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Abstract

The study purpose was estimation of the accuracy of RR time series measurements by SHC “Rytm” and validity of
derived heart rate variability (HRV) indexes under physical loads and recovery period.

Materials and methods. The participants were 20 healthy male adults aged 19.7 + 0.23 years. Data was recorded
simultaneously with CardioLab CE12, Polar RS800, and SHC “Rytm”. Test protocol included a 2 minute step test

(20 steps per minute, platform height - 40 cm) with the next 3 minute recovery period. HRV indexes were calculated

by Kubios HRV 2.1.

Results. The RR data bias in the case of physical loads was -0.06 ms, it increased to 0.09-0.33 ms during the recovery
period. The limits of agreement for RR data ranged from 3.7 ms to 22.8 ms, depending on the period of measurements
and pair of compared devices. It is acceptable for the heart rate and HRV estimation. The intraclass correlation
coefficients (0.62-1.00) and Spearman correlation coefficient (0.99) were high enough to suggest very high repeatability
of the data. We found no significant difference (p > 0.05) and good correlation (r = 0.94-1.00) between the majority

of HRV indexes, calculated from data of Polar RS800 and SHC “Rytm” in conditions of physical loads (except for LF/
HF ratio) and in the recovery period. The only one index (RMSSD) was different (p < 0.05) in case of Polar RS800 and
SHC “Rytm” data, obtained in the recovery period. The largest numbers of different HRV indexes have been found
during the comparison of CardioLab CE12 and Polar RS800 - RMSSD, pNN50, and SD1. Correlation between HRV
indexes (r = 0.81-1.00) was very high in all pairs of devices in all periods of measurements.

Conclusions. The SHC “Rytm” appears to be acceptable for RR intervals registration and the HRV analysis during

physical loads and recovery period.

Keywords: electrocardiography, Polar RS800, Bland-Altman analysis, intraclass correlation coeflicient.

Introduction

To date, the emphasis of many studies is placed on
the study of changes in functions of the human organism
in stress conditions — diseases, emergency situations, com-
petitive and training activities. These researches aimed at
monitoring the indexes of the loads’ intensity to track the
time course of training adaptation or illness progression in
order to avoid pathological changes. To do this, the devices
of remote (telemetry) control of the physiological functions
are used (Dunn et al., 2018). Such devices are in many cases
based on the monitoring of heart rate and other parameters
of the cardiovascular system, which could be used as indica-
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tors of the intensity and adequacy of physical loads, and as
the predictors of pathological changes (Dias & Cunha, 2018;
Majumder et al., 2017).

One of the most effective methods to evaluate the physi-
ological changes which occur in the response to physical
loads (Dong, 2016) is an analysis of heart rate variability
(HRV). Many observations have shown that HRV indexes
may serve for monitoring the exercise intensity, level of car-
diovascular autonomic adaptations, and provide a powerful
tool for diagnosis of early pathological changes (Dong, 2016;
Silva et al., 2014; Vovkanych et al., 2014; Hrynkiv et al., 2012;
Vovkanych & Kachmar, 2010). Thus, the remote monitor-
ing of HRV, combined with the evaluation of main indexes
of the cardiovascular system, is of great benefit and offers a
possibility of greatly improve the level of physical loads and
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adaptation to them. That is why the research team of the Lviv
State University of Physical Culture (LSUPhC, Lviv, Ukraine)
has elaborated the software-hardware complex “Rytm” (SHC
“Rytm”). This complex is designed for the automatic analysis
of HRV and some indexes of human hemodynamic according
to methods elaborated by Mukalov I.O. (Drozd et al., 2014).
To use the newly elaborated device for the correct analysis
of HRYV, the high accuracy of the RR intervals registration
must be confirmed. The accuracy of the registration can be
estimated by comparison of the data, obtained from two de-
vices, one of which is considered to be a reference (“golden
standard”) one. Such studies have been performed for the
Garmin 920 XT (Cassirame et al., 2017), PolarS810 (Braga
et al., 2016; Barbosa et al., 2014; Nunan et al., 2008), Polar
RS800 in various modifications (Hernando et al., 2018; Bar-
bosa et al., 2014; Montaiio et al., 2016), Polar V800 (Caminal
etal., 2018; Giles et al., 2015; Giles & Draper, 2018), Equivital
EQO02 (Akintola et al., 2016) and Suunto t6 (Weippert et al.,
2010) monitors. The same studies have been done for the SHC
“Rytm” (Vovkanych et al., 2020). As the reference devices, the
medical ECG recorders or holter ambulatory ECG recorders
were used. In previous research, the comparisons have been
performed in conditions of physiological rest (Gamelin et al.,
2008; Giles & Draper, 2018; Vovkanych et al., 2020), and in
the case of exercise performance (Braga et al., 2016; Cassir-
ame et al., 2017; Giles & Draper, 2018). In most of the studies,
researchers compared both RR intervals and HRV indexes,
calculated based on RR intervals time series (Gamelin et al.,
2008; Giles & Draper, 2018; Giles et al., 2015). A large num-
ber of studies testify the necessity of the investigation of the
accuracy of RR data and derived HRV indexes by the newly
developed devices. Our previous research (Vovkanych et al.,
2020) revealed a good agreement between RR data and most
of the HRV indexes, based on data of SHC “Rytm” and both
the medical electrocardiographic system and Polar RS800, in
the condition of physiological rest.

The presented paper aims at assessing the accuracy of RR
time series measurements by SHC “Rytm” and validity of de-
rived from them HRV indexes in conditions of physical loads
and recovery period.

Materials and methods

Study participants

Study participants were twenty healthy male adults (aged
19.7 £ 0.23 years, height 179.9 £ 1.6 cm, weight 73.8 + 1.9 kg),
non-smokers, and none was taking any medication. All sub-
jects provided informed consent to participate in the study.
The procedures were accorded to the ethical standards of the
relevant national, institutional or other body responsible for
human research and experimentation, and the principles of
the World Medical Association’s Declaration of Helsinki. This
study was approved by the Ethical Committee of Lviv State
University of Physical Culture named after Ivan Boberskyj.

Study organization

Data was recorded simultaneously with an ECG record-
er (CardioLab CE12, XAI-Medica, Kharkiv, Ukraine), Po-
lar RS800 (Polar Electro Oy, Kempele, Finland), and SHC
“Rytm” (LSUPhC, Lviv, Ukraine). Polar RS800 was used as
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the “golden standard” device for RR intervals measurements
during the physical loads and recovery period. The high level
of accuracy of this device was previously confirmed in several
studies (Hernando et al., 2018; Barbosa et al., 2014; Montafio
et al., 2016; Wallén et al., 2011). The Polar H7 (Polar Electro
Oy, Kempele, Finland) served as a heart rate sensor at SHC
“Rytm”, data was transmitted by Bluetooth and registered
with the “Rytm” software.

The electrode belts of Polar RS800 and SHC “Rytm” sen-
sor were placed just below the chest muscles as described by
the manufacturer. We used a 3-electrode system for ECG re-
cording. The electrodes were placed on the chest wall equidis-
tant from the heart. Test protocol included a 2 minutes step
test (20 steps per minute, platform height — 40 cm) with the
next 3 minutes recovery period. Data were recorded continu-
ously during the step-test and the recovery period.

Statistical analysis

Obtained by SHC “Rytm”, CardioLab CE12, and Polar
RS800 the RR intervals series were analyzed by Kubios HRV
2.1 (Kuopio, Finland) software for artifacts correction (low
level of correction). The corrected data were synchronized
and analyzed by MS Excel version 2010 (Microsoft Inc.,
USA). Standard statistical methods were used to calculate
the means and standard deviations. A paired t-test or, when
appropriate, a paired Wilcoxon test, was used to detect the
presence of systematic difference. The Bland-Altman statisti-
cal analysis with calculation of bias and limits of agreement
(LoA), along with a determination of intraclass correlation
coeflicient (ICC) were used for comparison. Statistical analy-
sis was carried out by MS Excel 2010 and OriginPro 9.1 soft-
ware. Statistical significance was set at p = 0.05 level for all
analyses.

Results

Data of table 1 reveals that the number of detected RR
intervals and the mean values of the RR intervals were the
same for all tested devices both under the physical loads and
during the recovery period. The results of CardioLab CE12
are not included in analyses in the case of physical loads be-
cause of a large number of artifacts, generated by contracted
muscles. Most probably, the artifacts could not be effectively
removed by device hardware and software means because the
CardioLab CE12 was designed for the ECG recording at rest.

As the normality of data distribution was rejected by
Kolmogorov-Smirnov approach, the median values and
quartiles (Q1 and Q2) were also analyzed. We have found
no difference in the median values of RR intervals and a very
small (1 ms) difference in quartile values for all devices (Ta-
ble 1). These findings strongly support the good repeatability
of the HSC “Rytm” data as compared to medical devices or
well-approved sports devices.

The most common approaches to analyzing the repeat-
ability of data obtained by different devices are plotting of
the Bland-Altman diagram, determination of the limits of
agreement (LoA), and the calculation of intraclass correla-
tion coefficient (ICC) (Dogan, 2018; Montenij et al., 2016).
The Bland-Altman plots for Polar RS800 and SHC “Rytm”
are presented in Fig. 1. Data showed at the plots confirm the
good agreement among the devices.

TM®B, 2021, Tom 21, N 1



Vovkanych, L., Boretsky, Yu., Sokolovsky, V., Berhtraum, D., & Kras, S. (2021). Validation of the Software-Hardware Complex “Rytm” for
Measurement of the RR Intervals and Heart Rate Variability Analysis During Exercise and Recovery Period

Table 1. Statistical description of the sets of RR intervals recorded by different devices during the physical loads

Index Step-test performance Recovery period
Polar RS800 HSC “Rytm” CardioLab Polar RS800 HSC “Rytm”
Number of intervals 4707 4707 4785 4785 4785
Mean (ms) 489.65 489.71 731.00 730.91 731.23
SEM (ms) 0.90 0.90 3.13 3.13 3.13
SD (ms) 61.46 61.46 216.84 216.70 216.85
Median (ms) 484.00 484.00 704.00 704.00 704.00
Q1 (ms) 484.00 484.00 557.00 557.00 558.00
Q3 (ms) 441.00 441.00 876.00 876.00 877.00
Note: M - arithmetical mean; SEM - standard error of the mean; SD - standard deviation, Q1 - 1st quartile; Q3 - 3rd quartile.
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Fig. 1. Bland-Altman plot of RR intervals comparison between Polar RS800 and SHC “Rytm” during the step-test (a) and
during the recovery period (b). Limits of agreement are indicated by horizontal lines

Table 2. Analysis of the repeatability in RR time series measured by different devices during the step-test (n = 4707)
or recovery period after the test (n = 4785)

Pairs of compared devices

Index Step-test Recovery period
Polar RS800 - HSC  CardioLab - Polar CardioLab - HSC  Polar RS800 -HSC
“Rytm” RS800 “Rytm” “Rytm”
Mean ARR (ms) -0.06 0.09 -0.24 -0.33
SEM ARR (ms) 0.03 0.17 0.12 0.14
LoA (ms) -3.83-3.72 -22.60 - 22.79 -16.18 - 15.71 -19.74 - 19.09
ICC 1.000 0.620 0.621 0.620
r 0.999 0.998 0.999 0.999

Note: Mean ARR - bias in the duration of the RR interval recorded by two different devices; SEM - standard error of the mean;
LoA - limits of agreement; ICC - intraclass correlation coefficient; r - Spearman correlation coefficient

The RR data bias in the case of physical loads was very
low (-0.06 ms), while during the recovery period is increased
to 0.09-0.33 ms (Table 2). As the bias in all cases was less
than 1 ms it could be considered acceptable for the heart rate
and HRV estimation. Calculated LoA ranged from 3.7 ms
to 22.8 ms, depending on the period of measurements and
pair of compared devices. The LoA tended to be larger for
the measurements, performed during the recovery period.
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The possible explanation for this is the higher level of the
variability of RR intervals and higher duration of RR intervals
during recovery, which causes the proportional increase in
both bias and LoA.

We determine the intraclass correlation coefficients
(ICC) according to the Weir model 3.1 (Koo & Li, 2016).
Both values of ICC (0.62-1.00) and Spearman correlation
coeflicient (0.99) were high enough to suggest very high re-
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Table 3. Comparison of heart rate variability indexes (M + SEM), derived from the RR data from different devices during

the step-test

Recording device

Polar RS800 - HSC “Rytm”

HRYV index
Polar RS800 HSC “Rytm” r p bias LoA
Mean RR (ms) 494.61+10.73 495.91+10.81 1.00 0.15 -0.06 0.03 --0.14
Mean HR (1/min) 123.15+2.73 122.85+2.75 1.00 0.15 0.30 2.04 - -1.44
STD RR (ms) 37.68+2.97 37.96+3.03 1.00 0.13 -0.03 0.32--0.38
RMSSD (ms) 8.78+1.27 9.08+1.35 0.98 0.25 0.002 0.58 - -0.58
PNN50 (%) 0.44+0.27 0.54+0.30 0.97 0.24 -0.03 0.34--0.39
RR tri index 5.69+0.39 5.47+0.34 0.94 0.12 0.22 1.41 --0.97
VLF (ms?) 382.27+71.43 386.82+72.62 1.00 0.25 0.24 3.50 - -3.02
LF (ms?) 39.82+12.76 39.80+12.74 1.00 0.98 0.04 1.26 - -1.17
HF (ms?) 24.33+11.41 24.23+11.20 1.00 0.85 -0.34 2.45--3.14
VLF (%) 79.73%5.05 79.88+5.00 1.00 0.62 0.13 1.01 --0.76
LF (%) 13.81+3.73 13.71+3.72 1.00 0.48 0.004 0.27 --0.28
HEF (%) 6.42+1.99 6.37£1.93 1.00 0.76 -0.11 0.61 --0.82
LF/HF ratio 3.69+0.61 3.48+0.57 0.99 0.05 0.21 1.10 - -0.67
SD1 (ms) 6.25+0.90 6.47+0.96 0.98 0.24 0.001 0.41 --0.41
SD2 (ms) 51.99+4.21 52.33+4.29 1.00 0.16 0.003 0.17--0.18

Note: LoA - limits of agreement; HR - heart rate; STD RR - standard deviation of RR intervals; RMSSD - square root of the mean
squared differences between successive RR intervals; pPNN50 - percentage of successive intervals with a difference greater than 50 ms
compared to the previous interval; RR tri index - the integral of the RR interval histogram divided by the height of the histogram;
VLE LF and HF - absolute (ms2) or relative (%) powers from very low frequency, low frequency and high frequency bands respec-
tively; LE/HF - ratio of LF to HF; SD1 and SD2 - from Poincaré plot the standard deviation perpendicular to or along to the line-of-

identity respectively

Table 4. Heart rate variability indexes (M + SEM), derived from the RR data from different devices during

recovery period

Recording device

HRV index Cardio Lab Polar RS800 HSC “Rytm”
Mean RR (ms) 754.46232.45 754.23£32.47 754.29£32.37
Mean HR (1/min) 86.92+3.54 86.90+3.55 86.87+3.55
STD RR (ms) 165.61+12.53 165.17+12.48 165.12+12.45
RMSSD (ms) 56.77+4.35 55.56+4.30 56.20+4.34
PNN50 (%) 33.08+3.71 32.2743.60 32.7043.60
RR tri index 22.11£1.59 21.63+1.61 20.45+1.47
VLF (ms?) 10696+1798.51 10816+1852.22 10765+1835.21
LF (ms?) 2091.77464.70 1902.54+370.65 2090.19+465.92
HF (ms?) 1920.12+212.90 1840.49+209.59 1913.424211.74
VLE (%) 66.59+3.46 67.43+3.53 66.69+3.47
LF (%) 16.66+2.82 16.1242.75 16.62+2.82
HE (%) 16.71+1.68 16.42+1.73 16.67+1.68
LE/HE ratio 1274027 1.26+0.25 1.2840.27
SDI (ms) 40.26+3.09 39.40+3.05 39.85+3.08
SD2 (ms) 229.95+17.51 229.56+17.46 229.40+17.41

Note: legend - as in the table 3

peatability of the data (Koo & Li, 2016). Nevertheless, some
differences in the duration of RR intervals, registered by
different devices, may cause deviations in the estimation of
HRYV indexes. Therefore, the final conclusion should be made
based on the calculation and analysis of HRV indexes, de-
rived from the obtained data.

On the next stage of the analysis, we intended to test if
the obtained values of bias and LoA for RR data were narrow
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enough to avoid substantial differences in the HRV indexes,
derived from the data. For this purpose, the HRV indexes
were calculated by Kubios HRV 2.1 software (Kuopio, Fin-
land) from the RR time series, recorded by different devices,
with the next comparative analysis (Tables 3-5). The signifi-
cance of the difference was determined by paired t-test or
paired Wilcoxon test, depending on the Shapiro-Wilk crite-
rion of data distribution normality.
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Table 5. Comparison of heart rate variability indexes (M + SEM), derived from the RR data from different devices during

recovery period

CardioLab CE12 - Polar RS800

CardioLab CE12 - HSC “Rytm”

Polar RS800 - HSC “Rytm”

HRV index r p bias (LoA) r p bias (LoA) r P bias (LoA)
Mean RR (ms) 1.00 0.43 0.33 (2.80; -2.15) 1.00 0.55 0.23(2.80;-2.34) 1.00 0.80 -0.06 (1.89; -2.01)
Mean HR (1/min) 1.00 0.80 0.01 (0.46; -0.45) 1.00 0.32  0.002(0.18;-0.18) 1.00 0.18 0.03 (0.23; -0.17)
STD RR (ms) 100 0.10 0.24 (1.90; -1.43) .00 0.16 0.50(3.49;-2.49) 1.00 086  0.11(2.40;-2.17)
RMSSD (ms) .00 0.01 1.21 (4.63; -2.21) .00 0.08 034(222;-1.53) 1.00 005 -0.64(2.09; -3.37)
pNN50 (%) 0.99  0.05 0.81 (4.17; -2.56) 100 022  039(3.04;-227) 1.00 021  -0.42(2.43;-3.27)
RR tri index 0.89 0.53 0.48 (7.07; -6.11) 0.81 0.09 1.01(7.11;-5.09)  0.93  0.07 1.18 (6.53; -4.17)
VLF (ms?) 1.00 0.32 5.73 (59.63; -48.167) 1.00 0.38 2.15(77.51;-73.20) 1.00 0.40 14.52 (93.05; -64.00)
LF (ms?) 1.00 0.08 10.99 (122.81;-100.82) 1.00 0.86 -1.42(43.13;-45.97) 1.00 0.09 -17.08 (56.25;-90.40)
HF (ms?) 096 0.22 18.363(167.01;-129.78) 0.96 0.47 7.65(65.24; -49.94) 1.00 0.26 -20.71 (30.24;-71.65
VLEF (%) 0.99 0.06 -0.51 (1.73; -2.75) 1.00 0.36 -0.12(0.74;-0.98) 0.99 0.07 0.42 (2.33; -1.48)
LF (%) 0.99  0.08 0.37 (2.60; -1.86) 100 052  0.002(0.50;-0.49) 1.00 0.08  -0.33 (1.64;-2.30)
HF (%) 0.99 0.19 0.13 (1.43; -1.16) .00 0.68 0.12(0.80;-0.57) 0.99 023  -0.25(1.51;-2.01)
LF/HF ratio 096 0.87 0.06 (0.67; -0.56) 0.95 0.44  -0.01(0.07;-0.08) 1.00 0.81 -0.02 (0.70; -0.74)
SD1 (ms) 100 0.01 0.70 (2.75; -1.34) .00 0.08 025(1.28;-0.78) 1.00 0.06 -0.21(0.91;-1.33)
SD2 (ms) 1.00 0.23 0.09 (1.85; -1.67) 1.00 0.22 -0.19(1.51;-1.88) 1.00 0.66 -0.16 (1.05; -1.39)

Note: legend - as in the table 3.

Data of Tables 3 confirmed the absence of significant
differences between the majority of HRV indexes, calculated
from RR intervals data, obtained by Polar RS800 and HSC
“Rytm” during the physical loads. The only exception was
LF/HF ratio, for which a significant difference in values along
with a high range of LoA was found.

Results, presented in Table 4 and 5, revealed the absence of
a significant difference between HRV indexes, based on data of
CardioLab CE12 and HSC “Rytm”. Comparison of Polar RS800
and HSC “Rytm” found only one case of statistically significant
difference — the RMSSD value. However, the small bias (-0.64
ms) and a range of LoA (2.09 - -3.37 ms) seemed to be accept-
able for the correct estimation of RMSSD (56-57 ms). The larg-
est numbers of different HRV indexes have been found during
the comparison of CardioLab CE12 and Polar RS800. Differ-
ences were found between RMSSD, pNN50, and SD1. Correla-
tion between HRV indexes was very high in all pairs of devices.

Discussion

Most studies dealing with the agreement between RR
intervals data, obtained by Polar S810 and other devices, have
reported the bias of 0.41-2.4 ms (Caminal et al., 2018; Cas-
sirame et al., 2017; Braga et al,, 2016). In the present study,
the bias in RR intervals is found to be only -0.06 ms dur-
ing the step-test performance and ranges from 0.09 ms to
-0.33 ms for different devices in the recovery period. These
results suggested the very low level of the systematic error of
RR interval measurements by HSC “Rytm”. The suggestion is
strongly supported by values of LoA, obtained during com-
parison of HSC “Rytm” with other devices. The lowest LoA
values, found in the case of step-test performance (-3.83-3.72
ms), are comparable with findings of Porto et al. (2009) -
-6.37-2.67 ms. Although the LoA are found to be larger in
the recovery period (up to -19.74-19.09 for the pair Polar
RS800-HSC “Rytm”), they remain in the range, reported by
other authors — -23.40-24.9 ms (Braga et al., 2016). The values
of the Spearman correlation coefficient for HSC “Rytm” data
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and data from other devices is 0.99 and reach the highest
levels, mentioned in other studies (0.97-1.00) (Nunan et al.,
2008; Caminal et al., 2018). The ICC is also very high (1.000)
in the case of Polar RS800 and HSC “Rytm” comparison dur-
ing step-test. The levels of ICC (0.62) in a recovery period
are not as high, as obtained by other researchers (0.98 to
0.9994) (Nunan et al., 2008; Hernando et al., 2018). Despite
this, they are high enough to support the suggestion of a good
data agreement. In summary, these results provided strong
evidence of good repeatability of RR intervals data, obtained
under the physical loads by SHC “Rytm” and “gold standard”
devices — CardioLab CE12 and Polar RS800.

Because the final goal of the time series of RR intervals
registration is the analysis of heart rate variability, we have
examined the possible difference between the HRV indexes,
calculated from the data of HSC “Rytm” and other devices.
First of all, it is advisable to mention the RMSSD index, as it
is analyzed in many studies (Nunan et al., 2008; Wallén et al.,
2011; Caminal et al., 2018). The ranges of LoA for RMSSD,
reported in these researches, in most cases do not exceed 2 ms,
although values of 26 and 60 ms are also registered. Our results
reveal the 0.58 ms range of LoA during the step-test, and up to
4.63 ms range in the recovery period. Although our data show
a low level of LoA, a significant difference is found between
RMSSD, obtained in the recovery period from Polar RS800
and both HSC “Rytm” and CardioLab CE12. There is no sig-
nificant difference between RMSSD, derived from the data of
CardioLab CE12 and HSC “Rytm”. The correlation coefficient
is high (r = 1.00) in all cases. Thus, we can suppose the good
reproducibility of the results of time-domain HRV analysis,
based on the data of HSC “Rytm” and medical ECG device.

Past research revealed the LoA up to 22.6 ms* for VLE,
68.0 ms? for LE, and 47.0 ms* for HF indexes of frequency-
domain HRV analysis based on Polar S810 data ECG data
(Vanderlei et al., 2008; Wallén et al., 2011; Weippert et al.,
2010). Despite the larger ranges of the LoA, obtained in our
study during the rest period, we show an absence of signifi-
cant difference and very high correlation between the VLEF,
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LE and HF indexes, based on the data of HSC “Rytm” and
other devices. In the case of physical loads, our data is close
to the ranges of 5-7 ms?, reported by other authors (Nunan
et al., 2008; Giles & Draper, 2015). In summary, this finding
may indicate the high accuracy of the reproduction of the
frequency-domain HRV indexes, based on HSC “Rytm” data.

There are very few studies on the differences in the in-
dexes of nonlinear HRV analysis (SD1 and SD2), derived
from the data of Polar S810 and other devices (Gamelin et al.,
2006, 2008; Cassirame et al., 2017; Giles et al., 2015). The re-
ported LoA ranged from -0.2-0.24 ms to -0.85-1.55 ms. Our
research shows the LoA less than 0.41 ms in conditions of
physical loads, and up to 1.88 ms during the recovery period.
There is no significant difference in the SD1 and SD2, derived
from the data of HSC “Rytm” and other devices. Hence, we
can suppose the high reproducibility of the nonlinear HRV
analysis, derived from the data of HSC “Rytm” and well-ap-
proved devices.

The HSC “Rytm” and other devices show very high cor-
relations (r = 0.81-1.00) between time-domain, frequency-
domain, and nonlinear HRV indexes, similar to levels found
in previous research with the Polar S810 (Gamelin et al. 2006,
2008; Nunan et al. 2009; Vanderlei et al. 2008). The high cor-
relation is found both in conditions of physical loads and
recovery period.

In summary, our results clearly suggest that in condi-
tions of physical loads performance both the mean values
and variability of RR intervals, registered by SHC “Rytm’, do
not differ significantly from those registered by the ECG sys-
tems (CardioLab CE12) and sports device with a high level of
accuracy (Polar RS800).

Conclusions

Obtained data confirm the absence of significant dif-
ferences between the RR time series, registered during the
physical loads by SHC “Rytm” and two well-approved devices
- ECG recorder CardioLab CE12 and Polar RS800.

Our research provided strong evidence of a good agree-
ment between the HRV indexes (except for the LF/HF ratio)
based on SHC “Rytm” and Polar RS800 data in conditions
of step-test performance. No differences are found between
HRV indexes derived from SHC “Rytm” and CardioLab
CE12 data in the recovery period, although some differences
are present in RMSSD, pNN50, and SD1 between CardioLab
CE12 and Polar RS800. The SHC “Rytm” appears to be ac-
ceptable for RR intervals registration and the HRV analysis
in conditions of physical loads.
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ANPOBAUIA BUKOPUCTAHHA MPOrPAMHO-AINAPATHOIO
KOMMNNEKCY «PUTM» ANA BUMIPIOBAHHA KAPAIOIHTEPBAJIB
TA AHAJI3Y BAPIABEJIbHOCTI CEPLEBOIO PUTMY

B YMOBAX ®I13UMHUX BMNPAB TA BIAHOBJIEHHA

JTro6omup BoBkanmy'4BCP

[I3BenncnaBa beprrpaym'®?, CranicnaB Kpacp

, IOpiit Bopenupskuit'*’E, BikTop COK0mMOBChKMUIT
1BD

1ACD
>

!JIpBiBCHKMIT Aep>KaBHUI YHiBepcuTeT ¢isndHol KynbTypu iMeni IBana bobepcpkoro

ABTOpCHKNMIT BKIAJ;: A — Iu3aiits gocnipkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomcy; E - 36ip komris

Pedepar. Crarrs: 8 c., 1 puc., 5 Tab., 30 mxeper.

MeToX0 TOCTi>KEeHH A 6y)1a OIliHKa TOYHOCTi BYMipIOBaHb
YaCOBMX PAJiB KapioiHTepBaliB Ta OTPMMAaHMX Ha iXHill OCHOBI
NOKa3HMKiB BapiabenbHOCTI ceprieBoro purmy (BCP) 3a gomo-
MOTOI0 IIporpaMHo-anaparsHoro komiviekcy (ITAK) «Putm» B
yMoBax GisMYHMX HaBaHTAXXEHb Ta NIePiofy Bi[HOBICHHA.

Marepianu i MeTogu. Y4acHuKaMn JOCIipKeHb Oymu 20
oci6 Bixom 19,7 + 0,23 pokiB, 40/10Bi40I cTaTi, 6€3 BUABIECHNX
naTosoriit. [lani peectpyBann OffHOYACHO 3 BUKOPMCTAHHAM
CardioLab CE12, Polar RS800 ta ITAK «Putm». JocmimxyBani
BUKOHYBa/M 2-XBIUIMHHNI cTen-TecT (20 KpoKiB Ha XBUINHY,
BUCOTA CXOAMHKY — 40 CM) 3 HACTYIIHUMM 3-XBWIMHHKM IIepi-
oznoM BifimounHKy. ITokasuuku BCP pospaxoByBanu 3 BUKOPHK-
cranuaM Kubios HRV 2.1.

Pesynbpratn. CepesHe BigXuieHHA TpUBANOCTi KappaioiH-
TepBay B yMOBaX (Qi3MUHMX HaBaHTaXXeHb CTaHOBWIO -0,06 Mc,
y Iepiof BiJHOBNIEHHA 11 Benm4nHa 3pocrana go 0,09-0,33 mc.
Mexi poBipunx iHTepBaniB KonMBanuch Bif 3,7 Mc fjo 22,8 Mc,
3aJIe)KHO Bifl Iepiofly BUMiploBaHb Ta Iapy IOPiBHIOBAHMX
npucTpois. Lli Bemmunuy MOXXHA BBaXKaTy NPUMHATHUMMA [/Is
KOPEeKTHOTO OLIiHIOBAaHH: YaCTOTH CeplieBUX cKopodeHb Ta BCP.
3HaveHHs BHY TPIllIHbOK/IACOBMX KoedilienTiB Kopesnii (0,62-

1,00) Ta xoedinienTis xopemsuil Cnipmena (0,99) 6ynu gocutsb
BUCOKUMI, [0 MPUITYCTUTK JyXKe BUCOKY BifTBOPIOBAHICTDb
maHux. Hamu He BusBieHo Biporipnoi pisHuni (p > 0,05) Ta
mmokasaHa TicHa Koperanis (r = 0,94-1,00) mix 6imburicTio iH-
nekciB BCP, pospaxoBanux 3a ganumu Polar RS800 ta ITAK
«Putm», Ak B ymoBax disnyHux HaBaHTaxeHb (okpiv LF/HF),
Tax i B nepiox BigHoBneHHs. ITopiBHAHHA gaHux Polar RS800
ta [TAK «Putm», 0oTpuMaHux y nepiof; BifHOBNIEHHS, BKa3ye Ha
HasIBHICTH BigMiHHOCTI (p < 0,05) /Iyiiie [/1s1 OHOTO IIOKa3HMKA
(RMSSD). Haiibinpira KinbKicTh BiMiHHOCTe} y IOKa3HMKAX
BCP BusiBrena mip yac mopiBasaHHs CardioLab CE12 Ta Polar
RS800 — RMSSD, pNN50 Ta SD1. BusiBnena TicHa KopenALisa
Mmix mokasuukamu BCP (r = 0,81-1,00) st Beix map mpumazis
Ta y BCi Iepiofy BUMipIOBaHb.

Bucnoskn. ITAK «Putm» XapakTepusyerbcsa HpUITHAT-
HMM piBHEM TOYHOCTi BMMIipIOBaHHA KappioiHTepBasiB Ta
ananisy BCP B ymoBax ¢isuyHNX HaBaHTa)XXeHb Ta B Iepiof
BiJTHOBJ/IEHHSI.

KnrouoBi croBa: enexrpoxappaiorpadis, Polar RS800, ana-
ni3 Brenga—AbTMaHa, Koedil[ieHT Kope/Alii BHy TpilllHbOK/Ia-
COBOTO 3B’AI3KY.
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