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Background: Fractional exhaled nitric oxide (FeNO) is a non-invasive marker for eosinophilic airway inflammation
and a good predictor of response to corticosteroids. There is a need for a reliable and accurate measurement method, as
FeNO measurements have been widely used in clinical practice. Our study aimed to compare two FeNO analyzers and
derive a conversion equation for FeNO measurements in adults.

Methods: We included 99 participants who had chief complaints of chronic cough and difficulty in breathing. The
participants underwent concurrent FeNO measurement using NIOX VERO (Circassia AB) and NObreath (Bedfont). We
compared the values of the two devices and analyzed their correlation and agreement. We then formulated an equation
to convert FeNO values measured by NObreath into those obtained by NIOX VERO.

Results: The mean age of the participants was 51.2+17.1 years, with a female predominance (58.6%). Approximately 60%
of the participants had asthma. The FeNO level measured by NIOX VERO (median, 27; interquartile range [IQR], 15-45)
was significantly lower than that measured by NObreath (median, 38; IQR, 22-58; p<0.001). There was a strong positive
correlation between the two devices (r=0.779, p<0.001). Additionally, Bland-Altman plots and intraclass correlation
coefficient demonstrated a good agreement. Using linear regression, we derived the following conversion equation:
natural log (Ln) (NObreath)=0.728xLn (NIOX VERO)+1.244.

Conclusion: The FeNO values of NIOX VERO and NObreath were in good agreement and had positive correlations. Our
proposed conversion equation could help assess the accuracy of the two analyzers.
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Introduction

Exhaled nitric oxide (NO) is an established marker of type
2 airway inflammation in respiratory diseases'”. Methods for
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measuring fractional exhaled NO (FeNO) are generally non-
invasive, easily accessible, and safe and can be used for diag-
nosis and monitoring”". Various techniques for measuring NO
amount have been developed. Nowadays, these devices in-
clude chemiluminescence, electrochemical sensors, and laser-
based sensors’. Electrochemical analyzers are widely used to
measure exhaled NO for clinical studies or clinical practice be-
cause they are more user-friendly, cheaper, and portable than
chemiluminescence, thereby regarded as the gold standard.
Comparison of FeNO levels measured by chemiluminescence
and electrochemical analyzers or those equipped with elec-
trochemical devices are already extensively reported”'’. Some
studies have also formulated a conversion equation for FeNO
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values between different devices®”.

In Korea, several electrochemical analyzers are available,
such as NObreath (Bedfont, Kent, UK), NIOX MINO (Circassia
AB, Solna, Sweden) and NIOX VERO (Circassia AB) devices.
NIOX VERO, which was developed to replace NIOX MINO,
has not been fully investigated the relationship with another
analyzer called NObreath. In recent studies, FeNO values of
NIOX VERO and NObreath were found to be strongly cor-
related in asthma patients®'"”. The median values by NIOX
VERO were higher than those of NObreath®". For real-world
clinical practice, it is important to know whether the devices to
measure the level of NO can be comparable with each other.
Hence, our study aimed to evaluate the difference and correla-
tion of FeNO levels between NIOX VERO and NObreath. We
also sought to derive a conversion equation for FeNO values
based on these two devices.

Materials and Methods

1. Subjects

We retrospectively reviewed the medical chart of adult
patients aged over 18 years with chief complaints of chronic
cough and difficulty in breathing who visited referral clinics.
We specifically reviewed patients’ demographics, current re-
spiratory symptoms, smoking history, and lung function test
results. The final diagnosis of patients was based on a review
of the patient’s clinical symptoms, medical history, appro-
priate diagnostic tests, and/or assessment of the treatment
response according to several clinical practice guidelines'"".
We included patients who underwent FeNO measurements
both by NIOX VERO (Circassia AB) and NObreath (Bedfont).
Finally, 99 patients were enrolled from September 4, 2018 to
October 29, 2019. The protocol of this study was reviewed and
approved by the institutional review board of our institution
(IRB: GFIRB2020-213). The requirement of informed consent
was waived because of the retrospective nature of the study.

2. FeNO measurements

FeNO levels were measured according to the manufac-
turer’s instructions and the American Thoracic Society/Eu-
ropean Respiratory Society (ATS/ERS) guidelines'. Patients
underwent two consecutive measurements on each analyzer.
We first tested patients with NIOX VERO in the odd number of
dates, whereas we first performed FeNO tests with NObreath
in the even number of dates. All patients were almost evenly
distributed between the first measurement with NIOX VERO
(n=47) and NObreath (n=52). Under visible and/or audible
feedback, FeNO measurement was performed on each pa-
tient. They were instructed to breathe out fully to empty their
lungs, close their lips around the mouthpiece on the filter to
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prevent air leakage, and then inhale deeply to total lung capac-
ity. To maintain a fixed flow rate of 50 mL/sec, they needed to
exhale at an exhalation pressure of 10-20 cm H,O consistent-
ly. The FeNO levels were repeatedly measured until the two
analyzers obtained acceptable values, and all measurements
were completed on the same day.

3. Statistical analysis

We evaluated patients’ characteristics, spirometric results,
and FeNO levels by using chi-square test for categorical
variables and ANOVA or Kruskal-Wallis test for continuous
variables between different groups. Given that the FeNO
levels were nonparametrically distributed, these data were
expressed as median with quartiles, and the differences be-
tween results by two measures were calculated by Wilcoxon
signed-rank test. Other numerical variables were expressed
as meantstandard deviation. Using the log-transformed
FeNO data, we determined the relationship between devices
through Pearson’s correlation coefficient (r) and linear regres-
sion analysis. Furthermore, we estimated an equation to con-
vert FeNO values measured by NObreath into those obtained
by NIOX VERO. The agreement between two different meth-
ods of measurement was calculated by plotting the mean
intermethod measurement difference, as described by Bland
and Altman'’. Interdevice agreements were assessed by intra-
class correlation coefficient (ICC) and interpreted as follows:
1CC=0.75, excellent; 0.60<ICC<0.75, good; 0.40<ICC<0.60,
fair; and ICC<0.40, poor correlation'. Statistical data were
analyzed using SPSS version 18 (SPSS Inc., Chicago, IL, USA)
and GraphPad Prism version 5.0 software (GraphPad Prism
Software Inc., San Diego, CA, USA). In addition, p<0.05 was
considered to be statistically significant.

Results

The demographic and clinical characteristics in this study
are summarized in Table 1. The mean age was 51 years, with
58 (58.6%) women and 68 (68.7%) nonsmokers. Difficulty in
breathing and cough lasting 8 weeks or more were observed
in 47 (47.5%) and 52 (52.5%) patients, respectively. Among
them, 58 (58.6%) were diagnosed with asthma, 21 (21.2%) had
rhinosinusitis, and 20 (20.2%) had other diseases (bronchiec-
tasis [n=1], post-infectious cough [n=1], chronic obstructive
pulmonary disease [n=1], unexplained chronic cough [n=2],
and unconfirmed diagnosis [n=15]) for chief complaints. The
overall mean forced expiratory volume in 1 second (FEV))
value was 84.1%z20.5%, while the FEV,/forced vital capacity
(FVC) value was 74.6%+12.9%. Patients with rhinosinusitis
and other diseases were mostly female compared with pa-
tients with asthma, who had significantly lower percentages
of predicted FEV, values (76.7%+21.9%, p<0.001) and lower
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Table 1. Demographic and clinical characteristics of the study subjects
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Characteristic All Asthma Rhinosinusitis Others p-value
(n=99) (n=58)* (n=21)* (n=20)
Age 51.19+17.10 50.72+17.30 51.95+18.42 51.75+15.84 0.949
Male/female 41 (41.4)/58 (58.6) 30 (51.7)/28 (48.3) 5(23.8)/16 (76.2) 6(30.0)/14 (70.0) 0.036
Smoking history 0.139
Non-smoker 68 (68.7) 34 (58.6) 19(90.5) 15 (75.0)
Ex-smoker 15(15.1) 13 (22.4) 0(0) 2(10.0)
Current smoker 16 (16.2) 11 (19.0) 2(9.5) 3 (15.0)
BMI, kg/m2 24.30+4.39 24.67+4.76 24.11+3.51 2341+4.13 0.533
Chief complaints 0.332
Difficulty breathing 47 (47.5) 33 (56.9) 3(14.3) 11 (45.0)
Chronic cough 52 (52.5) 25 (43.1) 18 (85.7) 9 (55.0)
FEV,, % predicted 84.10+20.49 76.71+21.92" 95.48+9.75 93.60+14.81 <0.001
FEV,/FVC, % 74.58+12.89 70.67+14.77" 79.43+5.11 81.16+7.23 0.001
FeNO NObreath, 38.00 (22.00-58.00) 52.00 (35.75-74.25)"  33.00 (20.00-46.50) 2550 (13.25-37.25)  <0.001
median ppb (IQR)
FeNO NIOX VERO, 27.00 (15.00-45.00) 34.50 (19.25-60.25)"  22.00 (16.00-34.50)°  17.00 (11.00-22.00)  <0.001
median ppb (IQR)

The values are presented as meansstandard deviation or number (%) unless otherwise indicated.

*The diagnosis of asthma and rhinosinusitis was based on personal history, physical examination, imaging studies, laboratory tests, and pul-
monary function test results and/or assessing the treatment response according to several international guidelines. ‘Significant differences
between patients with asthma and rhinosinusitis. *Significant differences between patients with asthma and other diagnoses. *Significant dif-
ferences between patients with rhinosinusitis and other diagnoses.

BMI: body mass index; FEV: forced expiratory volume in 1 second; FVC: forced vital capacity; FeNO: fractional exhaled nitric oxide; ppb:
parts per billion; IQR: interquartile range.
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Figure 1. Comparison of FeNO levels between the two analyzers: all patients (A) and patients diagnosed with asthma, rhinosinusitis, and
other diagnoses (B). *Significant differences between two analyzers. FeNO: fractional exhaled nitric oxide; ppb: parts per billion.

FEV,/FVC values (70.7%z=14.8%, p=0.001). A comparison of
values obtained using the two analyzers is shown in Figure 1.
Overall, the median (interquartile range [IQR]) values using

NIOX VERO (median, 27.0; IQR, 15.0-45.0) were significantly
lower than those obtained by NObreath (median [IQR], 38.0
[22.0-58.0]; p<0.001). The same results were observed among
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patients with asthma (median [IQR], 52.0 [35.8-74.3] vs.
34.5 [19.3-60.3]; p<0.001), those with rhinosinusitis (median
[IQR], 33.0 [20.0-46.5] vs. 22.0 [16.0-34.5]; p=0.005), and those
with other diagnoses (median [IQR], 25.5 [13.3-37.3] vs. 17.0
[11.0-22.0]; p=0.004). NObreath levels strongly positively cor-
related with NIOX VERO levels (r=0.779, p<0.001) (Figure 2).
Using these results, we determined regression equations and
calculated the estimated FeNO level as follows: natural log (Ln)
(NObreath)=0.728xLn (NIOX VERO)+1.244. The estimated
values calculated by this equation are displayed in Table 2.
The Bland-Altman plot revealed a good agreement between
the devices, with nonproportional bias. The mean interdevice
difference in Ln (FeNO) was 0.35 ppb, and the 95% limits of
agreement were —0.63 and 1.23 ppb (Figure 3). Moreover, the
ICC between FeNO measurements during this study was ex-
cellent (ICC, 0.88; 95% limit of agreement, 0.81-0.92).

Discussion

This study compared the FeNO values obtained by two
different analyzers in an adult population with respiratory
symptoms. The FeNO levels measured by NObreath were
approximately 40% higher than those measured by NIOX
VERO. A similar pattern was also seen in not only patients
diagnosed with asthma, rhinosinusitis, and other diagnoses
but also smoking status and sex (data not shown). Two pre-
vious studies In Japan directly compared NIOX VERO and
NObreath among patients with asthma®". In contrast to our
findings, NIOX VERO yielded higher values than NObreath
in both children (n=88) and adult participants (n=44)"". In
other previous studies, NObreath in healthy adults or in adult
patients with asthma revealed higher mean values than NIOX
MINO, while an opposite trend was observed among children
with asthma®*'. FeNO levels by NIOX MINO were slightly
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Figure 2. Correlation between the FeNO values obtained with the
two analyzers. Ln: natural logarithm; ppb: parts per billion.
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higher than those of NIOX VERO in an asthma population.
Therefore, the difference in FeNO values requires further in-
vestigation with a larger cohort of the target population. The
correlation between measurements across all devices has
been reported variably”*. FeNO measurements of differ-
ent devices in adults and unspecified age groups displayed a
close correlation, ranging from 0.68 (n=18, p<0.001) in healthy
adults to 0.94 (n=1,369, p<0.001) in adults with asthma, and
0.95 (n=154, p<0.001) in subjects with asthma aged 14-83
years™*. These analyzer differences can be attributed to the
variations in calibration gases or measurement procedures,
although both devices were calibrated according to the manu-
facturer's instructions and the ATS/ERS recommendations”.
In this study, all measurements revealed a strong correlation

Table 2. Estimated values calculated with the derived
conversion equation*

NIOX VERO (ppb) NObreath (ppb)

5 11
10 19
15 25
20 31
25 36
30 41
35 46
40 51
45 55
50 60
55 64
60 68

*The following conversion equation was derived using linear regres-
sion: natural log (Ln) (NObreath)=0.728xLn (NIOX VERO)+1.244.
ppb: parts per billion.
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Figure 3. A Bland-Altman plot for evaluating the agreement be-
tween the two analyzers. Ln: natural logarithm; ppb: parts per bil-
lion; SD: standard deviation.
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between the two analyzers, and the correlation obtained in
patients with asthma was high, reaching 0.83 (n=58, p<0.001),
consistent with the results in previous studies”**’. Given the
positive correlation, a linear equation can be derived to es-
timate the values of NObreath according to the FeNO levels
measured by NIOX VERO. Compared with the FeNO levels of
above 50 ppb measured by NIOX VERO, those of NObreath
derived from the conversion equation were above 60 ppb.
Conversely, when the NObreath levels from the conversion
equation were set at 25 ppb, the measured NIOX VERO levels
were below 25 ppb. These findings would lead to the overesti-
mation or underestimation of airway inflammation, depend-
ing on the devices employed. Hence, in clinical practice, the
FeNO level results obtained by various analyzers require care-
ful consideration when interpreting the findings. Nonetheless,
this conversion equation can be beneficial for interpreting
the FeNO levels measured by NIOX VERO and NObreath. We
suggest conducting a comprehensive assessment considering
the clinical features and treatment effects. Relative reliability
and absolute reliability were estimated using the Bland-Alt-
man plot and the ICC, which are statistical methods essential
for analyzing agreement between different variables in the
same group'*". The levels of agreement are varied between
studies and between comparator devices. Previous studies
involving an adult population observed a range of 95% limits
of agreement of approximately 10 ppb”". Our study revealed
that NIOX VERO and NObreath had a good interdevice agree-
ment without proportional error, and the reference limits
were equal to 2 ppb in the arithmetic scale. Further research
is warranted to determine reliability between these devices by
conducting appropriate sample size calculations, prespecify-
ing clinically important limits of agreements, and thoroughly
examining both measurements. This study has certain limi-
tations that must be addressed. First, this study is a single-
center study describing adult patients. Results can be affected
by selection bias and may not be applicable to children with
asthma and other diseases. Second, our study did not conduct
detailed analyses of factors that had introduced measurement
differences, and healthy subjects were not included in our
study. Lastly, serial breathing maneuvers and the method of
exhaled NO may have a profound effect of exhaled NO lev-
els". In NIOX VERO, patients should exhale through the filter
while keeping the cloud within the limits shown by the white
lines on the screen. When patients did not perform the steps
correctly, NIOX VERO devices displayed an error message
and patients need to start all over from the beginning. In NO-
breath, patients should exhale through the filter while keeping
a ball in the middle of the white band in the flow indicator. The
measurement with NObreath was performed up to 3 times to
get the correct values. In this study, we performed more tests
with NIOX VERO (three or more attempts) than NObreath
(within two attempts) to find the appropriate levels. Addi-
tional studies are required to overcome these limitations and
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better elucidate whether the equality of diagnostic accuracy
would be achievable with all devices.

In conclusion, the FeNO levels measured by NIOX VERO
and NObreath were significantly different but strongly corre-
lated and in good agreement. These findings and their associ-
ated conversion equations may provide useful information to
guide clinicians in interpreting the FeNO levels with different
devices.
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