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Ab s t r a c t — The aim of the study was to clarify the
features of adaptation of the cardiovascular system (by
hemodynamic parameters) to the conditions of the earth's
gravity in different periods of ontogenesis.
Methods: The analysis was conducted for the number of
age groups: up to 8 years (n=55), 9–14 years (n=68), 15–21
years (n=226), 22–35 years (n=326), 36–55 years for women
and 36–60 years for men (n=658), up to 70 years (n=413)
and over 70 years (n=198). The study of the cardiovascular
system was carried out on the hardware and software
complex "ANTHROPOS-CAVASCREEN" created by us
on the basis of tetrapolar thoracic and regional rheography.
Three orthostatic types of hemodynamics (hypokinetic,
eukinetic and hyperkinetic) are determined by the ratio of
minute blood volume standing/lying.
Results: The age limit of transition to the increase in the
severity of hyperkinetic organization of blood circulation
(corresponding to the orthostatic type III of hemodynamics)
is the first reproductive age (22–35 years). The age dynamics
of the typological structure indicates that the orthostatic
type of hemodynamics is a dynamic characteristic of the
organization of blood circulation and it must be taken
into account when assessing the circulatory state of the
cardiovascular system.
K ey w o r d s — age, hemodynamics, orthostatic type.

I n t r o duc t i o n

In clinical practice, diagnostic studies of the cardiovascular system are carried out in the supine position,
that is realizing in conditions of minimal manifestation
of the gravitational effect on blood circulation [2, 3]. It
can dramatically affect the reference values of the studied parameters [3]. At the same time, there are practically no standards and diagnostic approaches that take
into account the typical human circadian rhythm of
the natural positions of the body and the characteristic
of blood circulation by the gravitational (hydrostatic)
factor (orthostatic type of hemodynamics).
Interaction with the earth's gravity is a permanent factor of the environment, which has a systemic
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gravitational effect on blood circulation. It manifests
itself in a characteristic human stage adaptation to
the conditions of upright walking throughout postnatal ontogenesis [1–3]. Accordingly, the relevant
parameters for a person are standing and lying down,
as well as their ratio standing / lying in the systemic
characteristics of the functional state of the person
by the main hemodynamic mechanisms. This creates
the prerequisites for clarifying the features of adaptation of the cardiovascular system (by hemodynamic
parameters) to the conditions of the earth's gravity in
different periods of ontogenesis, which was the aim
of the work.

Methods

The analysis of the data on circulatory state of the
cardiovascular system was carried out by age samples,
which were formed in accordance with the proposed
classification of the stages of ontogenetic adaptation
to Earth gravity (anthropogenetic model) in the process of formation and activity in the human-specific
conditions of walking. The analysis was conducted for
the following age samples (total for men and women):
up to 8 years (n=55), 9–14 years (n=68), 15–21 years
(n=226), 22–35 years (n=326), 36–55 years for women
and 36–60 years for men (n=658), up to 70 years
(n=413) and over 70 years (n=198). The study of the
cardiovascular system was carried out on the hardwaresoftware complex "ANTHROPOS-CAVASCREEN"
created by us on the basis of tetrapolar thoracic and
regional rheography [1]. A complex of hemodynamic
parameters for central and peripheral blood circulation in standing and lying positions was recorded. To
do this, the following orthostatic types of hemodynamics are determined by the ratio of minute blood
volume standing/lying:
– Type I, or hypokinetic state, with a decrease in
cardiac output in the standing position compared to
the lying position (less than 94%). it is considered the
best option ;
– Type II, or eukinetic state, the magnitude
of cardiac output lying and standing is not different
(94–106%);
– Type III, or hyperkinetic state, in which the
cardiac output in the standing position increases
(more than 106%) compared to the lying position.
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Calculations were performed by specially designed software on the basis of
a statistical software package Microsoft Excel 2010.

R e s ul t s

We have considered the age representation of orthostatic types of hemodynamics. The dynamics of the typological structure of the organization of blood
circulation was determined by the ratio of minute blood volume in standing/
lying positions (Fig. 1).
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Fig. 1. Typological structure of hemodynamics state in different age groups

It was found that in children under 8 years the structure of orthostatic
types of blood circulation is mainly present by I type (84%, p<0.05), or hypokinetic state. The instability of the typological structure of hemodynamics
in adolescents compared to younger children was noted as they grew up (in
the puberty period). A significant increase in the representation of type II
(eukinetic) of hemodynamics in comparison with children up to 8 years was
determined (up to 32%; p<0.05). Also, the proportion of persons with type I
of hemodynamics (from 84% to 51%) significantly decreases (p<0.05), whereas
type III showed almost double growth (9% to 17%). At the same time, the
proportion of people classified by type I remains prevalent compared to type II
(p<0.05) and, especially, with type III (p<0.01). The state of hemodynamics in
children aged 9–14 years can be assessed as a transitional nature of the dynam-

ics of the typological organization of blood circulation,
where there was no significant
predominance of any type in
the sample.
At the end of the growth
(15–21 years) and physical
maturity (22–35 years old
and 36–60) of the typological organization of the blood
circulation is getting stable. At
these age stages, the share of
type I reaches 85%, 68% and
67%, respectively, significantly
different from the representation of this type in younger
people (9–14 years; p<0.01).
In the older age groups (60–70
years and older than 70 years),
the proportion of type I decreases to 47% and 40%, along
with a parallel increase in the
proportion of persons with
type III to 45–50%, which
is considered as a manifestation of the non-optimality of
the typological structure of
blood circulation. It should be
noted that, unlike the sample
of adolescents (9–14 years)
with a transitional typological
structure of the organization
of blood circulation, there
were no significant differences
between the representation of
I (40–47%) and III (45–50%)
types at the postdefinitive
stage (older than 60 years).
However, here is a significant
(P<0.01) increase in the proportion of type III compared
with the first (22–35 years)
and second (up to 60 years)
reproductive age.

C o n clu s i o n

The age limit of transition to the increase in the severity of hyperkinetic organization of blood circulation
(corresponding to the orthostatic type III of hemodynamics) is the first reproductive
age (22–35 years). The age

M OR P HO L O G Y , P H Y SIO L O G Y ,
P ATHO L O G Y

| archiv euromedica | 2019 | vol. 9 | num . 2 |

dynamics of the typological structure indicates that
the orthostatic type of hemodynamics is a dynamic
characteristic of the organization of blood circulation
and it must be taken into account when assessing the
circulatory state of the cardiovascular system.

2. Ribeiro A., Ferreira L., Oliveira E. et al.
Active orthostatic stress and respiratory sinus arrhythmia in patients with Chagas’ disease with
preserved left ventricular global systolic function //
Arq. Bras. Cardiol. – 2004. – Vol. 83, №1. – P. 35–44,
PMID:15322666

References

3. Venevtsov Yu.L., Melnikov A.H., Nizhnik
L.N., Gomova T.A. A
 ctive orthostasis in estimation
of functional reserves in children and teenagers // Gerald of arrhythmology. – 2005. – №36-1. – P. 26.

1. Belkaniya G.S., Dilenyan L.R., Bagrii A.S.
Ryzhakov D.I. et al. Anthropophysiological justification of typological study of hemodynamic support
of organism somatic state // Medical almanac. – 2014.
– №1. – P. 119–122. https://doi.org/10.21145/24999954-2016-1-145-150

67

