
Journal of Physical Education and Sport ® (JPES), Vol.19 (4), Art 356  pp. 2352 – 2358, 2019 

online ISSN: 2247 - 806X; p-ISSN: 2247 – 8051; ISSN - L = 2247 - 8051 © JPES 

 

2352---------------------------------------------------------------------------------------------------------------------------------- 

Corresponding Author: OKSANA GUZII, E-mail: o.guzij@gmail.com    

Original Article 
 

 

 

Polyfunctional express-evaluation criteria of the sportsman organism state 
 

OKSANA GUZII
1
, ALEXANDER ROMANCHUK

2
, ANATOLIY МAHLOVANYI

3
, VOLODYMYR TRACH

1 

1Lviv State University of Physical Culture, UKRAINE 
2 

Odesa Medical Institute of International Humanitarian University, UKRAINE 
3
Lviv National Medical University named after Danylo Halytskyy, UKRAINE 

 

Published online: December  31, 2019   

(Accepted for publication: November 15, 2019)   

DOI:10.7752/jpes.2019.04356 

         

Abstract: 

After examining 1930 male athletes, which included three consecutive two-minute measurements using the 

SACR, followed by an analysis of individual components of the spectral power of the heart rate variability 

(HRV), variability of systolic blood pressure (SBPV) and diastolic blood pressure variability (DBPV), and 

spontaneous respiration (SR)and controlled respiration (CR) together with designed centennial tables, the ranges 

of which differ significantly, the spectrum of normative values of heart rate variability indicators, systolic and 

diastolic blood pressure, breathing at random and controlled respiration were determined. While conducting tests 

on CR compared with SR, it is found out that CR6 significantly increases the LF component and reduces the HF 

component, and CR15 slightly affects the LF component and significantly increases the HF component of the 

spectral respiration power. It is also noted that CR6 and CR15 activate various regulatory links of system 

hemodynamics: at CR6: an increase in the LF component of respiration regulation is transferred to the LF 

component of regulation of HR, SBP and DBP, while the decrease of the HF components of respiratory 

regulation does not significantly affect  -components of HR, SBP and DBP; at CR15: as light increase in the LF 

components of respiration regulation practically does not affect the LF components of regulation of SBP and 

DBP and reduces the LF component of regulation of HR, and asignificant increase in the HF components of 

respiration regulation is  transferred to the HF components of regulation of SBP and DBP and practically does 

not affect on the HF component of the HRV. Thus, the data obtained during testing can be used for the 

comprehensive evaluation of reactivity and depressor changes in the activity of the sympathetic and 

parasympathetic ANS units in the regulation of the cardiopulmonary system, which are used to diagnose the 

functional readiness of an organism in conditions of training and competition processes. 

Key words:controlled respiration, heartratevariability, systolicbloodpressure,diastolic blood pressure, athletes. 

 
Introduction.  

The most important in the diagnosis of disorders of the regulation of the body’s systems is the functional 

state of the autonomic nervous system (ANS). Today it is well-known that the static and pulse wave velocity 

characteristics of the heart rate (HR) alone can determine the activity of the sympathetic and parasympathetic 

channels of regulation, whereas functional tests provide an opportunity to obtain the most important information 

about the vegetative maintenance and vegetative reactivity (Romanchuk et al.,2006; Guzii, 2017; Romanchuk, 

2013, 2019; Noskin et al., 2018). The influence of various tests restructures the regulation forming a new 

functional state, which is not stable but caused by everyday needs (Vaschillo et al.,2014). 

When evaluating the parameters of heart rate variability (HRV) at all stages of the functional tests, it is 

recommended to take into account not only the average values of parameters, but also the dynamics of their 

changes. Reducing the LF by increasing HF is a criterion of coming through the test satisfactorily(Nakamura et 

al.,2016). 

Relevant researches propose to use two standard cardiovascular tests (according to D. Ewing, 1985) to 

assess the status of the cardiopulmonary system, which allow to evaluate the activity of parasympathetic 

(respiration rate: 6 times per minute) and sympathetic (orthostatic test) regulation circuits(Romanchuk, 2018). 

It is believed that a test case with controlled respiration 6 times / min is aimed at detecting violations in 

the parasympathetic regulatory circuit, since some scholars have found that the effect of respiration extends to 

oscillations of HR, which are defined as HF oscillations, and is due to general mechanisms of regulation of 

cardiovascular and respiratory systems (Bazhora, 2018; Herzig,2018,2016). 

However, there is no consensus in the interpretation of the results of this test. Analysis of numerous 

studies suggests the existence of several types of answer: a) “inconsistency or rigidity” on the sympathetic or 

parasympathetic canal; b) redistribution of balance in the direction of parasympathicotonia by increasing HF 
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(Karemaker et al.,2017); c) redistribution of balance in the direction of sympathicotonia with an increase of not 

only HF, but also LF (Kazmi et al., 2016). 

Some researchers have discovered that pathological responses to a controlled-breath test of 6 times / min 

(CR6) indicative of autonomic dysfunction are found in 62% of patients with vegetative-vascular dystonia. It is 

believed that the reaction of HR is determined by hypercapnia (Monfredi et al., 2014), change in pulmonary 

volumes, functional rearrangement of cardiorespiratory CNS neurons (Iellamo et al., 2000; Flatt et al., 2017). 

Unfortunately, the available literature data on the use of other tests with controlled breathing, and in particular 

with CR 12, 15 per minute is not sufficient. However, we can assume that they are the same as the test for CR6, 

which are vegetotropic, the nature of which requires clarification. 

 

Materials and methods.  

Approaches to the analysis, evaluation and interpretation of indicators of variability of the functions of 

the cardiovascular system are related to the definition of the spectral power of the variability of functions and 

involve the calculation of indices in different frequency bands, which, according to many researchers, 

characterize the activity of regulatory influences of various components of the ANS. In the range of less than 

0.04 Hz (ultra-low frequency component): super-segmental effects, in the range from 0.04 to 0.15 Hz (low 

frequency component): sympathetic effects, in the range from 0.15 to 0.4 Hz (high frequency component): 

parasympathetic effects (Flatt et al., 2017). Traditionally, these indicators are presented in ms
2
 for HRV, in 

mmHg
2
 for the variability of the systolic (SBPV) and diastolic (DBPV) blood pressure and in (l/min)

 2
 for the 

respiratory variability (RV) (Figure 1 – 3). 

 

 
Fig. 1. Graphic representation of spectral capacities of variability of HR, SBP, DBP of athlete K’s 

respiration in a state of rest with spontaneous respiration. 

 

The long-term use of this method revealed a high level of informativeness in evaluating the functional 

state of the cardiopulmonary relationship system, however, for qualified athletes, an obligatory condition is the 

inclusion of respiration rate (RR) (Guzii,2017), which significantly influences the spectral power of the 

variability of the cardiovascular system functions. As an example, we will show the differences in the spectra of 

the Fourier transform of the studied functions of the same athlete at spontaneous respiration (Figure 1), 

controlled respiration with a frequency of 6 times per minute (Figure 2) and 15 times per minute (Figure 3) 

(further: CR6 and CR15, respectively. In earlier studies, we have shown that an inversely proportional relationship 

between the RR and the indices of HRV and SBPV is detected, and HRV, SBPV and DBPV are stabilized within 

the range of 6 to 10 breaths per minute at RR 15 / min. (Romanchuk, 2005). 
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Fig. 2. Graphic representation of spectral capacities of variability of HR, SBP, DBP of athlete K’s 

respiration in a state of rest at CR6. 

 
  

Fig. 3. Graphic representation of spectral capacities of variability of HR, SBP, DBP of athlete K’s 

respiration in a state of rest at CR15. 

 

Even the superficial review of Fig. 1-3 reveals that the effect of CR6 and CR15on the variability of 

cardiovascular functions is significantly different. At CR6 the LF component predominates while an HF 

component prevails at CR15. 

It was this circumstance that prompted us to elaborate a protocol of inspection, which included three 

consecutive two-minutes measurements using the SACR, followed by an analysis of individual components of 

the spectral power of HRV, SBPV and DBPV, as well as spontaneous and controlled respiration according to the 

designed percentile tables(Guzii, 2018), the ranges of which are significantly different. 

The purpose of the present study was to develop criteria for multifunctional express-evaluation for the 

diagnosis of the body of athletes. 

According to the proposed protocol using spiroarteriocardiorhytmography (SACR) (Pivovarov, 2006), 

1930 skilled male athletes under the age of 22 ± 1.3 years were examined. 
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Results.  

A conceptual approach to developing criteria for assessing the functional state of an athlete’s body was 

the choice of percentile method for analyzing the results. The latter allows to level the type of distribution of 

indicators in the sample and operate with the relative qualitative characteristics of individual parameters, which 

allows enough to fully describe the individual variations in the changes of all simultaneously obtained with the 

use of SACR indicators of cardiovascular and respiratory systems. In this case, we used an approach that allows 

for the allocation of 5 informative zones of percentile distribution of indices. 

The zone of normative (or optimal) values is within the limits of 25-75%, the zone of moderate increase 

of the indicators is within the range of 75-95%, the zone of moderate decrease is within 5-25%, the zone of the 

expressed increase is within the range of 95-100%, and the zone of expressed decrease is within 0-5%. That is, 

when taking into account the simultaneous measurement of the performance of a specific athlete, we get the 

opportunity to qualitatively evaluate both a ratio of individual indicators of one function and indices of different 

functions, such as heart rate variability and respiratory variability, or blood pressure. On the other hand, the 

simultaneous study of the indicators of various functions reduces the error in determining their connections 

almost 600 times, which has not only a significant applied value, but can also be used for the physiological and 

pathophysiological substantiation of the results obtained in the future. It is also possible to define new 

parameters of cardio-respiratory synchronization (Noskin, 2018). 

Analyzing the results of the testing the athletes using SACR at rest and during controlled respiration, we 

have shown that the TP, which characterizes the overall power of HRV and reflects the general state of the 

regulatory function of the ANS (Lee et al.,2012), testifies to the substantial expansion at rest and increase of the 

median range in the qualified athletes in comparison with the population. The latter characterizes the 

peculiarities of the reorganization of the vegetative provision of cardiac activity during intensive sports, as well 

as the increase of its functional reserve. On the above Fig. 1-3, the modulating influence of the CR on the 

spectral characteristics of the HF is clearly visualized, which, in turn, is reflected in the distribution of the 

parameters of the total power of the spectrum. Thus, there is a marked activation of regulatory influences on HR 

at CR6, and the median zone of centigrade distribution shifts substantially, significantly increasing the absolute 

values. At the same time, a slight decrease in this indicator is noted at CR15 (Table 1). 

Table 1 

Percentile distribution of  HRV parameters of the athletes at spontaneous and controlled respiration 

ParametersHRV RR <5 5-25 25-75 75-95 >95 

TP,ms2 

SR <1017.6 1017.6-2450.3 2450.4-7225.0 7226.1-15700.1 >15700.1 

CR6 <3733.2 3733.2-9564.8 9564.9-20398.1 20398.2-31293.6 >31293.6 

CR15 <795.2 795.2-1874.9 1875.0-5852.3 5852.4-11406.2 >11406.2 

VLF, ms2 

SR <77.4 77.4-207.4 207.5-812.3 812.4-2152.9 >2152.9 

CR6 <193.2 193.2-424.4 424.5-1108.9 1109.0-2631.7 >2631.7 

CR15 <130.0 130.0-316.8 316.9-961.0 961.1-3283.3 >3283.3 

LF, ms2 

SR <201.6 201.6-552.3 552.4-2116.0 2116.1-7885.4 >7885.4 

CR6 <2631.7 2631.7-7259.0 7259.1-17004.2 17004.3-24617.6 >24617.6 

CR15 <118.8 118.8-282.2 282.3-876.2 876.3-1764.0 >1764.0 

HF, ms2 

SR <265.7 265.7-835.2 835.3-3481.0 3481.1-7551.6 >7551.6 

CR6 <278.9 278.9-691.7 691.8-3036.0 3036.1-6178.0 >6178.0 

CR15 <201.6 201.6-655.4 655.5-3469.2 3469.3-9643.2 >9643.2 

LF/HF,ms2/ms2 

SR <0.13 0.13-0.37 0.38-1.47 1.48-5.53 >5.53 

CR6 <2.28 2.28 - 4.20 4.21 - 12.60 12.61 - 26.53 >26.53 

CR15 <0.13 0.13 - 0.20 0.21 - 0.73 0.74 - 1.45 >1.45 

 

Analyzing changes in other HRV parameters, it should be noted that super-segmental component of the 

HRV is the least variable, which is most pronounced in the CR6 within the median values of the centenary 

distribution, the least being at spontaneous respiration, however, it is insignificant. This tendency is observed in 

all defined centenary ranges. The least exposed to the CR is the high-frequency (HF) HRV component, which is 

sufficiently stable for all tests of the inspection protocol. 

The most varied spectral characteristic of HRV is the low-frequency component (LF), which significantly 

increases at CR6, while at CR15 it is moderately reduced in all centenary spectrums. Accordingly, the ratio of 

these indicators (LF / HF) (which is calculated in the traditional form for CR6) increases significantly, and as for 

CR15, it decreases moderately and, at the same time, significantly. 

Indicators of TPSBP and TPDBP characterize the total power of the spectrum of variability of SBP and 

DBP, respectively (Table 2 and 3). These indicators reflect the interaction of various regulatory processes, 

including the autonomic nervous system in the provision of blood pressure. The TPSBP indicator is more related 

to the variability of the pumping function of the heart, which provides the value of SBP, and the TPDBP index is 

connected with the regulation and substitution of vascular tone, its stiffness, providing the value of DBP. 

Indicative are the changes of TPSBP and TPDBP at CR. 

 



OKSANA GUZII, ALEXANDER ROMANCHUK, ANATOLIYМAHLOVANYI, VOLODYMYR TRACH
 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
2356

Table  2 

Percentile distribution of SBPV parameters of the athletes at spontaneous and controlled respiration 

ParametersSBPV RR <5 5-25 25-75 75-95 >95 

TPSBP,mmHg2 

SR <2.9 2.9-6.2 6.3-25.0 25.1-70.6 >70.6 

CR6 <7.3 7.3-16.0 16.1-54.7 54.8-130.0 >130.0 

CR15 <13.0 13.0-25.0 25.1-79.2 79.3-252.8 >252.8 

VLFSBP, mmHg 2 

SR <0.5 0.5-1.4 1.5-6.7 6.8-26.0 >26.0 

CR6 <1.2 1.2-2.5 2.6-15.2 15.3-46.2 >46.2 

CR15 <2.0 2.0-5.7 5.8 -34.8 34.9-88.4 >88.4 

LFSBP, mmHg 2 

SR <0.8 0.8-2.2 2.3-9.6 9.7-28.1 >28.1 

CR6 <2.9 2.9-9.6 9.7-33.6 33.7-88.4 >88.4 

CR15 <1.7 1.7-3.2 3.3-13.0 13.1-43.6 >43.6 

HFSBP, mmHg 2 

SR <0.8 0.8-2.0 2.1-6.7 6.8-20.3 >20.3 

CR6 <0.6 0.6-1.4 1.5-4.8 4.9-14.4 >14.4 

CR15 <2.6 2.6-7.8 7.9-37.2 37.3-112.4 >112.4 

LF/HFSBP, mmHg 2/ mmHg 2 

SR <0.31 0.31-0.75 0.76-2.27 2.28-6.05 >6.05 

CR6 <1.59 1.59-3.85 3.86-11.72 11.73-22.00 >22.00 

CR15 <0.10 0.10-0.17 0.18-0.68 0.69-2.78 >2.78 

In comparison with spontaneous respiration, TPDBP significantly increases at CR6 (Table 3), whereas 

TPSP does at CR15 (Table 2). At the same time, a more careful analysis of SBP changes in the respiration phases 

allowed us to show that the variability of the SBP increases due to its more pronounced decrease during 

inhalation. 

Table 3 

Percentile distribution of DBPV parameters of the athletes at spontaneous and controlled respiration 

ParametersDBPV RR <5 5-25 25-75 75-95 >95 

TPDBP,mmHg 2 

SR <1.4 1.4-3.2 3.3-12.2 12.3-31.4 >31.4 

CR6 <7.3 7.3-13.7 13.8-33.6 33.7-68.9 >68.9 

CR15 <3.2 3.2-7.8 7.9-24.0 24.1-65.6 >65.6 

VLFDBP, mmHg 2 

SR <0.4 0.4-1.0 1.1-4.8 4.9-16.8 >16.8 

CR6 <1.2 1.2-2.0 2.1-6.7 6.8-16.8 >16.8 

CR15 <1.2 1.2-3.2 3.3-9.6 9.7-38.4 >38.4 

LFDBP, mmHg 2 

SR <0.4 0.4-1.0 1.1-4.4 4.5-13.0 >13.0 

CR6 <3.6 3.6-8.4 8.5-23.0 23.1-44.9 >44.9 

CR15 <0.6 0.6-1.6 1.7-5.7 5.8-12.3 >12.3 

HFDBP, mmHg 2 

SR <0.3 0.3-0.6 0.7-2.0 2.1-6.3 >6.3 

CR6 <0.6 0.6-1.0 1.2-2.9 3.0-7.8 >7.8 

CR15 <0.5 0.5-1.4 1.5-6.2 6.3-18.5 >18.5 

LF/HFDBP, mmHg 2/ mmHg 2 

SR <0.44 0.44-1.09 1.10-3.29 3.30-7.59 >7.59 

CR6 <1.77 1.77-4.66 4.67- 12.52 12.53- 23.18 >23.18 

CR15 <0.21 0.21 - 0.55 0.56 - 1.81 1.82 - 4.71 >4.71 

In the same way, the low-frequency (VLFSBP) component of the variability of SBP (Table 2) changes in 

the TPSBP, which allows to relate the increase of TPSBP at CR15 to super-segmental effects on the pumping 

function of the heart. Similar changes take place during very low frequency (VLFDBP) effects on DBP (Table 3). 

Table 4 

Percentile distribution of RV parameters young people at spontaneous and controlled respiration 

ParametersRV RR <5 5-25 25-75 75-95 >95 

TPR, (l/min)2 

SR <96.0 96.0-289.0 290.0-635.0 635.1-1108.9 >1108.9 

CR6 <231.0 231.0-432.6 432.7- 1024.0 1024.1-2410.8 >2410.8 

CR15 <228.0 228.0-566.4 566.5-3036.0 3036.1-8574.8 >8574.8 

VLFR, (l/min)2 

SR <0.5 0.5-1.2 1.3-4.8 4.9-13.7 >13.7 

CR6 <2.6 2.6-4.8 4.9-14.4 14.5-30.3 >30.3 

CR15 <1.4 1.4-2.5 2.6-13.7 13.8-32.5 >32.5 

LFR, (l/min)2 

SR <2.6 2.6-7.8 7.9-33.6 33.7-219.0 >219.0 

CR6 <158.8 158.8-334.9 335.0-761.7 761.8-1608.0 >1608.0 

CR15 <6.8 6.8-12.2 12.3-50.4 50.5-153.8 >153.8 

HFR, (l/min)2 

SR <57.8 57.8-207.3 207.4-547.5 547.6-912.0 >912.0 

CR6 <37.2 37.2-62.4 62.5-204.5 204.6-630.0 >630.0 

CR15 <207.4 207.4-552.2 552.3-2926.8 2926.9-8136.0 >8136.0 

LFHFR, (l/min)2/ (l/min)2 

SR <0.013 0.013-0.024 0.025-0.150 0.151-1.245 >1.245 

CR6 <1.393 1.393-2.527 2.528-7.208 7.209-10.726 >10.726 

CR15 <0.011 0.011-0.015 0.016-0.027 0.028-0.049 >0.049 

Analyzing the parameters of respiration (Table 4) when performing tests on CR compared with 

spontaneous respiration it should be noted that CR6 significantly increases the LF component and reduces the HF 
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component, and CR15 slightly affects the LF component and significantly increases the HF component of the 

spectral breathing power. 

 

Discussion of the findings.  

While combining evaluation of HRV according to the data of our study protocol, we can objectivize the 

reactivity and depression of sympathetic effects, taking into account TP transitions between different centripetal 

ranges. For example, in the transition from the median range (25-75%) to the range of elevated centile (75-95%), 

when performing the test on CR6, it is possible to state the increased reactivity of the sympathetic HR regulating 

circuit, and when it passes to the same range when performing the test with CR15 it is possible to spot the lack of 

depression of sympathetic effects, etc. 

In general, the effect of the CR6 and CR15 on the HRV is significantly different due to the activating and 

depressor effects of the CR6 and CR15 on the LF component, respectively, which is reflected in the TP and LF / 

HF ratios. In this case, the VLF and HF components are practically unchanged. 

Significant differences are observed in the analysis of low-frequency (LFSBP and LFDBP) and high-

frequency (HFSBP and HFDBP) components of regulation of blood pressure. Expected is a significant increase in 

LFSBP and LFDBP at CR6 and HFSBP and HFDBP at CR15. This reveals that in the first case, the sympathetic 

mechanisms of regulation are strongly activated, and in the second case, they remain intact. The HF component 

of regulation of SBP and DBP at CR6 varies slightly, while at CR15 there is an effect on both the regulation of the 

pumping function of the heart and the vascular tone. That is, it can be assumed that CR15 activates the vagotonic 

mechanisms of regulation of the latter, which are more often associated with HF effects. 

Thus, the survey in the proposed protocol with the assessment of the developed percentile tables will 

allow to determine the level of activation of general (TP), super-segmental (VLF), sympathetic (LF) and 

parasympathetic (HF) influences on SBP and DBP in comparison with the expected, which substantially 

activates the state of autonomous regulation of the system of blood pressure maintenance. 

Investigating the parameters of the variability of the functions of the cardiopulmonary system, which 

are known to characterize the mechanisms of vegetative provision, we previously obtained the results that 

indicate the effect of frequency-volume characteristics of respiration on the variability of the function of HR and 

blood pressure, which change because of muscle activity, corresponding signals from the environment, 

emotional state, etc (Javorka et al,2002;Saboul,2013). 

Particularly relevant from these positions is the fact that the change in the mechanism of respiration 

regulation can lead to various variations in homeostasis, associated with the change of metabolic and metabolic 

and acid-base balance of the organism (Nuuttila et al, 2017), or be a consequence of the latter. 

 

Conclusion.  

In general, it can be pointed out that CR6 and CR15 activate various regulatory links of system 

hemodynamics: at CR6: an increase in the LF component of respiration regulation is transferred to the LF 

component of regulation of HR, SBP and DBP, while the decrease of the HF components of respiratory 

regulation does not significantly affect the HF-components of HR, SBP and DBP; at CR15: a slight increase in 

the LF components of respiration regulation practically does not affect the LF components of regulation of SBP 

and DBP and reduces the LF component of regulation of HR, and a significant increase in the HF components of 

respiration regulation is transferred to the HF components of regulation of SBP and DBP and practically does not 

affect on the HF component of the HRV. 

Thus, in view of the simplicity and rapid testing, the obtained data can be used for the comprehensive 

evaluation of reactivity and depressor changes in the activity of the sympathetic and parasympathetic ANS units 

in the regulation of the cardiopulmonary system, which are used to diagnose the functional readiness of an 

organism in conditions of training and competition processes. 
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