeNO (7), and higher
FeNO levels were found in AR subjects without asthmatic
symptoms (14). Moreover, there were studies stating that
the asthma and AD group recorded significantly higher
FeNO levels than the asthma-only group (13). High
FeNO levels in the AD subjects indicated the presence
of potential airway inflammation, which could be a risk
factor for developing AR and asthma later in life based
on the concept of atopic march (15). However, there
were also studies demonstrating that atopy and airway
inflammation were separate dimensions in the assessment
of childhood asthma (16).
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Until now, there have been no publications on the in-
terrelationship of asthma and allergic diseases (including
AR and AD) in children from a community population
in mainland China. In this study, a case–control study
was designed based on a large cross-sectional survey
on children’s asthma, AR, and AD in Shanghai. Our
hypothesis was that asthma and allergic disease including
AR and AD might all be related to FeNO levels.

METHODS

Study Population

Children aged 9–11 years (n = 579, equivalent to
3rd–5th grade) in one random primary school were
recruited as our potential participating subjects in this
study. They were distributed in six classes in three
grades. The schoolmaster was contacted and agreed
to participate. Based on the questionnaire survey in
the large cross-sectional study, there were a total of
145 subjects (25%, out of 579) giving positive reports
on physician-diagnosed asthma (n = 75), and/or AR
(n = 84), and/or AD (n = 65) (including the concomitant
diseases in each group). A random 100 children (out of
145; 55 boys and 47 girls) were selected as potential
cases and another 150 children (76 boys and 74 girls)
as potential controls. Controls were selected among the
same age range of children in the same school with
no physician-diagnosed conditions (asthma, AR, or AD).
Letters were sent to the parents or legal guardians of
the children asking whether they agreed to their children
taking the non-invasive FeNO test. Finally, 72 potential
cases (out of 100; 42 boys plus 30 girls) and 104 potential
controls (out of 120; 59 boys and 45 girls), whose
parents agreed on the FeNO test (156/250, average 70.4%
participating rate), were recruited for the study.

Before the FeNO measurement, a further face-to-face
interview was performed applying a small questionnaire
on the children’s recent respiratory health, medication,
and diet, both in the cases and the controls. Among
the potential cases, children (n = 3) who had positive
reports on recent cold, fever, or respiratory infection
within 1 month, or current attacks or medication for
asthma/AR/AD within 2 weeks (n = 2) or intake of food
or beverage within 1 h before the FeNO measurement
(n = 1) (food intake may influence the FeNO levels
shortly), were excluded. In the end, there were 66 case
children (40 boys and 26 girls) who performed the FeNO
tests. Unfortunately, one girl could not complete the
FeNO test successfully within the allowed maximum
time and was excluded from this study. Thus, 65 cases
(40 boys and 25 girls) were finally recruited for this
study (32 AD, 38 AR, and 30 asthmatics, irrespective
of concomitant diseases). At this time, controls (94 were
available after the face-to-face interview, using the same
selection principles) were selected and were matched 1:1
with respect to age and gender, and they were all asked
to take the FeNO test. If any of the control children failed
in the FeNO test (n = 2), he/she was replaced by another

child with the same age and gender. Finally, 65 cases and
65 matched controls successfully completed the FeNO
tests. This study was approved by the Ethics Committee
of Fudan University, Shanghai, PR China.

Questionnaire

In the larger community study, a questionnaire was
distributed in classes and collected back by the trained
school staff. It was taken home by the children and
answered by the parents or legal guardians, with their
names signed on the paper.

The questionnaire collected information on AD, AR,
asthma symptoms in the children, as well as demographic
data, parental asthma/allergic diseases, smoking, home
environmental tobacco smoking (home ETS), and home
living environment. Children with asthma were selected
according to affirmative answers to the question “Have
you ever been diagnosed with asthma by a physician in a
hospital?” Children with AR were defined as answering
affirmatively to “Have you ever been diagnosed with
AR by a physician in a hospital?” These questions were
cross confirmed by the question at the time of diagnosis.
Children with AD were screened using the diagnostic
criteria of the UKWorking Party (UKWP), which showed
a similar diagnostic efficiency to that of the gold standard,
with the sensitivity, specificity, and k-value reaching
95.50%, 97.52%, and 0.93, respectively, in the Chinese
population (17). The UKWP criteria include itchy skin (or
parental report of scratching or rubbing by the child) plus
three or more of the following: (1) history of involvement
of the skin creases such as folds of elbows, behind the
knees, front of ankles, or around the neck (including
cheeks in those under 10 years); (2) a personal history
of asthma or hay fever (or history of atopic disease in a
first degree relative in those under 4 years); (3) a history
of generally dry skin in the last year; (4) visible flexural
dermatitis (or dermatitis involving the cheeks/forehead
and outer limbs in children under 4 years); and (5)onset
under the age of 2.

Parental asthma/allergic diseases included physician-
diagnosed asthma, AR, or AD in the children’s parents.
Home ETS was evaluated by current smoking at home
by the mother, father, or other family members who live
together. Other questions on the home living environment
included “Has your mother ever lived in a newly
decorated home (the first 6 months after decoration)
during pregnancy?” and “Have you ever lived in a newly
decorated home (the first 6 months after decoration)
since birth?” Other questions included smoking and the
self-evaluated social economic status (SES), which were
categorized into five levels: low, middle–low, middle,
middle–high, and high.

FeNO Test

FeNO tests were performed using the portable NIOX
MINO® machine (Aerocrine AB, Solna, Sweden).
Briefly, pupils were required to sit, rinse their mouths
with potable, pure water, and then empty their lungs by
thorough expiration. They deeply inhaled the NO-free
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air through the disposable filter up to the lung capacity.
Finally, they breathed out the air through the filter at an
exhalation rate of 50 ± 5 ml/s.

The FeNO value was obtained by one single measure-
ment for each participant. The standard mode for a 10 s
exhalation time was used in all the tests. A maximum
of five repeated tests, with 10 min rest between each
test, were allowed for each child if he/she could not
complete the test successfully with one try. No nose
clip was used. The sensor in the device was replaced
periodically according to the manufacturer’s guide. The
FeNO measurement was performed in the winter season.

Statistical Analysis

The FeNO values fit with a log-normal distribution;
thus the geometric mean (GM) and the geometric
standard deviation (GSD) (GM ± GSD) were reported.
Comparison of the demographic data and the living
environment between cases and controls was run by
Analysis of Variance (ANOVA) for continuous variables,
and the χ2-test for binomial variables. Parametric paired
t-test was applied in examining the difference in FeNO
levels (log-transformed) between cases and controls.
Within cases, independent sample t-test was applied for
comparing the FeNO levels between groups stratified
by different (or a combination of) diseases. Multivariate
linear regression was applied to evaluate the predictive
effects of AD, AR, and asthma on log-transformed
FeNO values, combining cases and controls, and the
anthropometric and living environment factors were
analyzed separately in cases and controls. All tests were
two-sided and the 5% level was applied to establish
statistical significance. The SPSS 11.5 package was used
for analysis (Spss Inc, Chicago, IL, U.S.A.).

RESULTS

FeNO Levels, Anthropometric Parameters, and Living
Environment

The average FeNO level (GM ± GSD) in the cases
(29.8 ± 1.9 ppb) was significantly higher than that in
the controls (13.3 ± 1.7 ppb) (p < .001) (Table 1). The
average age of the subjects was 10.0 ± 0.5 (range 9–11)
years, and girls accounted for 38.5%. No difference was
found for body weight and body height between the cases
and controls, as well as the positive reports on home ETS
(average 74.6%). None of the recruited children were
smokers. In comparison, the prevalence of the parents’
asthma/allergic diseases (p < .001), exposure to new
decoration by the mother during pregnancy (p = .038),
and in children since birth (p = .002) was significantly
higher in the cases than that in controls. These significant
factors were controlled in the later multivariate linear
regression on FeNO levels combining cases and controls.

In the cases separately, none of the above anthro-
pometric and living environment factors was related to
the FeNO level by multivariate linear regression; and
in controls, body height was significantly (p = 0.012)

TABLE 1.—FeNO, anthropometric measurements, parental asthma/allergic
diseases, and living environment in cases and controls.

Cases
(n = 65)

Controls
(n = 65) P-value

FeNO (GM ± GSD; ppb) 29.8± 1.9 13.3± 1.7 <.001
Body height (arithmetic

mean ± SD; cm)
147.6± 7.8 146.3± 7.6 .349

Body weight (arithmetic
mean ± SD; kg)

42.5± 9.3 39.8± 10.9 .152

Parental asthma/allergic
diseases (%)

53.8 6.2 .000

Mother’s exposure to new
decoration during
pregnancya (%)

15.6 4.6 .038

Children’s exposure to new
decoration since birthb

(%)

35.4 12.3 .002

Home ETSc (%) 73.8 76.9 .684
SES (middle or higher

level)d
50.9 49.1 .640

Notes: GM, geometric mean; GSD, geometric standard deviation; IQR, interquartile
range; SES, social economic status; ETS, environmental tobacco smoking.
aRefers to mother’s ever living in the newly decorated home (the first 6 months after
decoration) during pregnancy.
bRefers to children ever living in the newly decorated home (the first 6 months after
decoration) since birth.
cHome ETS was defined as current smoking by father, mother, or any other persons
living with the family.
dSES refers to self-reported family economic level (categorized into five levels: low,
middle–low, middle, middle–high, and high).

positively associated with FeNO level with a β coefficient
(95% CI (confidence interval)) of 0.014 (0.003–0.025).

FeNO Levels, AD, AR, and Asthma

Within the cases, we defined a total of seven groups of
children stratified by the different diseases only, or a
combination of diseases (Figure 1): AD only (with no
AR, no asthma) (n = 12); AR only (n = 13); asthma only
(n = 11); AD and AR (with no asthma) (n = 8); AD and
asthma (n= 4); AR and asthma (n= 11); and AD and AR
and asthma (n = 6). All had higher FeNO levels than the
paired controls, except in the AD only group (p = .157),
and the AD and AR groups (p = .123).

If stratified by physician-diagnosed AD (n = 30,
p = .001), AR (n = 38, p < .001), or asthma (n = 32,
p < .001), irrespective of the other concomitant diseases
in each subgroup, children had higher FeNO levels in each
group of cases than the paired controls (Table 2). Both
the AD and AR groups were further divided into “with or
without asthma” and the asthma group was further divided
into “with AD and/or AR” and “without AD and AR”.
All the divided subgroups had significantly higher FeNO
levels than the paired controls, except in the AD group
without asthma (n= 20), where the statistical significance
(p = .074) disappeared.

In the AD and AR groups, children with asthma
in the AD group (GM ± GSD, 45.3 ± 1.3 ppb vs.
20.9 ± 1.9 ppb) and in the AR group (40.1 ± 1.7 ppb vs.
25.8 ± 2.1 ppb) had higher FeNO levels than the children
without asthma (Table 2), reaching statistical significance
(p = .001 and p = .05, respectively). In the asthma
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FIGURE 1.—FeNO levels [geometric mean (GM), ppb] in different (or
combination of) diseases in cases and controls.
Notes: NS, no significance.
∗p < .05; ∗∗p < .01; ∗∗∗p < .001.

TABLE 2.—Average FeNO levels (GM ± GSD, ppb) in cases and controls
stratified by different diseases.

FeNO level (ppb)Number
of pairs
(%) Cases Controls

P-value
(cases–
controls

comparison)

ADa 30 (46.2) 27.1 ± 1.9 14.1 ± 2.0 0.001
With asthma 10 45.8 ± 1.3 16.3 ± 2.1 <.001
Without asthma 20 20.9 ± 1.9

(p = .001)∗
13.2 ± 1.9 .074

ARa 38 (58.5) 31.4 ± 2.0 13.9 ± 1.7 <.001
With asthma 17 40.1 ± 1.7 14.8 ± 1.9 <.001
Without asthma 21 25.8 ± 2.1

(p = .05)∗
13.3 ± 1.6 .008

Asthmaa 32 (49.2) 39.7 ± 1.6 13.3 ± 1.7 <.001
With AD and/or AR 21 42.4 ± 1.6 15.1 ± 1.8 <.001
Without AD and AR 11 34.9 ± 1.7

(p = .29)∗
10.5 ± 1.4 <.001

Notes: aIncluding the possible combination of other types of diseases.
∗p = .001 and p = .05 refer to the comparisons between with and without asthma in
groups of AD and AR, respectively; p = .29 refers to the comparison between groups
with AD and/or AR and without AD and AR in the asthma group.

group, children with AD and/or AR (42.4 ± 1.6 ppb)
had a higher FeNO level than those without AD and AR
(34.9 ± 1.7 ppb), but did not reach statistical significance
(p = .29).

Multivariate Regression on FeNO Levels

To estimate and differentiate the predictive power of AD,
AR, and asthma on FeNO levels in subjects combining
cases and controls, a multivariate linear regression model
was applied, controlling for the unbalanced distributed
factors, including parental asthma/allergic diseases,
mother’s exposure to new decoration during pregnancy,
and children’s exposure to new decoration since birth.
The results showed that physician-diagnosed asthma

TABLE 3.—Multivariate linear regression for FeNO levels combining cases
and controls (n = 130).

β (95% CI) P-value

AD 0.096
(−0.016–0.207)

.091

AR 0.157
(0.046–0.268)

.006

Asthma 0.330
(0.219–0.441)

<.001

Parental asthma/allergic diseases −0.01
(–0.127∼0.107)

.863

Mother’s exposure to shorter than
half a year new decoration

0.084
(−0.060–0.227)

.251

Children’s exposure to shorter
than half a year new decoration

−0.074
(–0.182–0.034)

.179

Notes: The FeNO level was log-transformed, and the model controlled for the
unbalanced distribution of parental and living environmental factors between cases
and controls including: the parental asthma/allergic diseases, mother’s exposure to
new decoration during pregnancy, and children’s exposure to new decoration since
birth. AD, atopic dermatitis; AR, allergic rhinitis; CI, confidence interval.

(p < .001) and physician-diagnosed AR (p = .006)
were independent significant predictors for FeNO levels
(Table 3). Correlation analyses were performed in the
cases and showed that there was no significant corre-
lation between asthma and AR (Pearson’s correlation
coefficient, −0.107, p = .398).

DISCUSSION

In this study, FeNO levels were significantly higher in
the cases than in the healthy controls. This difference
was predicted mainly by asthma and AR, independently,
while AD seemed not to be related with FeNO levels.
The GM of FeNO in normal healthy children in our study
in Shanghai was 13.3 ± 1.7 ppb, and within the FeNO
range of 10.72–13.80 ppb measured by Li et al. (18) in
the healthy children of Beijing (11–18 years of age). Until
now, there are no much data on FeNO levels in the normal
Chinese population published in international scientific
journals (19). Our study is also unique in that we have
taken three normal allergic diseases into consideration
simultaneously in the investigation of the interrelationship
effects on FeNO levels.

Besides asthma, AR was shown as an independent
factor in increasing the FeNO levels in our study. In
this study, AR and asthma were not correlated with
each other by statistical analysis (p = .398) [there
were 11 (19.3%) cases with concomitant asthma and
AR out of 57 cases with either asthma or AR],
indicating that we could study them independently by
multiple regression models. Clinically, however, AR
and asthma are closely related diseases (united airway
diseases) (20, 21). As a marker of airway inflammation,
FeNO is predominantly indicative of eosinophilic airway
inflammation. Some studies have shown direct evidence
for the presence of bronchial inflammation indicated by
eosinophil counts in induced sputum in non-asthmatic
subjects with AR (22), in bronchoalveolar lavage fluid
(23), and bronchial biopsy specimens (24). Thus, AR
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per se exhibiting high FeNO levels, independent of
other diseases, is supported by clinical pathophysiological
tests. Our study provides further evidence in Chinese
children indicating that asthma and AR are the upper
and lower respiratory tract manifestations in the united
airway diseases characterized by inflammation of the
respiratory tract (21). This concept has not been
substantially emphasized in clinical diagnoses in China.
Thus, another potential reason for the high FeNO
in AR cases could be underdiagnosed asthma in the
AR patients.

In line with the literature, we found that asthmatic
children had higher FeNO levels than non-asthmatics. We
used physician-diagnosed asthma in the questionnaire as
the definition of “asthma” in this study. Currently, the
clinical standard of asthma diagnosis in mainland China
is based mainly on asthma-related symptoms, or it is
combined with the bronchial hyper-responsiveness (BHR)
test or the lung function test (25). Evaluation of the level
of airway inflammation is almost never applied. In this
study, none of the children used any asthma medication
within 2 weeks leading up to the FeNO test. The
presence of higher FeNO levels indicated the existence of
airway inflammation, even in a relatively “healthy” status.
Actually, there is a relatively lower prevalence of chronic
steroid application in children with asthma in China,
and a survey performed in a large children’s hospital
showed that only 43.3% of parents reported adherence
to prescribed anti-asthma medications for their children
(26). High airway inflammation could be a risk factor for
subsequent asthma relapse (27); this indicated that it is
important to control airway inflammation in the asthmatic
patients even without clinical symptoms.

We did not find that physician-diagnosed AD played
an important role in predicting the FeNO levels when
comparing cases and controls. However, the higher FeNO
levels in the AD only group (with no asthma and no AR)
were detected despite not reaching statistical significance.
Whether these children develop AR or asthma later in life
is of great interest, based on the concept of the atopic
march (15), and another independent study on a larger
subject sample is needed.

We do not believe our results were biased with respect
to study design or data collection. This case–control
study was designed by 1:1 matching of age and
gender. The matching was successful, with a balanced
distribution of age and gender between cases and
controls. The distribution of parental asthma/allergic
diseases, however, was not equal. Other environmental
exposures, such as the exposure of the mother to new
decoration during pregnancy, and children’s exposure
to new decoration since birth were also higher in
the cases. All these factors were controlled in the
multivariate regression, since related parental diseases
may reflect the subjects’ genetic predisposition, and
the potential indoor exposure to decoration-related
substances has been found to be related to high FeNO
levels (28, 29). In healthy controls, we found that height
is a significant factor predicting higher FeNO levels.

However, this does not influence our comparison of
FeNO levels, since there was no difference in height
between the cases and controls. The relatively lower
percentage of girls whose parents agreed to the FeNO
measurement was not expected. We speculated that
girls were more susceptible to be protected by parents
confronted with relatively new tests or measurements
in schools. However, this would not influence our
comparisons, since gender was matched in the cases and
controls.

CONCLUSIONS

Asthma and AR were two independent factors predicting
the high FeNO levels, whereas AD seemed not to be
related to FeNO. This observation suggests that when
taking FeNO measurements as a screening tool for
asthmatic children in communities, other diseases, for
example, AR, need to be considered simultaneously. This
is the first contemporary study from mainland China
investigating FeNO levels in relation to asthma, AR, and
AD. It extends our understanding in this area and provides
a valuable platform for future study.
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