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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.
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Pesiome. BgedeHue. //13BeCTHO, YTO K MOAPOCTKOBOMY BO3PACTy OCHOBHblE HEMPOryMopasibHble MeXaHu3Mbl
BEreTaTVBHOM PErysAaLMmN CUMTAIOTCS 3aBepLUeHHbIMU. OfHaKo 6e3 MOHVMaHWA BO3PACTHOW SBOJIIOLMN Bereta-
TUBHOMO rOMEOCTa3a 4aTb 0OEKTVBHYIO OLIEHKY COOTBETCTBMS €0 YPOBHA XapaKTeprcTMKam nybepTaTHbIX Npo-
LIECCOB He NPeACTaBAAETCs BO3MOXHbIM. Ljes1b ucciedoearus. BoisiBUTb 3aKOHOMEPHOCTY AVHAMUYECKUX N3Me-
HEHWI B CCTEME BEreTaTVBHOrO roMeocTasa y AeTel Ha 3Tanax NocTHaTalbHOro OHTOreHesa A onpeaeneHvis
CTeneHv aieKBaTHOCTY NPOLECCOB yrpaBieHnsa MopdOdYHKLIMOHASIbHBIMMY MPeobpa3oBaHKAMN NEPUOAA MONO-
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BOro co3peBaHusi. Mamepuansl u memoOdel. Bcero ob6cnepoBaHo 145 300poBbix Aeteit: 44 nogpocTka 13-17 net
COCTaBWAN OCHOBHYIO rpynny, 101 pebeHok oT 1 roga *u3Hu Ao 13 neT BowWwnM B rpynny cpaBHeHUs. B pabote
MCNONb30BaNCcA METOA aHanu3a BapuabenbHOCTM cepAeYHOro putma. Pesynemamel. B ctatbe npeacTaBnieHbl
JaHHble O AVHAMUYECKNX N3MEHEHMAX B CUCTEME BEreTaTMBHOrO rOMeoCTasa, 3akNioYaloLWxcsa B nepexoae ot
npeob6nagaHna LeHTpanv3aumm y feteil paHHEro Bo3pacta K AOMUHMPOBAHUIO YNPaBAAoLLLE/ aBTOHOMUM B NOJ-
pOCTKOBOW nonynAumn. Bereodel. BoiABneHHasA 3aKOHOMEPHOCTb — OCHOBA MOCTHATa/lbHOrO OHTOrEHETUYECKO-
ro pa3BUTUA BEreTaTVBHO-PEryNATOPHbIX MEXaHN3MOB MO GOPMUPOBAHMIO ONTYMAaNbHOIO YPOBHA YNpPaBneHWA
MopdOPYHKLMOHaNbHBIMY MPeobpa3oBaTenbHbIMM NpoLieccamy MybepTaTHOro neproga.

KnioueBble cnioBa: 0emu, BecemamusHas pezyniayus, nybepmammeiti nepuoo

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
regulatory effects 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 insufficiently 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 — first 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 differ signifi-
cantly (p >0,05). Gender differences were taken
into account in the groups of adolescent children.
Inclusion criteria: children attending preschool
institutions and comprehensive schools (except
for children of the first year of life) from | and lla
health groups (f-112). Unorganized children aged
1-3 years were excluded due to significant diffe-
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. Differences were considered statistically
significant 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 Sl, 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).
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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.)

Puc. 1. [OMHamuyeckne U3MeHeHUs abCOMOTHbIX 3HAYEHWIA noKa3aTenen BPeMeHHO| 061acT BapuabenbHOCTI CEpPAEYHOro putma y
300pOBbIX feTeil, %. (3Aechb 1 Ha puc. 2 — CTaTUCTUYECKAR 3HAYMMOCTb pasnuyunil (p <0,05): * — nokasartenen BO3PACTHOI rpynmbl K
[aHHbIM NpeAablayLien; ** — AaHHbIX rpynnbl 13-17 neT K nokasartento NepBoro rofa Xu3Hu; M — manbunku, [ — aesoyku, Sl, ycn.
efll. — uHaekc HanpsxkeHus, AMo/Mo — nokasaTtenb afieKBaTHOCTM NpoLieccoB perynsuun, RMSSD, mc — penpe3eHTaTuBHbIIA NOKa3aTellb
napacumnaT4eckom akTMBHOCTH. )
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Fig.2.  Dynamic changes in absolute values frequency region indicators of heart rate variability in healthy children, %. TP, ms?> — an
indicator of the total power of waves in the heart rate variability spectrum; VLF, ms? — indicator of activity in the very low frequency range;
ISCA — index of activation of subcortical structures

Puc.2.  [luHamuyeckne M3MeHeHUs aGCOMOTHBIX 3HAYEHUI MoKasaTenei 4acToTHoi obnacTu BCP y 3mopoBbix pgeten. TP, mc? —
nokasarenb CyMMapHOi MOLLHOCTI BOJH CMEKTpa BapuabenbHOCTH cepaedHoro putma; VLF, Mc? — nokasaTenb akTUBHOCTU [jManasoHa
04€Hb HU3KUX 4acToT; ISCA — MHAEKC aKTUBALMI NOJKOPKOBbIX CTPYKTYP

As follows from the data in Fig. 2, by adoles-
cence, children showed a significant 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, ms?
by 79,6 and 56,7% in boys and girls, respectively,
which indicated the dominance of the autono-
mous circuit generations in the VH system (all
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Table 1. Dynamic characteristics of the spectrum type in children of the examined groups, ms?

Ta6nuua 1. [JuHaMnyeckne xapakTepucTuKM TYNa CNeKTpa y AeTen 06cnefoBaHHbIX rpynn, Mmc

MokasaTtenu yactoT, mc’ / Frequency indicators, ms®

Tun cnektpa /

Bospact/ Age HF, m (ms?) LF, mc? (ms?) VLF, mc? (ms?) Spectrum type
1rop/ 1 year 9,0 339 571 VLF > LF > HF
4-7 net/4-7 years 40,8 32,1 27,1 VLF > HF > LF
8-12 net/8-12 years 49,0 31,7 19,3 HF > LF > VLF
13-17 net/ 13-17 years old 51,9 32,7 15,8 HF > LF > VLF

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, ms? 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 expenditure 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 first year of life, in which
the dominant frequencies in the structure of the
total power of spectrum waves (TP, ms?) are the
biopotentials of the very low (VLF, ms?) and low
(LF, ms?) frequency ranges. It has been shown
that in the age group of 4-7 years, the influence
of high-frequency oscillations (HF, ms?) in the
regulatory process increases significantly, 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 differences 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-
metabolic 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 significant 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 significance, but also important practi-
cal application for pediatric practice as criteria for
functional maturity and harmonious development
of children at different age periods, as well as early
diagnosis and correction of their disorders.
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OOMNONIHUTENbHAA UHOOPMALIUA

Bknap aBTOpOB. BCce aBTOpbI BHecnu cylye-
CTBEHHbIN BKNaj B pa3paboTKy KOoHUenuuu, npo-
BeleHMe WUCCnefoBaHUsA W MOArOTOBKY CTaTby,
npounu 1 opo6punn GrHanbHy Bepcuio nepeq
nyénukaymen.

KOHGNUKT uHTepecoB. ABTOpbl Aeknapwu-
PYIOT OTCYTCTBUE SIBHBIX U MOTEHUMANIbHBIX KOH-
bGNUKTOB MHTEpecoB, CBA3aHHbIX C Nyb6nukauunei
HacTosALlel cTaTbu.

UcTtouHuk ¢puHaHcmpoBaHuA. ABTOpbI 3asB-
nAT 06 OTCYTCTBMY BHeLWHero GrHaHCMpPOBaHNA
npwv NpoBeAeHNN UCCNefOBaHMA.

NHopmupoBaHHOe cornacme Ha ny6nmka-
yuio. ABTOpbI MOMYUYUSIM NMUCbMEHHOE corflacue
3aKOHHbIX NpefcTaBuTeNel NaLMeHToB Ha ny6nu-
Kauuio MeanUMHCKNX AaHHbIX.
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