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Introduction: Pulmonary function tests and FeNO measurements are widely
used for the diagnosis and management of respiratory diseases. They are used to
evaluate airway limitation and respiratory inflammation. Standard spirometers and
nitric oxide (NO) analyzers are widely used in hospitals. However, their high price
has made some hospitals in underdeveloped areas unable to afford or purchase
these devices. The development of a new portable system (SUNVOU TM2125)
combining FeNO measurement and spirometry provides additional possibilities
for optimizing the diagnosis and management of respiratory diseases. However,
its accuracy needs further validation.

Methods: The FeNO analysis component of SUNVOU TM2125 was compared
with that of a widely used NO analyzer (NIOX VERO). The spirometry component
of the TM2125 was compared with a standard spirometer (Jaeger MasterScreen)
for pulmonary parameters such as FEV1, FVC, FEV1/FVC, and PEF. Pearson
correlation and Bland-Altman plots were used to evaluate the agreement
between the devices.

Results: FeNO values measured using TM2125 were higher than those measured
using VERO, with a mean difference of 1.8 ppb. There was a strong correlation
between FeNO values measured using the two devices (r=0.988, p<0.001).
Bland—Altman plots showed a high degree of agreement between the two devices,
with 93.3% of values within the 95% confidence interval range. The spirometric
parameters (FEV1, FVC, FEV1/FVC, and PEF) measured using the TM2125 were
lower than those measured using the MasterScreen. Good correlations were
observed between the values measured using the TM2125 and MasterScreen
(r>0.9). Based on the Bland—Altman plots, there was a high degree of agreement
between the devices.

Conclusion: The accuracy of FeNO and spirometry measurements using SUNVOU
TM2125 was validated. This can help improve the diagnosis and monitoring of
chronic respiratory diseases in underdeveloped countries.
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1. Introduction

The measurement of exhaled NO and pulmonary function is an
important examination tool in the respiratory department. They are
recommended by the Global Initiative of Asthma (GINA) and the
National Institute for Health and Care Excellence (NICE) for the
diagnosis and management of asthma (1, 2). FeNO is recommended
for diagnosing eosinophilic airway inflammation, determining the
likelihood of steroid responsiveness, and predicting the risk of
exacerbations (3, 4). Pulmonary function tests can be used to evaluate
airflow limitation, disease severity, and control levels (1, 5). Airway
inflammation and airflow limitation are two treatable traits of airway
disease and require precision management.

Pulmonary function alone cannot provide full evaluation in
asthma patients; however, combining FENO and pulmonary function
together can provide more diagnostic and therapeutic information for
clinicians. FeNO measurements combined with pulmonary function
tests play an important role in the diagnosis of chronic airway disease,
prediction of treatment response, and guidance of treatment plans.
They can help clinicians evaluate the disease more comprehensively
and systematically (6, 7). However, due to the heterogeneity of asthma
patients and variability in the test results, clinicians cannot rely only on
FENO to guide care (8). At present, medical institutions require both
an exhaled NO analyzer and a pulmonary function analyzer to carry
out the above two tests. For many hospitals, it may be difficult to afford
the two equipment, especially the pulmonary function analyzer. To
solve this problem, a new type of equipment (SUNVOU-TM2125) was
developed that combines an NO analyzer and a spirometer. Using
SUNVOU-TM2125, clinicians can simultaneously measure FeNO
values and important spirometer parameters, such as FEV1, FVC, and
PEE This is of great significance for underdeveloped areas.

This study was designed to test the ability of SUNVOU-TM2125
to accurately measure FeNO levels and pulmonary parameters (FEV1,
FVC, FEVI/FVC%, and PEF). The spirometry component of
SUNVOU-TM2125 was compared with a standard laboratory
spirometer (MasterScreen, Jaeger, Germany) for pulmonary
parameters, and the NO analysis component was compared with a
widely used NO analyzer (NIOX VERO, Aerocrine, Sweden) for
FeNO values.

2. Materials and methods
2.1. Study population

We recruited adolescent patients who visited the Pulmonary and
Critical Care Department of the China-Japan Friendship Hospital
between September 2022 and December 2022. Patients who were
unable to undergo FeNO testing or spirometry were excluded. This
study was approved by the China-Japan Friendship Hospital Review
Board (2022-KY-141). All the participants provided written
informed consent.

2.2. FeNO measurements

According to the product manual, NIOX VERO is a service-and
calibration-free system. SUNVOU-TM2125 was calibrated monthly
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using a calibration gas with an NO concentration of 60 ppb. The
standard error meets the technical requirements of the product
(error <3 ppb or<10%). NIOX VERO cannot be calibrated with a
standard gas. The test environment (temperature, atmospheric
pressure, humidity, etc.) was the same for all subjects.

FeNO measurements were performed strictly according to the
technical standards published by ATS and ERS using
SUNVOU-TM2125 and NIOX VERO in random order (9). Before the
test, the operator explained the procedures to the participants,
consulted and filled in their basic information, and ensured that they
fully understood the test method. During the test, patients sat and
covered their mouths with a filter. After deep inhalation through the
mouth to total lung capacity (TLC), they were asked to exhale through
the mouthpiece at a constant flow rate of 50mL/s for 10s. The FeNO
test results were displayed after approximately 1 min.

2.3. Spirometry measurements

TM2125 and MasterScreen were calibrated using standard 3-L
calibration syringes. The measured volume should meet the accuracy
requirement of +3.5% (10). The preheating time of the two devices was
15min, and the test environment (temperature, atmospheric pressure,
humidity, etc.) was consistent. The participants underwent spirometry
using TM2125 and MasterScreen, with a trained technician guiding the
procedure. During the measurement, the participants were seated and
their noses were clipped to avoid air leakage. They inhaled deeply to full
lung capacity and then exhaled without hesitation in a burst of force.
The exhalation time should be more than 6s. The participants were
asked to repeat the measurement three times to get three acceptable
results. The difference between the best two acceptable FEV1 and FVC
should be less than 0.15L. The results of FEV1, FVC, FEV1/FVC, and
PEF were recorded. FEV1 and FVC had the largest values among the
three results. The PEF was chosen from the best curve.

2.4. Statistical analysis

Statistical analyses were performed with SPSS version 22.0. Data
were presented as mean*SD. Differences between the values
measured by the two devices were analyzed using a paired -test. The
correlation and agreement between the pulmonary function
parameters measured by the devices were assessed using Pearson’s
correlation coeflicient and Interclass Correlation Coeflicient (ICC).
An ICC greater than 0.8 indicated strong consistency. Bland-Altman
plots were used to evaluate the agreement between the devices using
MedCalc version 18.2.1. Statistical significance was defined as p <0.05.

3. Results
3.1. Participants

A total of 301 participants took the spirometry measurements
using SUNVOU-TM2125 and MasterScreen Diffusion. A total of 148
adolescent patients participated in the FeNO comparison test using
SUNVOU-TM2125 and NIOX VERO. The demographic information
of the study population is summarized in Table 1.
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3.2. FeNO measurements

A total of 148 patients took FeNO measurements, with an average
age of 43.8 +15.1 years. The male: female ratio was 82:66. The medical
histories of all patients were recorded, of which 58 had asthma, 23
had chronic cough, two had COPD, nine had allergic rhinitis, and 56
had other conditions. Of these patients, 35 (23.6%) were smokers
(Table 1).

FeNO measured using TM2125 was higher than that measured
using VERO (p=0.015). There was a strong positive correlation
between FeNO values measured using both devices (Spearman’s

TABLE 1 Subject demographics.

10.3389/fmed.2023.1210329

correlation coeflicient: r=0.988, p <0.001; Figure 1A). The conversion
equation was calculated using linear regression analysis as
follows: log FeNOc 42122 = 0.502 + 0.883 x log FeNOyrro.

The Bland-Altman plot showed a moderate degree of agreement,
with a mean difference of 1.8 ppb (95% CI: —16.5 ~20.2; Figure 1B). A
total of 6.7% (10/148) of the values were outside the 95% CI. Within
the 95% CI, the absolute value of the difference was up to 19 ppb
(TM2125: 228 ppb, VERO: 209 ppb), 8.7% of the average value, which
is within tolerance limits. According to the official ATS clinical
practice guidelines, a clinically significant change in FeNO is >10 ppb
(or 20%). So device differences within these limits were considered
clinically non-significant.

iGN RElCIIEtD) 3.3. Spirometry measurements
measurements measurements
Number 148 301 A total of 301 patients underwent spirometry using SUNVOU
Age, years 43.8+15.1 59.2+12.1 TM2125 and Jaeger MasterScreen. To evaluate the agreement and
Sex (male/female) 82/66 205/96 concordance between the two devices, we calculated the Pearson
Smoking(r, %) 35 (23.6) 160 (53.2) correlation and ICC for FEV1, FVC, FEV1/FVC%, and PEF (Table 2).
. Both metrics were quite high (greater than 0.9). The correlation plots
Disease, n for the parameters are presented in Figure 2, which showed good
Asthma 58 45 correlations between the parameters. To further evaluate the
Chronic cough 23 19 agreement between the measurements, we constructed a Bland-
COPD ) 66 Altman plot (Figure 3). The plots showed a high degree of agreement,
with mean differences of 0.06 L (95% CI:-0.28-0.39), 0.09 L (—0.39-
Allergic rhinitis 9 1
0.56), 1.0% (—10.5-12.4), and 0.2L/s (=1.6-1.9) for FEV1, FVC,
Others % 170 FEV1/FVC%, and PEF.
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FIGURE 1
Correlation and agreement between FeNO values measured by TM2125 and VERO. (A) There was a positive correlation between FeNO values
measured by TM2125 and VERO; (B) Bland—Altman plot showed a high degree of agreement between FeNO values measured by TM2125 and VERO.

TABLE 2 Comparison of measurements between SUNVOU TM2125 and Jaeger MasterScreen.

JEAGER

SUNVOU

Parameters TM2125

Masterscreen

Differences:Jeager-
TM2125

Paired T-test Correlation

FEV1 (L) 1.93+0.73 1.87+0.69 0.06+0.17 0.000 0.973 (p <0.001) 0.971 (p <0.001)
FVC (L) 3.31+0.90 3.22+0.90 0.09+0.24 0.000 0.964 (p <0.001) 0.964 (p <0.001)
FEV1/FVC (%) 58.80+14.08 57.83+12.79 0.97+5.84 0.004 0.910 (p <0.001) 0.906 (p <0.001)
PEF (L/s) 5.70+2.28 5.53+2.45 0.17+0.90 0.001 0.930 (p <0.001) 0.927 (p <0.001)

Frontiers in Medicine

frontiersin.org


https://doi.org/10.3389/fmed.2023.1210329
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Lietal 10.3389/fmed.2023.1210329

A B
5. 8+
2 4 g 64
" i 4
o ™~
- 24 §
E 14 E 21
0 . . . . v 0 v r . )
0 1 2 3 4 5 0 2 4 6 8
JEAGER FEV1(L) JEAGER FVC(L)
C D
100+ 20+
! #0,910,p<0,0001 , v . # #0,830,p<0.0001

TM2125 FEVUFVC(%)
(3

o

0 0 40 60 80 100 0 10 15 20
JEAGER FEV1/FVC(%) JEAGER PEF(L/s)

o 4

FIGURE 2
Linear regression with Pearson correlation analysis of spirometric parameters: (A) FEV1, (B) FVC, (C) FEV1/FVC%, and (D) PFF.
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FIGURE 3
Bland—Altman plots with 95% Limits of Agreement of (A) FEV1, (B) FVC, (C) FEV1/FVC, and (D) PEF.
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4. Discussion

Spirometry and FeNO measurement are widely used for the
diagnosis and management of respiratory diseases. These are the primary
means of assessing respiratory function and inflammation (1, 2, 5).
SUNVOU TM2125 can measure both spirometry and FeNO, which is
easy to perform and provides a more cost-effective choice for primary
hospitals. To confirm the clinical value of the “all-in-one machine,”
we compared spirometric parameters (FEV1, FVC, FEV1/FVC%, and
PEF) and FeNO values with two commonly used devices—Jaeger
Masterscreen and NIOX VERO. According to the test results, SUNVOU
TM2125 had a good correlation and high degree of agreement with the
other devices, and there were no statistically significant differences.

The ICC values were all above 0.9, and the ICC of the four
spirometric parameters were all above 0.9, which means that more than
90% of the differences in measurements came from individual
differences between the subjects rather than systematic errors between
the two devices. The differences (MasterScreen—TM2125) of FEV1,
FVC, FEV1/FVC%, and PEF were 0.06 L (95% CI, —0.28 to 0.39), 0.09L
(—=0.39 to 0.56), 1.0% (—10.5 to 12.4), and 0.2L/s (=1.6 to 1.9)
respectively. According to the standardization of spirometry, the
repeatability validation limit for FEV1 and FVC was +3.5% or+0.1L,
and the limit for PEF was +12% or +25L/min (10). The results were
within this range. Therefore, the difference between the two spirometers
was not statistically significant. The sequence of measurements
performed by the devices may also cause differences. In our research,
participants first took measurements with the MasterScreen, followed
by TM2125. The interval between the two measurements was less than
20min. Participants may experience fatigue due to forced expiration in
the first measurement, which could affect the expiratory force of the
second measurement. Many clinical studies have compared two
spirometers, including portable spirometers, and the results of this
study were similar to those studies (11-14).

There was a high correlation between the FeNO values measured
using SUNVOU TM2125 and NIOX VERO (r=0.988). According to
the Bland-Altman plots, 93.2% of the values were within the 95% CI,
indicating a high degree of agreement. The mean value of TM2125 was
1.8 ppb smaller than the mean value of VERO, which was lower than
that reported in previous research. Many studies have compared
chemiluminescence and electrochemical analyzers; the values of
chemiluminescence analyzers were usually higher than those of
electrochemical analyzers. The differences ranged from 3.3 to 9.4 ppb
(15, 16). A comparison between electrochemical analyzers showed
much smaller differences, ranging from 1.2 to 4.6 ppb (17, 18). The
results of the present study are consistent with those of previous
studies. Differences between the same types of analyzers could
be caused by individual states. According to the guidelines published
by the ATS in 2011, clinically significant changes in FeNO levels
were > 10 ppb (or 20%). So, the differences of <10 ppb for measured
FeNO values of <50 ppb and of <20% for FeNO values >50 ppb were
considered acceptable.

References

1. Global Initiative for Asthma Global strategy for asthma management and
prevention. (2020).

2. NICE Guideline. Asthma: Diagnosis, Monitoring and Chronic Asthma Management.
London: National Institute for Health and Care Excellence (2020).

Frontiers in Medicine

05

10.3389/fmed.2023.1210329

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by China-Japan
Friendship Hospital Review Board. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

YL, KH, and TY contributed to the conception and design of the
study and carried out data analysis and interpretation. TY provided
administrative support. YL and TY provided study materials and
patients. YL, KH, WL, YP, and XT collected and assembled data. YL,
KH, WL, YP, XT, and TY contributed to writing and final approval of
the manuscript. All authors contributed to the article and approved
the submitted version.

Funding

This study was supported by the CAMS Innovation Fund for
Medical Sciences (2022-12M-C&T-B-107 and 2021-12M-1-049).

Conflict of interest

YL, KH, WL, YP, XT, and TY have completed the ICMJE uniform
disclosure form.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1210329/
full#supplementary-material

3. Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh MW, Lundberg JO, et al. An
official ATS clinical practice guideline: interpretation of exhaled nitric oxide levels
(FENO) for clinical applications. Am ] Respir Crit Care Med. (2011) 184:602-15. doi:
10.1164/rccm.9120-11ST

frontiersin.org


https://doi.org/10.3389/fmed.2023.1210329
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2023.1210329/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2023.1210329/full#supplementary-material
https://doi.org/10.1164/rccm.9120-11ST

Lietal.

4. Bjermer L, Alving K, Diamant Z, Magnussen H, Pavord I, Piacentini G, et al.
Current evidence and future research needs for FeNO measurement in respiratory
diseases. Respir Med. (2014) 108:830-41. doi: 10.1016/j.rmed.2014.02.005

5. Global Initiative For Chronic Obstructive Lung Disease Global strategy for the
diagnosis, management, and prevention of chronic obstructive pulmonary disease (2020
report). (2020).

6. Pavord ID, Beasley R, Agusti A, Anderson GP, Bel E, Brusselle G, et al. After
asthma: redefining airways diseases. Lancet. (2018) 391:350-400. doi: 10.1016/
S0140-6736(17)30879-6

7. Muraro A, Lemanske RF Jr, Hellings PW, Akdis CA, Bieber T, Casale TB, et al.
Precision medicine in patients with allergic diseases: airway diseases and atopic
dermatitis-PRACTALL document of the European academy of allergy and clinical
immunology and the American Academy of Allergy, Asthma & Immunology. J Allergy
Clin Immunol. (2016) 137:1347-58. doi: 10.1016/j.jaci.2016.03.010

8. Bose S, Bime C, Henderson RJ, Blake KV, Castro M, DiMango E, et al. American
Lung Association airways clinical research, biomarkers of type 2 airway inflammation
as predictors of loss of asthma control during step-down therapy for well-controlled
disease: the long-acting Beta-agonist step-down study (LASST). J Allergy Clin Immunol
Pract. (2020) 8:3474-81. doi: 10.1016/}.jaip.2020.06.067

9. American Thoracic Society. And European Respiratory Society, ATS/ERS
recommendations for standardized procedures for the online and offline measurement
of exhaled lower respiratory nitric oxide and nasal nitric oxide, 2005. Am ] Respir Crit
Care Med. (2005) 171:912-30. doi: 10.1164/rccm.200406-710ST

10. Miller MR, Hankinson J, Brusasco V, Burgos E, Casaburi R, Coates A, et al. Stand-
ardisation of spirometry. Eur Respir J. (2005) 26:319-38. doi: 10.1183/09031936.05.00034805

Frontiers in Medicine

06

10.3389/fmed.2023.1210329

11. Maree DM, Videler EA, Hallauer M, Pieper CH, Bolliger CT. Comparison of a new
desktop spirometer (Diagnosa) with a laboratory spirometer. Respir Int Rev Thorac Dis.
(2001) 68:400-4. doi: 10.1159/000050534

12. Ramos Hernéndez C, Nufiez Ferndndez M, Pallares Sanmartin A, Mouronte
Roibas C, Cerdeira Dominguez L, Botana Rial M, et al. Validation of the portable air-
smart spirometer. PLoS One. (2018) 13:¢0192789. doi: 10.1371/journal.pone.0192789

13. Ring B, Burbank AJ, Mills K, Ivins S, Dieffenderfer J, Hernandez ML. Validation
of an app-based portable spirometer in adolescents with asthma. J Asthma. (2021)
58:497-504. doi: 10.1080/02770903.2019.1702201

14. Exarchos KP, Gogali A, Sioutkou A, Chronis C, Peristeri S, Kostikas K. Validation
of the portable Bluetooth™ air next spirometer in patients with different respiratory
diseases. Respir Res. (2020) 21:79.

15. Kim SH, Moon JY, Kwak HJ, Kim SI, Park DW, Kim JW, et al. Comparison of two
exhaled nitric oxide analyzers: The NIOX MINO hand-held electrochemical analyzer
and the NOA280i stationary chemiluminescence analyzer. Respirology. (2012) 17:830-4.
doi: 10.1111/§.1440-1843.2012.02163.x

16. Endo Y, Shirai T, Akamatsu T, Asada K. Comparison of fractional exhaled nitric
oxide levels measured using the NIOX VERO and NOA 280i. Ann Allergy Asthma
Immunol. (2017) 119:383-5. doi: 10.1016/j.anai.2017.07.026

17. Lei W, Li E, Tang XM, Bian S, Wang JJ, Huang JA. The comparision of two exhaled
nitric oxide analyzers: NIOX VERO and SUNVOU-CA2122. ] Breath Res. (2021)
15:026007. doi: 10.1088/1752-7163/abd193

18. Alving K, Anolik R, Crater G, Laforce C, Kathy R. Validation of a new portable
exhaled nitric oxide analyzer, NIOX VERO: randomized studies in asthma. Pulmonary
Therap. (2017) 3:207-18. doi: 10.1007/s41030-017-0032-8

frontiersin.org


https://doi.org/10.3389/fmed.2023.1210329
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.rmed.2014.02.005
https://doi.org/10.1016/S0140-6736(17)30879-6
https://doi.org/10.1016/S0140-6736(17)30879-6
https://doi.org/10.1016/j.jaci.2016.03.010
https://doi.org/10.1016/j.jaip.2020.06.067
https://doi.org/10.1164/rccm.200406-710ST
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.1159/000050534
https://doi.org/10.1371/journal.pone.0192789
https://doi.org/10.1080/02770903.2019.1702201
https://doi.org/10.1111/j.1440-1843.2012.02163.x
https://doi.org/10.1016/j.anai.2017.07.026
https://doi.org/10.1088/1752-7163/abd193
https://doi.org/10.1007/s41030-017-0032-8

	Validation of a new portable system containing both FeNO analysis and spirometry measurement
	1. Introduction
	2. Materials and methods
	2.1. Study population
	2.2. FeNO measurements
	2.3. Spirometry measurements
	2.4. Statistical analysis

	3. Results
	3.1. Participants
	3.2. FeNO measurements
	3.3. Spirometry measurements

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

