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Abstract

Background Access to spirometry remains limited due to the expense and inconvenience of stationary labora-

tory spirometers, which may compromise the diagnosis and management of chronic respiratory diseases (CRDs),
such as chronic obstructive pulmonary disease (COPD) and asthma. Portable spirometers offer potential advantages
over laboratory spirometers in terms of affordability, user-friendliness, and portability. The objective of this study

is to evaluate the reliability and usability of a portable spirometer (Medcaptain VC-30 Pro) compared to a conventional
laboratory spirometer (Jaeger MasterScreen PFT).

Methods In this multi-center, randomized, open-label crossover study, 132 subjects from two hospitals were
recruited to perform pulmonary function tests using both the portable spirometer and the laboratory spirometer.
Forced expiratory volume in one second (FEV,), forced vital capacity (FVC), FEV,/FVC ratio, peak expiratory flow

(PEF), forced expiratory flow between 25 and 75% of FVC (FEF,s_;s,), Vital capacity (VC), maximal voluntary ven-
tilation (MVV), and forced expiratory volume in six seconds (FEV,) were compared for correlation and agreement
between two spirometers. The concordance of their spirometric abnormality diagnoses and severity classifications
was assessed. An additional 30 healthy volunteers were recruited to perform a pulmonary function test by themselves
after a session guided by specialists to evaluate the usability of the portable spirometer.

Results A total of 126 recruited participants achieved acceptable pulmonary function test results. The intraclass cor-
relation coefficients (ICCs) for primary outcomes FEV, and FVC were 0.994 and 0.993, respectively (both p <0.001). ICCs
for other outcomes ranged from 0.968 to 0.995 (all p<0.001). The Bland—-Altman analysis showed that FEV, and FVC
met preset acceptable criteria, with 96.0% of values falling within the 95% limits of agreement (LoA). Cohen's kappa
statistics for the diagnosis of spirometric abnormality and classification of severity were 0.872 and 0.878, respectively.
In the usability test, 28 out of 30 volunteers obtained a Grade A result.

Conclusions The portable spirometer exhibited a strong correlation and agreement with a high-quality laboratory
spirometer, as well as concordance in spirometric abnormality diagnosis and severity classification. Non-specialist can
obtain acceptable results using this portable spirometer.
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Background

Chronic respiratory diseases (CRDs) rank as the third
leading cause of mortality worldwide, with chronic
obstructive pulmonary disease (COPD) causing the
most deaths and asthma having the highest prevalence
[1]. Spirometry is considered the gold standard for
diagnosing and monitoring CRDs [2]. It assesses lung
function parameters, such as forced expiratory volume
in one second (FEV,) and forced vital capacity (FVC),
to identify airflow limitation indicative of obstructive
lung disease and other abnormalities [3]. International
guidelines recommend the regular use of spirometry
for diagnosis and management in asthma and COPD [4,
5]. However, access to spirometry is limited, especially
in primary care settings and low- or middle-income
countries [6-9].

Traditional laboratory spirometers are expensive,
bulky, and require regular calibration and trained per-
sonnel for operation, leading to potential underdiagno-
sis or overdiagnosis of respiratory conditions [10, 11].
The lack of spirometry utilization also increases the
risk of severe asthma or COPD exacerbations [12]. The
coronavirus disease 2019 (COVID-19) pandemic fur-
ther impeded diagnostic capabilities due to the closure
of pulmonary function testing laboratories to reduce
transmission risks, compromising the quality of care
for many patients with CRDs [13].

In light of these challenges, portable spirometers
offer significant advantages, including affordability,
user-friendliness, and portability. Studies have dem-
onstrated that some portable spirometers exhibit good
consistency with laboratory spirometers [14—18]. How-
ever, systematic differences in lung function values
may exist between portable and laboratory spirom-
eters, emphasizing the need to evaluate their accuracy
before implementation in primary care settings [19].
Furthermore, both tests were performed by qualified
pulmonary function specialists, raising the question of
whether individuals lacking experience in pulmonary
function testing, such as primary care physicians and
patients themselves, can effectively conduct spirometry
tests and obtain high-quality results.

This multi-center randomized study aimed to assess
the reliability of spirometry measurements obtained
through a portable spirometer (Medcaptain VC-30 Pro)
compared to a conventional laboratory spirometer (Jae-
ger MasterScreen PFT). Additionally, the usability of the
portable device was evaluated among volunteers inex-
perienced in pulmonary function tests. Demonstrating
the portable spirometer’s reliability and usability could
provide substantial support for its implementation to
improve access to respiratory disease screening and man-
agement, particularly in primary care and home settings.
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Methods
Study design and participants
This was a multi-center, randomized, open-label crossover
validation study conducted at two distinguished medical
institutions in the People’s Republic of China: The First
Affiliated Hospital of Guangzhou Medical University in
Guangdong Province and West China Hospital of Sichuan
University in Sichuan Province. Subjects aged 4 years and
older were randomly recruited during routine clinic visits
and underwent spirometry tests using both spirometers.
During enrollment, the ratio of participants diagnosed
with COPD or asthma was required to be no less than 30%.
Exclusion criteria followed the guidelines outlined by the
American Thoracic Society/European Respiratory Society
(ATS/ERS) for spirometry contraindications [10]. Prior to
enrollment and randomization, written informed consent
was obtained from all participants or their legal guardians.
The study adhered to the principles set forth in the Dec-
laration of Helsinki and received approval from the Ethics
Committee of The First Affiliated Hospital of Guangzhou
Medical University (2022 No. 165, November 8, 2022) and
the Ethics Committee of West China Hospital of Sichuan
University (2023 No. 145, January 28, 2023).

Randomization and intervention

A stratified block randomization method was used to
allocate participants to two study groups. Randomiza-
tion was performed using SAS software (SAS Institute
Inc., USA). A predefined seed and block size were uti-
lized to generate random group assignments, ensuring
a 1:1 ratio between the two groups across both centers.
This process yielded a randomization schedule for all
participants, assigning each a unique subject number and
initial testing device (portable or laboratory spirometer).
Randomization cards were created with concealed group
allocations. Upon enrollment and informed consent,
investigators revealed the allocation by removing the
concealment on the card and proceeded with the desig-
nated intervention. All participants performed FVC, slow
vital capacity (SVC), and maximal voluntary ventilation
(MVV) tests under the guidance of a certified pulmonary
function specialist at a consistent location. Each special-
ist was a physician with substantial clinical experience
in conducting spirometry tests and had prior experi-
ence with both the portable and laboratory spirometers
used in the study. To ensure accuracy and consistency,
each participant was required to perform a minimum of
three technically acceptable maneuvers that met repeat-
ability criteria for FEV, and FVC, as recommended by
the Standardization of Spirometry 2019 Update by ATS/
ERS [10]. Following a rest period of 10 min, participants
repeated the spirometry test using the other device.
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The portable spirometer used in the study was the
Medcaptain VC-30 Pro (Medcaptain Medical Technol-
ogy Co., Ltd.,, PRC). This handheld spirometer consists
of a differential pressure and flow sensor, a cylindrically
shaped handle, and a Bluetooth module for wireless con-
nectivity to a PC or tablet running the associated applica-
tion. The application displays real-time flow-volume and
volume-time curves, with spirometry values calculated
from the flow data. The laboratory spirometer employed
was the Jaeger MasterScreen PFT (CareFusion, USA),
which is widely recognized as one of the most prevalent
pulmonary function systems. This stationary, computer-
based system incorporates a pneumotachograph flow
sensor. Testing is conducted with the participant con-
nected to the device via a disposable mouthpiece and
nose clip. All tests were performed with participants in a
seated position.

Parameters

For each spirometer, the following pulmonary func-
tion parameters were recorded: FEV,, FVC, FEV,/FVC
ratio, peak expiratory flow (PEF), forced expiratory flow
between 25 and 75% of FVC (FEF,; ,5,), vital capacity
(VC), and MVV. FEV; and FVC were designated as the
primary outcomes of this study, while the secondary out-
comes comprised PEF, FEF,; .z, MVV, and VC. Since
studies have shown that forced expiratory volume in six
seconds (FEVy) is more reproducible than FVC, and that
FEV,/FEV; may have higher sensitivity than FEV,/FVC
for detecting early airflow limitation, we also performed a
post-hoc analysis of FEV; and FEV,/FEV, as exploratory
outcomes at one center [10]. The most optimal spirom-
etry values were extracted for further analysis.

Sample size

The sample size was determined based on the need to
detect a minimal clinically important difference of 0.2
L in FEV, and FVC between the devices. The stand-
ard deviation was estimated to be 0.7 L, with a desired
power of 80% and a significance level (alpha) of 0.05.
Consequently, a minimum sample size of 99 patients was
calculated. Taking into account the potential for data
ineligibility and missing values, the study aimed to enroll
132 participants, with an equal distribution of 66 partici-
pants at each center.

Statistical analysis

Data were analyzed using Python 3.10 (Python Software
Foundation, USA). Continuous variables were reported
as mean and standard deviation or median and inter-
quartile range, as appropriate. Categorical variables were
reported as frequency and percentage.
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The primary analysis involved a comparison between
portable and laboratory spirometer readings. Paired Stu-
dent’s t-tests or Wilcoxon rank-sum tests were employed,
depending on the distribution of the data. To evaluate
agreement between the devices, Pearson correlation coef-
ficients, intraclass correlation coefficients (ICCs), and
Bland—Altman plots were utilized. The interpretation of
Pearson correlation coefficients and ICCs followed pre-
viously reported classification standards, where a value
greater than 0.9 indicates excellent correlation [20, 21].
The acceptable deviation from the reference reading was
set at within+3% or +0.050 L for FEV, and FVC meas-
urements [22]. The acceptable 95% limits of agreement
(LoA) were preliminarily set as+0.35 L for FEV; and + 0.5
L for FVC, with no less than 95% of the differences in
FEV, and FVC falling within these limits [23].

Based on the pulmonary function test results, partici-
pants were categorized into four pattern groups: (1) nor-
mal, characterized by an FEV,/FVC ratio of>0.7 and
FVC >80% of the predicted value; (2) restrictive, charac-
terized by an FEV,/FVC ratio of >0.7 and FVC<80% of
the predicted value; (3) obstructive defect, characterized
by an FEV,/FVC ratio of<0.7 and FVC>80% of the pre-
dicted value; and (4) mixed, characterized by an FEV,/
FVC ratio of<0.7 and FVC<80% of the predicted value
[3]. Furthermore, the severity of spirometric abnormal-
ity was graded according to ATS/ERS guidelines: mild
(FEV,>70% of the predicted value), moderate (FEV,
between 60—69% of the predicted value), moderately
severe (FEV,; between 50—59% of the predicted value),
severe (FEV,; between 35—49% of the predicted value),
and very severe (FEV;<35% of the predicted value) [3,
24]. Specificity and sensitivity for the diagnosis were cal-
culated, and Cohen’s Kappa coefficient was employed to
evaluate the level of diagnostic agreement, with inter-
pretations as follows: almost perfect (>0.90), strong
(0.80—10.90), moderate (0.60—0.79), weak (0.40—0.59),
minimal (0.21 —0.39), and none (0—0.20) [25].

Subgroup analyses were performed based on disease
types to assess the consistency of agreement between the
two spirometers.

Statistical significance was determined using a two-
sided p-value threshold of<0.05. Missing data were not
imputed, and a per-protocol analysis was conducted,
considering only participants with complete and eligible
portable and laboratory spirometry data in accordance
with ATS/ERS standards [10].

Usability sub-study

To assess the usability of the portable spirometer, a con-
venience sample of 30 healthy adult volunteers was
recruited, following the recommended sample size for a
pilot study [26]. Initially, the volunteers underwent their
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first pulmonary function test using the portable spirom-
eter under the guidance of a specialist and achieved
acceptable results. The following day, the volunteers were
provided with a video tutorial from the manufacturer
and a quality control checklist to independently perform
a maximum of eight spirometry maneuvers. The device’s
software included built-in quality feedback and direction
to assist the users, with no additional coaching provided.

A trained respiratory therapist, unaware of the volun-
teers’ identities, evaluated the quality of the unsupervised
results. The maneuvers were graded automatically by the
device according to the criteria established by ATS [10, 27].
The number of successful tests, defined as three maneuvers
meeting the repeatability criteria and deemed acceptable
(Grade A), was calculated. Detailed criteria for repeat-
ability and acceptability were presented in Supplemental
Table 1. The unsupervised results were then compared to
those obtained under specialist supervision. Usability was
defined as the volunteers’ ability to independently produce
acceptable and reproducible spirometry results compared
to tests conducted under professional guidance.

Results

Demographic and clinical characteristics

A total of 132 participants were recruited and randomly
assigned to two groups: one group performed the pulmo-
nary function test using the laboratory spirometer first,
while the other group used the portable spirometer first
(Fig. 1). Out of the recruited participants, 126 success-
fully completed testing using both devices and obtained
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data that adhered to ATS/ERS criteria. However, there
were 8 participants for whom predicted values were
missing. Consequently, these participants were excluded
from the respective analyses.

The baseline demographic and clinical characteristics
of the participants are summarized in Table 1. Overall,
the study population covered a wide age range and a vari-
ety of respiratory diagnoses, with a balanced represen-
tation of genders and a mostly normal body mass index
(BMI) distribution. Regarding respiratory diagnoses,
19.0% of participants had COPD, 23.0% had asthma, 7.9%
had other CRDs, while the remaining 50.0% did not have
any specific lung disease.

Primary and secondary outcome comparisons

between devices

Mean values for primary and secondary outcomes are
presented in Table 2. For FEV,, the mean value with
the portable spirometer was 2.40+0.78 L, compared to
2.41+0.79 L with the laboratory spirometer. For FVC, the
portable spirometer had a mean of 3.28+0.94 L versus
3.27+0.94 L for the laboratory spirometer. For secondary
outcomes, PEF, FEF,;_ -5, and MVV showed systematic
differences between the two spirometers, with p-values
less than 0.05. The remaining outcomes of FEV,/FVC,
VC, FEV, and FEV,/FEV, showed no statistically signifi-
cant differences between the two devices.

Correlation and agreement between devices
Scatter plots, Pearson correlation coefficients, ICCs
and 95% LoA for primary and secondary outcomes

[ Enroliment ]

University (n =66)

Assessed for eligibility (n = 132)
+ The First Affiliated Hospital of Guangzhou Medical

+ West China Hospital of Sichuan University (n = 66)

Randomized (n = 132)

Allocation v

Allocated to portable-laboratory group (n = 66)
+ Received allocated tests (n = 66)

v { Analysis J v

Allocated to laboratory-portable group (n = 66)
+ Received allocated tests (n = 66)

Analysed (n=62)
+ Excluded from analysis (data not eligible)
(n=4)

Analysed (n=64)

+ Excluded from analysis (data not eligible)
(n=2)

Fig. 1 Consolidated Standards of Reporting Trials (CONSORT) participant flow diagram
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Table 1 Basic information of per-protocol participants (N=126)

Characteristic Mean £SD or n (%)

Age (years) 403+20.5
<20 26 (20.6)
20-40 34(27.0)
40-60 39(31.0)
>60 27 (21.4)

Gender
Male 68 (54.0)
Female 58 (46.0)

Height (cm) 157.8+13.0

Weight (kg) 576+155

BMI (kg/m?) 227+44
<185 21 (16.7)
18.5-25 71(56.3)
>25 34 (27.0)

Diagnosis
COPD 24(19.0)
Asthma 29 (23.0)
Other CRDs 10(7.9)
No specific lung diseases 63 (50.0)

BMI Body mass index, COPD Chronic obstructive pulmonary disease, CRDs
Chronic respiratory diseases

between the two spirometers are shown in Fig. 2 and
Table 3. There was excellent correlation between the
portable and laboratory spirometer for both primary
outcomes. The Pearson correlation coefficient R was
0.994 for FEV; and 0.993 for FVC (both p<0.001). The
ICCs were 0.994 for FEV, and 0.993 for FVC, indicating
excellent reliability.

Table 2 Mean values for primary and secondary outcomes in
participants

Parameter Mean+SD p-value
VC-30 Pro MasterScreen PFT
FEV, 240£0.78 241+£0.79 0.050
FVC 3.28+094 3274094 0.583
FEV,/FVC 75.03+15.74 7541+15.05 0171
PEF 6.10+2.03 6.32+2.10 <0.001
FEF,5_750 225+1.28 208+124 <0.001
VC 330+0.95 3294095 0.523
MW 92.61+33.62 93.81+33.82 0.034
FEV, 3.14£1.06 3.11+£1.08 0.178
FEV,/FEV, 68.93+13.16 69.63+13.23 0.193

FEV, Forced expiratory volume in 1 s, FVC Forced vital capacity, PEF Peak
expiratory flow, FEF,5_,s,, Forced expiratory flow between 25 and 75% of FVC,
VC Vital capacity, MVV Maximal voluntary ventilation, FEV, Forced expiratory
volumein6s
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The Bland—Altman plots are shown in Fig. 3. The anal-
ysis revealed that 96.0% of FEV, and FVC differences
were within the predefined acceptable limits. The 95%
LoA were -0.185 to 0.155 L for FEV, and -0.207 to 0.218
L for FVC. Both primary outcomes met preset clinically
acceptable criteria.

The remaining outcomes of FEV,/FVC, PEF, FEF,5_
VC, MVYV, FEV,, and FEV,/FEV, showed good correla-
tion and agreement between devices with Pearson coef-
ficients ranging from 0.968 to 0.995 and ICCs between
0.968 and 0.995 (Table 3). In the Bland—Altman analysis,
over 92% of differences fell within the predefined limits
(Fig. 3).

Concordance of spirometric abnormality and severity
classification

Based on the spirometry results, participants were clas-
sified as having normal, restrictive, obstructive, or mixed
patterns (Table 4). The portable and laboratory spirom-
eters showed strong agreement in identifying abnormal
pulmonary function, with a kappa statistic of 0.872. The
sensitivity and specificity of the portable spirometer for
detecting any abnormality (restrictive, obstructive, or
mixed) were 91.4% and 95.2%, respectively. The classifica-
tion of abnormality severity also demonstrated good con-
cordance between the two devices, with a kappa statistic
of 0.878 (Table 5).

Subgroup analysis

Subgroup analysis was performed to evaluate the con-
sistency of agreement between the portable and labora-
tory spirometers. When stratified by disease status, the
results remained marginally unchanged across differ-
ent participant groups (Supplemental Fig. 1 —4). Among
COPD patients, the Pearson correlation coefficients were
0.984 for FEV, and 0.993 for FVC, while the ICC were
0.983 and 0.992, respectively. The 95% LoA were -0.216
to 0.203 L for FEV, and -0.086 to 0.252 L for FVC, with
91.7% of differences falling within these limits. Similarly,
for asthma patients, the Pearson correlation coefficients
were 0.992 for FEV, and 0.996 for FVC, with ICC val-
ues of 0.992 and 0.996, respectively. The 95% LoA were
-0.217 to 0.178 L for FEV; and -0.201 to 0.196 L for FVC,
with 96.6% and 93.1% of differences within these limits.

Usability outcomes

A sample of 30 healthy volunteers was recruited to
assess the usability of the portable spirometer. Among
the participants, 17 (56.7%) were male. The age distri-
bution revealed that 21 individuals (70%) were in the
20 to 29 years age group, while 4 participants (13.3%)
fell within the 30 to 39 years age range, and 5 (16.7%)
were between 40 and 50 years old. After their initial
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Fig. 2 Distribution and correlation of spirometry results obtained from the portable spirometer (VC-30 Pro) and laboratory spirometer

(MasterScreen PFT)

spirometry test guided by a specialist, 28 (93.3%) of them
achieved Grade A test results independently. Only one
volunteer from the 20 to 29 age group and one from the
40 to 49 age group obtained a Grade B result (only two
acceptable maneuvers but met the repeatability criteria).
The scatter plots and Bland—Altman plots of FEV, and
FVC are presented in Fig. 4. The Pearson correlation

coefficients for FEV, and FVC were 0.961 and 0.987,
and ICCs were 0.950 and 0.987, respectively, indicating a
strong association between these variables. The mean dif-
ference between supervised tests and self-tests was 0.028
(95% LoA -0.244 to 0.300) for FEV, and -0.001 (95% LoA
-0.243 to 0.241) for FVC. In the Bland—Altman analysis,
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Table 3 Correlation and agreement of primary and secondary
outcomes between the portable and laboratory spirometers

Parameter R ICC  Mean difference (95% Points within
LoA) 95% LoA (%)

FEV, 0.994 0994 -0.015(-0.185,0.155) 96.0

FVC 0993 0.993 0.005(-0.207,0.218) 96.0

FEV,/FVC 0.981 0.980 -0.380 (-6.456, 5.696) 96.0

PEF 0974 0973 -0219(-1.149,0.711) 944

FEF)s_ss0, 0982 0981 0.172(-0.309,0.652) 92.1

VC 0.980 0.980 0.011(-0.362,0.384) 984

MW 0983 0983 -1.195(-13.479,11.089) 944

FEV, 0.995 0995 0.023(-0.187,0.233) 97.5

FEV,/FEVy, 0968 0.968 -0.700 (-7.256, 5.856) 95.0

FEV, Forced expiratory volume in 1 s, FVC Forced vital capacity, PEF Peak
expiratory flow, FEF,;_;so, Forced expiratory flow between 25 and 75% of FVC,
VC Vital capacity, MVV Maximal voluntary ventilation, FEV, Forced expiratory
volume in 6 s, ICC Intraclass correlation coefficient, LoA Limit of agreement

93.3% of the FEV, differences and 96.7% of the FVC dif-
ferences fell within the 95% LoA.

Discussion

In this multi-center, randomized, open-label crosso-
ver validation study comparing the portable spirometer
Medcaptain VC-30 Pro to the laboratory spirometer
Jaeger MasterScreen PFT, the two devices showed excel-
lent agreement in measuring key pulmonary function
parameters. The primary outcomes of FEV; and FVC
demonstrated strong correlation and acceptable mean
differences between the portable and laboratory spirom-
eters, indicating that the portable spirometer is reliable
and produces consistent results comparable to the labo-
ratory spirometer for these key parameters. For other
parameters, including FEV,/FVC, PEE, FEF,;_ ., VC,
MVYV, FEV,, and FEV,/FEV, the portable spirometer
provided accurate measurements and exhibited good
reliability as well, validating the portable spirometer’s
capability to effectively identify and classify respiratory
conditions. These results suggest that portable spirom-
etry is a dependable alternative to traditional laboratory
spirometry, particularly in diverse clinical settings.

The findings align with previous studies that high-
lighted the accuracy of portable spirometers, but with
narrower 95% LoA for key pulmonary function parame-
ters like FEV,; and FVC, demonstrating even better agree-
ment in this study [14—18, 28]. In the COPD and asthma
subgroups, the agreements between these two devices
remained marginally unchanged. These results provide
further evidence to support the applicability of portable
spirometers as viable alternatives to conventional station-
ary pulmonary function testing. Additionally, the analy-
sis in one center showed that FEV, demonstrated good

Page 7 of 12

correlation. Since studies have reported that FEV,/FEV
is useful for diagnosing airflow obstruction in adults, the
reliability of portable spirometers could contribute to
further investigations concerning these novel parameters
[10].

This study is one of the few to assess SVC and MVV
using a portable spirometer. SVC assesses vital capacity
by inhaling and exhaling in a deliberate and unhurried
manner, as opposed to the forceful maneuver used to
determine FVC [29]. This method is particular valuable
for elderly individuals who may struggle to execute an
FVC maneuver without experiencing coughing episodes
[29]. MVV is defined as the subject’s maximum minute
volume of ventilation estimated over 12 to 15 s [30]. Fac-
tors such as impaired coordination of respiratory mus-
cles, musculoskeletal chest wall disorders, neurological
conditions, chronic illness-induced deconditioning, and
ventilatory abnormalities can contribute to a decrease in
MVYV [30]. Although MVV is non-specific, it can be use-
ful in certain circumstances, such as preoperative evalu-
ation and assessing respiratory muscle fatigue [30]. The
portable spirometer demonstrated excellent agreement
with the laboratory spirometer for both SVC and MVV,
further validating its performance across a broader range
of pulmonary function tests.

The adoption of portable spirometers presents signifi-
cant implications for clinical practice and health policy,
particularly regarding cost-effectiveness and accessibility
[31, 32]. Portable spirometers are more affordable than
stationary spirometers, require minimal maintenance,
and eliminate the need for dedicated testing space. While
this study did not conduct a formal cost-effectiveness
analysis, this affordability and convenience of portable
devices make them particularly well-suited for resource-
limited settings, primary care offices, and even for home
monitoring. Enhanced accessibility allows for more fre-
quent testing, which can lead to earlier detection and
better management of CRDs.

Given the global burden of CRDs, which account for
4 million deaths in 2019 and affected approximately
454.6 million individuals globally, improving access to
diagnostic tools like spirometry is critical [1]. For exam-
ple, obstructive sleep apnea (OSA), a condition often
underdiagnosed due to the high costs and complexity
of standard diagnostic methods, could benefit from the
increased availability of spirometry [33]. Previous meta-
analyses have evaluated several biomarkers to guide OSA
clinical decision-making, but further in-depth research
is still needed before these biomarkers can be applied
in practice [33-36]. Although not a primary diagnostic
tool for OSA, spirometer can provide valuable insights
into mixed patterns of obstruction and restriction often
seen in patients with this condition [37-39]. With regular
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Fig. 3 Bland-Altman plots of spirometry results and their 95% LoA

monitoring, healthcare providers can track disease pro-
gression, identify exacerbations, and implement timely
interventions. This proactive approach can improve out-
comes for patients with conditions such as asthma and
COPD by optimizing treatment plans and encouraging
better self-management.

In addition to affordability, the usability of portable
spirometers is crucial for their successful implementa-
tion. However, only a few studies have investigated the

usability of portable spirometers, and rather than focus-
ing on the reliability of self-testing, these studies concen-
trated on user experience [40—42]. Our pilot sub-study
provides promising preliminary evidence supporting
the feasibility of utilizing portable spirometry as a self-
administered test, even by non-specialists. With simple
guidance, such as tutorial videos and checklists, most
volunteers achieved reliable spirometry results. This is
particularly important given that previous studies have
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Table 4 Spirometric classification of pulmonary function
abnormality by two spirometers (Sensitivity =91.4%,
specificity =95.2%, k=0.872)

VC-30 Pro MasterScreen PFT

Normal Obstructive Restrictive Mixed Total
Normal 79 2 1 0 82
Obstructive 3 24 0 0 27
Restrictive 0 0 3 0
Mixed 0 1 0 5
Total 82 27 4 5 118

highlighted the challenges of meeting spirometry stand-
ards in general practice settings [43, 44].

The ability to conduct testing in home settings or pri-
mary care environments, rather than relying solely on
specialist referrals, can enhance the management of
CRDs. However, challenges related to device usability,
data accuracy, and patient adherence must be addressed
to fully realize this potential. In this context, integrating
portable spirometers with telehealth systems represents a
significant opportunity to enhance respiratory care. Cer-
tain portable devices, like the VC-30 series, can upload
pulmonary function data to hospital systems for special-
ist analysis, allowing for remote monitoring and timely
adjustments to treatment plans without in-person vis-
its. During virtual consultations, clinicians can review
spirometry results with patients, facilitating immediate
discussions about health status. Educational resources
and tutorials can support accurate self-testing at home,
while integration with electronic health record (EHR)
systems enhances care coordination. For infectious res-
piratory diseases like COVID-19, remote spirometry
could enable safe, continuous monitoring of affected
individuals without risking exposure to healthcare work-
ers or other patients. Additionally, telemedicine plat-
forms can send alerts for concerning results, promoting
timely interventions, and empowering patients to actively
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manage their respiratory health, ultimately leading to
improved outcomes.

The findings of this study have important implications
for primary care, where the reliability and usability of
portable spirometers enhance diagnostic and monitoring
capabilities. These devices allow for accurate spirometry
assessments during routine visits, potentially improv-
ing the early detection and management of CRDs. Fur-
thermore, the feasibility of patient-administered tests
introduces a new model for continuous monitoring of
chronic respiratory conditions that could reduce the
need for frequent in-person visits. To ensure successful
implementation, structured training programs for health-
care providers and patients are essential. The ease of use
demonstrated in our usability study suggests that such
training could be efficiently integrated into primary care
workflows.

This study was strengthened by its multi-center design,
randomized order of tests, and an adequate sample size
that enabled the detection of clinically significant dif-
ferences between devices. Additionally, the participants
represented a common spectrum of chronic respiratory
conditions and age ranges. However, certain limitations
must be acknowledged. The lack of z-score compari-
sons due to limitations in the laboratory spirometers
restricts the ability to evaluate deviations from normal
ranges. Moreover, the absence of bronchodilator respon-
siveness testing limits the ability to assess the portable
spirometer’s performance in detecting reversible airway
obstruction, a key diagnostic feature in asthma. Without
post-bronchodilator data, we cannot ascertain whether
changes in spirometry measurements are attributable
to the devices used or to underlying airway dynamics
specific to asthma. Therefore, the portable spirometer’s
performance in capturing the variable airflow limitation
characteristic of asthma remains unexplored. Finally, the
sampling bias present in our pilot sub-study may under-
estimate the real-world challenges patients encounter
when using medical devices unsupervised, and may lead
to misinterpretation of the results. Further studies are

Table 5 Spirometric classification of severity by two spirometers (k=0.878)

VC-30 Pro MasterScreen PFT

Normal Mild Moderate to Moderately Severe to Very Severe Total

Severe

Normal 79 2 1 0 82
Mild 3 24 0 0 27
Moderate to Moderately Severe 0 0 3 0 3
Severe to Very Severe 0 1 0 5 6
Total 82 27 4 5 118
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warranted to comprehensively evaluate the diagnostic
performance and usability of portable spirometers in
diverse settings.

Conclusion

The Medcaptain VC-30 Pro portable spirometer exhib-
ited a strong correlation and agreement with a high-qual-
ity laboratory spirometer in measuring lung function, as
well as concordance in spirometric abnormality diagno-
sis and severity classification. This portable spirometer
offers ease of use, making it suitable for implementation
in primary care and home settings. The adoption of port-
able spirometers of this nature holds promise in enabling
early diagnosis and effective management of CRDs.

Abbreviations

CRD Chronic respiratory disease

COPD Chronic obstructive pulmonary disease
FEV, Forced expiratory volume in one second
FVC Forced vital capacity

COVID-19  Coronavirus disease 2019

ATS American Thoracic Society

ERS European Respiratory Society

SvC Slow vital capacity

MWV Maximal voluntary ventilation

PEF Peak expiratory flow

FEF)s,50,  Forced expiratory flow between 25 and 75% of FVC
VC Vital capacity

FEV, Forced expiratory volume in six seconds

ICC Intraclass correlation coefficient

LoA Limits of agreement

BMI Body mass index

OSA Obstructive sleep apnea

EHR Electronic health record

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512890-025-03690-1.

Supplementary Material 1: Supplemental Figure 1. Distribution and cor-
relation of spirometry results in COPD subgroup.

Supplementary Material 2: Supplemental Figure 2. Bland-Altman plots of
spirometry results and their 95% LoA in COPD subgroup.

Supplementary Material 3: Supplemental Figure 3. Distribution and cor-
relation of spirometry results in asthma subgroup.

Supplementary Material 4: Supplemental Figure 4. Bland-Altman plots of
spirometry results and their 95% LoA in asthma subgroup.

Supplementary Material 5: Supplemental Table 1. Acceptability and
repeatability criteria for maneuvers.



https://doi.org/10.1186/s12890-025-03690-1
https://doi.org/10.1186/s12890-025-03690-1

Gao et al. BMC Pulmonary Medicine (2025) 25:228

Acknowledgements

The authors would like to express their sincere appreciation to the dedi-
cated staff in the pulmonary function laboratories at two hospitals and the
research and development team of the portable spirometer for their valuable
contributions.

Clinical trial number
Not applicable.

Authors’ contributions

BJL and YG conceptualized and designed the study. YG, BML, XXY, YOX, BLS,
LWL and JD performed or contributed to spirometry measurements. CHF, HTC
and XBS developed and tested the VC-30 series portable spirometers. WTR
and HTC carried out the statistical analyses. YG and BML drafted the manu-
script. BJL, WTR and XBS revised the manuscript.

Funding
None.

Data availability

The datasets generated and/or analysed during the current study are not
publicly available to protect participant privacy but are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of The First Affiliated
Hospital of Guangzhou Medical University (2022 No. 165, November 8, 2022)
and the Ethics Committee of West China Hospital of Sichuan University (2023
No. 145, January 28, 2023). Written informed consent was obtained from all
participants or their legal guardians.

Consent for publication
Not applicable.

Competing interests

XBS, WTR, HTC, CHF, and BJL were employees of Medcaptain Medical Technol-
ogy Co, Ltd,, but they were not involved in participant enroliment, spirometry
measurement, data collection, or results interpretation. YG, BML, XXY, YOX, BLS,
JD and LWL declare that they have no competing interests.

Author details

"National Center for Respiratory Medicine, State Key Laboratory of Respiratory
Disease, National Clinical Research Center for Respiratory Disease, Guangzhou
Institute of Respiratory Health, The First Affiliated Hospital of Guangzhou
Medical University, Guangzhou, Guangdong, People’s Republic of China.
’Department of Pulmonary and Critical Care Medicine, West China Hospital

of Sichuan University, Chengdu, Sichuan, People’s Republic of China. *Depart-
ment of Clinical Medicine, Medcaptain Medical Technology Co,, Ltd, 7F,
Building 7A, Phase 3 of Shenzhen International Innovation Valley, Liuxin Fourth
Street, Nanshan District, Shenzhen, Guangdong, People’s Republic of China.
“Anesthesia and Respiratory Division, Medcaptain Medical Technology Co,,
Ltd., Shenzhen, Guangdong, People’s Republic of China.

Received: 2 July 2024 Accepted: 28 April 2025
Published online: 10 May 2025

References

1. G.B.D. Chronic Respiratory Diseases Collaborators. Global burden of
chronic respiratory diseases and risk factors, 1990-2019: an update
from the Global Burden of Disease Study 2019. EClinicalMedicine.
2023;59:101936.

2. Wheatley JR. Spirometry: key to the diagnosis of respiratory disorders.
Med J Aust. 2017;207(10):422-3.

3. Langan RC, Goodbred AJ. Office Spirometry: Indications and Interpreta-
tion. Am Fam Physician. 2020;101(6):362-8.

20.

21.

22.

23.

24.

25.

26.

27.

Page 11 of 12

Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ, Bourbeau J,
et al. Global Strategy for the Diagnosis, Management, and Prevention of
Chronic Obstructive Lung Disease 2017 Report GOLD Executive Sum-
mary. Am J Respir Crit Care Med. 2017;195(5):557-82.

2023 GINA Main Report - Global Initiative for Asthma - GINA. https://ginas
thma.org/2023-gina-main-report/. Accessed 2 July 2024.

Chen X, Sun'W, Li S, Wang X, Huang M, Ji N. Current status of prevention
and treatment of respiratory diseases in primary care in China: a cross-
sectional study. BMC Pulm Med. 2022;22(1):156.

Kouri A, Dandurand RJ, Usmani OS, Chow CW. Exploring the 175-year his-
tory of spirometry and the vital lessons it can teach us today. Eur Respir
Rev. 2021;30(162):210081.

Kibirige D, Kampiire L, Atuhe D, Mwebaze R, Katagira W, Muttamba W,

et al. Access to affordable medicines and diagnostic tests for asthma and
COPD in sub Saharan Africa: the Ugandan perspective. BMC Pulm Med.
2017;17(1):179.

Zhong N, Wang C, Yao W, Chen P, Kang J, Huang S, et al. Prevalence of
chronic obstructive pulmonary disease in China: a large, population-
based survey. Am J Respir Crit Care Med. 2007;176(8):753-60.

. Graham BL, Steenbruggen I, Miller MR, Barjaktarevic 1Z, Cooper BG, Hall

GL, et al. Standardization of Spirometry 2019 Update An Official American
Thoracic Society and European Respiratory Society Technical Statement.
Am J Respir Crit Care Med. 2019;200(8):e70-88.

. van de Hei SJ, Flokstra-de Blok BMJ, Baretta HJ, Doornewaard NE, van der

Molen T, Patberg KW, et al. Quality of spirometry and related diagnosis
in primary care with a focus on clinical use. NPJ Prim Care Respir Med.
2020;30(1):22.

. Jain W, Allison R, Beck SJ, Jain R, Mills PK, McCurley JW, et al. Impact

of an integrated disease management program in reducing exac-
erbations in patients with severe asthma and COPD. Respir Med.
2014;108(12):1794-800.

. Kouri A, Gupta S, Yadollahi A, Ryan CM, Gershon AS, To T, et al. Address-

ing Reduced Laboratory-Based Pulmonary Function Testing During a
Pandemic. Chest. 2020;158(6):2502-10.

. Xiao S, Wu F, Wang Z, Chen J, Yang H, Zheng Y, et al. Validity of a portable

spirometer in the communities of China. BMC Pulm Med. 2022;22(1):80.
Boros PW, Maciejewski A, Nowicki MM, Wesolowski S. Comparability of
portable and desktop spirometry: a randomized, parallel assignment,
open-label clinical trial. Adv Respir Med. 2022;90(1):60-7.

Zhou J,Wang P, Guo L, Cao J, Zhou M, Dai R. Automated interpretation of
the pulmonary function test by a portable spirometer in Chinese adults.
Clin Respir J. 2022;16(8):555-61.

Sakkatos P, Williams A. Testing the accuracy of a novel digital peak flow
meter aligned with a smartphone app compared to a lab spirometer: A
pilot work. Digit Health. 2021,7:20552076211005960.

Park HJ, Rhee CK, Yoo KH, Park YB. Reliability of Portable Spirometry
Performed in the Korea National Health and Nutrition Examination
Survey Compared to Conventional Spirometry. Tuberc Respir Dis (Seoul).
2021,84(4).274-81.

Milanzi EB, Koppelman GH, Oldenwening M, Augustijn S, Aalders-de
Ruijter B, Farenhorst M, et al. Considerations in the use of different
spirometers in epidemiological studies. Environ Health. 2019;18(1):39.
Mukaka MM. Statistics corner: A guide to appropriate use of correlation
coefficient in medical research. Malawi Med J. 2012;24(3):69-71.

Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass
Correlation Coefficients for Reliability Research. J Chiropr Med.
2016;15(2):155-63.

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al.
Standardisation of spirometry. Eur Respir J. 2005;26(2):319-38.

Gerbase MW, Dupuis-Lozeron E, Schindler C, Keidel D, Bridevaux PO,
Kriemler S, et al. Agreement between spirometers: a challenge in the
follow-up of patients and populations? Respiration. 2013;85(6):505-14.
Stanojevic S, Kaminsky DA, Miller MR, Thompson B, Aliverti A, Barjak-
tarevic |, et al. ERS/ATS technical standard on interpretive strategies for
routine lung function tests. Eur Respir J. 2022;60(1):2101499.

McHugh ML. Interrater reliability: the kappa statistic. Biochem Med
(Zagreb). 2012;22(3):276-82.

Browne RH. On the use of a pilot sample for sample size determination.
Stat Med. 1995;14(17):1933-40.

Culver BH, Graham BL, Coates AL, Wanger J, Berry CE, Clarke PK, et al.
Recommendations for a Standardized Pulmonary Function Report An


https://ginasthma.org/2023-gina-main-report/
https://ginasthma.org/2023-gina-main-report/

Gao et al. BMC Pulmonary Medicine (2025) 25:228

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Official American Thoracic Society Technical Statement. Am J Respir Crit
Care Med. 2017;196(11):1463-72.

Exarchos KP, Gogali A, Sioutkou A, Chronis C, Peristeri S, Kostikas K. Valida-
tion of the portable Bluetooth(R) Air Next spirometer in patients with
different respiratory diseases. Respir Res. 2020;21(1):79.

Bailey KL. The importance of the assessment of pulmonary function in
COPD. Med Clin North Am. 2012,96(4):745-52.

Gold WM, Koth LL, et al. Pulmonary Function Testing. In: Broaddus VC,
Mason RJ, Ernst JD, King TE, Lazarus SC, Murray JF, et al,, editors. Murray
and Nadel's Textbook of Respiratory Medicine. Philadelphia: W.B. Saun-
ders; 2016. p. 407- 35.e18.

Chen Q, Fan Y, Huang K, Li W, Geldsetzer P, Barnighausen T, et al. Cost-
effectiveness of population-based screening for chronic obstructive
pulmonary disease in China: a simulation modeling study. Lancet Reg
Health West Pac. 2024;46:101065.

Qu S, You X, LiuT,Wang L, Yin Z, Liu Y, et al. Cost-effectiveness analysis of
COPD screening programs in primary care for high-risk patients in China.
NPJ Prim Care Respir Med. 2021;31(1):28.

Gaspar LS, Santos-Carvalho A, Santos B, Carvalhas-Almeida C, Barros-
Viegas AT, Oliveiros B, et al. Peripheral biomarkers to diagnose obstructive
sleep apnea in adults: A systematic review and meta-analysis. Sleep Med
Rev. 2022;64:101659.

Behnoush AH, Khalaji A, Ghondaghsaz E, Masrour M, Shokri Varniab Z,
Khalaji S, et al. Triglyceride-glucose index and obstructive sleep apnea: a
systematic review and meta-analysis. Lipids Health Dis. 2024,23(1):4.
Khalaji A, Behnoush AH, Shobeiri P, Saeedian B, Teixeira AL, Rezaei N. Asso-
ciation between brain-derived neurotrophic factor levels and obstruc-
tive sleep apnea: a systematic review and meta-analysis. Sleep Breath.
2023;27(3):829-41.

Khalaji A, Amirkhani N, Sharifkashani S, Behnoush AH. Role of galectin-3
as a biomarker in obstructive sleep apnea: a systematic review and meta-
analysis. Sleep Breath. 2023;27(6):2273-82.

ZhuZ,WuY,Qul, ZouY, Nie G, Xu S, et al. Evaluation of nocturnal

apnea and airflow limitation as indicators for cognitive dysfunction

in patients with chronic obstructive pulmonary disease/obstructive
sleep apnea hypopnea syndrome overlap syndrome. Chron Respir Dis.
2024;21:14799731241236492.

El-Sorougi WMKE, Ali MAA, Abdalrazik FS. Assessment of airflow limitation
in patients with obstructive sleep apnea. Egypt J Bronchol. 2024;18(1):48.
Saifuddin M, Dubey PK. Clinical profile and spirometric findings in
patients having obstructive sleep apnoea: a prospective study. Asian J
Pharm Clin Res. 2023;16(2):109-12.

Bindler R, Haverkamp HC, O'Flanagan H, Whicker J, Rappold AG, Walden
V, et al. Feasibility and acceptability of home monitoring with portable
spirometry in young adults with asthma. J Asthma. 2023;60(7):1474-9.
Kruizinga MD, Essers E, Stuurman FE, Zhuparris A, van Eik N, Janssens HM,
et al. Technical validity and usability of a novel smartphone-connected
spirometry device for pediatric patients with asthma and cystic fibrosis.
Pediatr Pulmonol. 2020;55(9):2463-70.

Kupczyk M, Hofman A, Koltowski L, Kuna P, Lukaszyk M, Buczylko K, et al.
Home self-monitoring in patients with asthma using a mobile spirometry
system. J Asthma. 2021;58(4):505-11.

Schermer TR, Verweij EH, Cretier R, Pellegrino A, Crockett AJ, Poels PJ.
Accuracy and precision of desktop spirometers in general practices.
Respiration. 2012;83(4):344-52.

Hegewald MJ, Gallo HM, Wilson EL. Accuracy and Quality of Spirometry in
Primary Care Offices. Ann Am Thorac Soc. 2016;13(12):2119-24.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12



	Reliability and usability of a portable spirometer compared to a laboratory spirometer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and participants
	Randomization and intervention
	Parameters
	Sample size
	Statistical analysis
	Usability sub-study

	Results
	Demographic and clinical characteristics
	Primary and secondary outcome comparisons between devices
	Correlation and agreement between devices
	Concordance of spirometric abnormality and severity classification
	Subgroup analysis
	Usability outcomes

	Discussion
	Conclusion
	Acknowledgements
	References


