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Fractional exhaled nitric oxide measurement: Comparison between the
Sunvou-CA2122 analyzer and the NIOX VERO analyzer

Tingxuan Huang, MDa�, Bicui Liu, PhDa,b�, Dan Yang, MDa, and Chuntao Liu, PhDa

aDepartment of Respiratory and Critical Care Medicine, West China School of Medicine and West China Hospital, Sichuan University,
Chengdu, China; bRespiratory Department, Minda Hospital of Hubei Minzu University, Enshi, China

ABSTRACT
Background and objectives: Fractional exhaled nitric oxide (FeNO) has been developed as
a useful marker for eosinophilic airway inflammation and is widely used in clinical practice
due to its convenience and noninvasiveness. There are two NO analyzers commonly used in
China: the Sunvou-CA2122 Analyzer (NOS) and the NIOX VERO Analyzer (NOV). However,
the relationships between the two devices have not yet been reported. The aim of our
study was to determine the correlation and differences in the FeNO levels measured by the
two devices.
Methods: FeNO levels were measured by both NOS and NOV in 107 adult patients with
asthma. The asthma control test (ACT) score and lung function were also evaluated. This
study was registered in the Chinese Clinical Trial Registry (http://www.chictr.org.cn).
Results: NOS yielded generally higher FeNO values than NOV [median (range): 87.0
(16� 276) vs 58.0 (9� 228); p< .001], and the difference increased with increasing FeNO
levels. There was a high degree of correlation between FeNO values obtained with both
devices (rs ¼ 0.878, p< .001). However, the Bland–Altman plot showed a low degree of
agreement, with a mean difference of –0.16 between logFeNONOS and logFeNONOV (95% CI:
–0.45� 0.14). The conversion equation was calculated as follows: logFeNONOS¼
0.027þ 0.904� logFeNONOV.

Conclusion: This was the first report to compare FeNO levels measured by NOS and NOV,
showing a strongly positive correlation and a low degree of consistency between the two
devices. Further prospective studies are required to verify our conclusions and determine
the validity of the equation.
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Introduction

The measurement of fractional exhaled nitric oxide
(FeNO) provides a novel method of noninvasively
evaluating airway eosinophilic inflammation and has
been recommended in international guidelines as an
additional tool supporting the diagnosis and long-
term management of bronchial asthma, such as the
2018 Global Initiative For Asthma (GINA) (1). FeNO
has been demonstrated to play a vital role in monitor-
ing patients’ responses to corticosteroids (2), predict-
ing asthma exacerbations (3–5), measuring adherence
to therapy (6) and identifying poor corticosteroid
adherence (7,8). As a biomarker with the advantages
of easy operation, stable results and low cost, FeNO

has been increasingly widely recognized and applied
in clinical practice.

Several different NO analyzers have been devel-
oped, of which the NIOX VERO analyzer (NOV,
Aerocrine, Solna, Sweden) is commonly used world-
wide. NOV utilizes electrochemical NO measurement
technology; compared to chemiluminescent stationary
NO analyzers, which have been thought to be the
gold standard for testing FeNO, NOV is characterized
by convenient use and long service life, which contrib-
utes to its widespread clinical application. A Nano
Coulomb nitric oxide analyzer, Sunvou-CA2122 ana-
lyzer (NOS, Sunvou Medical Electronics Co. Ltd.,
Wuxi, Jiangsu, China) has been developed and used
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in some Chinese hospitals for several years, but no
studies have been published evaluating the relation-
ship between the FeNO levels measured by NOS and
NOV. The aim of this study was, therefore, to com-
pare the correlation and differences in FeNO values
detected by the two analyzers and to determine
whether they were comparable.

Methods

Subjects

This single-center and cross-sectional study was pro-
spectively conducted with asthma patients who visited
the outpatient clinic of West China Hospital of
Sichuan University from June 2018 to January 2019.
The inclusion criteria were as follows: (1) age
�18 years and (2) a diagnosis of bronchial asthma
based on the 2018 GINA guidelines (1). The relevant
data for each patient were collected and recorded,
including demographics and clinical history. FeNO
was measured with both analyzers. Lung function and
the Asthma Control Test (ACT) score were also eval-
uated. The present study was approved by the Ethics
Committee of West China Hospital of Sichuan
University and registered in the Chinese Clinical Trial
Registry (ChiCTR1800020303) (http://www.chictr.
org.cn).

On the basis of the FeNO values measured by
NOV, patients were divided into 4 groups with the
cutoff points of 25, 50, and 100 ppb: <25 ppb for
group 1, 25� 49 ppb for group 2, 50� 99 ppb for
group 3 and �100 ppb for group 4.

FeNO measurement

FeNO was measured according to the manufacturer’s
instructions and the guidelines of the American
Thoracic Society/European Respiratory Society (ATS/
ERS) (9) with both devices. The test order was
assigned at random. A subgroup of patients was tested
3 times with NOS to investigate within analyzer vari-
ability, with an interval of at least 30 s between the
tests. In previous studies, it was reported that spiro-
metric maneuvers had an impact on FeNO values
(10–13); thus, FeNO measurements were performed
before spirometry in this study.

To ensure the accuracy of the FeNO measurements
and eliminate external interference, patients abstained
from alcohol, coffee, chocolate, nitrate-rich foods
(such as sausage, animal innards, lettuce, and spin-
ach), strenuous exercise, tobacco and bronchodilators
for one hour preceding the test.

The main steps in taking the FeNO measurements
were as follows. Remaining seated comfortably, the
patients were asked to inhale deeply through the
mouth to total lung capacity (TLC) and then to exhale
through the mouthpiece guided by a visual animation
at a constant flow rate of 50ml/s. The required exhal-
ation time was approximately 6� 10 s. Both devices
displayed the results automatically once acceptable
values were obtained. The measurement ranges of the
two devices were both set at 5� 300 ppb, and subjects
with FeNO values below 5 ppb or above 300 ppb were
excluded from our study. NOV utilizes an electro-
chemical sensor, while NOS is based on a Nano
Coulomb current sensor. The sensors are replaced
after a certain number of tests to avoid frequent cali-
bration (for NOV or NOS, every 500 or 300 tests,
respectively).

ACT assessment

Asthma control was assessed by the Chinese version
of the ACT (14). Asthma symptoms, the utilization of
rescue medications and the impact of asthma on daily
activities during the preceding 4weeks were subject-
ively evaluated in patients with a five-item question-
naire, with each item answered on a five-point scale.
The sum of the scores of the five questions was the
total ACT score (range: 5� 25), with a cutoff score of
20 or more identifying patients with well controlled
asthma (15,16).

Lung function measurement

Lung function was measured by a portable spirometer
(version: 5.32.0, JACGER, Germany) according to the
American Thoracic Society/European Respiratory
Society (ATS/ERS) standards (17). Forced vital cap-
acity (FVC), forced expiratory volume in one second
(FEV1) and the FEV1/FVC ratio were recorded in this
study. FVC and FEV1 are expressed as percentages of
the predicted values, and FEV1/FVC is expressed as
a percentage.

Statistical analysis

For continuous variables, the Kolmogorov–Smirnov
test was used to test for the normality of the distribu-
tion. Normally distributed data were expressed as the
mean ± standard deviation (SD) and analyzed by one-
way ANOVA, while nonnormally distributed data
were displayed as the median and interquartile range
(IQR) and tested with nonparametric tests.
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Categorical data were expressed as numbers and per-
centages. The relationship between FeNO levels
obtained by NOS and NOV was analyzed by the
Pearson correlation coefficient (in the present study,
FeNO values were log-transformed to a normal distri-
bution). The conversion equation was calculated by
linear regression analysis. The Bland-Altman method
was used to assess the agreement between the two
devices. The repeatability of the measures was
expressed as the intraclass correlation coefficient.
Receiver operating characteristic (ROC) curves of
FeNO values were used to discriminate patients with
poorly controlled asthma from those with well con-
trolled asthma. A two-sided p< .05 was defined as
statistically significant.

The statistical analysis was performed with SPSS
version 16.0 (SPSS Inc., Chicago, IL, USA). The
Bland-Altman plot and ROC curves were generated
and analyzed in MedCalc version 15.8 (MedCalc
Software, Ostend, Belgium), and others were gener-
ated in GraphPad Prism 7 (Graphpad Software, San
Diego, CA, USA).

Results

Among the 212 patients initially screened, a total of
105 patients were ruled out, of which 87 cases were
excluded for failure of FeNO measurements by either
NOS or NOV, 16 cases for a second visit (data
obtained were not analyzed) and 2 cases for FeNO
values above 300 ppb. Overall, 107 asthma patients
[age range: 21� 72 years, 68 females, 18 smokers, 80
with comorbid allergic rhinitis (AR)] successfully
completed the study. The results of spirometry ranged
from severe ventilation dysfunction to normal
(FEV1% range: 19.3� 118.2%). The ACT assessment
indicated overall well controlled asthma with a
median score of 21.0 points. Patients receiving inhaled
corticosteroid (ICS) or inhaled corticosteroid/long-act-
ing beta2-agonist (ICS/LABA) treatment accounted
for 76.6% (82), and 46 (43.0%) patients took leuko-
triene receptor antagonists (LTRA) (Table 1).

FeNONOV and FeNONOS were significantly different
(p< .001, Figure 1), with median levels of 58.0 (range:
9� 228) and 87.0 (range: 16� 276), respectively
(Table 1). FeNONOS values were generally higher than
FeNONOV values, and their differences increased with
increasing FeNO levels (Figure 2). Patients were div-
ided into 4 groups, and the first, second, third and
fourth groups had 15, 28, 37 and 27 patients, respect-
ively, with median differences of 12.0, 16.5, 32.0, and
43.0 between FeNONOS and FeNONOV in each group,

respectively. FeNO values obtained with the two devi-
ces differed significantly in the subgroups (all
p� .001; Table 2). Moreover, FeNONOS values were
significantly higher than FeNONOV values in patients
whether treated with ICS or not (all p< .001)
(Supplementary table). Patients treated with ICS
showed significantly lower median FeNO values than
those without ICS therapy (FeNONOS 73.5 vs 116.0,
p¼ .005 and FeNONOV 58.5 vs 87.0, p¼ .02).

There was a strong positive correlation between
FeNO values tested by both devices (Pearson

Table 1. Basic clinical parameters of subjects.
Clinical parameter Value

Total, number (n) 107
Age (year) 40.2 ± 11.7
Female, n (%) 68 (63.6)
Height (cm) 162.0 (157.0, 168.0)
Weight (kg) 58.8 ± 9.6
BMI (kg/m2) 22.2 ± 2.8
Combined with AR, n (%) 80 (74.8)
Smokers, n (%) 18 (16.8)
FVC % 99.7 (88.7, 110.0)
FEV1% 88.1 (73.2, 98.0)
FEV1/ FVC% 73.3 (66.4, 78.3)
ACT score 21.0 (19.0, 24.0)
FeNONOV ppb 58.0 (35.0, 100.0)
FeNONOS ppb 87.0 (49.0, 135.0)
Treatment, n (%)
ICS or ICS/LABA 82 (76.6)
LTRA 46(43.0)

�Normally distributed data are expressed as the mean ± standard devi-
ation, while nonnormally distributed data are expressed as the median
(interquartile range); others are presented as the number (percentage).
BMI: body mass index; AR: allergic rhinitis; FVC: forced vital capacity;
FEV1: forced expiratory volume in one second; FEV1/FVC: forced expira-
tory volume in one second/forced vital capacity ratio; ppb, parts per
billion; ICS: inhaled corticosteroids; ICS/LABA: inhaled corticosteroids/
long-acting beta2-agonists; LTRA: leukotriene receptor antagonists.

Figure 1. A scatter plot of FeNO values measured by both
NOV and NOS. The points represent FeNONOS values, and trian-
gles represent FeNONOV values. The solid lines represent the
maximum and minimum values of interquartile ranges and the
dotted line represents median values. The comparison was
analyzed by related-samples non-parameters Wilcoxon rank-
sum test, showing statistically significant difference (p< .001).
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correlation coefficient: rs ¼ 0.878, p< .001; Figure 3).
However, the Bland–Altman plot showed a low degree
of agreement, with a mean difference of –0.16 (95%
CI: –0.45� 0.14) between logFeNONOS and
logFeNONOV (Figure 4). A conversion equation was cal-
culated by linear regression as follows: logFeNONOS¼
0.027 [standard error (SE), 0.093]þ 0.904 (SE, 0.048) �
logFeNONOV (R2 ¼ 0.770, adjusted R2 ¼ 0.768,
p< .001) (Figure 3).

FeNO was repeatedly measured by NOS three times
in a subgroup of 20 patients (age range: 23� 72 years;
10 females; FEV1% range: 30.6� 109.1%), with FeNO
values of 100.8 ± 68.8, 102.0 ± 65.0, 98.5 ± 64.5 for the
first, second and third measurements, respectively,
showing no significant difference (p¼ .693, Figure 5).
The three repeated FeNO values were significantly
related, with an intraclass correlation coefficient of
0.988 (95% CI: 0.974� 0.995, p< .001).

Seventy-two out of the 107 patients had well-con-
trolled asthma (ACT � 20) and significantly lower
FeNONOV and FeNONOS values than those of patients
with poorly-controlled asthma (ACT < 20),
[FeNONOV 48.0 (31.5, 87.8) vs 82.0 (52.0, 121.0),
p< .05, and FeNONOS 68.5 (43.3, 120.0) vs 108.0
(83.0, 165.0), p< .05, respectively]. The area under
ROC curve (AUC) values generated using the NOV
and NOS values to differentiate patients with poorly-
controlled asthma from those with well-controlled

asthma were 0.679 (95% CI: 0.567� 0.790; p< .05)
and 0.662 (95% CI: 0.551� 0.772; p< .05), respect-
ively. Pairwise comparison of the ROC curves revealed
a difference in the AUC of 0.0171 (95% CI:
–0.0349� 0.0691; p¼ .520) between the FeNONOV and
FeNONOS values (Figure 6). The cutoff points for
FeNONOV and FeNONOS were 50.0 (82.9% sensitivity
and 52.8% specificity) and 82.0 (77.1% sensitivity and
61.1% specificity), respectively. There was a significant
difference in FEV1% [81.1 (59.0, 93.8) vs 90.3 (78.6,
99.3), p¼ .025] between patients with poorly-con-
trolled asthma and those with well-controlled asthma.

Discussion

In this study, FeNO levels tested by NOS and NOV
were found to be significantly different in a cohort of
adults with asthma. There was a strong positive cor-
relation but a low degree of agreement between FeNO
values obtained with the two devices. Previous studies
(18–23) showed that FeNO values were influenced by
the devices used to obtain the measurement and var-
ied in devices from different manufacturers, with dif-
ferent measuring technologies or both. In our study, a
Nano Coulomb current sensor was utilized in NOS,
while an electrochemical sensor was used in NOV.

Figure 2. A point diagram of the pairwise distribution of
FeNO values measured by NOV and NOS. The points represent
FeNONOV values, and the triangles represent FeNONOS values.
The diagram was generated according to the increasing
FeNONOV values.

Table 2. Comparison of FeNONOS and FeNONOV in subgroups.
Group n FeNONOV, ppb FeNONOS, ppb Difference in FeNONOS and FeNONOV, ppb p

1(FeNO < 25) 15 18.0 (14.0, 21.0) 32.0 (23.0, 37.0) 12.0 (9.0, 17.0) ¼.001
2(FeNO:25–49) 28 37.0 (31.0, 40.0) 55.0 (41.8, 66.3) 16.5 (8.0, 26.3) <.001
3(FeNO:50–99) 37 67.0 (56.5, 85.5) 94.0 (81.0, 119.0) 32.0(16.5,46.5) <.001
4(FeNO � 100) 27 121.0(108.0, 158.0) 177.0(133.0, 204.0) 43.0(16.0,77.0) <.001
�FeNO values are presented as the medians (interquartile ranges). Comparisons between FeNONOS and FeNONOV in subgroups were tested by the related-
samples nonparametric Wilcoxon rank-sum test.

Figure 3. A scatter diagram of the correlation between
logFeNONOS and logFeNONOV (FeNO values were log-trans-
formed to a normal distribution). The solid line represents the
linear regression equation, with a Pearson correlation coeffi-
cient (rs) of 0.878 (p< .001).
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We speculated that the different measuring technolo-
gies adopted by the two devices might be one of the
reasons for our results. Routine calibrations are not
required in NOS and NOV; instead, the sensors in the
two devices should be replaced every 300 and 500
tests, respectively; thus, different calibrations were
unlikely to be the reason for our findings. However,
whether the discrepancy in the frequency of sensor
replacement impacts FeNO measurements remains to

be determined. The test procedures of both devices
were in accordance with the manufacturers’ guidelines
and the ATS/ERS standards (24); hence, errors in test-
ing methods could also be excluded. In brief, as far as
the current evidence was concerned, the differences
observed might be attributed to the technologies used
and frequency of sensor replacement, rather than cali-
bration or testing method.

As recommended in the official ATS/ERS guide-
lines (24), adults with low FeNO (<25 ppb) are less
likely to have eosinophilic inflammation, while those
with high FeNO (>50 ppb) probably have eosinophilic
inflammation and respond well to corticosteroids;
those with moderate FeNO (25� 50 ppb) need careful
clinical evaluation. In our study, the analysis of low,
moderate and high FeNO groups suggested clinically
significant differences in FeNO values obtained by
NOV and NOS (Table 2). At FeNONOV levels below 25
or 50, the FeNONOS levels were mostly higher than 25
or 50, respectively; if interpreted according to the ATS/
ERS criteria (24), these values would lead to the over-
estimation of airway inflammation and thus the over-
treatment of asthma. Therefore, in clinical practice,
when interpreting FeNO levels obtained with different
analyzers, the clinical context (such as symptoms, lung
function, asthma control) should be taken into consid-
eration, and a numerical conversion could be con-
ducted based on the regression equation if necessary.

Figure 5. A bar graph of three repeatedly measured FeNONOS

values. The points, squares and triangles represent the values
obtained in the first, second and third FeNONOS measurements,
respectively; the three solid lines in each bar from top to bot-
tom represent the maximum, mean and minimum values,
respectively. �The comparison of three FeNONOS values was
analyzed by one-way repeated measurement ANOVA, showing
no significant difference (p¼ .693).

Figure 6. Receiver operating characteristic (ROC) curve analysis
evaluated different cutoff points of FeNO values detected by
NOV and NOS, with an ACT score �19 as the threshold value.
The blue solid line represents the ROC curve of NOV, the yel-
low line represents NOS, and the black dotted line represents
the diagonal line.

Figure 4. The Bland–Altman plot shows the relationship
between logFeNONOS and logFeNONOV. The mean values were
plotted on the x-axis, and the difference values were plotted
on the y-axis. The mean difference was –0.16 (95% CI: –0.4
5� 0.14). The solid line represents the mean difference, and
the dotted lines represent the maximum and minimum values
for the 95% CI of the mean difference. �CI: confi-
dence interval.

JOURNAL OF ASTHMA 5



The differences between analyzers increased with
increasing FeNO levels, and that trend corresponded
to the degree of airway inflammation. Collin et al.
(18) observed an inverse phenomenon where the dif-
ferences between devices were more obvious at low
FeNO levels, especially those below 10 ppb, but with
no clinical significance. They speculated that the rea-
son might be different NO detection technologies or
inaccuracy of the devices at a very low measurement
range. In our study, the FeNO values (NOS: 16� 276
versus NOV: 9� 228) obtained were within the meas-
urement range (5� 300). However, we could not rule
out the possibility that the devices might not be accur-
ate at a high measurement range because a second
NOS or NOV was not available for comparison. Of
course, the difference in the technologies used might
be another reason.

There was no significant difference in the FeNO
values repeatedly measured by NOS, suggesting that
NOS had excellent repeatability and low within-ana-
lyzer variability. Therefore, a single operation was suf-
ficient to obtain a reliable FeNO value if steps were
carried out correctly.

We assessed the capability of FeNO values obtained
by both devices to differentiate patients with poorly-
controlled asthma from those with well-controlled
asthma. According to the ROC curve analysis, patients
with FeNO values above 50 ppb tested by NOV or
above 82 ppb tested by NOS were more likely to have
poor asthma control. NOV generated a higher AUC
value than NOS, but the difference had no statistical
significance. Meanwhile, NOV showed a higher sensi-
tivity and a correspondingly lower specificity than
NOS. Taken together, NOV is superior to NOS in
terms of discriminating patients with poorly-con-
trolled asthma from those with well-controlled
asthma. Roberta et al. (21) assessed the discriminating
capability of two other analyzers in another cohort of
asthma patients, showing that NIOX (a chemilumines-
cent analyzer) was better than NObreath (an electro-
chemical analyzer), with cutoff points of 15 and
25 ppb, respectively. Our study identified higher cutoff
points. We speculated that the discrepancy of enrolled
subjects might be one of the reasons. The variations
within patients were wider in our study, as a signifi-
cant difference in lung function was observed between
patients with well-controlled asthma and those with
poorly-controlled asthma, but none of Roberta’s study,
which might explain why the two studies obtained far
different cutoff points. In addition, due to a small
number of patients (35, 32.7%) with poorly-controlled
asthma enrolled in our study, there might be a

selection bias, which could affect the results. However,
due to different analyzers used in the two studies, we
could not make unambiguous interpretations.

Medications such as ICS, ICS/LABA, and LTRA
were not controlled in our study, which were reported
to inhibit expression of inducible NO synthase, thus
decreasing the FeNO levels in subjects treated with
corticosteroids (2,25,26) or LTRA (27,28). Our study
yielded consistent results that patients treated with
ICS or ICS/LABA showed lower FeNO levels than
those without ICS therapy. Owing to a small number
of patients (only 4 subjects) under single LTRA ther-
apy, we couldn’t analyze the effect of LTRA on FeNO
levels. In short, steroids interference could not be
ignored in FeNO measurements.

There are several limitations in our study. First, the
patients included were from a single hospital, and a
selection bias might exist. Second, single Asian race
of the subjects and relative small sample size may
limit the generalization of the findings to some
extent. Third, the detection time of day in FeNO
tests were not controlled in our study, which might
have influenced the measured FeNO values, as a cir-
cadian rhythm effect on FeNO values was observed
in the study by Mattes et al. (29). Fourth, our study
was only conducted in a population of adults with
asthma; thus, it is unclear whether the conclusions
are applicable to another cohort. Further studies are
needed to compare FeNO values in healthy subjects,
asthmatic adolescents, or patients with other types
of airway diseases. Our research team will continue
to focus on the impact of the differences between
FeNO devices on clinical work. Further studies are
needed to overcome the limitations and confirm our
conclusions.

In conclusion, the present study showed that FeNO
values measured by NOV and NOS were strongly cor-
related but significantly different; the FeNO values
obtained with NOS cannot be interpreted according
to the ATS/ERS criteria, but need to be converted by
a regression equation before being used for clinical
purposes. Prospective and multicenter studies are
required to further verify our conclusions, and valid-
ate the equation in other populations.

Acknowledgements

The authors report no acknowledgements.

Declaration of interest

The authors report no conflicts of interest.

6 T. HUANG ET AL.



Funding

This study was supported by National Natural Science
Foundation of China (number: 81770035).

Authors’ contribution

CTL, TXH, BCL conceived and designed the study. TXH,
BCL, DY collected the data. TXH, BCL analyzed the data.
TXH, BCL wrote the manuscript. CTL oversaw all aspects
and reviewed the manuscript. All authors read and
approved the final manuscript.

ORCID

Chuntao Liu, http://orcid.org/0000-0002-2241-2474

References

1. Global Initiative for Asthma. Global Strategy for
Asthma Management and Prevention. 2018. Available
from: http://www.ginasthma.org [last accessed 11
April 2018].

2. Yates DH, Kharitonov SA, Robbins RA, Thomas PS,
Barnes PJ. Effect of a nitric oxide synthase inhibitor
and a glucocorticosteroid on exhaled nitric oxide. Am
J Respir Crit Care Med 1995;1523:892–896. doi:10.
1164/ajrccm.152.3.7663801.

3. Jones SL, Kittelson J, Cowan JO, Flannery EM,
Hancox RJ, McLachlan CR, Taylor DR. The predictive
value of exhaled nitric oxide measurements in assess-
ing changes in asthma control. Am J Respir Crit Care
Med 2001;1645:738–743. doi:10.1164/ajrccm.164.5.
2012125.

4. Harkins MS, Fiato KL, Iwamoto GK. Exhaled nitric
oxide predicts asthma exacerbation. J Asthma 2004;
414:471–476. doi:10.1081/JAS-120033990.

5. Pijnenburg MW, Hofhuis W, Hop WC, De Jongste
JC. Exhaled nitric oxide predicts asthma relapse in
children with clinical asthma remission. Thorax 2005;
603:215–218. doi:10.1136/thx.2004.023374.

6. Beck-Ripp J, Griese M, Arenz S, Koring C, Pasqualoni
B, Bufler P. Changes of exhaled nitric oxide
during steroid treatment of childhood asthma. Eur
Respir J 2002;196:1015–1019. doi:10.1183/09031936.
02.01582001.

7. Pijnenburg MW, Bakker EM, Hop WC, De Jongste
JC. Titrating steroids on exhaled nitric oxide in chil-
dren with asthma: a randomized controlled trial. Am
J Respir Crit Care Med 2005;1727:831–836. doi:10.
1164/rccm.200503-458OC.

8. Smith AD, Cowan JO, Brassett KP, Herbison GP,
Taylor DR. Use of exhaled nitric oxide measurements
to guide treatment in chronic asthma. N Engl J Med
2005;35221:2163–2173. doi:10.1056/NEJMoa043596.

9. ATS/ERS recommendations for standardized proce-
dures for the online and offline measurement of
exhaled lower respiratory nitric oxide and nasal nitric
oxide, 2005. Am J Respir Crit Care Med 2005;1718:
912–930. doi:10.1164/rccm.200406-710ST.

10. Deykin A, Halpern O, Massaro AF, Drazen JM, Israel
E. Expired nitric oxide after bronchoprovocation and
repeated spirometry in patients with asthma. Am J
Respir Crit Care Med 1998;1573:769–775. doi:10.1164/
ajrccm.157.3.9707114.

11. Silkoff PE, Wakita S, Chatkin J, Ansarin K, Gutierrez
C, Caramori M, McClean P, Slutsky AS, Zamel N,
Chapman KR. Exhaled nitric oxide after beta2-agonist
inhalation and spirometry in asthma. Am J Respir
Crit Care Med 1999;1593:940–944. doi:10.1164/
ajrccm.159.3.9805044.

12. Deykin A, Massaro AF, Coulston E, Drazen JM, Israel
E. Exhaled nitric oxide following repeated spirometry
or repeated plethysmography in healthy individuals.
Am J Respir Crit Care Med 2000;1614:1237–1240.
doi:10.1164/ajrccm.161.4.9904086.

13. Kissoon N, Duckworth LJ, Blake KV, Murphy SP,
Lima JJ. Effect of beta2-agonist treatment and spirom-
etry on exhaled nitric oxide in healthy children and
children with asthma. Pediatr Pulmonol 2002;343:
203–208. doi:10.1002/ppul.10154.

14. Zhou X, Ding FM, Lin JT, Yin KS, Chen P, He QY,
Shen HH, Wan HY, Liu CT, Li J. Validity of asthma
control test in Chinese patients. Chin Med J 2007;
12012:1037–1041. doi:10.1097/00029330-200706020-
00002.

15. Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li
JT, Marcus P, Murray JJ, Pendergraft TB.
Development of the asthma control test: a survey for
assessing asthma control. J Allergy Clin Immunol
2004;1131:59–65. doi:10.1016/j.jaci.2003.09.008.

16. Thomas M, Kay S, Pike J, Williams A, Rosenzweig JR,
Hillyer EV, Price D. The Asthma Control Test (ACT)
as a predictor of GINA guideline-defined asthma con-
trol: analysis of a multinational cross-sectional survey.
Prim Care Respir J 2009;181:41–49. doi:10.4104/pcrj.
2009.00010.

17. Miller MR, Hankinson J, Brusasco V, Burgos F,
Casaburi R, Coates A, Crapo R, Enright P, van der
Grinten CP, Gustafsson P. Standardisation of spirom-
etry. Eur Respir J 2005;262:319–338. doi:10.1183/
09031936.05.00034805.

18. Brooks CR, Brogan SB, van Dalen CJ, Lampshire PK,
Crane J, Douwes J. Measurement of exhaled nitric
oxide in a general population sample: a comparison
of the Medisoft HypAir FE(NO) and Aerocrine NIOX
analyzers. J Asthma 2011;484:324–328. doi:10.3109/
02770903.2011.560322.

19. Inoue Y, Sato S. Measurement of exhaled nitric oxide
in children: a comparison between NObreath(R) and
NIOX VERO(R) Analyzers. Allergy Asthma Immunol
2018;105:478–489. doi:10.4168/aair.2018.10.5.478.

20. Korn S, Telke I, Kornmann O, Buhl R. Measurement
of exhaled nitric oxide: comparison of different analy-
sers. Respirology (Carlton, Vic) 2010;158:1203–1208.
doi:10.1111/j.1440-1843.2010.01847.x.

21. Pisi R, Aiello M, Tzani P, Marangio E, Olivieri D,
Chetta A. Measurement of fractional exhaled nitric
oxide by a new portable device: comparison with the
standard technique. J Asthma 2010;477:805–809. doi:
10.3109/02770903.2010.485667.

JOURNAL OF ASTHMA 7

http://www.ginasthma.org
https://doi.org/10.1164/ajrccm.152.3.7663801
https://doi.org/10.1164/ajrccm.152.3.7663801
https://doi.org/10.1164/ajrccm.164.5.2012125
https://doi.org/10.1164/ajrccm.164.5.2012125
https://doi.org/10.1081/JAS-120033990
https://doi.org/10.1136/thx.2004.023374
https://doi.org/10.1183/09031936.02.01582001
https://doi.org/10.1183/09031936.02.01582001
https://doi.org/10.1164/rccm.200503-458OC
https://doi.org/10.1164/rccm.200503-458OC
https://doi.org/10.1056/NEJMoa043596
https://doi.org/10.1164/rccm.200406-710ST
https://doi.org/10.1164/ajrccm.157.3.9707114
https://doi.org/10.1164/ajrccm.157.3.9707114
https://doi.org/10.1164/ajrccm.159.3.9805044
https://doi.org/10.1164/ajrccm.159.3.9805044
https://doi.org/10.1164/ajrccm.161.4.9904086
https://doi.org/10.1002/ppul.10154
https://doi.org/10.1097/00029330-200706020-00002
https://doi.org/10.1097/00029330-200706020-00002
https://doi.org/10.1016/j.jaci.2003.09.008
https://doi.org/10.4104/pcrj.2009.00010
https://doi.org/10.4104/pcrj.2009.00010
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.3109/02770903.2011.560322
https://doi.org/10.3109/02770903.2011.560322
https://doi.org/10.4168/aair.2018.10.5.478
https://doi.org/10.1111/j.1440-1843.2010.01847.x
https://doi.org/10.3109/02770903.2010.485667


22. Pizzimenti S, Bugiani M, Piccioni P, Heffler E,
Carosso A, Guida G, Rolla G. Exhaled nitric oxide
measurements: correction equation to compare hand-
held device to stationary analyzer. Respir Med 2008;
1029:1272–1275. doi:10.1016/j.rmed.2008.04.006.

23. Tanabe Y, Harada N, Ito J, Matsuno K, Takeshige T,
Harada S, Takemasa M, Kotajima M, Ishimori A,
Katsura Y. Difference between two exhaled nitric
oxide analyzers, NIOX VERO((R)) electrochemical
hand-held analyzer and NOA280i((R)) chemilumines-
cence stationary analyzer. J Asthma 2019;562:167–172.
doi:10.1080/02770903.2018.1439953.

24. Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh
MW, Lundberg JO, Olin AC, Plummer AL, Taylor
DR. An official ATS clinical practice guideline: inter-
pretation of exhaled nitric oxide levels (FENO) for
clinical applications. Am J Respir Crit Care Med
2011;1845:602–615. doi:10.1164/rccm.9120-11ST.

25. Massaro AF, Gaston B, Kita D, Fanta C, Stamler JS,
Drazen JM. Expired nitric oxide levels during treat-
ment of acute asthma. Am J Respir Crit Care Med
1995;1522:800–803. doi:10.1164/ajrccm.152.2.7633745.

26. Kharitonov SA, Yates D, Robbins RA, Logan-Sinclair
R, Shinebourne EA, Barnes PJ. Increased nitric oxide
in exhaled air of asthmatic patients. Lancet (London,
England) 1994;3438890:133–135. doi:10.1016/S0140-
6736(94)90931-8.

27. Bisgaard H, Loland L, Oj JA. NO in exhaled air of
asthmatic children is reduced by the leukotriene
receptor antagonist montelukast. Am J Respir Crit
Care Med 1999;1604:1227–1231. doi:10.1164/ajrccm.
160.4.9903004.

28. Bratton DL, Lanz MJ, Miyazawa N, White CW,
Silkoff PE. Exhaled nitric oxide before and after mon-
telukast sodium therapy in school-age children with
chronic asthma: a preliminary study. Pediatr
Pulmonol 1999;286:402–407. doi:10.1002/(SICI)1099-
0496(199912)28:6< 402::AID-PPUL3> 3.0.CO;2-V.

29. Mattes J, Storm van’s Gravesande K, Moeller C,
Moseler M, Brandis M, Kuehr J. Circadian variation
of exhaled nitric oxide and urinary eosinophil protein
X in asthmatic and healthy children. Pediatr Res
2002;512:190–194. doi:10.1203/00006450-200202000-
00011.

8 T. HUANG ET AL.

https://doi.org/10.1016/j.rmed.2008.04.006
https://doi.org/10.1080/02770903.2018.1439953
https://doi.org/10.1164/rccm.9120-11ST
https://doi.org/10.1164/ajrccm.152.2.7633745
https://doi.org/10.1016/S0140-6736(94)90931-8
https://doi.org/10.1016/S0140-6736(94)90931-8
https://doi.org/10.1164/ajrccm.160.4.9903004
https://doi.org/10.1164/ajrccm.160.4.9903004
https://doi.org/10.1002/(SICI)1099-0496(199912)28:6402::AID-PPUL33.0.CO;2-V
https://doi.org/10.1002/(SICI)1099-0496(199912)28:6402::AID-PPUL33.0.CO;2-V
https://doi.org/10.1203/00006450-200202000-00011
https://doi.org/10.1203/00006450-200202000-00011


Supplementary table: Comparison between FeNONOS and FeNONOV in patients treated

with ICS or ICS/LABA and those without ICS therapy

ICS or

ICS/LABA

n FeNONOV, ppb FeNONOS, ppb Difference in

FeNONOS and

FeNONOV, ppb

P

No 21 87.0(57.5,115.0) 116.0(90.5,162.5) 27.0(19.0, 54.0) <0.001

Yes 36 58.5(31.5, 89.8) 73.5(38.8, 119.3) 17.0(8.8, 33.5) <0.001

*A total of 57 patients were analyzed in the table (50 cases were excluded for under

treatment of systemic corticosteroids or LTRA or Omalizumab to avoid interference).

Comparisons between FeNONOS and FeNONOV in subgroups were tested by the

related-samples nonparametric Wilcoxon rank-sum test.
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