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Introduction 

The study of the problems of human evolution 
is necessary to understand the biological founda-
tions of various pathologies [Folkow B, Nile E, 
1996; Rasmer R, 2001; Zampieri P, 2009]. More-
over, in humans, unlike other animals, the cardio-
vascular system (CVS) is vulnerable [Sahni M et 
al., 2005; Guyton AG, Hall DE, 2008; Belkaniya 
GS et al, 2014; Sayenko DG et al, 2015]. Unlike all 
four-legged animals, in a person who is upright 
(standing, sitting, walking), a person’s vertical 
axis coincides with the gravitational vertical [Sahni 
M, Lowenthal DT, Meuleman J, 2005; Masuki S et 
al., 2007; Belkaniya GS et al, 2014; Sayenko DG 
et al., 2015; Dilenyan LR et al., 2018]. Under these 
conditions, the maximum effect of the gravita-

tional (hydrostatic) factor in the functioning of the 
cardiovascular system occurs [Arbeille P et al., 
2008; Fedorowski A et al, 2009; Fan XH et al., 
2010; Rose KM et al., 2010; Jones CD et al., 
2012]. 

At all stages of postnatal ontogenesis, one of 
the permanent and characteristic species factors of 
hydrostatic «perturbation» of the circulatory state 
of CVS is a stereotypical change in the position of 
the body associated with the diurnal rhythm of the 
postural conditions of life characteristic only for a 
person [Sahni M et al., 2005; Jones CD et al., 
2012; Belkaniya GD et al, 2014; Dilenyan LR et 
al, 2019]. Outwardly, this is a daily stereotypical 
change in the position of the body, and for blood 
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circulation, fundamentally different conditions for 
the manifestation of the hydrostatic (gravitational) 
factor of blood circulation [Zampieri P, 2009; Bel-
kaniya GS et al, 2014; Sung SH et al. 2014; Dile-
nyan LR et al., 2018].

As conditions that destabilize the circulatory 
state of CVS, you should also keep in mind a wide 
range of somatic conditions – from fatigue to pain-
ful ones, which are cardiovascular diseases. At the 
same time, it should be borne in mind that against 
the background of any painful somatic 
condition,either excessive regulation stress on the 
gravitational factor of blood circulation or insuffi-
cient circulatory adaptation may occur [Masuki S 
et al., 2007; Arbeille P et al., 2008; Rose KM et 
al., 2010; Jones CD et al., 2012; Belkaniya GS et 
al, 2014; Dilenyan LR et al., 2018]. In this regard, 
it is important to evaluate the circulatory state not 
by functional and, especially, clinical conse-
quences, but by the systemic characteristics of 
blood circulation. This approach can establish new 
hemodynamic predictors of the development of 
clinically significant disorders in CVS, which, in 
turn, will allow the prevention of such disorders. 
Based on this the most important is to study the 
ratios of different directions for arterial circulation

The purpose of this study was to show the dy-
namics of the ratio of arterial hypo- and hypercir-
culation in postanal ontogenesis.

Material and methods

Patients
The observation group consisted of 1,944 peo-

ple (1,308 men and 636 women). Patients with 
acute conditions and exacerbations of chronic dis-
eases were excluded from the examination. The 
samples are presented in tables and were formed in 
accordance with the classification of stages of on-
togenetic adaptation to the Earth’s gravity in the 
process of formation and life activity in typical 
human conditions of upright walking.

Methods characteristics
The study was carried out with program and ap-

paratus device “ANTHROPOS-CAVASCREEN” 
is basing on rheography standing and after 15-20 
minutes in standing and lying (supine) positions 
[Belkaniya GS et al., 2013, 2014; Dilenyan LR et 
al, 2019]. When going beyond the lower limit of 
the AP indicator, a decrease in arterial blood flow 

and arterial circulatory insufficiency syndrome 
(AC2) are identified, and an in case of beyond the 
upper limit of this parameters is fixed an increase 
in blood flow and arterial hypercirculation syn-
drome (AC1).

Each of the age samples can be represented by 
AC1 and AC2 [Belkaniya GS et al., 2013, 2014; 
Dilenyan LR et al, 2019]. Hence, the group charac-
teristic of arterial circulation is estimated by the 
ratio (% of the sample) of opposite-directed syn-
dromes (AC1 / AC2) by blood circulation units 
(Table 1, upper half). Assessment states for AC1 / 
AC2 are color-coded as follows: circulatory stable 
- white (AC1 = 0 / AC2 = 0); adaptive state - green 
(AC1 > AC2); transition state - yellow (AC1 ≈ 
AC2); disadaptive state - red (AC1 < AC2). Reli-
ably (P≤0.05 and less) prevailing shares (in abso-
lute value) of syndromes in estimated ratios are 
marked in bold.

Statistics
The data were analyzed using standard para-

metric and nonparametric methods of statistical 
analysis [Gubler EV, Genkin AA, 2003].

Results and Discussion

The data is presented in the form of analytical 
matrices that reflect the direction of differences in 
the analyzed relationships.

Outside of the active “anti-gravity” stress of the 
circulatory state of the CCC in the supine position 
along the arterial circulation (AC1/AC2) during 
the pre-definitive stage of postnatal ontogenesis 
and during the period of the greatest stabilization 
of the circulatory state, the CCC at the age of 22-35 
years is characterized by an adaptive state in which 
hypercirculatory syndromes prevail in both men 
and women.  In table 1, the corresponding matrix 
cells are marked in green. At the same time, for the 
vast majority of AD cells (in total for men and 
women), there were no circulatory insufficiency 
syndromes (AC2) for the designated age period out 
of 40 positions for 35 (P<0.01) (.../0) or their man-
ifestation was low (... /1-2%). Transition states are 
not found in any cell.

Starting from the 2nd reproductive age (older 
than 35 years), a permanent increase in the abso-
lute value of the proportion of syndromes is de-
tected (table. 1 and 2) circulatory insufficiency in 
arterial blood flow, which reflects the systemic na-



74

The New Armenian Medical Journal, Vol.17 (2023), Is.2, p.Dilenyan L.R. et al. 72-77

ture of age-related changes. Both men and women 
showed transient and adaptive maladaptive states 
(table 1 and 2, yellow and red matrix cells). Age-
related changes in transient and disadaptive states 
before and after 35 were statistically significant 
(P<0.01). Basically, these changes were localized 
in the regions of the pelvis-hip and lower leg (in 
total, men and women in 9 cells out of 12, P<0.05).

In the standing position, the ratio of AC1/AC2 
syndromes in arterial circulation changes signifi-
cantly due to the regulation of blood circulation by 
the gravitational (hydrostatic) factor. Regardless 
of gender (in men and women) and almost through-
out postnatal ontogenesis, dysadaptive states are 
reliably detected by the prevalence of circulatory 
insufficiency syndromes (AC2) in the blood circu-

Table 1
Arterial circulation in men by the ratio of circulatory syndromes manifestation (in %) 

in the lying and standing positions

Circulatory blocks
Age intervals (years, n)

< 8
(n=44)

9-14
(n=37)

15-21
(n=129)

22-35
(n=209)

36-60
(n=467)

До 70
(n=271)

70>
(n=151)

Arterial hypercirculation / insufficiency in the lying position (AC1/AC2)
Lungs 61/0 65/0 39/1 23/4 3/4 4/0 5/1
Head 86/0 73/0 47/0 47/0 30/2 18/6 30/7
Abdomen 39/0 32/3 28/1 24/0 18/6 27/0 30/0
Pelvis 57/0 57/0 14/0 6/0 18/5 18/31 25/35
Leg 45/0 62/0 29/1 25/0 19/13 16/30 10/43
Arterial hypercirculation / insufficiency in the standing position (AC1/AC2)
Lungs 20/0 46/0 16/0 13/2 9/4 11/2 8/1
Head 27/16 5416 29/8 25/9 23/13 21/7 35/4
Abdomen 11/0 27/0 5/0 0/0 8/7 7/5 8/4
Pelvis 9/14 8/46 1/17 1/19 3/29 9/49 7/60
Leg 11/16 11/5 0/14 2/8 6/26 13/39 6/54
Notes: Assessment states for AC1 / AC2 are color-coded as follows: circulatory stable - white (AC1 
= 0 / AC2 = 0); adaptive state - green (AC1 > AC2); transition state - yellow (AC1 ≈ AC2);  dis-
adaptive state - red (AC1 < AC2).

Table 2. 
Arterial circulation in women by the ratio of manifestation of circulatory syndromes (in %) 

in the lying and standing positions

Circulatory blocks
Age intervals (years, n)

< 8
(n=11)

9-14
(n=31)

15-21
(n=97)

22-35
(n=117)

36-55
(n=191)

До 70
(n=142)

70 >
(n=47)

Arterial hypercirculation / insufficiency in the lying position (AC1/AC2)
Lungs 91/0 74/0 37/0 41/0 25/3 16/1 4/2
Head 64/0 45/0 38/0 33/3 16/30 21/6 17/11
Abdomen 45/0 42/3 31/2 31/1 48/0 48/2 28/0
Pelvis 91/0 74/0 28/0 35/3 22/5 25/15 17/43
Leg 91/0 74/0 32/1 24/1 28/10 8/23 2/51
Arterial hypercirculation / insufficiency in the standing position (AC1/AC2)
Lungs 9/0 55/0 12/0 29/0 11/9 10/5 17/2
Head 27/13 42/10 28/10 32/12 14/16 22/19 23/15
Abdomen 18/0 35/0 10/3 21/3 6/7 11/7 19/4
Pelvis 0/25 0/42 1/33 6/27 6/29 2/37 2/57
Leg 9/0 0/3 1/14 3/9 4/22 17/24 6/47
Notes: Assessment states for AC1 / AC2 are color-coded as follows:

circulatory stable - white (AC1 = 0 / AC2 = 0); adaptive state - green (AC1 > AC2);
transition state - yellow (AC1 ≈ AC2);  disadaptive state - red (AC1 < AC2).
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Figуре 1. Prevailing arterial circulation syndromes “hypercirculation - insufficiency” (AC1 / AC2) in men and 
women in different age in a standing and lying position
Assessment states for AC1 / AC2 are color-coded as follows: circulatory stable - white (AC1 = 0 / AC2 = 0); adaptive 
state - green (AC1 > AC2); transition state - yellow (AC1 ≈ AC2);  disadaptive state - red (AC1 < AC2).
The digital data specified in human figures are given in the following order by region: head, chest, abdomen, 
pelvis+hip, and lower leg.
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lation of the pelvis and lower extremities (red ma-
trix cells, in men and women 12 out of 14, P<0.05). 
While the age dynamics was similar to the lying 
position in the abdomen and blocks located at or 
above the heart (lungs and head). It was in these 
departments that the age component was mani-
fested, although less pronounced in comparison 
with the supine position, which in samples older 
than 35 years, especially in women, was reflected 
by an increase in with a parity ratio of circulatory 
syndromes of adaptive orientation (AC1) and cir-
culatory insufficiency (AC2).

The described ratios for arterial circulation, 
their sex differences in the age dynamics of the 
CVS state, as well as between standing and lying 
positions are particularly clearly visible in Figure 
1. On the silhouettes of the figures, the contour 
segments correspond to the considered blood cir-
culation blocks, which are marked with a color 
background in accordance with the estimated 
states. Figures indicate the prevailing proportion 
of the ratio of syndromes of the opposite direction 
in arterial circulation (AC1/AC2).

In figure 1, in both men and women, the age 
component in the supine position is clearly traced 
by the transition from a predominantly adaptive 
regulatory state (marked in green) for absolutely 
all blood circulation blocks in the age period up to 
35 years to the subsequent manifestation of transi-
tional (yellow) and non-adaptive (red) States after 
35 years.

In contrast to the lying position, the standing 
age component of arterial circulation (fig. 1) is 
largely leveled. 

This is manifested in a significant representa-
tion of transient and disadaptive states throughout 
the age dynamics, demonstrating the prevailing 
value in men and women of regulation by the grav-
itational (hydrostatic) factor of blood circulation. 
This picture shows a pressor installation in the 
regulation of the circulatory state of the CVS, 
which is associated with the regulation of blood 
circulation in the standing position.  At the same 
time, this regulation determines the state of the 
CVS, leveling the manifestations of the age com-
ponent in the standing position. Evidence of this is 
the manifestation of the age component in condi-
tions of minimizing the gravitational (hydrostatic) 

factor of blood circulation in the supine position 
along the arterial circulation (fig. 1). The same can 
be noted with regard to sexual differences, which 
are leveled in the standing position-the conditions 
of the” anti-gravity “ stress of the CVS.

The profile of the regulatory setup of the circu-
latory status of identified the most problematic de-
partments of blood circulation on head and lower 
extremity (pelvis, tibia), and the sample 15-21 year 
– circulation of the abdomen. This is especially 
evident in the systemic pressor regulatory setting 
of arterial circulation (fig. 1). On the one hand, 
such an attitude is characteristic of the human CVS 
[Folkow B, Nile E, 1996; Jones CD et al., 2012; 
Belkaniya GS et al., 2014; Sung SH et al. 2014; 
Sayenko DG et al., 2015] and reflects its nature as 
an upright being. As a result, the “anti-gravity” 
stress of the CVS and possible circulatory conse-
quences. On the other hand, it is the circulatory 
basis of clinically significant circulatory disorders 
and pathological conditions of CVS [Masuki S et 
al., 2007; Belkaniya DG et al., 2014; Dilenyan LR 
et al., 2018].

Conclusion

1. The ratio of opposite hemodynamic phenom-
ena, such as circulatory insufficiency in arterial 
blood circulation (arterial hypocirculation) and 
adaptive arterial hypercirculation, reflects the di-
rection of the regulatory setting of the circulatory 
state of the cardiovascular system. In the regula-
tory setting of blood circulation in a person in the 
standing position prevails «anti-gravity stress», 
which eliminates the age component detected in 
the supine position. The defining characteristic of 
this voltage is the pressor unit for regulating the 
cardiovascular system, which is characterized by a 
systemic prevalence of vasoconstriction (hyperre-
sistivity of arterial vessels), as well as signs of cir-
culatory insufficiency. 

2. In the supine position, under the conditions 
of minimal impact of the gravitational factor, adap-
tive conditions prevail up to 35 years. After 35 
years the transition and disadaptive states were 
registered rottenly. 

3. Changes are mainly detected in the standing 
position in the pelvis-hip and leg block, and after 
35 years are fixed in the lying position.
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