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ABSTRACT

Heart rate variability (HRV) is an important indicator of the functional state of the body in younger
school-aged children and reflects the balance between the sympathetic and parasympathetic branches
of the autonomic nervous system. Studying HRV is particularly relevant in the context of increasing
psycho-emotional and physical stress during the school period when the body’s adaptive mechanisms
are actively developing and undergoing significant challenges. The method of HRV analysis
combined with the active orthostatic test provides a comprehensive assessment of cardiovascular
regulation, early detection of maladaptation, and preclinical changes. The use of this approach in
screening studies allows for the identification of children at high risk of functional disorders,
clarification of the features of autonomic regulation, and the development of personalized preventive
measures. The high sensitivity of HRV indicators to stress factors, sleep quality, nutrition, and
physical activity makes this method a valuable tool in pediatric practice. Early detection of deviations
contributes to timely prevention of chronic diseases and the promotion of a healthy lifestyle in
children.

KEYWORDS: Heart rate variability, ECG, cardiography, children.

BAPUABEJBHOCTDB CEPAEYHOI'O PUTMA B OHEHKE ®YHKIITMOHAJIBHOI'O
COCTOSAHUSA OPTAHU3MA JETEU MJIAJHIETIO IIKOJIBHOT'O BO3PACTA

Kypsbssosa lllapodar Mamapunosna
K.M.H, 1oueHT, TamkeHTCKUI rocylapcTBeHHbII MeAMUMHCKUI YHUBEPCUTET
sharofat330@gmail.com
orcid: 0000-0002-8975-6597

81



mailto:sharofat330@gmail.com
mailto:sarvarbekh_95@mail.ru
mailto:galchik9@mail.ru
mailto:sharofat330@gmail.com

TOSHKENT TIBBIYOT AKADEMIYASI URGANCH FILIALI
JANUBIY OROLBO‘YI TIBBIYOT JURNALI

1-TOM, 3-SON. 2025
14.00.00 - TIBBIYOT FANLARI ISSN: 3093-8740

ten: (99)834 43 80
Xynaiinazapoa Casomar Py3ubaeBna
PhD, nouent, TamkeHTCKUI rocy1apcTBeHHbIM MeAMIUHCKUI YHUBEPCUTET
sarvarbekh 95@mail.ru

orcid: 0009-0003-3685-1579

ten: (91)437 86 45
Heprynosa I'amna EBreneBna
AccucrenT, TamkeHTCKHIT rocy1apcTBeHHbIH MeIMIIUHCKUI YHUBEPCUTET

galchik9@ mail.ru

orcid: 0000-0002-3666-7541
ten: (90)359 60 23

AHHOTALUSA

Bapuabensnoctb cepaeunoro putma (BCP) sBnsercss BaXXHBIM HHIMKATOPOM (YHKIIHOHATHHOTO
COCTOSTHUSI OpTaHu3Ma JETEH MITQNIETO IIKOJIHHOTO BO3pACcTa M OTpa)kaeT OaJlaHC CHMITaTHYECKOTO
U TapacUMIaTHUYECKOro OTACNIOB BereTaTMBHOW HepBHOUM cucteMbl. M3yuenne BCP mpuoGperaer
0co00€e 3HaYEHUE B YCIOBUAX POCTA NMCHUXOIMOLUMOHAIBHBIX M (PU3NIECKUX HAIPY30K B IIKOJIBHHBIHI
Mepuoj, KOrga aJamnTaloOHHBIE MEXaHW3Mbl OpraHuzMa (QOpPMHUPYIOTCS M HOABEPraroTcs
3HAYUTENBHBIM HCHbITaHUsIM. Meton ananuza BCP B coyetaHuum ¢ akTUBHOM OpPTOCTATHYECKOM
npo0oii oOecreynuBacT KOMIUIEKCHYIO OIEHKY PpEeryisiliid CepACYHO-COCYIUCTON CHUCTEMBI,
BBIBIICHUE PAHHUX INPHU3HAKOB Je€3aJalTallii U JOHO30JIOTMYECKUX H3MeHeHUH. [IpuMeHneHune
JAHHOTO MOJX0Jlda B CKPUHHMHIOBBIX HCCJEIOBAHUSX IO3BOJSET ONPENCIUTh TPYIIbl AETEH C
BBICOKMM PUCKOM Pa3BUTHSA (YHKIMOHAJILHBIX HapYHICHUH, YTOUHUTh OCOOCHHOCTH BEre€TaTUBHON
peryiasiuuu W pa3paboTarh IMEPCOHAIU3MPOBaHHbIE MPOPUIAKTHYECKHE Mephbl. Bpicokas
YyBCTBUTEILHOCTh ToOKa3zareiaeil BCP k cTpeccoBbIM BO3AEMCTBHSIM, Kau€CTBY CHA, MUTAHHUIO U
YPOBHIO (PM3UYECKOIM aKTUBHOCTHU JI€JIAET JaHHBI METOA IIEHHBIM MHCTPYMEHTOM NeIuaTpuiecKon
npakTukyd. CBOEBpEeMEHHOE BBISBICHHE OTKJIOHEHHM CHOCOOCTBYET paHHEH MpoduiakTuke
XPOHUYECKHUX 3a00sIeBaHUI U (OPMUPOBAHUIO 310POBOT0O 00pa3a KU3HU Y JIeTeH.
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AHHOTALUSA

IOpak ypum wyactoracuauHr Bapuabemmrd (FOYUB) kwumk wMakTta®b E&mmparu Oosaap
OpPraHU3MHUHHUHT (DYHKIIMOHAJ XOJATUHU Oaxoiamiga MyXuM KYpCcaTKu4 XUCOOIaHa i Ba BEreTaTUB
HEpPB TU3MMHUHUHI CHMIIATUK XaMja HapacuMIATHK OYIuMIiIapu YypTacuaard MYyBO3aHATHU aKC
TTUpagu. Makrad naBpuja OoJaJlapHUHI PYXMM-XUCCHI Ba >KMCMOHHUH IOKJIaMajlapy OpTHILN
mapoutuga IOYUBHU Vpranum amoxmma axaMusaT KacO dTaau, YyHKH Oy JaBpja ajganTaiius
MEXaHU3MJIapU MIAKIUIAHWO, Typiu Tabcupiapra cesrup Oymanu. FOYUB taxnmunuaum  daon
OpTOCTaTHK Mpobda OunaH Oupraivkia YTKazuil Ipak-KOH TOMUP TH3UMH PETYISIUSICUHI KOMILIEKC
Oaxosami, JIe3ajganTtanys Ba JOHO30JIOTUK Y3rapullIapHU 3pTa aHUKJIAl UMKOHUHH Oepamu. By
YCYJIHA CKpUHUHT TaJKUKOTIapu/Ia KyJUiall OpKajid FOKOpU XaB( rypyxjaapura KUpyBuu OonanapHu
AHUKJIAIll, BETETATUB PETYISIHsI XyCYCUSITIAPUHNA YPTaHUI Ba HHAUBUAYAT TPOQUIAKTHK Yopanap
nnutad yukum MymkuH. FOVUB  KypcaTkuunmapwHUHT CTPECC OMIJIIApHUIa, yHKy cudarura,
OBKATJIAHUINTA Ba JKUCMOHHUH (PAOJIIHK Japakacura IOKOpU CE3THPJIUTH MEANaTpus aMantuéThna
ymly yCynHH KAMMATIM JMATHOCTHKA BOCHTACHTA ailIaHTHUPAW. Y3TapuIIapHH ¥3 BaKTHIA
aHuKJam OoJiajapja CypyHKaJld KacaJJIMKJIAPHUHT OJIMHM OJIMII Ba COFJIOM TYpMYyIIl Tap3UHHU
IAKJUTAaHTUPUILLIA MyXUM aXaMUATra ora.

KAJIUT CY3JIAP: Opak ypum uacroracu Bapuabennuru, JKI, KWT, 6onanap.

INTRODUCTION. In modern medicine, the study of heart rate variability (HRV) is gaining
particular importance as a key indicator of the functional state of the human body. Heart rate,
reflecting the strength and frequency of cardiac contractions, is regulated by the sympathetic and
parasympathetic divisions of the autonomic nervous system and demonstrates high sensitivity to
stress factors. The diversity of clinical manifestations in children is explained by population
heterogeneity, expressed through variability in adaptive responses: some children exhibit increased
sensitivity, others show resilience or tolerance, and a third group demonstrates an average response
level. This variation is associated with genetic polymorphism and differences in the maturation
timelines of functional systems [1,2].

According to adaptation theory, the body’s defense responses are nonspecific and arise in
reaction to any damaging factor. At early stages, these changes remain latent and become clinically
apparent only when adaptation mechanisms fail, leading to signs of ecological maladaptation. Y.P.
Gichev (2000) illustrated the sequence of adverse health changes caused by chronic exposure to
environmental pollutants as follows: environmental contamination — disruption of internal
homeostasis — stress of adaptive mechanisms — depletion of physiological reserves — reduction of
regenerative and plastic potential — formation of pre-disease conditions — accelerated aging and
disease development.

The cardiovascular system plays a critical role in assessing adaptive capacity, serving as a key
transport system for tissues and organs and reacting early to homeostatic disturbances under harmful
environmental influences. This explains the frequent latent course of cardiovascular pathologies
observed in children living in ecologically unfavorable regions such as the Aral Sea area. These
children often present not only with cardiovascular developmental abnormalities but also with altered
neural regulation, metabolic imbalances, and inadequate exercise responses. Under technogenic
exposure, children are prone to autonomic dysfunction syndromes, predominantly characterized by
sympathetic overactivity and hypersympathetic reactivity. The incidence of functional cardiopathies
in these populations is more than three times higher than average, underscoring the value of the
cardiovascular system as an indicator of overall adaptive potential.
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Premorbid states include conditions of tension and overstrain of adaptive mechanisms in the
absence of overt organic pathology. The predominance of specific over nonspecific changes indicates
a transition from a compensated adaptive state to a pre-disease condition, with further progression
leading to disease development. Thus, assessing the functional state of the body is complex and
requires a comprehensive examination of all organs and systems. However, this is not always feasible
in clinical practice, emphasizing the importance of screening methods, including HRV analysis, for
early detection of maladaptive processes.

Purpose of the study: to determine the features of heart rate variability in younger school-
age children living in the ecologically unfavorable region of the Aral Sea region as an indicator of the
body's adaptive capabilities.

METHODS: The study included 36 practically healthy children aged 7-11 years living in the
Khorezm region. To assess the vegetative status and functional state of the body, a mathematical
analysis of cardiac intervals (CIA) based on 5-minute ECG was used. ECG registration was
performed at the II standard branch using the EC 12T-01-"R-D" electrocardiograph. Statistical
processing of the results was carried out in a Windows environment using Excel and Statistica 6.0
programs. Correlation analysis and Student's t-test were used.

RESULTS AND DISCUSSION: The VSR was studied in 36 children in the first half of the
day under conditions of relative rest. To assess the initial vegetative tone, a KIG analysis was
performed, determining the average values, individual fluctuations, and confidence intervals. A
comparative analysis of the IR indicators in horizontal and vertical positions was also conducted
(Table. 1).

Table Nol
Analysis of KIG results in primary school children
In horizontal position In vertical position
Indicat | AMO MO AH IN AMO MO AH IN
ors
Tested | 21,7543, | 0,630, | 0,20+0, | 97,98+32 | 21,94+2, | 0,54+0, | 0,18+0, | 131,33+50
44 03 06 ,88 72 04 06 ,86

The obtained results indicate that heart rate and mode reflect both the average and most
probable level of cardiovascular system activity, while their values vary under the influence of both
internal and external factors capable of both increasing and decreasing these indicators. Based on the
analysis of the cardiointervalogram (CIG), in particular, Mo indicators and the stress index (ST), we
identified four types of vegetative tone: eutonia, vagotonia, sympathicotonia, and
hypersympathicotonia. In a horizontal position, eutonia is observed in 20% of children,
sympathicotonia in 80%, and vagotonia and hypersympathicotonia are not detected. In the vertical
position, eutonia was recorded in 6% of children, sympathicotonia in 94%, and vagotonia and
hypersympathicotonia were also not detected. In the vertical position, eutonia was recorded in 6% of
children, sympathicotonia in 94%, and vagotonia and hypersympathicotonia were also not detected.
Summarizing the obtained data, it can be noted that in a vertical position, the load on the autonomic
nervous system increases, which is confirmed by a high percentage of sympathicotonia (94%). The
stress index showed the following results: in the horizontal position, parasympathicotonia - 33%,
eutonia - 61%, sympathicotonia - 6%, and in the vertical position, parasympathicotonia - 22%, eutonia
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- 47%, sympathicotonia - 31%. To assess the state of adaptation in children according to the KIG data
obtained in a horizontal position, Mo showed 80% tension adaptation, Amo - 14% unsatisfactory
adaptation, 75% - tension adaptation, AH - 39% tension adaptation. In the vertical position, Mo
recorded 55% of stress, 39% of tension adaptation, Amo - 8% of unsatisfactory adaptation, 92% of
tension adaptation, AH - 3% of unsatisfactory adaptation, and 25% of tension adaptation(diagram 1).

Diagram 1
Assessment of adaptation in children
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To assess the functional state of the body, a strain index was calculated, according to which
33% of children in a horizontal position experience a decrease in functional capacity, and the strain
of the regulatory mechanism is observed in 6%. In a vertical position, a decrease in functional
capabilities was recorded in 22% of children, and tension of the regulatory mechanism - in 28%.
Thus, analyzing the indicators of heart rhythm variability and adaptation in children, it can be noted
that the change in the activity of the humoral regulatory channel and the influence of the
parasympathetic and sympathetic nervous systems on heart thythm is wave-like.

CONCLUSION: Based on the data obtained, the method of analyzing heart rhythm
variability when conducting an active orthostatic test during the pre-associative screening of
schoolchildren allows for assessing the adaptive capabilities of the body, taking into account the age-
related characteristics of vegetative regulation of blood circulation, and identifying groups of children
with changes in the functional state of the body and an increased risk of developing diseases.
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