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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 coefficient.
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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-

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 HRV, 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; Montaño et al., 2016), Polar V800 (Caminal 
et al., 2018; Giles et al., 2015; Giles & Draper, 2018), Equivital 
EQ02 (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 Oӱ, Kempele, Finland), and SHC 
“Rytm” (LSUPhC, Lviv, Ukraine). Polar RS800 was used as 

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; Montaño 
et al., 2016; Wallén et al., 2011). The Polar H7 (Polar Electro 
Oӱ, 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 
coefficient (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) (Doğan, 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.
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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. 

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

a b

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)

Index

Pairs of compared devices
Step-test Recovery period

Polar RS800 – HSC 
“Rytm”

CardioLab – Polar 
RS800

CardioLab – HSC 
“Rytm”

Polar RS800 –HSC 
“Rytm”

Mean ΔRR (ms) -0.06 0.09 -0.24 -0.33
SEM  ΔRR (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 ΔRR – 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. 

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 
coefficient (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

HRV index
Recording device Polar RS800 – HSC “Rytm”

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 (ms2) 382.27±71.43 386.82±72.62 1.00 0.25 0.24 3.50 – -3.02
LF (ms2) 39.82±12.76 39.80±12.74 1.00 0.98 0.04 1.26 – -1.17
HF (ms2) 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
HF (%) 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; pNN50 – 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; 
VLF, LF and  HF – absolute (ms2) or relative (%) powers from very low frequency, low frequency and high frequency bands respec-
tively; LF/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

HRV index
Recording device

Cardio Lab Polar RS800 HSC “Rytm”
Mean RR (ms) 754.46±32.45 754.23±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 32.27±3.60 32.70±3.60
RR tri index 22.11±1.59 21.63±1.61 20.45±1.47
VLF (ms2) 10696±1798.51 10816±1852.22 10765±1835.21
LF (ms2) 2091.77±464.70 1902.54±370.65 2090.19±465.92
HF (ms2) 1920.12±212.90 1840.49±209.59 1913.42±211.74
VLF (%) 66.59±3.46 67.43±3.53 66.69±3.47
LF (%) 16.66±2.82 16.12±2.75 16.62±2.82
HF (%) 16.71±1.68 16.42±1.73 16.67±1.68
LF/HF ratio 1.27±0.27 1.26±0.25 1.28±0.27
SD1 (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 
HRV 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 

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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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 

Table 5. Comparison of heart rate variability indexes (M ± SEM), derived from the RR data from different devices during 
recovery period

HRV index
CardioLab CE12 – Polar RS800 CardioLab CE12 – HSC “Rytm” Polar RS800 – HSC “Rytm”

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) 1.00 0.10 0.24 (1.90; -1.43) 1.00 0.16 0.50 (3.49; -2.49) 1.00 0.86 0.11 (2.40; -2.17)
RMSSD (ms) 1.00 0.01 1.21 (4.63; -2.21) 1.00 0.08 0.34 (2.22; -1.53) 1.00 0.05 -0.64 (2.09; -3.37)
pNN50 (%) 0.99 0.05 0.81 (4.17; -2.56) 1.00 0.22 0.39 (3.04; -2.27) 1.00 0.21 -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 (ms2) 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 (ms2) 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 (ms2) 0.96 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
VLF (%) 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) 1.00 0.52 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) 1.00 0.68 0.12 (0.80; -0.57) 0.99 0.23 -0.25 (1.51; -2.01)
LF/HF ratio 0.96 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) 1.00 0.01 0.70 (2.75; -1.34) 1.00 0.08 0.25 (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.

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 ms2 for VLF, 
68.0 ms2 for LF, and 47.0 ms2 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 VLF, 
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LF, 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 ms2, 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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Метою дослідження була оцінка точності вимірювань 
часових рядів кардіоінтервалів та отриманих на їхній основі 
показників варіабельності серцевого ритму (ВСР) за допо-
могою програмно-апаратного комплексу (ПАК) «Ритм» в 
умовах фізичних навантажень та періоду відновлення.

Матеріали і методи. Учасниками досліджень були 20 
осіб віком 19,7 ± 0,23 років, чоловічої статі, без виявлених 
патологій. Дані реєстрували одночасно з використанням 
CardioLab CE12, Polar RS800 та ПАК «Ритм». Досліджувані 
виконували 2-хвилинний степ-тест (20 кроків на хвилину, 
висота сходинки – 40 см) з наступними 3-хвилинним пері-
одом відпочинку. Показники ВСР розраховували з викори
станням Kubios HRV 2.1.

Результати. Середнє відхилення тривалості кардіоін-
тервалу в умовах фізичних навантажень становило -0,06 мс, 
у період відновлення ця величина зростала до 0,09-0,33 мс. 
Межі довірчих інтервалів коливались від 3,7 мс до 22,8 мс, 
залежно від періоду вимірювань та пари порівнюваних 
пристроїв. Ці величини можна вважати прийнятними для 
коректного оцінювання частоти серцевих скорочень та ВСР. 
Значення внутрішньокласових коефіцієнтів кореляції (0,62-

1,00) та коефіцієнтів кореляції Спірмена (0,99) були досить 
високими, щоб припустити дуже високу відтворюваність 
даних. Нами не виявлено вірогідної різниці (р  >  0,05) та 
показана тісна кореляція (r = 0,94-1,00) між більшістю ін-
дексів ВСР, розрахованих за даними Polar RS800 та ПАК 
«Ритм», як в умовах фізичних навантажень (окрім LF/HF), 
так і в період відновлення. Порівняння даних Polar RS800 
та ПАК «Ритм», отриманих у період відновлення, вказує на 
наявність відмінності (p < 0,05) лише для одного показника 
(RMSSD). Найбільша кількість відмінностей у показниках 
ВСР виявлена ​​під час порівняння CardioLab CE12 та Polar 
RS800 – RMSSD, pNN50 та SD1. Виявлена тісна кореляція 
між показниками ВСР (r = 0,81-1,00) для всіх пар приладів 
та у всі періоди вимірювань.

Висновки. ПАК «Ритм» характеризується прийнят-
ним рівнем точності вимірювання кардіоінтервалів та 
аналізу ВСР в умовах фізичних навантажень та в період 
відновлення.

Ключові слова: електрокардіографія, Polar RS800, ана-
ліз Бленда–Альтмана, коефіцієнт кореляції внутрішньокла-
сового зв’язку.


