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An Interrater Reliability Study of Pulmonary Function Assessment
With a Portable Spirometer

Hao Zhang, Li Li, Daozhen Jiao, Yanjie Yang, Chunhong Pan, Ling Ye,
Sulan Wei, and Meiling Jin

BACKGROUND: In this study, we aimed to validate the agreement between pulmonary function
measurements obtained with a portable spirometer and measurements obtained with conven-
tional spirometry in Chinese pediatric and adult populations. METHODS: Pulmonary function
testing was performed to evaluate subjects enrolled at Shanghai Zhongshan Hospital (n = 104)
and Shanghai Children’s Medical Center (r = 103). The portable spirometers and conventional
devices were applied to each subject with a 20-min quiescent period between each measurement.
Pulmonary function parameters of FVC, FEV,, peak expiratory flow, maximum expiratory flow
at 25%, 50%, and 75% of FVC (MEF25, MEF50, and MEF75, respectively), and FEV,/FVC %
were compared with intraclass correlation and Bland-Altman methods. RESULTS: A satisfac-
tory concordance of pulmonary function was observed between spirometry measurements
obtained with portable versus conventional spirometers. Intraclass correlation indicated excellent
reliability (>0.75) for all pulmonary function indicators in pediatric and adult subjects.
Significant positive correlations of all variables measured with different spirometers were
observed (all P < .001). No significant bias was observed in either group, although limits of
agreement varied. Funnel effects were observed for peak expiratory flow in pediatric subjects
and for FVC, FEV,, MEF50, and MEF25 in adult subjects. CONCLUSIONS: The portable spi-
rometer is an alternative to the conventional device for the measurement of pulmonary function.
Compared with the conventional device, the portable spirometer is expected to provide conven-
ient, operational, and financial advantages. Key words: pulmonary function test; portable spirome-

ter; concordance. [Respir Care 0;0(0):1—e. © 0 Daedalus Enterprises]

Introduction

Pulmonary function tests (PFTs) are routinely performed
to evaluate respiratory function in patients with pulmonary
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disorders.! In children, PFTs are also used to assess growth.
The results of PFTs imply the type and severity of disease,
the effectiveness of treatment, and possible clinical out-
comes.'™ Spirometry is an important measurement tool in
PFT. Spirometric results include multiple variables, such as
FVC, FEV,, peak expiratory flow (PEF), and maximum ex-
piratory flow at 25%, 50%, and 75% of forced exhalation
(MEF25, MEF50, and MEF75, respectively). However, in
developing countries, the use of conventional volume-
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sensing spirometers is generally limited to teaching or com-
prehensive hospitals due to the cost and complex nature of
the operating system. Early screening for respiratory dis-
ease and expedient diagnosis are difficult to achieve in
most primary hospitals.” For example, approximately 80%
of subjects with COPD were diagnosed with moderate
or severe disease, possibly due to a delayed PFT.*°
Traditional spirometers also have several other disadvan-
tages, including risks associated with cross-contamination,
difficulty in cleaning the device, and challenges with use
among disabled patients.’

Point-of-care testing has recently been integrated into the
health care system and can provide results more quickly
through the use of portable, user-friendly devices. Point-of-
care testing has been reported to be associated with
improved patient outcomes.® The Yue Cloud spirometer
(Shanghai Sonmol Internet Technology, China) is a porta-
ble device that may be used to accurately and easily mea-
sure of lung function (Fig. 1). When connected to a
Windows operating system, this lightweight spirometer can
be used to evaluate numerous indices of airway function.
Moreover, its flow sensor converts air flow directly into air
pressure, thus decreasing the need for filters and any associ-
ated risk for cross-contamination. This user-friendly system
shortens the clinicians learning curve, which is convenient
for clinicians in primary hospitals who seek to screen, diag-
nose, and monitor patients. In Western countries, the porta-
ble spirometer has demonstrated consistency that is similar
to that of traditional pulmonary function equipment in the
determination of various parameters.”'® However, scant
evidence exists in relation to the reliability of portable spi-
rometry for evaluation of Chinese patients.'*

In this study, we sought to validate the agreement of
measurements obtained with portable versus traditional spi-
rometers in a Chinese cohort. To fully characterize the repro-
ducibility of lung function parameters for the portable
spirometer, we enrolled both pediatric and adult populations.

Methods
Portable Spirometer

The Yue Cloud portable spirometer, weighing only
138 g, is a small handheld device consisting of a pressure
sensor and a digital display. Instead of a conventional
mouthpiece and hose, this spirometer has a spirette that is
inserted through the body of the spirometer. The spirometer
can be used alone or connected to a computer with software
that displays results in real time.

Unlike traditional spirometers, the Yue Cloud spirometer
uses a differential pressure sensor to measure air flow. Air
flow through the spirette is converted to a pressure mea-
surement. This approach eliminates errors caused by varia-
bles such as temperature, gas composition, and humidity.
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Current knowledge

Pulmonary function tests play an important role in the
assessment of respiratory conditions in both pediatric
and adult patients. Conventional spirometers are gener-
ally not available in primary hospitals for an early
screening of respiratory dysfunction. Portable spiro-
meters serve as an alternative to traditional pulmonary
function equipment in the determination of various pa-
rameters in Western countries.

What this paper contributes to our knowledge

The reliability of the Yue Cloud portable spirometer
for the measurement of pulmonary function has been
validated in pediatric and adult subjects. This portable
spirometer provides convenient, operational, and finan-
cial advantages for early detection of respiratory
disorders.

Its standardized quality-control system is suitable for vari-
ous situations. Use of this portable spirometer in connection
with a web workstation allows for remote diagnosis and
prescription (Fig. 1).

Subject Population

A total of 207 consecutive subjects who underwent PFT
at Shanghai Zhongshan Hospital (n = 104 adult subjects)
and Shanghai Children’s Medical Center (n = 103 pediatric
subjects) between February and July 2018 were enrolled in
this study. All subjects enrolled in the study received stand-
ardized instructions for how to use the spirometer. All
subjects underwent 2 sets of PFTs: the first using the
Jaeger MasterScreen I0S (Vyaire Medical, Hochberg,
Germany); the second using the Yue Cloud spirometer.
The study was approved by the Ethics Committee of
Shanghai Zhongshan Hospital and Shanghai Children’s
Medical Center. Informed consent was obtained for all
subjects.

Measurement

Measurements of pulmonary function were carried out
by the same technician on the same instruments at the pul-
monary function laboratory. Calibration and measurement
were strictly in compliance with the 2005 American
Thoracic Society/European Respiratory Society guide-
lines.* Uniform predicted values were applied in both sys-
tems. The quiescent period between measurements was 20
min before each measurement. Results obtained with the
portable spirometer were automatically displayed using the
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Fig. 1. The Yue Cloud portable spirometer. This lightweight portable
spirometer is composed of a disposable mouthpiece and a trans-
ducer with an internal flow sensor converting air flow directly into air
pressure. The unit connects to a mini-screen or a computer via a
USB cable. Courtesy Shanghai Sonmol Internet Technology.

accompanying software and printed out. Measurements of
pulmonary function obtained using the Jaeger lung function
instrument were evaluated by the technician based on curve
morphology. Spirometry variables including vital capacity,
FVC, FEV,, FEV/FVC, PEF, MEF75, MEF50, and
MEF25 were reported. We defined the categories of lung
function impairment as follows: 1) obstructive impairment:
FEV,/FVC < 0.70 for adult subjects and FEV,/FVC
< 0.80 for subjects 5-18 y of age; 2) restrictive impair-
ment: FEV/FVC = 0.70 and FVC < 80% predicted for
adult subjects and FEV/FVC = 0.80 and FVC < 80% for
pediatric subjects. Severity was classified as mild, moder-
ate, or severe, according to the FEV; percentage of pre-
dicted > 70%, 50-69%, or = 49% for adult subjects and
60-79%, 40-59%, or = 39% for pediatric subjects, respec-
tively. The predicted values of FEV; and FVC were calcu-
lated based on the prediction equations from the European
Respiratory Society."

Statistical Analysis

Categorical data are expressed as n (%), and continu-
ous data are expressed as mean = SD. Lung function
parameters including vital capacity, FVC, FEV,,
FEV,/FVC, PEF, MEF75, MEF50, and MEF25 were com-
pared between groups. Concordance was assessed using
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the intraclass correlation coefficient (ICC)'*!” and Bland-
Altman analysis.® An ICC close to 1 indicates high simi-
larity among measurements. The Pearson correlation was
used to analyze relationships between variables. The over-
all agreement in diagnosis of lung function impairment
between devices was assessed using the Cohen kappa test.
The kappa coefficient indicating the strength of diagnosis
agreement was calculated and qualified on the basis of its
magnitude: 0.4-0.6, moderate agreement; 0.6—0.8, sub-
stantial agreement; and 0.8-1.0, almost perfect agree-
ment.'® All statistical analysis was conducted with SPSS
24.0 (IBM Corp., Armonk, New York). A P value < .05
was considered statistically significant.

Results
Demographic and Clinical Characteristics

The average ages of adult subjects and pediatric subjects
were 56.7 £ 13.5 y and 8.4 * 2.5y, respectively. Male
subjects accounted for 61.6% of the adult study population
and 64.1% of the pediatric population. The average heights
of the adult subjects and pediatric subjects were 165.4 *=
8.3 cm and 134.5 = 15.6 cm, respectively. Average body
weights for adult subjects and pediatric subjects were
64.7 = 11.5 kg and 329 = 11.6 kg, respectively.
Subjects with abnormal PFT results accounted for 28.2%
of the pediatric population and 11.5% of the adult popu-
lation (Table 1). Baseline measurements were obtained
with the Jaeger MasterScreen 10S.

ICC Analysis

No systematic rater differences in measured pulmonary
function values were found. The ICCs in pediatric subjects
showed that PFTs including FVC, FEV,, FEV/FVC, PEF,
MEF75, MEF50, and MEF25 were all > 0.75, indicating
that the parameters measured by the portable spirometer
were reliable in terms of within-person variability.
Similarly, the ICCs for all measured pulmonary indicators
in adults ranged from 0.874 for FEV/FVC to 0.955 for
MEF75 (Table 2).

Bland-Altman Analysis

In pediatric subjects, no significant bias was found in the
measurements of FVC, FEV,, PEF, MEF75, MEF50, or
MEF25, except that FEV/FVC values tended to be lower
when measured with the portable spirometer compared to
the conventional system (mean 0.61, 95% CI —12.64 to
11.42). This trend primarily reflects the participation of
male pediatric subjects when male and female subjects
were evaluated respectively (male pediatric subjects: mean
1.09, 95% CI —11.47 to 13.64; female pediatric subjects:
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Table 1.  Baseline Characteristics of the Study Population
Characteristics Pediatric Subjects Adult Subjects
Age,y 8425 56.7 = 13.5
Gender
Male 66 (64.1) 64 (61.6)
Female 37 (35.9) 40 (38.5)
Height, cm 1345 = 15.6 1654 = 8.3
Body weight, kg 329 £ 11.6 64.7 £ 11.5
Pulmonary function
Normal 74 (71.8) 92 (88.5)
Mild 23 (22.3) 7(6.7)
Moderate 6(5.8) 4 (3.8)
Severe 0(0) 1(1.0)
Obstructive 18 (17.5) 4 (3.8)
Restrictive 1(1.0) 8(7.7)
Mixed 10 (9.7) 0 (0)
FVC,L 2.1 0.8 33*1.0
FEV,, L 1.7 0.6 2.6 0.7
FEV,/FVC 89.0 = 7.1 795+ 7.1
PEF, L/s 3814 6.7 2.0
MEF75, L/s 33213 59=*18
MEF50, L/s 2.1 0.8 3514
MEF25, L/s 1.0 =04 1.2 05

Data are presented as mean * SD or n (%). n = 103 pediatric subjects; n = 104 adult subjects.
MEF = maximum expiratory flow at 25%, 50%, 75% of FVC (MEF25, MEF50, and MEF75,
respectively)

PEF = peak expiratoory flow

Table 2.  Intraclass Correlation Coefficients for Pulmonary Function
Parameters

Spirometry Variable Pediatric Subjects Adult Subjects
FvC 0.973 0.912
FEV, 0.979 0.953
FEV,/FVC 0.774 0.874
PEF 0911 0.903
MEF75 0.818 0.955
MEF50 0.819 0.923
MEF25 0.843 0.892

n = 103 pediatric subjects; n = 104 adult subjects.

MEF = maximum expiratory flow at 25%, 50%, 75% of FVC (MEF25, MEF50, and MEF75,
respectively)

PEF = peak expiratoory flow

mean —0.24, 95% CI —11.24 to 10.76). In adult subjects,
there was no significant bias in any of the measured spirom-
etry variables. No gender difference between the 2 sets of
measurements was observed in adults. Differences and
95% limits of agreement (LoA) are displayed in Figure 2
and Figure 3 (see the supplementary materials at http://
www.rcjournal.com).

Heteroscedasticity arose in the PEF data (P = .039) col-
lected for pediatric subjects and in measurements of FVC
(P = .01), FEV, (P = .033), MEF50 (P < .001), and
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MEF25 (P < .001) in adult subjects. Transformation of
these data into natural logarithms reduced the degree of het-
eroscedasticity (PEF: P = .16; FVC: P = .54; FEV,: P =
.56; MEF50: P = .40; MEF25: P = .16) (see the supple-
mentary materials at http://www.rcjournal.com).

Kappa Coefficient

The adult subjects with obstructive, restrictive, or mixed
lung dysfunction accounted for 11.5% (12 of 104 subjects)
using data measured with the conventional spirometer,
whereas the percentage was 16.3% (17 of 104 subjects)
when diagnosed with the portable spirometer. The kappa
coefficient reflecting the agreement is 0.807.

In pediatric subjects, 28.2% (29 of 103 subjects) and
25.2% (26 of 103 subjects) were diagnosed with lung dys-
function with the conventional or with the portable spirom-
eter, respectively. The kappa coefficient was 0.702.

Discussion

This study evaluated the reliability of a portable spi-
rometer by comparing the concordance between meas-
urements obtained with the portable spirometer and
with a conventional spirometer. The spirometry param-
eters examined included vital capacity, FVC, FEVy,
FEV,/FVC, PEF, MEF75, MEF50, and MEF25. Our
results indicate that PFT measurements obtained with
the portable spirometer were closely correlated with
those obtained using the conventional spirometer. A
consistently good ICC > 0.75 was obtained for all
measured variables. The results of Bland-Altman anal-
ysis for measurements obtained using the portable spi-
rometer showed an acceptable level of bias. The
diagnostic agreement as reflected by the kappa statistic
revealed good agreement, especially in the adult
subjects.

The ICC values for pediatric subjects and adult subjects
reflected good to excellent reliability. In the pediatric sub-
jects as well as the adult subjects, FVC and FEV, values
were > 0.90. For other variables, ICC values were slightly
lower but remained > 0.75. ICC values between 0.75 and
0.90 indicate satisfactory reliability, and values > 0.90 indi-
cate excellent reliability.'” Our ICC results suggest that the
differences between measurements derived primarily from
individual differences between subjects rather than from
differences between the spirometers.

The results of Bland-Altman analyses revealed that only
1-7% of measurements were beyond the LoA for all meas-
ured PFT variables. Close correlation with statistical signif-
icance was confirmed for all spirometric variables.
However, we noticed slightly lower mean values for FEV,
PEF, and MEF75 in both cohorts, which was in line with
previous findings.'”** The order of detection may affect
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Fig. 2. Bland-Altman plots with 95% limits of agreement summarizing the results of pulmonary function tests in pediatric subjects. PEF = peak
expiratory flow; MEF = maximum expiratory flow at 25%, 50%, and 75% of FVC (MEF25, MEF50, and MEF75, respectively).
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Fig. 3. Bland-Altman plots with 95% limits of agreement summarizing the results of pulmonary function tests in adults. PEF = peak expiratory
flow; MEF = maximum expiratory flow at 25%, 50%, and 75% of FVC (MEF25, MEF50, and MEF75, respectively).
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the results of PFT. In this study, conventional spirometric
measurements were used as the first set. Subjects were asked
to exhale repeatedly to obtain ideal measurement results.
Although all subjects had 20 min resting time between meas-
urements with different spirometers, fatigue may still be inevi-
table, particularly for elderly participants.

The LoA is a key indicator for assessing interchangeabil-
ity between methods. In this study, although mean
between-measurement differences in FVC and FEV, were
all < 110 mL, variation in LoA was greater. This phenom-
enon was observed in previous studies of portable spiro-
meters.”*' However, there is little evidence regarding LoA
acceptability for PFT parameters. In previous studies on
COPD, an LoA of 500 mL was considered acceptable for
FVC, and an LoA of 350 mL was considered acceptable for
FEV,.”% LoA for FVC and FEV, in pediatric subjects
were acceptable, but greater LoA for both variables were
observed in adult subjects. We speculate that the learning
effect, order of measurement, and exhalation end point may
have affected the LoA.

It is noteworthy that some funnel effects were observed
in relation to PEF in the pediatric subjects and in relation to
FVC, FEV,, MEF50, and MEF2S5 in the adult subjects. The
use of portable spirometry may therefore be associated with
an underestimation of these variables.

Our findings confirmed generally good agreement
between measurements obtained with a portable spirometer
and those obtained with a conventional spirometer.
Advantages of the portable spirometer include portability
and ease of use. A prompt assessment of PFT is therefore
feasible for screening purposes in the general population
and in emergency situations. One recent, large-scale, preva-
lence study of COPD in China found that almost 100 mil-
lion Chinese adults had COPD. Most patients with COPD
were unaware of their condition, and only 12% of them had
undergone PFT prior to the study.?* With the application of
portable spirometers, clinicians at primary hospitals will be
able to easily perform PFT and COPD screenings for high-
risk individuals.** For preschool-age children, our results
confirmed that they were able to comply with the portable
maneuvers to produce consistent PFT curves.'” The porta-
ble spirometer has the potential to improve our manage-
ment of pulmonary diseases for children as well as the
assessment of growth because spirometric pulmonary func-
tion was related to height.?

This study had several limitations. First, the portable spi-
rometer, like conventional spirometers, cannot be used to
measure diffusion capacity. Second, we did not analyze the
difference between spirometers in subcategorized subjects
with different disease severity according to PFT results
because of the limited sample size. Third, we did not ran-
domize the device with which the subjects performed first,
which might affect the results. Large-scale validation stud-
ies should be conducted in the future.
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Conclusions

Satisfactory concordance was observed between PFT
measurements obtained with the portable spirometer and
PFT measurements obtained with conventional equip-
ment. The portable spirometer is an ideal alternative to
the conventional device for measurements of pulmonary
function. Compared with the conventional device, the
Yue Cloud spirometer is expected to provide operational
and financial advantages. This portable spirometer is pri-
marily indicated for use in screening the general popula-
tion and following up lung function in patients with
respiratory diseases.
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