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Резюме. Введение. Известно, что к подростковому возрасту основные нейрогуморальные механизмы 
вегетативной регуляции считаются завершенными. Однако без понимания возрастной эволюции вегета-
тивного гомеостаза дать объективную оценку соответствия его уровня характеристикам пубертатных про-
цессов не представляется возможным. Цель исследования. Выявить закономерности динамических изме-
нений в системе вегетативного гомеостаза у детей на этапах постнатального онтогенеза для определения 
степени адекватности процессов управления морфофункциональными преобразованиями периода поло-
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Abstract. Background. It is known that by adolescence, the basic neurohumoral mechanisms of autonomic 
regulation are considered complete. However, without understanding the age-related evolution of vegetative 
homeostasis, it is not possible to give an objective assessment of the correspondence of its level to the 
characteristics of pubertal processes. Purposes. To identify the patterns of dynamic changes in the system of 
vegetative homeostasis in children at the stages of postnatal ontogenesis to determine the degree of adequacy 
of the processes of controlling morphofunctional transformations of puberty. Materials and methods. A total 
of 145 healthy children were examined: 44 adolescents aged 13–17 made up the main group, 101 children 
from 1 year of age to 13 years were included in the comparison group. In this work, the method of heart rate 
variability analysis was used. Results. The article presents data on dynamic changes in the system of vegetative 
homeostasis, consisting in the transition from the predominance of centralization in young children to the 
dominance of controlling autonomy in the adolescent population. Conclusion. The revealed regularity is the 
basis of the postnatal ontogenetic development of vegetative-regulatory mechanisms for the formation of the 
optimal level of control of morphofunctional transformed processes of puberty.
Key words: children, autonomic regulation, puberty
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INTRODUCTION 
The formation of autonomic-regulatory struc-

tures in children occurs in accordance with the 
general patterns of maturation of the functional 
systems of the child's body [1–3]. It is known that 
by adolescence, the main neurohumoral mecha-
nisms of autonomic regulation are considered 
complete [4–6]. However, without understanding 
the age-related evolution of vegetative homeo-
stasis (VH), it is not possible to make an objective 
assessment of the correspondence of the level of 
re gulatory eff ects on the processes of formation of 
the reproductive function [7–10]. At the same time, 
the issues of optimization of the control mecha-
nisms of autonomic regulation at the stages of 
postnatal ontogenesis, ensuring the optimal level 
of morphofunctional processes of the puberty, re-
main insuffi  ciently studied in the literature [11–13]. 
Obviously, the results of such studies would con-
tribute to the early diagnosis of predictors of psy-
chosomatic pathology, which often debut in chil-
dren of this age group [14–17].

AIM
The aim of the study is to identify patterns of 

dynamic changes in the regulatory determinants 
of VH in children at the stages of postnatal on-
togenesis in order to determine the degree of 
adequacy of the processes of controlling morpho-
functional transformations of puberty, improving 
early diagnosis and targeted correction of their 
disorders.

MATERIALS AND METHODS
A comparative controlled study of dynamic 

changes in inter-circuit, central and autonomous 
dominance in the VH system was conducted in 
145 healthy children. The main group consisted 
of 44 adolescents (boys  — 18, girls  — 17) aged 
13–17. The comparison group included 101 chil-
dren: 22  — fi rst year of life, 35  — 4–7 years and 
44 (boys — 19, girls — 25) aged 8–12 years. The 

number of children in all groups was comparable, 
the ratio of boys and girls did not diff er signifi -
cantly (p  >0,05). Gender diff erences were taken 
into account in the groups of adolescent children. 
Inclusion criteria: children attending preschool 
institutions and comprehensive schools (except 
for children of the fi rst year of life) from I and IIa 
health groups (f-112). Unorganized children aged 
1–3 years were excluded due to signifi cant diff e-
rences in living conditions. The examination was 
conducted in a children's clinic with the condi-
tions for electrophysiological studies observed. 
Informed consent was obtained from all subjects 
and their parents.

The autonomic-regulatory parameters were 
studied by analyzing the heart rate variability 
(HRV) using the VNS-Micro vegetotester 2000 Hz. 
The recording was made on short sections (at 
least 500 cardiac cycles) with subsequent proces-
sing using the Poli-Spectrum (Neurosoft, Russia) 
program. Statistical analysis was performed using 
the STATISTICA 20 (USA) program and included 
the Mann-Whitney U and Kruskal-Wallis tests. To 
compare variables in independent groups, the 
bootstrap version of the Satterthwaite test (he-
teroscedastic version of the Student's t-test) was 
used. Diff erences were considered statistically 
signifi cant at p < 0,05.

RESULTS
During the study, absolute values of the indi-

cators of time and frequency analysis of HRV were 
compared, the results of which are shown in Fig. 1 
and 2.

As it is shown in Fig. 1, the level of tension in-
dex SI, arbitrary units, and indicator of the ade-
quacy of regulation processes AMo/Mo in chil-
dren aged 13–17 years, compared with the data 
for children in the first year of life, significantly 
decreased: by 87,8 and 72,2% in the group of 
boys and by 87,3 and 73,2% in girls, respectively 
(all p <0.05).

вого созревания. Материалы и методы. Всего обследовано 145 здоровых детей: 44 подростка 13–17 лет 
составили основную группу, 101 ребенок от 1 года жизни до 13 лет вошли в группу сравнения. В работе 
использовался метод анализа вариабельности сердечного ритма. Результаты. В статье представлены 
данные о динамических изменениях в системе вегетативного гомеостаза, заключающихся в переходе от 
преобладания централизации у детей раннего возраста к доминированию управляющей автономии в под-
ростковой популяции. Выводы. Выявленная закономерность — основа постнатального онтогенетическо-
го развития вегетативно-регуляторных механизмов по формированию оптимального уровня управления 
морфофункциональными преобразовательными процессами пубертатного периода. 
Ключевые слова: дети, вегетативная регуляция, пубертатный период
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As follows from the data in Fig. 2, by adoles-
cence, children showed a signifi cant change in 
the absolute values of the wave characteristics of 
HRV in the form of an increase in the total power 

of all ranges of the frequency spectrum of TR, ms2 
by 79,6 and 56,7% in boys and girls, respecti vely, 
which indicated the dominance of the autono-
mous circuit generations in the VH system (all 

Fig. 1. Dynamic changes in absolute time region indicators of heart rate variability in healthy children, %. (Here and in Fig. 2 — statistical 

significance of the differences (p <0.05): * — indicators of the age group to the data of the previous one; ** — data of the group 13–17 years 

old to the indicator of the first year of life; B — boys; G — girls; SI, arbitrary units — tension index, AMo/Mo — indicator of the adequacy 

of regulation processes, RMSSD, ms — representative indicator of parasympathetic activity.)

Рис. 1.  Динамические изменения абсолютных значений показателей временной области вариабельности сердечного ритма у 

здоровых детей, %. (Здесь и на рис. 2 — статистическая значимость различий (р <0,05): * — показателей возрастной группы к 

данным предыдущей; ** — данных  группы 13–17 лет к показателю первого года жизни; М — мальчики, Д — девочки, SI, усл. 

ед. — индекс напряжения, АМо/Мо — показатель адекватности процессов регуляции, RMSSD, мс — репрезентативный показатель 

парасимпатической активности.)
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Fig. 2.  Dynamic changes in absolute values frequency region indicators of heart rate variability in healthy children, %. TP, ms2 — an 

indicator of the total power of waves in the heart rate variability spectrum; VLF, ms2 — indicator of activity in the very low frequency range; 

ISCA — index of activation of subcortical structures

Рис. 2.  Динамические изменения абсолютных значений показателей частотной области ВСР у здоровых детей. TP, мс2 — 

показатель суммарной мощности волн спектра вариабельности сердечного ритма; VLF, мс2 — показатель активности диапазона 

очень низких частот; ISCA — индекс активации подкорковых структур
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p  <0,05). The revealed dynamic frequency shift 
towards the dominance of autonomy was ac-
companied by a weakening of the suprasegmen-
tal-segmental connection, as evidenced by an 
increased index of activation of subcortical struc-
tures ISCA by 2,5 and 2,1 times (all p <0,05). It 
should be emphasized that the reduction of bio-
potentials emanating from the very low frequen-
cy range VLF, ms² in children aged 13–17  years 
compared to the data of children in the first year 
of life: by 52,4 and 41,7% in boys and girls, re-
spectively, indicated a significant  decrease in en-
ergy-metabolic expen diture for regulatory pro-
cesses (all p <0,05).

Table 1 provides information on the dynamics 
of relative values of regulatory parameters, so-
called HRV spectrum type [3].

The data in the table indicate a high level of 
centralization in the control of functional sys-
tems in children in the fi rst year of life, in which 
the dominant frequencies in the structure of the 
total power of spectrum waves (TP, ms2) are the 
biopotentials of the very low (VLF, ms2) and low 
(LF, ms2) frequency ranges. It has been shown 
that in the age group of 4–7 years, the infl uence 
of high-frequency oscillations (HF, ms2) in the 
regulatory process increases signifi cantly, but by 
adolescence, the spectrum type begins to corre-
spond to the optimal parameters (HF — 40–55%; 
LF  — 25–35%, VLF  — 6–15%) of frequency pro-
portionality [8, 9].

It should be noted that in the groups of boys 
and girls, no reliable diff erences in the studied 
indicators that violate the general pattern of dy-
namic changes were revealed.

DISCUSSION
It is known that ergotropic tension associated 

with high energy-metabolic expenditures, typical 
for young children, is dictated by the high vulne-
rability of the organism and the incompleteness 

of the formation of regulatory adaptation mec-
hanisms. At the same time, such high energy-
me tabolic expenditures associated with control 
centralization in adolescent children could cause 
overstrain of adaptation mechanisms and deple-
tion of the functional reserve.

The results of the study allowed us to identi-
fy a signifi cant pattern of transition of the cont-
rol function of the VH from high centralization in 
young children to dominant autonomy in ado-
lescents. The physiological evolutionary deter-
minism of such a transformation is due to the 
transition from energy-consuming ergotropic ac-
tivity to an energy-saving regime of inter-circuit 
dominant autonomy in the control of functional 
systems, creating optimal conditions for the ade-
quacy of the level of autonomic regulation to the 
requirements of pubertal processes.

CONCLUSION
The revealed patterns are a conceptual basis for 

the postnatal ontogenetic maturation and deve-
lopment of the child's organism, and the transition 
to autonomy in the control of functional systems in 
adolescence should be considered the physiolog-
ical essence of modulating the inter-circuit domi-
nant. The results of the study may have not only 
theoretical signifi cance, but also important practi-
cal application for pediatric practice as criteria for 
functional maturity and harmonious development 
of children at diff erent age periods, as well as early 
diagnosis and correction of their disorders.
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Table 1. Dynamic characteristics of the spectrum type in children of the examined groups, ms²

Таблица 1. Динамические характеристики типа спектра у детей обследованных групп, мс²

Возраст / Age
Показатели частот, мс² / Frequency indicators, ms² Тип спектра / 

Spectrum typeHF, мс² (ms²) LF, мс² (ms²) VLF, мс² (ms²)

1 год / 1 year 9,0 33,9 57,1 VLF > LF > HF

4–7 лет / 4–7 years 40,8 32,1 27,1 VLF > HF > LF

8–12 лет / 8–12 years 49,0 31,7 19,3 HF > LF > VLF

13–17 лет / 13–17 years old 51,9 32,7 15,8 HF > LF > VLF
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