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Abstract
Introduction. The aim of the work was to study the features of central hemodynamic reactions and regulatory mechanisms 
in persons with hypo- and hyperkinetic blood circulation and different physical status under postural loads.
Methods. The parameters of central hemodynamics and spectral characteristics of the heart rhythm were applied. Healthy 
men aged 18–21 years with different physical status were involved.
Results. Significant differences were established in adaptive reactions of people with different types of blood circulation and 
physical status in the conditions of postural loads. Adaptive reactions of central hemodynamics in individuals with the hyper-
kinetic compared with hypokinetic type of blood circulation in the head-up-tilt position were characterized by more intracar-
diac and vascular tension and less involvement of the higher vegetative centres. The surveyed persons with the hypokinetic 
type of blood circulation under these conditions were characterized by lower vascular activation and greater involvement of 
systemic extracardiac regulation mechanisms. The compensatory reactions of the cardiovascular system in the head-down-
tilt position of people with the hypokinetic type of blood circulation, especially athletes, were characterized by a lower activity 
of the contractile function of the heart and the participation of extracardiac mechanisms of regulation, and those with the hyper-
kinetic type – by more prominent switching of the higher regulatory centres of the central nervous system and humoral nervous 
centres on the background of the tension of self-regulation processes.
Conclusions. The revealed features of compensatory reactions of the cardiovascular system may be useful in the field of 
clinical and sports medicine, and physical rehabilitation.
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Introduction

At the present stage of scientific research, the elucida-
tion of central hemodynamics (CH) mechanisms continues 
to remain as one of the unresolved problems of normal and 
sports physiology and clinical medicine. A large percentage 
of cardiovascular diseases are conditioned by the discrep-
ancy between adaptive processes that occur in CH [1, 2]. 
The reasons for such changes may be related to the chang-
es in the functions and structure of the heart, deterioration 
in the elasticity of the vascular walls of arteries, veins, and 
capillaries, disorders in the blood circulation regulation sys-
tem [3]. Among the most dangerous effects are ischemia, 
cerebral stroke, myocardial infarction, and other diseases 
that take lives of millions of people annually in the world [4]. 
An increased interest in the study of CH is associated with 
the possibility to monitor the functional state of the cardio-
vascular system (CVS), to provide timely and effective diagno-
sis and treatment, and to prevent the progression of adverse 
effects of cardiomyopathies, hypoxic disorders, metabolic 
disorders, cardiovascular complications [5–9].

The reactions of the blood circulation system are con-
sidered to be the leading reactions of the organism when 

providing compensatory mechanisms to various influences 
of the environment. The state of CH, the contractile function 
of the heart, energy supply of the myocardium, the activity 
of regulatory mechanisms are interconnected and interde-
pendent concepts. CH is considered as a reflection of how 
much the current functional state corresponds to the ability 
of supporting homeostasis and effectively regulate functions 
within given conditions [10, 11]. Among sensitive indicators 
of CH, a large role is ascribed to the blood circulation indi-
ces, obtained during the physical exercise with the change 
in the position of the body in the space. These indicators 
reflect the complex interactions of the myogenic, neuronal, 
metabolic, and humoral factors underlying the autoregula-
tion processes that provide homeostasis [10].

Researchers point out that blood circulation expresses 
individual peculiarities [12, 13]. Hypo- (HK), eu- (EK) and hyper-
kinetic (HrK) types of hemodynamics have been identified 
experimentally [14]. The connections between the hemody-
namics types and hypertension development [15, 16], the 
degree of physical fitness, and the level of athletic qualifica-
tion were shown [17, 18]. According to experimental data on 
EK and HK, these types of blood circulation are bound with 
the highest economic efficiency of the CVS [19], whereas 
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HrK has low compensatory properties [20]. There is evidence 
that with the HK type of blood circulation, the power of left 
ventricular contractions is small [21]. The results of other 
authors’ studies indicate that the parameters of the circula-
tory system of examined persons with the EK type of blood 
circulation more often take an intermediate position between 
the HK and the HrK types [22, 23].

At the same time, many aspects of the relationship be-
tween CH types and environmental factors remain not well-
studied [24, 25]. There is only a small amount of information 
on the study of CH and regulation mechanisms under gravity 
loads. Such a situation does not allow fully disclosing the 
features of the blood circulation system in providing com-
pensatory reactions of the body in the ortho- and anti-ortho-
static positions of the body, which can provide information 
about its functional reserves. First of all, it concerns the CH 
of people with extreme types of blood circulation, which more 
often show the tense nature of adaptation processes, and 
therefore are as close as possible to the probability of shifts 
in adaptation processes and the emergence of cardiovas-
cular pathology. Clarification of the relationship between the 
type of blood circulation and the effectiveness of the CVS 
functioning is also important in sport (for the individualiza-
tion of training programs for athletes) and for non-athletes 
(for monitoring or predicting possible changes in the cardio-
vascular activity) [26].

The purpose of the study was to investigate the features 
of CH reactions and regulatory mechanisms of people with 
HK and HrK blood circulation and different physical status 
under postural loads.

Subjects and methods

Subjects

A comprehensive study of compensatory reactions of the 
CVS was conducted with the methods of thoracic rheople-
thysmography with the rheographer ReoCom KhAI Medica 
(Ukraine) and electrocardiography with the Cardiolab+ de-
vice (Kharkiv, Ukraine).

Practically healthy men aged 18–21 years, with different 
physical status, students of sporting and non-sporting spe-
cialties of the Cherkasy B. Khmelnytsky National University 
in Cherkasy, Ukraine, took part in the investigation.

Procedures

In accordance with the goal of the study, with regard to 
the cardiac index (CI), 2 experimental groups with different 
types of blood circulation were formed out of the non-sport-
ing students (biologists, psychologists, programmers) and 
sportsmen (athletes, football players, basketball players). 
The participants did not present significant differences in 
the body area [27]. The size of the groups in accordance 
with the HK and HrK types of blood circulation was as fol-
lows: non-sporting men: group 1, n = 12; group 2, n = 15; 
sportsmen: group 3, n = 14; group 4, n = 16, respectively.

The registration of hemodynamic parameters was per-
formed in the lying position, head-up-tilt and head-down-tilt, 
obtained with a passive movement on the turntable, respec-
tively, at 90° and –25°. The records contained sequential 
steps: lying position – head-up-tilt; lying position – head-
down-tilt, which paused for 15 minutes. To achieve stabili-
zation of the functional parameters of the CVS, the subject 
remained in a lying position for at least 5 minutes (signal 
recording began from the 6th minute). In the conditions of 

postural loads, the participant was for at least 6 minutes (sig-
nal recording began from the 2nd minute). Heart rate (HR), total 
peripheral vascular resistance (TPVR), mean arterial pressure 
(MAP), shock (ShI) and heart index (HI) were determined. 
We also assessed parameters of the spectral characteris-
tics of the heart rhythm (SCHR), the parameters of the total 
power (TP) of the spectrum in the frequency range up to 0.4 Hz, 
the spectral power at the frequency of less than 0.05 Hz 
(VLF, very low frequency), spectral power at the frequency 
of 0.05–0.15 Hz (LF, low frequency), and spectral power at 
the frequency of 0.15–0.4 Hz (HF, high frequency). This 
emerged from the generally accepted notions that the power 
of HF respiratory waves reflects vagal influences, LF waves 
– mostly sympathetic vasomotor, baroreflector-modulated 
self-regulation mechanisms, and VLF wave – the level of 
activation of supersegmental ergotropic systems.

Statistical analysis

The statistical processing of the obtained results was 
carried out with the methods of mathematical statistics and 
the software packages of Excel and Statistica for Windows 8.0. 
The reliability of the changes and the differences between 
the comparative values was estimated in accordance with the 
non-parametric Wilcoxon-Mann-Whitney criterion. The exis-
tence of a relationship between the indicators was checked 
by the calculations of the Spearman correlation coefficient. 
Differences between groups and the existence of correla-
tion dependence were considered to be reliable at p  0.05.

Ethical approval
The research related to human use has been complied 

with all the relevant national regulations and institutional 
policies, has followed the tenets of the Declaration of Helsinki 
and the World Health Organization recommendations [28], 
and has been approved by the authors’ institutional review 
board or an equivalent committee.

Informed consent
Informed consent has been obtained from all individuals 

included in this study.

Results

The analysis of the CH indices obtained in the lying po-
sition revealed that the indices of the ShI and the HI of the 
participants in group 1 in relation to group 2 and the similar 
indices of subjects in group 3 relative to group 4 were sig-
nificantly lower (p  0.05) (Table 1).

The indicators of HR of non-sporting persons in group 1 
were significantly higher as compared with the sportsmen 
with the same type of blood circulation (p  0.05). Indicators 
of ShI of non-sporting individuals in both groups (1 and 2) 
in comparison with the similar indicators of the sportsmen 
(groups 3 and 4) within the limits of the same type of blood 
circulation were significantly lower (p  0.05–0.01). HI of the 
examined persons in group 4 was significantly higher than 
that of non-sporting men in group 2 (p  0.05). The quantita-
tive values of TPVR in groups 1 and 3 were significantly higher 
in relation to those in the corresponding groups 2 and 4 (p  
0.05). No differences were found between the indicators of 
TPVR of the subjects with different physical status, but with 
the same type of blood circulation (p  0.05). Indicators of 
MAP of the different surveyed groups were within the nor-
mal range and did not differ significantly (p  0.05) (Figure 1).
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It is possible that higher values of ShI and HI, and lower 
TPVR in the surveyed individuals of group 2 as compared 
with group 1 and persons of group 4 as compared with 
group 3 may be due to the regulatory peculiarities of their 
autonomic nervous system. At the same time, the inter-
group comparison of the SCHR in the experimental groups 
under investigation indicated that there were no differences 
in the regulatory processes of cardiovascular activity under 
the given conditions (p  0.05) (Table 1). It is accepted that 
the variability of HR is an indicator of the interaction of the 
body regulatory mechanisms. It is known from literature 
that the prevalence of intracardiac mechanisms in a lying 
position is sufficient to optimally ensure the functioning of 
the CVS at a resting state [10, 26].

The analysis of the quantitative values of MAP in head-
up-tilt and head-down-tilt positions did not establish any sig-
nificant changes in the different surveyed groups (p  0.05) 
(Figure 1). However, the study of other indicators of com-
pensatory reactions to a change of the body position in the 
space indicated significant changes in the functioning of 
the CVS. In head-up-tilt conditions, regardless of the type 
of blood circulation, all of the examined persons showed 
a decrease of ShI and HI, and an increase of HR and TPVR 
(p  0.05) (Table 2).

Changes in the SCHR in this body position were char-
acterized by a decrease in the power of the HF, LF, and VLF 

waves (p  0.05) in groups 1, 2, and 3, while in group 4, in 
response to the orthostasis, there was a reliable decrease 
in the power of the HF and VLF waves and an increase in 
the power LF (p  0.05), indicating differences in the mech-
anisms of heart regulation in people with different types of CH 
and physical condition. It is noteworthy that the range of 
MAP oscillations was the smallest (1–4%), while HR, ShI, HI, 
and TPVR changed to a greater extent (15–30%).

Consequently, the inclusion of compensatory HR reac-
tions in head-up-tilt position was aimed at maintaining con-
stant blood pressure as the main result of blood circulation 
regulation under conditions of gravity forces in order to op-
timize the upper and lower cavernous blood flow to the heart 
and the mechanisms that provide it [29, 30]. It was found 
that in both groups of the examined persons with HK and 
HrK types of blood circulation, during a passive orthopae-
dic trial, unidirectional compensatory processes were be-
ing developed in CH and this was characterized by weak-
ening of the heart capabilities (although within the normal 
range). A comparison of the indicators of the studied indi-
viduals with different types of blood circulation and physical 
status revealed that there were significantly higher indica-
tors of HI in persons with the HrK type of blood circulation 

Table 1. Indicators of central hemodynamics and spectral characteristics of the cardiac rhythm (median, upper, and lower quartile)  
of non-sporting men and athletes with hypokinetic (HK) and hyperkinetic (HrK) types of blood circulation under conditions of lying position

Investigated indicators

Surveyed groups

non-sporting men athletes

1 (HK) 2 (HrK) 3 (HK) 4(HrK)

HR (bpm) 61.1# (79.3; 57.1) 60.9 (71.4; 58.2) 50 (59.4; 48.2) 54 (58.5; 50.1)

ShI (ml/m2) 32.7*# (36.7; 29.2) 49.2# (68.7; 57.2) 38.0* (42.4; 33.8) 62.9 (71.0; 58.3)

HI (l/min/m2) 2* (2.7; 1.8) 3.0# (3.6; 2.7) 1.9* (2.3; 1.4) 3.4 (3.9; 3.0)

TPVR (din · s · cm–5/m2) 2.0* (2.8; 1.8) 1.7 (2.1; 1.3) 2.4* (2.9; 2.0) 1.8 (2.3; 1.1)

HF (ms2) 500.4 (523.2; 483.2) 590.3 (671.4; 526.2) 550.1 (580.1; 510.3) 670.3 (701.4; 626.2)

LF (ms2) 1000.4 (1131.5; 998.4) 1155.2 (1027.3; 922.6) 1030.9 (1119.4; 960.1) 1135.2 (1177.3; 1102.6)

VLF (ms2) 849.1 (883.1; 818.7) 781.8 (832.3; 727.8) 900.5 (983.1; 859.9) 861.8 (892.3; 823.8)

HR – heart rate, ShI – shock, HI – heart index, TPVR – total peripheral vascular resistance, HF – high frequency, LF – low frequency,  
VLF – very low frequency
* the reliability of the differences p  0.05 between the types of hemodynamics
# the reliability of the differences p  0.05

Figure 1. Dynamics of the middle arterial pressure of the studied 
persons (median, upper and lower quartiles) in the different  

experimental positions of the body

@ the reliability of the differences p < 0.05 relative to the resting state
* between the types of hemodynamics
# in relation to the sportsmen’s indicators

Figure 2. Dynamics of the total power of the median spectrogram 
in the surveyed persons (median, upper and lower quartile)  

in different experimental positions of the body
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in the head-up-tilt position among non-sporting subjects and 
sportsmen: by 27.2% and 64.5%, respectively; ShI (by 29.1% 
and 47.6%); and lower quantitative values of TPVR (by 13.7% 
and 18.6%) compared with those with the HK type (p  0.05). 
These results draw attention to the fact that such features 
of CH in representatives of the HrK type of blood circulation 
can be related to the higher activity of vegetative regulatory 
centres. It is known that the status of the autonomic nervous 
system reflects the adaptive reserves of the organism, the 
degree of stress of the HR regulation mechanisms, or the ex-
istence of a CVS pathology [31].

The analysis of the SCHR revealed that the quantitative 
values of the TP of the median spectrogram in the examined 
groups 2 and 4 groups from the HrK type were significantly 
higher compared with those in groups 1 and 3 with the HK 
type (p  0.05) (Figure 2).

In addition, the TP rates of both groups of sportsmen were 
significantly higher compared with the groups of the non-
sporting persons with the similar type of blood circulation (p  
0.05). It was established that in the conditions of the ortho-
stasis in the surveyed groups with the HK type of blood cir-
culation in relation to the lying position, the reduction of TP 
occurred in non-athletes and sportsmen, respectively, by 
51.2% and 47.3% (Figure 2). Importantly, the dynamics of 
TP reduction in groups with the HrK type was less intense 
and equalled 23.6% and 11.2%, respectively, in non-sport-
ing men and sportsmen. The most sensitive SCHR to the 
orthostasis in all examined participants in group 3, and es-

pecially group 1, was VLF, and in people of groups 2 and 4, 
these were VLF and LF (p  0.05).

Discussion

In the surveyed persons with the HK type of blood cir-
culation (both in non-sporting men and athletes), in the head-
up-tilt position, MAP was maintained at the expense of a less 
significant decrease of ShI, respectively in groups 1 and 3 
at 23.2% and 21.6%, HI at 10.1% and 10.6%, and at 10.4% 
and 11.2% increase of TPVR. This was comparable to the 
subjects with the HrK type of blood circulation, in which the 
changes of CH were more significant: a decrease in ShI 
(34.4% and 30.5%), HI (23.4% and 17.7%), and an increase 
of TPVR by 11.7% and 22.2% (p  0.05). In addition, TPVR 
in the examined athletes of group 4 increased significantly 
more clearly than in the non-sporting representatives of 
group 2 with a similar type of blood circulation. In the sur-
veyed groups of persons with the HK type of circulatory 
system in the examined orthostatic position, the values of HI, 
ShI, and the lower power of the HF, LF, and VLF spectrum 
were significantly lower than in the groups with the HrK 
type (p  0.05).

Taking into account that the HrK type of blood circula-
tion was characterized by higher values of HI, ShI, TP, HF, 
LF, VLF in the orthostatic test conditions and a lower indi-
cator of TPVR compared with the HK type [32, 33], we do 
not rule out this as a consequence of the higher level of the 

Table 2. Indicators of central hemodynamics and cardiac rhythm variability (median, upper and lower quartile) of non-sporting men and 
athletes with hypokinetic (HK) and hyperkinetic (HrK) types of blood circulation under postural loads

Investigated indicators

Surveyed groups

non-sporting men athletes

1 (HK) 2 (HrK) 3 (HK) 4 (HrK)

Head-up-tilt

HR (bpm) 72.6 (89.3; 67.1) 71.4 (81.4; 64.2) 57.2* (60.9; 52.4) 63.6 (68.3; 60.3)

ShI (ml/m2) 25.1*# (32.3; 22.6) 32.3## (51.1; 43.1) 29.8* (39.4; 29.7) 44.0 (49.6; 40.4)

HI (l/min/m2) 1.8* (2.3; 1.3) 2.3# (3.1; 2.0) 1.7* (2.2; 1.4) 2.8 (3.5; 2.3)

TPVR (din · s · cm–5/m2) 2.2* (2.7; 1.8) 1.9 (2.2; 1.3) 2.7* (3.0; 2.5) 2.2 (2.6; 1.8)

HF(ms2) 109.2*# (138.1; 89.2) 519.6 (547.2; 503.6) 270.5* (319.7; 237) 500.4 (523.2; 498.6)

LF (ms2) 651.4*# (688.7; 582.9) 1024.7# (1178.2; 963.1) 580.4* (626.4; 529.6) 1350.3 (1382.5; 1317.5)

VLF (ms2) 423.7* (486.5; 397.7) 641.1 (687.4; 609.3) 470.5* (527.6; 503.6) 550.3 (589.4; 512.6)

Head-down-tilt

HR (bpm) 72.3# (85.6; 78.4) 77.0 (81.3; 71.6) 66.0 (69.4; 61.2) 71.5 (79.8; 69.7)

ShI (ml/m2) 41.6*# (48.9; 37.1) 45.3# (51.9; 41.2) 48.5* (55.3; 43.6) 56.2 (59.1; 51.5)

HI (l/min/m2) 3.0* (3.9; 2.7) 3.5 (3.8; 3.1) 3.2* (3.8; 2.9) 4.0 (4.9; 3.8)

TPVR (din · s · cm–5/m2) 1.5 (1.8; 0.9) 1.4 (1.9; 1.1) 1.6* (2.0; 1.1) 1.5 (1.9; 1.0)

HF (ms2) 385.1* (409.1; 342.2) 170.3 (231.4; 128.1) 390.7* (427.5; 310.6) 150.3 (181.4; 128.1)

LF (ms2) 722.1*# (781.5; 704.1) 1218.3# (1291.2; 1191.3) 980.1* (1033.7; 926.9) 1408.3 (1461.2; 1381.3)

VLF (ms2) 537.5*# (573.1; 506.2) 612.3 (642.3; 601.5) 985.4* (1019.6; 924.7) 542.37 (592.3; 521.5)

HR – heart rate, ShI – shock, HI – heart index, TPVR – total peripheral vascular resistance, HF – high frequency, LF – low frequency,  
VLF – very low frequency
* the reliability of the differences p  0.05 between the types of hemodynamics
# the reliability of the differences p  0.05
## p  0.01 in relation to sportsmen’s indicators
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activity of the regulatory, autonomous, and baroreceptor 
mechanisms. There are data in the literature proving the 
less economic mode of heart work in people with the HrK 
type of blood circulation and their low compensatory proper-
ties [10, 23]. In other works, the existence of a smaller shock 
volume in individuals with the HK type of hemodynamics is 
emphasized, which in the authors’ opinion contributes to 
the economization of the functions of the heart [32, 34]. The 
lower values of HI and the main spectral ranges of HF, LF, 
VLF and the higher value of TPVR, established by us in the 
orthostasis, are consistent with the data of these research-
ers [28, 30].

Consequently, orthostasis has a significant effect on the 
human body and deduces CH from equilibrium. Under such 
conditions, the CVS is forced to direct all efforts in support 
of MAP, optimize blood circulation, involving both intra- and 
extracardiac regulatory mechanisms. In the studied subjects 
with the HK type of blood circulation in the head-up-tilt con-
ditions, the optimal level of CH was maintained by activating 
to a lesser extent the vascular and to a greater extent the 
systemic extracardiac regulation mechanisms. In our opinion, 
the high degree of stress of the vegetative mechanisms in the 
surveyed persons with HrK demonstrated the least favour-
able mode of functioning, a narrow range of compensatory 
responses, a low threshold of vulnerability to postural loads, 
along with low adaptive capacity. Maintenance of homeo-
stasis in HrK under these conditions occurred mainly owing 
to the greater intensity of intracardiac and vascular mecha-
nisms of regulation and less participation of higher vegeta-
tive centres.

In head-down-tilt conditions in all surveyed persons, we 
determined simultaneously raising quantitative values of HI, 
ShI, and HR, and decreasing the value of TPVR (p  0.05) 
(Table 2). In the wave structure of the HR of the experimental 
groups in response to the applied gravitational load, a signifi-
cant decrease was observed in the majority of SCHR and 
TP (p  0.05). At the same time, a number of features were 
revealed between groups with different types of blood cir-
culation and physical status. The analysis of the quantitative 
values of TP in the examined groups 2 and 4 in comparison 
with groups 1 and 2, as well as between similar indices of 
non-sporting men and sportsmen did not reveal any signifi-
cant differences (p  0.05) (Figure 2). However, the compari-
son of the dynamics of the TP in response to changing the 
body position in the space revealed a different intensity of the 
decreasing. In the examined groups 1 and 3, the decrease 
of TP was set at 15.6% and 17.6% which was less in com-
parison with groups 2 and 4, and in groups 2 and 4, the inten-
sity of changes was more pronounced and equalled 20.8% 
and 21.2%, respectively. A comparison of the reduction of 
TP indicators in relation to the lying position of sportsmen 
and non-sporting people pointed to a more significant dy-
namics of these indicators in athletes.

In groups of people with the HrK type of blood circula-
tion in the head-down-tilt conditions, the spectral character-
istics of LF were higher and those of HF lower in comparison 
with the surveyed persons of the HK type (p  0.05). One 
should notice that during anti-orthostasis, in the examined 
persons with the HrK type of blood circulation, there was 
an increase of LF and a decrease of HF, while in groups 1 
and 3, under these conditions, a reduction of both compo-
nents of the cardiac spectrum in relation to the lying posi-
tion was observed (p  0.05). In addition, in the surveyed 
group 4 as compared with group 2, significantly higher val-
ues of LF were detected (p  0.05). A larger increase of LF 
was observed in athletes than in non-sporting men (p 0.05). 

Such differences testify to different mechanisms of heart reg-
ulation in people with different types of CH, which are acti-
vated under the conditions of anti-orthostasis.

The analysis of the CH indices in the studied individuals 
with the HrK type revealed a predominance of quantitative 
values of ShI and HI, and lower values of TPVR, as com-
pared with the subjects with the HK type of blood circulation 
in the conditions of the head-down-tilt position (p  0.05). In 
the examined persons with the HK type of blood circulation 
under these conditions, adequate MAP was supported by 
a more significant increase, both in non-sporting men and in 
sportsmen, of ShI (by 27.2% and 27.6%, respectively) and 
HI (by 50.2% and 67.9%), and by a reduction of TPVR (by 
25.2% and 33.4%) compared with the changes among the 
examined persons with the HrK type of blood circulatory 
activity (p  0.05). In the surveyed group of the HrK type of 
blood circulation, in non-sporting people and sportsmen, 
we observed a less significant increase of ShI (by 8.1% and 
11.7%, respectively) and HI (by 16.6% and 17.6%), and a 
decrease of TPVR (by 11.8% and 16.7%) (p  0.05).

Such results confirm the leading role of vegetative reg-
ulatory mechanisms of the hemodynamics in the examined 
persons with HrK, and of intracardiac and vascular mecha-
nisms in the subjects with the HK type of blood circulation 
under conditions of passive anti-orthostasis. Probably, the 
absence of the differences in the values of MAP in the sur-
veyed persons with different types of blood circulation (p  
0.05) under these conditions was maintained owing to the 
unequal participation of the cardiac and vasomotor compo-
nents. According to our data, the optimum value of MAP for 
the position of head-down-tilt in the persons with the HrK 
type of blood circulation was provided mainly by high car-
diac output, lower TPVR, and higher activity of LF and lower 
HF. In the participants with the HK type of blood circulation, 
MAP was supported by a greater activity of the parasympa-
thetic regulation channel of HR and TPVR.

Importantly, there was a significantly lower ShI (p  0.05) 
and a slightly longer duration of R-R intervals in the exam-
ined individuals of groups 1 and 3 with the HK type of blood 
circulation compared with the studied groups 2 and 4 with 
the HrK type of blood circulation under conditions of anti-
orthostasis. As it is known, the compensating reactions of the 
heart are manifested in several ways, such as tachycardia, 
dilatation, hypertrophy, aimed at creating the corresponding 
minute volume of blood in accordance with the conditions 
of existence. However, as our studies show, each type of cen-
tral hemodynamics to achieve the maximum effectiveness 
of the CVS used its own version of the ratio of these compen-
satory techniques. The applied correlation analysis confirmed 
the interdependence between HR and blood flow to the ven-
tricles (in the examined persons with HK and HrK, respec-
tively, r = 0.56 and r = 0.63, p  0.05–0.01). In the participants 
with the same type of blood circulation, namely, in persons 
of group 4 in comparison with groups 2 and 3, in relation to 
group 1, the economization and rationalization of the heart 
function was determined by increasing the strength of car-
diac contractions (a positive inotropic effect), as evidenced 
by the significantly higher ShI (p  0.05). It is possible that 
this was facilitated by the best physical state of the body of 
the sportsmen. In the examined group 2 relative to group 1, 
a higher HR was detected, which increased myocardial ten-
sion and energy expenditure, decompensating and exhausting 
the reserve capabilities of the adaptive mechanisms. It is known 
from the literature that people with the HrK type of blood cir-
culation and high HR have a higher probability of arrhythmias, 
myocardial infarction, hypertension [9, 10], which indicates 
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the need to take into account not only the initial data of the 
type of blood circulation and the wave structure of the HR, 
but also the reactivity of the CVS on the effect of gravita-
tional loads. The results of our research show that the di-
rection of compensatory reactions had a clear dependence 
primarily on the type of blood circulation, as well as on the 
physical status of the surveyed persons.

The comparison of the CVS indicators in the study partici-
pants in the head-down-tilt position indicated the involvement 
of excellent mechanisms of HR regulation in the individuals 
with different types of central hemodynamics. Persons with 
the HK type of blood circulation, unlike HrK, under these con-
ditions demonstrated the achievement of the optimal CH 
level by lower activation of the contractile function of the heart 
and extracardiac mechanisms of regulation, while the those 
with the HrK type of blood circulation had more control from 
the central nervous system against the backdrop of the strain 
of self-regulation processes. A narrowed range of compen-
satory responses, a low threshold of vulnerability, and a high 
degree of stress in the vegetative mechanisms in HrK indi-
cate lower energy possibilities of the heart. It is known that 
a vagosympathetic dissonance is the reason for a shift in 
the work of the heart [10, 15, 31]. We maintain that in people 
with the HrK type of blood circulation, there is a high degree 
of risk of cardiovascular complications due to the high acti-
vation of the regulatory and autonomous mechanisms and 
a higher level of their stress in the conditions of our postural 
loads, which makes them the least adaptive.

Limitations

The presented study has some limitations. It was per-
formed among healthy men aged 18–21 years, athletes and 
non-sportsmen. The methods of CH and SCHR were applied, 
which could have influenced the outcomes.

Conclusions

1. The differences in the compensatory reactions of CH 
and SCHR of men with different types of blood circulation 
and physical status of the organism were established in the 
conditions of postural loads.

2. For the adaptive response of the CH in persons with 
the HrK type, under the condition of moving the body to the 
head-up-tilt position, more intentional participation of the 
intracardiac and vascular and less participation of the higher 
vegetative centres was characteristic. In the surveyed indi-
viduals with the HK type of blood circulation, the optimal 
level of CH was maintained by activating to a smaller extent 
the vascular and to a greater extent the systemic extracar-
diac regulation mechanisms.

3. In conditions of passive movement of the body to the 
head-down-tilt position, the compensatory reactions of the 
CH of the participants with the HK type of blood circulation, 
especially sportsmen, were characterized less by the activa-
tion of the contractile functions of the heart and the extracar-
dial mechanisms of regulation, and hyperkinetics typically 
involved to a greater extent the higher regulatory centres of 
the central nervous system in the background of the tension 
of the self-regulation processes.

4. The revealed features of the CH and HR regulation 
mechanisms can be useful in the field of clinical and sports 
medicine, physical rehabilitation, professional orientation and 
selection.

Acknowledgement
The research was part of the scientific plan ‘Individual 

peculiarities of the systems’ reactions in the organisms of 
healthy people to various loads,’ implemented by the Cher-
kasy B. Khmelnytsky National University; the plan was ap-
proved by the Ministry of Education and Science of Ukraine.

Disclosure statement
No author has any financial interest or received any finan-

cial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

References

1.	 Greene SJ, Vaduganathan M, Wilcox JE, Harinstein ME, 
Maggioni AP, Subacius H, et al. The prognostic signifi-
cance of heart rate in patients hospitalized for heart failure 
with reduced ejection fraction in sinus rhythm: insights 
from the EVEREST (Efficacy of Vasopressin Antagonism 
in Heart Failure: Outcome Study With Tolvaptan) trial. 
JACC Heart Fail. 2013;1(6):488–496; doi: 10.1016/j.jchf. 
2013.08.005.

2.	 Filippatos G, Khan SS, Ambrosy AP, Cleland JG, Col-
lins SP, Lam CS, et al. International registry to assess 
medical practice with longitudinal observation for treat-
ment of heart failure (REPORT-HF): rationale for and 
design of a global registry. Eur J Heart Fail. 2015;17(5): 
527–533; doi: 10.1002/ejhf.262.

3.	 Tavazzi L, Senni M, Metra M, Gorini M, Cacciatore G, 
Chinaglia A, et al. Multicenter prospective observational 
study on acute and chronic heart failure: the one-year 
follow-up results of IN-HF (Italian Network on Heart 
Failure) outcome registry. Circ Heart Fail. 2013;6(3): 
473–481; doi: 10.1161/CIRCHEARTFAILURE.112.000161.

4.	Ambrosy AP, Fonarow GC, Butler J, Chioncel O, 
Greene SJ, Vaduganathan M, et al. The global health 
and economic burden of hospitalizations for heart failure: 
lessons learned from hospitalized heart failure regis-
tries. J Am Coll Cardiol. 2014;63(12):1123–1133; doi: 
10.1016/j.jacc.2013.11.053.

5.	 Vogels RL, Scheltens P, Schroeder-Tanka JM, Wein-
stein HC. Cognitive impairment in heart failure: a system-
atic review of the literature. Eur J Heart Fail. 2007;9(5): 
440–449; doi: 10.1016/j.ejheart.2006.11.001.

6.	 Gaviria M, Pliskin N, Kney A. Cognitive impairment in 
patients with advanced heart failure and its implication 
on decision-making capacity. Congest Heart Fail. 2011; 
17(4):175–179; doi: 10.1111/j.1751-7133.2011.00242.x.

7.	 Cook TD, Greene SJ, Kalogeropoulos AP, Fonarow GC, 
Zea R, Swedberg K, et al. Temporal changes in post-
discharge mortality risk after hospitalization for heart 
failure (from the EVEREST trial). Am J Cardiol. 2016; 
117(4):611–616; doi: 10.1016/j.amjcard.2015.11.050.

8.	 Thayer JF, Ahs F, Fredrickson M, Sollers JJ III, Wager 
TD. A meta-analysis of heart rate variability and neuro-
imaging studies: implications for heart rate variability 
as a marker of stress and health. Neurosci Biobehav 
Rev. 2012;36(2):747–756; doi: 10.1016/j.neubiorev. 
2011.11.009.

9.	 Makharova NV, Pinigina IA, Mestnikova EN, Vinokuro-
va SP. Prevention of sudden death in elite athletes in 
the Republic of Sakha (Yakutia). Theory Pract Phys Cul-
ture. 2015;10:73–75.

10.	 Baevsky RM, Baranov VM, Funtova II, Diedrich A, 
Pashenko AV, Chernikova AG, et al. Autonomic cardio-



L. Yukhymenko et al. 
Hemodynamic aspects of compensatory reactions

12

Physiotherapy Quarterly (formerly Fizjoterapia) 2018, 26 (3) 
physiotherapyquarterly.pl

vascular and respiratory control during prolonged space-
flights aboard the International Space Station. J Appl 
Physiol. 2007;103(1):156–161; doi: 10.1152/japplphysiol. 
00137.2007.

11.	 Bocharov MI. Reaction of human hemodynamics to dif-
ferent in magnitude hypoxic effects [in Russian]. Ulyanovs-
kiy Medico-Biologicheskiy Jurnal. 2012;3:138–145.

12.	 Baranov AV, Bocharov IM. Compensatory reaction of 
the human cardiovascular system to short-term normo-
baric hypoxia [in Russian]. Vestnik Uralskoy Medicinskoy 
Akademicheskoy Nauki. 2011;3:39–41.

13.	 Soroko SI, Burykh EA. Intrasystemic and intersystemic 
rearrangements of physiological parameters in experi-
mental acute hypoxia. Hum Physiol. 2004;30(2):176–183; 
doi: 10.1023/B:HUMP.0000021646.72315.b4.

14.	 Crnošija L, Krbot Skorić M, Adamec I, Lovrić M, Junako
vić A, Mišmaš A, et al. Hemodynamic profile and heart 
rate variability in hyperadrenergic versus non-hyperad-
renergic postural orthostatic tachycardia syndrome. Clin 
Neurophysiol. 2016;127(2):1639–1644; doi: 10.1016/j.
clinph.2015.08.015.

15.	 Kolloch R, Legler U, Champion A, Cooper-Dehoff RM, 
Handberg E, Zhou Q, et al. Impact of resting heart rate 
on outcomes in hypertensive patients with coronary 
artery disease: findings from the INternational VErapamil-
SR/trandolapril STudy (INVEST). Eur Heart J. 2008;29(10): 
1327–1334; doi: 10.1093/eurheartj/ehn123.

16.	 Mancia G, Fagard R, Narkiewicz K, Redón J, Zanchetti A, 
Böhm M, et al. 2013 ESH/ESC Guidelines for the man-
agement of arterial hypertension: the Task Force for 
the management of arterial hypertension of the European 
Society of Hypertension (ESH) and of the European 
Society of Cardiology (ESC). J Hypertens. 2013;31(7): 
1281–1357; doi: 10.1097/01.hjh.0000431740.32696.cc.

17.	 Mikhaliuk EL, Soboleva TS. Rhythm of the heart, central 
hemodynamics and physical performance in athletes 
of both sexes under the influence of long-term training 
loads [in Russian]. Lechebnaya Fizkultura i Sportivnaya 
Medicina. 2015;2(128):21–24.

18.	 Mikhaliuk EL, Malakhova SN, Didenko MV. Rhythm of 
the heart, central hemodynamics and physical perfor-
mance of runners at medium distances [in Russian]. 
Zaporozkiy Medicinskiy Jurnal. 2014;3(84):47–51.

19.	 Fuks AI, Elderer J, Ellemunter H. Cardiology clearance 
index: normal values, repeatability, and reproducibility 
in cardiology system-healthy children. Pediatr Cardiol. 
2010;43(12):1180–1185.

20.	 Bayevskiy RM, Ivanov GG. Heart rate variability: the basis 
of the method and new directions [in Russian]. Noviye 
Metody Electrocardyografii. 2007;473–496.

21.	 Lisovsky B. Functional reserves of cardiorespiratory sys-
tem as an index of human health [in Ukrainian]. Visnik Pri-
karpatskogo Universitetu Fizichna Cultura. 2006;2:31–34.

22.	 Ogurtsova MB, Demin AN. Features of central and re-
gional hemodynamics in athlete swimmers in different 
positions of the body and under physical activity [in 
Russian]. Slobozhansky Naukovo-Sportivniy Visnik. 2007; 
11:154–158.

23.	 Korobeynikov G, Korobeinikova L, Iermakov S, Nosko M. 
Reaction of heart rate regulation to extreme sport activity 
in elite athletes. J Phys Educ Sport. 2016;16(3):976–981; 
doi: 10.7752/jpes.2016.03154.

24.	 Makaridze OV. Influence of ortho- and antiorthostatic 
test on the phases of the cardiac cycle of the left and 
right ventricles in healthy individuals [in Russian]. Car-
diologiya. 2000;7:22–26.

25.	 Tsybenko VA, Grishchenko AV. Changes in central he-
modynamics with antiorthostatic effects in people with 
various types of blood circulation and level of physical 
preparedness [in Russian]. Fizyologiya Tchelovieka. 1993; 
19(3):100–105.

26.	 Korobeynikov G, Korobeinikova L, Potop V, Nikonorov D, 
Semenenko V, Dakal N, et al. Heart rate variability system 
in elite athletes with different levels of stress resistance. 
J Phys Educ Sport. 2018;18(2):550–554; doi: 10.7752/
jpes.2018.02079.

27.	 Savitskiy NN. Biophysical basis of blood circulation and 
clinical methods of studying hemodynamics. Medicine. 
1974;312.

28.	 World Health Organization. Operational guidelines for 
ethics committees that review biomedical research. Ge-
neva: World Health Organization; 2000.

29.	 Karemaker JM. Analysis of blood pressure and heart rate 
variability: theoretical consideration and clinical applica-
bility. Clinical autonomic disorders. Evaluation and Man-
agement. 1993;135.

30.	 Malliani A, Pagani M, Lombardi F, Cerutti S. Cardiovas-
cular neural regulation explored in the frequency domain. 
Circulation. 1991;84(2):482–492; doi: 10.1161/01.CIR. 
84.2.482.

31.	 Fox K, Ford I, Steg PG, Tendera M, Robertson M, Fer-
rari R, et al. Heart rate as a prognostic risk factor in pa-
tients with coronary artery disease and left-ventricular 
systolic dysfunction (BEAUTIFUL): a subgroup analysis 
of a randomized controlled trial. Lancet. 2008;372(9641): 
817–821; doi: 10.1016/S0140-6736(08)61171-X.

32.	 Arshinova NG, Vikulov AD, Bocharov MV. The use of 
central hemodynamics and heart rate indicators for as-
sessing the functional status of high-qualified athletes [in 
Russian]. Yaroslavskiy Pedagogicheskiy Vestnik. 2010; 
4(3):53–60.

33.	 Schwartz PJ, De Ferrari GM. Sympathetic-parasympa-
thetic interaction in health and disease: abnormalities 
and relevance in heart failure. Heart Fail Rev. 2011;16(2): 
101–107; doi: 10.1007/s10741-010-9179-1.

34.	 Fluckiger L, Boivin JM, Quilliot D, Jeandel C, Zannad F. 
Differential effects of aging on heart rate variability and 
blood pressure variability. J Gerontol A Biol Sci Med Sci. 
1999;54(5):B219–B224; doi: 10.1093/gerona/54.5.B219.


