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Aims The existing instruments for assessing heart rate (HR) and heart rate variability (HRV) require contact area. This is
difficult to obtain from specific groups of patients and from those moving. The aim of this study was to validate the
use of the HRVCam software for measuring HR and HRV in healthy adults.

Methods The HR and HRV variables were evaluated in terms of time and frequency using a webcam and Polar™ $810i. The

and results Shapiro—Wilk test was used to test the normality of the data, and the Pearson’s correlation coefficient (r) was used
to identify the possible correlation between the two instruments. The size of the effect was calculated based on a
generalized linear model, and the Bland—Altman plots were used to analyse the agreement between the methods.
The level of significance for all analyses was set at P<0.05. We evaluated 102 participants, of whom 52% were
men; 83.3% were aged between 18 and 29.9 years; and 84.3% were single.

Conclusion There was a good agreement and moderate to strong correlations among all analysed variables. The biases were
low, except for the low frequency/high frequency measures. Moreover, the difference between the samples was
small to moderate. The results of this study corroborate the use of HRVCam for measuring HR and HRV.
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Graphical Abstract

The level of significance for all
analyses was set at p < 0.05.
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Introduction

Heart rate (HR) is defined as the number of heartbeats per minute
with physiological oscillations at rest due to the action of the auto-
nomic nervous system." Heart rate variability (HRV) is a quantitative
marker used to evaluate cardiac autonomic activity and its possible
oscillations using RR intervals (RRis). A high HRV indicates good car-
diac adaptation, while a low HRV indicates cardiovascular prob-
lems.™

The most commonly used equipment for determining HR and
HRYV are HR monitors, which can be photoplethysmographic sensors
and electrocardiogram (ECG).®> The former is widely used because it
is practical and non-invasive. Moreover, it enables proper recording
outside the outpatient environment and during sports practice.®

In general, systems that record HR and HRV require a contact
area for the installation and positioning of electrodes, which create
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We evaluated 102
participants, of whom 52%
were men; 83.3% were aged
between 18 and 29.9 years,

and 84.3% were single.
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Pearson Coefficient (r)
HF (r=0.61), LF (r=0.59), and LF/HF (r=0.84).

Bland-Altman Plots
The HR, RRi, HF, LF, SDNN, and RMSSD had a
mean difference (bias) close to 0, and more
than 95% of the measures were between
the upper and lower limits of agreement.

This study shown STRONG CORRELATION
and CLOSE AGREEMENT between methods.

Photoplethysmography

restrictions and even limitations to the patient’s movements.”
Furthermore, methods that require physical contact between the
user’s body and the computer system, despite being accurate and effi-
cient, are becoming obsolete because they may cause pain and irrita-
tion during prolonged examinations. Moreover, they may be
contraindicated for some patients, such as burn victims, premature
newborns, and elderly patients with fragile skin.®

Therefore, there has been an increasing interest in technology that
can measure vital signs without the need for physical contact but can
provide similar accuracy as that of the gold standard.

The HRVCam is a photoplethysmographic sensor developed in
the software for capturing HR and HRV. These measures were
obtained without physical contact using a camera.” It can be used on
digital platforms, where it stores and/or extracts information from
available data in the cloud. It allows processing of data a posteriori (off-
line) without the need to maintain an active Internet connection.
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Furthermore, it enables the use of video files posted on social net-
works, regardless of their publication date. In the future, these func-
tionalities may be incorporated into everyday objects, such as
televisions, car multimedia centres, bathroom mirrors, and smart
glasses.

These functionalities enable the expansion of the current scenarios
for the use of this technology since it provides decentralization of the
provision of health services from the hospital medical environment
towards the user’s home. In other words, they enable monitoring of
physiological variables anywhere and anytime. Other situations that
favour its use are associated with the location of resources in rural
areas, prisons, asylums, or space stations. Furthermore, it can be used
in the presence of geographical obstacles (e.g. islands, mountains, or
deserts) and situations of war or natural disasters. This concept is
called telemedicine.™

Thus, this technology actively supports the control of chronic
heart diseases and enables monitoring of physical exercises for train-
ing and treatment purposes because it is readily available and easy to
use.

The aim of this study was to validate the use of the HRVCam soft-
ware for measuring HR and HRV by comparing it with the Polar®
5810i heart rate monitor.

Methods

Type and location of the study
This was a validation study performed in a laboratory at a Brazilian higher
education institution (HEI) with controlled light (200 cd). The ambient
temperature was maintained between 22°C and 24°C, and the relative
humidity was maintained between 40% and 60%.

Population and sample

This study included 102 volunteers of both sexes aged >18years. They
were either students or professors at a Brazilian HEI. The inclusion crite-
ria were as follows: healthy condition, enrolment (student) or employ-
ment (professor) at the selected HEI, and age of >18 years.

Data collection

The participants were instructed to prepare themselves for the evalu-
ation by doing the following: (i) avoiding strenuous physical activity and
consumption of caffeinated and alcoholic beverages within 24 h before
the laboratory session, (i) not having a heavy meal within 3 h before the
laboratory session, (iii) sleeping at least 6h the night before, and (iv)
avoiding sexual intercourse the night before.

A data collection instrument was used to evaluate the participants. It
was comprised of two parts: the identification and analysis of the exclu-
sion criteria and the evaluation of HR and HRV using the HRVCam and
the Polar® $810i heart rate monitor.

The evaluation form contained demographic data, such as age, sex,
marital status, presence or absence of diseases, use of medications, and
exclusion criteria. The following exclusion criteria were identified in the
participants’ reports and were used in this study'": current smoking sta-
tus; history of acute myocardial infarction in the previous 6 months, cor-
onary artery bypass grafting, unstable angina, hypertension above stage
1,"? obstructive pulmonary disease, insulin-dependent diabetes, neoplasia,
renal failure, sequelae of stroke, liver failure, or uncontrolled hypothy-
roidism; the presence of pacemakers, as reported by the participant; and
use of antiarrhythmic drugs and/or beta-blockers.

Heart rate and HRV were evaluated using the HRVCam with the par-
ticipants seated and at rest. Initially, the Polar® $810i heart rate monitor
tape was positioned in the thoracic region at the 5th intercostal space.
Subsequently, the volunteers supported the chin and palm of their hand
on the orthoses. They were then positioned 50 cm from the computer
screen. Subsequently, they were instructed to adjust the position of their
face and palm within the region of interest presented by the system on
the video monitor in front of them (Figure 7). At the same time, the
Polar® $810i heart rate monitor recorded both HR and HRV.

Thus, HR and HRV were obtained using two devices simultaneously:
the HRVCam (test) and the Polar® S$810i heart rate monitor. This
enabled comparison between the two devices.

The Polar®™ $810i heart rate monitor recorded the RRis from a belt
with a coded transmitter, which was transmitted to an interface con-
nected to a compatible computer for storing and processing the signals.

In this study, the HRVCam captured data from the palm because this
area was minimally influenced by melanin. Melanin’s light absorption
properties might affect the result due to the phototype of each
participant.

HRVCam is a software that non-invasively measures HR and HRV
without requiring physical contact with the user’s body. The photople-
thysmographic principle was applied, including the detection of the vari-
ation in blood volume through the intensity of the light reflected in the
microvascular bed of the tissue caused by the difference arising from the
heartbeat."

HRVCam captures the photoplethysmographic signal by determining
the variation in the amount of light reflected by the haemoglobin. Thus,
when configured to use the green channel, the cardiac cycle peaks used
to calculate HR and HRV correspond to the moments of diastole when
the minimum amount of light is reflected since the green light is absorbed
by haemoglobin. This method is called the fixed-colour channel."

The HRVCam can also be configured using an independent compo-
nent analysis (ICA) algorithm to obtain HR.” However, this setting is only
recommended for obtaining HR from black individuals. It is difficult to ob-
tain the photoplethysmographic signal and other measures derived from
it, such as HRV, if the ICA algorithm is used." In this study, the data were
obtained using a fixed-colour channel configured for green colour. The
computer running the application was equipped with an Intel Core i7
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Figure 1 The positioning of the participants during the
measurement of heart rate and heart rate variability.
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4710HQ 2.5-GHz processor with 16 GB of RAM. A Logitech Brio 4k
Ultra HD webcam was attached to the computer.

The following HRV-derived variables were collected: HR; RRi; root
mean square successive difference between the RRis (RMSSD); standard
deviation of all normal RRis recorded in a time interval shown in m/s
(SDNN); low frequency power in normalized units (LF, ranging from
0.04 Hz to 0.15 Hz); high frequency power in normalized units (HF, rang-
ing from 0.15Hz to 0.4 Hz); and ratio of absolute LF power to HF power
(LF/HF). The RMSSD and SDNN were used in the analysis of HRV in
terms of time, LF, and HF in the study of HRV regarding HR.

Data were independently entered into the EPIDATA software by two
team members for subsequent analysis of consistency and quality assur-
ance (validation).

The variables were stored using the HRVCam and Polar® $810i heart
rate monitor. Subsequently, the distribution of the RRis (ms) was visually
inspected to eliminate the tracings with noise to select an RRi of the ECG
with excellent tracing stability. The Kubios® HRV software was used to
analyse the HRV.

Statistical analyses

Exploratory statistics with determination of the measures of central ten-
dency and variability were used to test the assumptions of normality of
the data. Normality of the data was tested using the Shapiro—Wilk test.
The Pearson’s correlation coefficient (r) was used to identify possible cor-
relations between HR and HRV obtained using the different methods.
The effect size (ES) was calculated based on the Cohen’s D. The differen-
ces were considered small if the ES was <0.2, moderate if the ES <0.5,
and large if the ES >0.8."® The analysis was performed using the Stata 13.0
statistical package.

The upper and lower agreement limits and the bias between the
means of the measurements used to analyse the agreement between the
Bland—Altman methods'” were identified using Excel 2010 for MacBook.
The level of significance used in all analyses was set at P < 0.05.

Ethical approval

This study was approved by the Research Ethics Committee of the
Pontifical Catholic University of Goids (opinion number 2,287,991). All
participants read and signed the consent form before data collection, and
all procedures of the study followed Brazilian and International ethical
rules.

Results

A total of 102 participants were evaluated, of whom 52 were men,
and 50 were women. None of the participants were excluded from
the study. Most of the participants were aged between 18 and
30years and were single (Table 1).

The Bland—Altman plots for HR, RRi, HF, and LF (Figure 2) showed
a mean difference (bias) of O, thus suggesting good agreement be-
tween the instruments used to measure these variables. The SDNN
and RMSSD had a low bias. They were determined by the small dis-
tance from the dots to the line corresponding to the mean of the
measurements. More than 95% of the measurements were between
the upper and lower limits of the agreement, which suggests good
agreement between the HRVCam and the Polar® $810i heart rate
monitor. The variable with the lowest agreement between the instru-
ments was the LF/HF, which had a high standard deviation, with 7.8%
of the measurements having values lying outside the standard devia-
tions (Figure 2).

Table | General characteristics of the sample
(n = 102; Goiania, Goias, 2018)
Variables n %
Sex
Male 52 520
Female 50 48.0
Age group
18-29.9 years 85 83.3
3066 years 17 16.7
Marital status
In a relationship 16 157
Single 86 84.3

The means of the measurements obtained using the HRVCam and
Polar® $810i heart rate monitor were the same for the HR, HF, and
LF. The methods obtained using the HRVCam were higher for the
RRi, SDNN, and RMSSD and lower for the LF/HF. There was a signifi-
cant correlation between all the measurements obtained using the
Polar® $810i heart rate monitor and HRVCam. The biases were low,
except for the LF/HF measurements. The difference between the
measurements was small, except for the RMSSD, LF, and LF/HF,
which showed moderate differences (Table 2).

Discussion

This study found that the measurements obtained using the
HRVCam were consistent with those obtained using the Polar®
S810i heart rate monitor for HR and HRV in terms of rate (HR, LF,
and LF/HF) and time (SDNN and RMSSD).

These results agreed with those of a study that evaluated HRV
regarding time and rate and found a strong correlation and close
agreement between an imaging plethysmographic and a photople-
thysmography (PPG) contact sensor."® In this case, the authors used
instruments that process the same biopotential (PPG), whose origin
was mechanical rather than electrical.

This study found a close agreement between the HR and RR;,
showing that the HRVCam software exhibited functional characteris-
tics comparable to those of the Polar™ $810i heart rate monitor,
thereby allowing the evaluation of HR. From a clinical point of view,
the term ‘comparable’ means that measurements obtained using dif-
ferent instruments must be sufficiently similar to one another to
avoid altering actions and decisions regarding patient treatment."”

There was no significant difference between the HR and RRi
obtained using the HRVCam and Polar®™ $810i heart rate monitor in
this study. This finding agrees with those of previous studies that used
a webcam-based system to measure these physiological parame-
ters./1820-22

In the present study, the correlations with SDNN, RMSSD, and LF/
HF were stronger; those with RRi were the same; and those with HF
and LF were weaker than those in a study that also analysed data
obtained using a webcam and the Polar® heart rate monitor. The
biases for RRi, SDNN, and HF were lower in the present study, while
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Figure 2 Bland-Altman plots comparing the measurements of heart rate and heart rate variability obtained using the Polar® $810i heart rate moni-
tor and HRVCam. The dotted lines indicate the upper and lower agreement limits, and the continuous lines indicate the difference in the means. HF,
high frequency; HR, heart rate; HRV, HR variability; LF, low frequency; RMSSD, square root of the mean of the squared differences between adjacent
normal RRis in a time interval expressed in m/s; RRi, RR interval; SDNN, standard deviation of all normal RRis recorded in a time interval expressed in
m/s.
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Table 2 Means of the measurements obtained using the Polar® $810i heart rate monitor and the HRVCam, correlation
between the Polar® $810i heart rate monitor and HRVCam data, bias, bias magnitude, and agreement limits (lower and

upper)
Variables Polar® $810i HRVCam Cor? Bias Agreement limit Bias magnitude
(mean+SD)  (mean = SD) (lower-upper) Effect size " interp.
HR (b.p.m.) 784+120 784+120 0.99 0 -1.00 to 1.00 0.0008 Small
RRi (ms) 7825+1194 782.9+120.1 0.99 -04 -7.30to 6.43 0.003 Small
SDNN (ms) 38.1+20.1 425+202 0.96 -3.6 -14.25 to 7.05 0.178 Small
RMSSD (ms) 41.1+£28.0 49.4+26.1 0.93 -7.74 -27.98 to 1249 0.282 Moderate
HF (Hz) 0.3+0.1 0.3+0.1 0.61 0 -0.12t0 0.13 0.059 Small
LF (Hz) 0.1+£0.0 0.1+£0.0 0.59 0 0to 0.04 0.214 Moderate
LF/HF (Hz) 15+£15 0.1+£0.1 0.84 0.55 -1.20t0 2.29 0.427 Moderate

HF, high frequency; HR, heart rate; LF, low frequency; RMSSD, square root of the mean of the squared differences between adjacent normal RRis in a time interval expressed in
m/s; RRi, RR interval; SD, standard deviation; SDNN, standard deviation of all normal RRis recorded in a time interval expressed in m/s

2All correlations had P-values of <0.001.

those for the RMSSD, LF, and LF/HF were moderate in both
studies.”®

The correlations between data obtained using a webcam and a
PPG sensor placed on the finger were very strong for HR and HRV
with respect to time and rate.** The HRV variables regarding rate
had a strong correlation when data obtained using a webcam were
compared with those collected using ECG.%®

We also found correlations between the Polar® $810i heart
rate monitor and HRVCam with respect to the rate of HF
(r=0.61), LF (r=0.59), and LF/HF (r=0.84). This result differs
from that of a study that captured HR and HRV in terms of rate.
This study found robust correlations for the same variables
when comparing data obtained using a webcam and using a con-
tact PPG placed on the finger.?® This finding reinforces the need
to compare the results obtained using systems considering the
PPG acquired using a non-contact camera and instruments with
results close to those that are considered the gold standard for
the measurement of HR and HRV.

A study compared data obtained using a PPG application
embedded in a smartphone with ECG and evaluated HRV only with
respect to time. The study found a small mean of absolute errors in
participants who were at rest.”’

The size of the sample evaluated in this study differs from those in
previous studies. Our sample was composed of 102 healthy partici-
pants of both sexes. The other studies that also used a webcam to
determine HR and/or HRV had smaller sample sizes: 627, 920, 1018,
10%, 127, 12%, 158, 2073, and 40°* participants. The only study that
evaluated a sample larger than ours (117 participants) investigated
only HR-related variables.?’

Almost all studies found in the literature, including ours, used ref-
erence instruments whose origin of biopotentials was electrical.
However, the biopotential source of PPG sensors was mechanical.
This implies divergences due to the propagation time, which may be-
come more evident when considering the rate, a situation in which
the delay and the variation of the delay are more noticeable. Thus,
this work raises the need for a calibration protocol that promotes

the necessary adjustments to avoid exceeding the tolerance limits
required for each application.

Thus, validation studies for specific applications, such as validation
of HRVCam for monitoring in neonatal intensive care units, are cur-
rently in progress. Another limitation of the study is that the analysis
of individuals with diseases, especially those who alter the HR that
were not evaluated because they were not the objective of the study.
The evaluation of people with diseases continues, thus, not yet
elucidated.

The HRVCam software is still currently in its developmental
stage. Therefore, new features derived from the photoplethys-
mographic signal, such as pulse transit time measurement, pulse
wave speed assessment, and oximetry, are being included.
Moreover, a version for Android platforms is developed, while
other programming technologies are tested to increase platform
independence and system speed. Furthermore, algorithms are
improved to minimize the effects of motions and variations in
ambient light. Thus, further validation studies can be conducted
in highly dynamic situations, such as in monitoring athletes.

This study proposed a validation methodology for an HR and HRV
measurement instrument with consistent results that support the use
of HRVCam for measuring HR and HRV even without the exclusion
of outliers.

The measures obtained using the proposed instrument
(HRVCam) and the Polar® $810i heart rate monitor showed a good
agreement, a moderate to strong correlation, and a small to moder-
ate bias magnitude.
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