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Abstract

Background: Apps for smartphones that can measure the breathing rate easily can be downloaded.

Objective: Theam of this study was to demonstrate agreement in measuring breath rates between the stethoscope and Breath
Counter health app.

Methods: We performed a repeatability study with 56 healthy volunteers. The patient’s demographic data and breathing rates
per minute were collected. Breathing rates were measured via two methods: (1) using a stethoscope placed in the upper area of
the right lung and (2) a Breath Counter app devel oped by Vadion on a Samsung Fold smartphone.

Results: This study demonstrated high repeatability and validity with respect to the breathing rate parameter of healthy adults
using the aforementioned 2 systems. Intrasession repeatability measure using the intraclass correlation coefficient was >0.962,
indicating excellent repeatability. Moreover, the intraclass correlation coefficient between methods was 0.793, indicating good
repeatability, and coefficients of variation of method errors valueswere 1.83% with very low valuesin terms of other repeatability
parameters. We found significant correl ation coefficients and no systematic differences between the app and stethoscope methods.

Conclusions: The app method may be attractive to individuals who require repeatability in arecreational setting.

(J Med Internet Res 2023;25:e41845) doi: 10.2196/41845
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weight loss, and reduce smoking, stress, depression, and obesity
[3]. Often, individual s report having difficulty accessing health
In recent years, the need for health promotion programs across promotion programs, i_ncl uding advice, information,_feedback,
the general healthy population has increased [1], and mobile and _self-momton ng, given thefast_pace of modem life; hence,
app programs have been used to prevent and manage risk factors, mobile app programs could provide an aternative [4]. For
increase physical activity, improve dietary habits [2], promote
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example, monitoring of breath isimportant for the management
of fatigue in physical performance in healthy people [5].

Hence, breath rate is usually measured by a hedth care
professional with an instrument called a stethoscope [6], but
dueto therisein self-care and the lack of health care resources,
society islooking for toolsthat are easy to use and within reach
and understanding of the general population. In this sense, the
Breath Counter app by Vadion [7] has been developed and
measures this breathing rate.

Sincethe app offerslittleinformation regarding its effectiveness,
the aim of this study was to assess the repeatability and
reproducibility of this type of smartphone app using an
Android-based operating system when compared with the
conventional stethoscope to guide effective use by the general
population. Based on the increased use of health-related apps,
we hypothesized that no systematic differences between the app
and stethoscope measurements would be detected. Our main
goal was to demonstrate agreement in measuring breath rates
between the stethoscope and Breath Counter health app methods.

Methods

Participants and Methods

We performed a repeatability study with healthy volunteers
from June to July 2022. Healthy subjects from university staff
and students volunteered to participate.

Participants

The selection and inclusion criteria were being older than 18
years (legal age) and freefrom any cardiovascular, neurological,
respiratory, or muscul oskeletal diseases. The exclusion criteria
considered several parameters: (1) refusal to provide informed
consent, (2) other injuriesthat may generate fear of movement,
and (3) inability to understand and carry out study instructions.

The participants demographic data and breathing rate per
minute were collected. Breathing rate was measured with two
methods: (1) a stethoscope placed in the upper area of the right
lung [8] and (2) the Breath Counter app developed by Vadion
on a Samsung Fold smartphone with the Android 12 operating
system under One Ul 4.1 [9]; the app can also be used in
smartphones using the iOS system. The smartphone, with the
Breath Counter app opened, is placed on the abdomen without
acase or accessories, and from that position, the measurement
will be collected for 1 minute. At the sametime, the stethoscope
was placed on the chest of the participant to avoid any
spontaneous fluctuations in breath rate. The breath sounds are
heard best over the first and second intercostal spaces beside
the sternum on the anterior side of the chest. These sounds are
produced when air moves through the lungs' large airways and
has shown its validity [10,11].

To avoid breathing rate variations, participants remained lying
on a stretcher for 10 minutes prior to the measurements, and
breath measurements were taken 3 consecutive timeswith each
method. The same operator performed both methods in a
randomized order, using the same equipment.
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Sample Size Calculation

Sample size calculation was performed on the basis of the
correlation between 2 independent groups using the G* Power
3.1.9.2 software, a 2-tailed hypothesis, an effect size of 0.40,
an a error probability of .05 with a 3 level of 20%, and the
desired power anaysisof 80% (1-3 error probability). Therefore,
atotal sample size of at least 44 participants was calcul ated.

Statistical Analysis

Regarding quantitative data, al variables were examined for
normality of distribution using the Kolmogorov-Smirnov test,
and data were considered normally distributed if P>.05.

Descriptive statistical analyses are presented as mean (SD) and
median withits 95% Cl of 3 measurements. The Mann-Whitney
U test for independent sampleswas used to determine systematic
differences between the breathing rate values obtained using
the 2 systems.

Intratrial repeatability was established using the 3 measurements
with both methods during one session. Intraclass correlation
coefficients (ICC) using the (1,1) model were calculated to
determine repeatability between trialswhen using each system,
and ICC values of <0.5 were considered indicative of poor
repeatability, values between 0.5 and 0.75 indicated moderate
repeatability, values between 0.75 and 0.9 indicated good
repeatability, and values> 0.90 indicated excellent repeatability
[12].

The standard error of the mean (SEM) was calculated from the
ICCs and SDs for each of the 3 measurements. SEM was
calculated with the following formula: SD x square root (1 -
ICC) [13,14].

The coefficient of variation (CV) and the percent error were
calculated for intrasession repeatability. The CV is calculated
as the mean normalized to the SD. This value represents the
amount of variation between trials, normalized to the mean for
each variable. A higher coefficient of variation shows greater
heterogeneity of variable values, and a lower coefficient of
variation indicates greater homogeneity in the values of the
variable. Similarly, the percent error is calculated as the SEM
divided by the mean per 100 and provides an estimate of the
inherent error or variability normalized to the mean.

In concordance, the results of breathing rate measurementsusing
the 2 methods were compared using the ICC [7]. Concurrent
validity between the 2 systems, the Breath Counter app and
stethoscope methods, were calculated using ICCs [15].

Coefficients of variation of method errors (CVME) and 95%
limits of agreement (LoA) were also calculated for the absolute
comparison of parameters. As shown in the formula below,
CVME values were converted into percentages by calculating
the CVME obtained using the SD of differences between the
results obtained using the 2 systems. CVME expresses the
differences between values obtained using the 2 systems as a
percentage and, in doing so, CVME can be used asaclinically
useful indicator of consistency, sinceit is unaffected by sample
heterogeneity [12]:

ME=SD/v2
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CVME = 2ME / (X1+X2) x 100%

Bland-Altman analysis was used to determine the LoA [16]
between the 2 measurement methods. Bland-Altman analysis
guantifies the amount of agreement between 2 methods of
measurement by constructing LoA. These limits are calculated
by using the mean and SD values of the differences between 2
measurements.

On Bland-Altman analysis, the LOA are defined as 95%, asthe
authors recommended that 95% of data points should liewithin
2 SDs of the mean difference. The results of this analysis are
conventionally displayed graphically using a scatter plot, in
which the Y axis shows the difference between 2 paired
measurements, and the X axis represents the average of these
measurements.

Repeatability coefficients (RCs) were used to evaluate the level
of agreement between the Breath Counter app and stethoscope
methods.

The RC was calculated in accordance with Bland and Altman
[13] as 1.96 timesthe SD of the differences between the paired
measurements. The difference between the 2 measurement
systems is expected to be less than this coefficient at a
probability of 95%.

Pearson correlation and linear regression analyses were also
performed. The Pearson correlation coefficient (r) was used to
measure the strength of association between methods of
measurement. The correlation values are considered to indicate
a good correlation at r=0.41-0.60, a very good correlation at
r=0.61-0.80, and an excellent correlation when r>0.81[12].

Linear regression analysiswas used to predict the breathing rate
values from each system. Finaly, we produced Bland-Altman
plots[13] to display the agreement between the 2 devices. These
plots show the difference between each pair of measurements
on the y-axis against the mean of each pair of measurementson
the x-axis.

These statistical methods are generally accepted for evaluating
the agreement of 2 systems of clinical measurementsirrespective
of the distribution of variables and residuals[12]. A P value of
<.05 was considered significant (SPSS for Windows, version
20.0; SPSSInc).

Ethical Considerations

The ethics committee of Universidad Rey Juan Carlos, Spain
(code 0106202216022), approved thisresearch, and all subjects

Table 1. Descriptive data of the participants.
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signed the informed consent form prior to the beginning of the
study. Finaly, the Helsinki declaration and al human
experimentation guidelines were respected [16].

Results

All variables showed a normal distribution (P>.05), except the
stethoscope rate (P=.001). A total of 56 participants participated
in the study (28 males and 28 females) and their characteristics
are shown in Table 1.

The intrasession repeatability data, represented by the ICC,
SEM, CV, and percent error, and normative data represented
by mean (SD) and median and 95% CI values for the variable
breathing rate repeatability trials using the 2 methods, are
presented in Table 2. The results of the trial’s intrasession
repeatability produced an excellent ICC, low SEM, low percent
errors, and low CV's. The results represent a small error that
may occur within trials when using any of the methods tested.

The median and 95% CI values of the variable using the 2
methods are presented in Table 3. The Mann-Whitney U test
was used to determine systematic differences between the
breathing rate values obtained with the 2 methods, and we
determined that valueswere similar when comparing the Breath
Counter app and stethoscope methods with no significant
differences between the 2 methods. Concurrent validity between
both methods was calculated using ICCs[1,2] resultingin ICC
values that were considered in the “good repeatability” range.
Correlation analysis between methods showed a “good
correlation.” Other validity parameters, such as LoA, CV%,
CVME, and RC, were very small and showed excellent
concurrent validity.

We used linear regression analyses to evaluate the relationship
between the Breath Counter app and stethoscope methods. The
app data had a significant positive correlation with the
stethoscope (R?=0.521, P<.001), as shown in Figure 1, with a
regression equation of y = 0.405 + 0.937x. The significant
association suggests that a linear regression model is optimal
for prediction using the app approach.

Figure 2 displaysthe Bland-Altman plots for the breathing rate
using both methods. For each variable and for almost every
participant, the difference between the means of the methods
fell within the 95% CI of all measurements.

Descriptive Data  Total group (n=56), mean (SD; 95% Cl) Females (n=28), mean (SD; 95% Cl) Males (n=28), mean (SD; 95% Cl)  Pvalue
Age (years) 35.90 (9.18; 33.44-38.37) 35.53 (8.65; 32.18-38.89) 56.29 (9.86; 32.47-40.12) 762
Weight (kg) 66.41 (12.70; 63.01-69.82) 58.42 (11.53; 53.95-62.90) 74.70 (7.55; 71.77-77.63) <0012
Height (m) 170.56 (8.05; 168.40-171.72) 165.00 (5.49; 162.86-167.13) 176.33 (5.95; 174.02-178.64) <0012
BMI (kgm?)  2254(288;21.77-2331) 21.35 (3.23; 20.10-22.61) 23.77 (1.81; 23.07-24.48) 0012

8A Student t test for independent samples was performed. In all analyses, P<.05 (with a 95% Cl) was considered significant.

https://www.jmir.org/2023/1/e41845

JMed Internet Res 2023 | vol. 25 | e41845 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Becerro de Bengoa Vallgjo et a

Table 2. Intrasession repeatability of breathing rate (per minute) measurements using different methods.

Method Mean (SD; 95% Cl) Median (95% CI) Intraclass correlation coeffi-  SE of themean Coefficient of  Percent
cient (95% CI) variation error, %

Breath 14.65 (1.66; 14.20-15.10) 14.66 (14.25-15.07) 0.962 (0.940-0.976) 0.32 0.113 2.18

Counter app

Stethoscope  15.20 (1.28; 14.85-15.54) 15 (15.00-15.66) 0.952 (0.925-0.970) 0.28 0.084 184

Table3. Mean (SD) values for breathing rate and concurrent validity measured with the Breath Counter app and stethoscope methods.

Stetho- App Intraclass Pvaue® Pearsonr R Limits of Coeffi- Coefficients Repeatabili- Repeatabili-
scope method, correlation (P vaue) agreement  cientof  of variation ty coefficient ty coeffi-
method, median coefficient (95% ClI) variation, of method cient, %
median (95% Cl)  (95% ClI) % errors
(95% CI)
15(15.00 14.66 0.793(0.59 .08 0.722 0.521 -05(-280 258 1.83 0.48 1.90
to 1566) (1425 to to 0887) (<001) (<001) to 170)

15.07)

8A Mann-Whitney U test for independent samples was performed. In all analyses, P<.05 (with a 95% Cl) was considered significant.

Figure 1. Linear regression graph and mathematical formulafor the Breath Counter app and stethoscope methods.
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Figure 2. Bland-Altman plot comparing the Breath Counter app and the stethoscope methods for determining the breath rate per minute (bpm) for
individual participants.
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Discussion

Principal Findings

This study was conducted to investigate the intrasession
repeatability and concurrent validity between the clinica
standard breathing rate per minute measured using astethoscope
and the Breath Counter app among healthy young adults. This
type of technology would be useful in certain situations or in
patient populationsin whom it is difficult to measure breathing
rates with traditional methods, such as using a stethoscope. For
example, in athletes, it can be difficult to measure breathing
rates because of their high frequency or lack of a stethoscope.
However, with the use of the breath counter app, one can assess
breathing rates and monitor performance. In a home setting, it
could bedifficult for an ol der person to use astethoscope; hence,
using the Breath Counter app could be beneficial in assessing
breathing rate and potentia influences from stress or
nervousness or any disease or sequela due to COVID-19.

In our study, we examined a healthy adult population. It is
essential that the validity of breathing rate measurement systems
is established in the populations for their intended use. The
Breath Counter app system provided consistent intrasession
results between trials with a very low intrasession variability
with an ICC of 0.972, and nearly all of the percent errors were
below 2.188%.

These findings suggest that breathing rate measurements with
an app are appropriate for usein evaluating differences between
participating groups. The SEM and percent error values are
important variables that should be considered when formulating
research protocols that use the low-cost breathing rate method
based on a smartphone app. The sample size to determine
significant changes can be based directly on these measures of
intrasession repeatability.

The ICCs are a mathematical determination of the replication
between multiple numerical sets and are commonly used for
scientific measurements to represent the repeatability of the
measurement [15,17]. It has been suggested that | CCs of >0.75
indicate good repeatability [15].

Although ICCs provide anumeric value for the repeatability of
ameasurement device, they do not describe the amount of error
or inherent variability that is expected each time the
measurement is performed. Assessing theerror or variation each
timeatrial isperformed isextremely important when capturing
physiological data for which small differences between trials
are expected. The SEM is another mathematical formula that
usesthe |CC and SD valuesto cal culate the amount of expected
error for the measurement device or individual [15].

The SEMs and percent errors for the breathing rate variable in
this study were very low, suggesting that the variables are
acceptable to use when assessing change before and after the
intervention, or when measuring diff erences between participant
groups. Absolute repeatability is as important as relative
repeatability. SEM is a quantitative expression of the range of
errors that can occur whenever the same participant repeats
certain tests[14]. In this study, the cal cul ated intrasession SEM
wasvery low, indicating strong absol ute repeatability. The SEM

https://www.jmir.org/2023/1/e41845
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values provided in thisanalysiswill alow future researchersto
make clinical judgments regarding what degree of change is
due to factors beyond errors associated with the normal
variability of measuring between trials or between sessions.

No systematic differences between the Breath Counter app and
stethoscope methods were found, and ahigh level of correlation
was determined between the 2 methods. Menz et a [18]
suggested that although ICC is a more appropriate indicator of
repeatability than simple correl ation coefficients (Pearson r and
Spearman p), a higher ICC does not necessarily ensure a high
repeatability. If the values of a sample are distributed over a
widerange, arelatively high ICC can be achieved even though
score differences between the 2 measurements may be widely
distributed. Thus, it has been asserted that both CV's and LoA
[13] must be used concurrently to reduce the effects of such
intrinsic limitations and to ensure absol ute repeatability.

This study demonstrated high repeatability and consistency
between methods with respect to the breathing rate parameter
of healthy adults using the Breath Counter app and the
stethoscope. For all parameters, the |CC was>0.793, indicating
good repeatability. Moreover, CVME values for breathing rate
parameters were 1.83%, and 95% L oA values, including zero,
werewithin anarrow range with asymmetric distribution. These
findings indicate slight changes between repeated measures
using 2 methods and systematic bias was rarely observed. We
found significant correlation coefficients and no systematic
differences between the Breath Counter app and stethoscope
methods, and the app’s precision is very high. However, the
precision of prediction between both methods was very
consistent. The distribution of residuals aso indicates a
significant variation in the prediction of stethoscope valuesfrom
samples of Breath Counter app trials. The findings suggest that
simple linear models may represent the association between
stethoscope and app values appropriately. Accordingly, using
the accepted app method, breathing rate may be areliable proxy.

Limitations

Thefact that breathing rate was eval uated in healthy adults, and
not in those with systemic or pulmonary disease, may represent
a study limitation. While a specific measure may be vaid in a
young healthy subject, the same may not be true for an older
person with an abnormal breathing rate pattern. Future work
with apps should eval uate the repeatability and normative values
for various ages or pathologiesthat are known to be susceptible
to measurein high-risk patients, including thosewith COVID-19
or those with post—COVID-19 condition.

This is the first study of its kind to examine the intrasession
repeatability and validity of an app system when compared to
that of the conventional stethoscope, and more studies are
needed to demonstrate that app systems are valid instruments
for the assessment of breathing rate per minutein healthy adults.

Conclusions

The Breath Counter app showed a strong correlation with the
stethoscope, and the app needsto apply the regression formula
as a corrective factor to correlate with the breathing rate. The
app method may be attractive to individuals who require
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repeatability in arecreational setting. Such features also make
this system a viable option for use in a sports environment.

Our findings suggest that simple linear models may represent
the associ ation between stethoscope’s and Breath Counter app’s
values appropriately. Accordingly, using the accepted app
method, breathing rate may be areliable proxy. Sports coaches

Becerro de Bengoa Vallgjo et d

could implement the measurement of breathing rate through an
app or by monitoring healthy adults' progress during sports or
training interventions. Therefore, future research should assess
individuals with documented systemic disease or lung injuries
to determine the suitability and validity of these app in such
clinical settings.
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