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ABSTRACT

BACKGROUND: Changes in cardiovascular functioning are among the key criteria for assessing the adaptive potential of the
human body and general health status.

AIM: To examine age-related changes in functional parameters of the cardiovascular system (CVS) in schoolchildren belonging
to the indigenous minorities of the Russian Northeast.

METHODS: Between 2021 and 2023, key cardiovascular parameters were analyzed in 174 girls and 196 boys belonging
to the Indigenous Minorities of the North (Even, Koryak, and Itelmen), who accounted for 62.5% of the total sample (592
individuals). Participants were seated at rest, and blood pressure and heart rate were measured three times using the Nissei
DS-1862 automatic blood pressure monitor (Japan). The following parameters were calculated using conventional methods:
stroke volume, cardiac output, total peripheral vascular resistance, Kerdo autonomic index, cardiac index, type of circulatory
self-regulation, and functional change index.

RESULTS: The most intensive functional development of the circulatory system in boys was observed between the ages of 13
and 16 years, whereas girls characterized by earlier changes beginning at 1011 years, continuing into adolescence. Throughout
the age-related changes of all examined parameters, no stable trend toward a decrease in heart rate was identified. A high
prevalence of tachycardia and increased sympathetic activity of the autonomic nervous system was observed in adolescents.
Boys aged 14—15 years had higher stroke volume compared with the girls, and those aged 16—17 years showed higher systolic
and pulse pressure. The girls demonstrated higher mean diastolic blood pressure at the age of 14-15 years and greater total
peripheral resistance at the age of 14 years. Regardless of sex, the cardiac type of circulatory self-regulation predominated.
A hyperkinetic circulation type prevailed across age groups, except in 17-year-old boys, who demonstrated a eukinetic
circulation type.

CONCLUSION: Age-related changes in the functional development of the circulatory system in schoolchildren belonging to the
indigenous populations occur against a background of satisfactory adaptation, though with evidence of regulatory strain during
transient exposure to environmental factors.
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Bo3pacTHble ocob6eHHOCTM YHKLMOHANIbHOrO Pa3BUTUSA
CUCTEeMbl KpoBOOOpaLLEeHMA Y WKOIbHUKOB —
npeacTaBuTeNiIed KOPEeHHbIX MaNo4MCNeHHbIX

HapopoB CeBepo-BocToka Poccumu: ogHoMOMeHTHoe
uccnepoBaHue

A.H. JlockytoBa

HayuHo-uccnepoBaTenbckui LeHTp «ApKTuKa» [lanbHeBocTouHOro oTaeneHus Poccuiickoii akapeMum Hayk, MarapaH, Poccus

AHHOTALMUA

06ocHoBaHue. V3MeHeHMs B paboTe cepAeYHO-COCYAMUCTON CUCTEMBI CIYXKAT OJHAM U3 OCHOBHbLIX KPUTEPUEB OLIEHKM ajan-
TMBHBIX BO3MOKHOCTEN OpPraHu3Ma M COCTOSHUS 3[,0POBbS YeSIOBEKA.

Llenb uccnepoBanmsa. M3yuntb Bo3pacTHble W3MeHEHUS QYHKLMOHaNbHBIX MOKa3aTenen CephaeyHo-COCYAMCTON CUCTEMBI
(CCC) y WKONBHUKOB U3 YMCa KOpEHHBIX ManouncneHHbIx HapoaoB CeBepa-BocToka Poccum.

Metoabl. B 2021-2023 rr. npoaHanM3vpoBannM OCHOBHble MOKa3aTeNM CepAeqHO-cocyamucToi cuctembl 174 peBoyek
1 196 Manb4MKoB W3 YMCNa KOPEHHBIX ManoumcieHHbIX HapooB CeBepa (3BeHbl, KOpsKK, UTenbMeHbl) — 62,5% Bcex obcne-
A0BaHHbIX (592 yenoBeka). B cocTosHUM MOKOS B MONOXEHUM CUASA TPOEKPATHO PErucTpupoBau apTepuanbHoe AaBfieHne
W 4acToTy CepAeYHbIX COKpaLLeHuii aBToMaTnyeckuM ToHoMeTpoM «Nissei DS—1862» (AnoHus). Mo obLienpuHATLIM MeToAM-
KaM paccuuTbiBanu criefytolime noKasaTenu: MUHYTHBIA U yaapHbIi 06BEM KpoBu, 0bLLee nepudepuyeckoe conpoTMBEHHE
COCYA0B, BereTaTuBHbIN MHAEKC Kepao, cepaeyHblii MHAEKC, TUN caMoperynsauumn KpoBoobpalleHns, MHAEKC GyHKUMOHaNb-
HbIX U3MEHEHWIA.

Pesynbtatbl. Hanbonee BbicoKMe TEMMbI DYHKLUMOHANBHOMO Pa3BUTUS CUCTEMBI KPOBOOOPALLIEHHS Y MaNbYMKOB HabnoaatoT
B Bo3pacTe 13-16 neT, Torna Kak Ansa AEeBOYEK XapaKTepHbl 6onee paHHWe uameHeHus — B 10-11 neT ¢ npofoMmKeHNEM
[0 I0HOLLIECKOr0 Bo3pacTa. B Bo3pacTHoi AuHaMUKe Ha (OHE M3MEHEHWI BCEX pacCMaTpUBaEMbIX NMOKa3aTeneit oTCyTCTBYeT
YCTOW4MBaAs TEHAEHLMSA K CHUMKEHMIO YacTOThl CEPAEYHbIX COKpaLLEeHW. B noipocTKoBOM Bo3pacTe BbISBIEHA BbICOKas A0JIA
UL, C TaxMKapamen U CMMNaTUYecKoN aKTUBHOCTBIO BereTaTMBHOW HEPBHOW cucTeMbl. Manbumku B Bospacte 14—15 net one-
PEXAIOT [EBOYEK N0 YAapHOMY 06BEMY KpoBH, B 16—17 NeT — Mo CUCTONMYECKOMY apTepUanbHOMY U MyNbCOBOMY AaBNEHUIO.
Y neBoYeK Bbile CpefHeBO3pacTHbIE 3HaueHus auactonndeckoro Afl B 14—15 net u oblwero nepudepnyeckoro conpotus-
nenus cocynos B 14 net. BHe 3aBucKHMOCTM OT nona obcnenyeMbix npeobnagan cepAeyHblii TMN caMoperynaumm KpoBoo-
bpalleHus. B Bo3pacTHbIX rpynnax npeBanvpoBas rMNepKUHETUHECKWUIA TUM KPOBOODOPaLLEHMs, 3@ UCKIIKOYeHUEM 17-NeTHUX
MaJIb4YMKOB C IYKUHETMYECKUM TUMOM KpoBoobpaLLeHus.

3aknioueHue. Bo3pacTHble M3MeHEHUS! (BDYHKUMOHANBHOMO PasBUTUS CUCTEMbI KPOBOODPALLEHMS Y LUKOMBHUKOB U3 YMCna
abopureHHoOro HaceneHus NPoOXoAsT Ha (oHe YA0BNETBOPUTENBHONM afanTauuW, OAHAKO NpU HANPAXKEHHOCTU MEXaHU3MOB
Perynsuuv npu KpaTKOBPEMEHHOM BO3/EHCTBUM (HaKTOPOB BHELLHEN cpefbl.

KnioueBble cnoBa: LUKOIbHUKY; KOPEHHbIE ManoynucieHHble Hapoasl CeBepa; GYHKLMOHaNbHbIE NOKa3aTenu cepeyHo-
cocyauctoii cuctemel, CeBepo-BocTok Poccum.
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BACKGROUND

At present, the population of the Magadan region primar-
ily consists of first- to third-generation descendants of Slavic
settlers (individuals of European descent). Among adolescent
males in Magadan—including indigenous individuals (ab origi-
ne—Latin for “from the beginning”), migrants, and long-settled
individuals of European descent—researchers have observed
a convergence of several physiological parameters. These
processes are regarded by some authors as a specific stage
of convergent adaptation. However, each population forms its
own distinct ecological profile [1, 2]. The issue of adaptation
among indigenous small-numbered peoples of the North is of
both theoretical and practical interest. The study of effects of
environmental factors and urbanization on the pediatric pop-
ulation remains relevant in age-related and ethnic physiology
research [3]. This is due to the fact that growth and devel-
opment in children have distinct biological natures and un-
derlying mechanisms: growth processes lead to proportional
changes, whereas the development of functional systems
results in qualitative changes in physiological regulation [4].

Under the influence of environmental factors, transfor-
mations occur in the children’s development that shape opti-
mal morphofunctional characteristics of the body. Regulatory
changes in the cardiovascular system (CVS) are among the
primary criteria for assessing the body's adaptive capacity.
The influence of the latitudinal factor on the development of
arterial hypertension and increased strain on regulatory sys-
tems in adolescents of European descent has been demon-
strated [5-7]. There is also a hypothesis that natural and
climatic conditions influence the formation of morphofunc-
tional traits in adolescents from indigenous small-numbered
peoples of the North living in different regions (Krasnoyarsk
region, Republic of Sakha [Yakutia]) [8]. In the Magadan re-
gion, a significant proportion of indigenous adolescent boys
exhibit signs of sympathicotonia, which is accompanied by
reduced adaptive capacity [9]. Psychophysiological parame-
ters among indigenous peoples demonstrate lower nervous
system responsiveness and greater instability of the nervous
system compared with mid-latitude norms [10]. The function-
al capacity of children’s regulatory systems during growth
and development depends on natural and climatic conditions,
socioeconomic status, and other regional factors.

Aim
To explore the age-related changes in functional pa-
rameters of the cardiovascular system among school-aged

children from indigenous small-numbered peoples of the
Northeastern Russia.

METHODS
Study Design

A single-center cross-sectional study was conduct-
ed, including analysis of cardiovascular parameters in
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school-aged children—indigenous peoples of Northeastern
Russia (long-settled of European descendants, indigenous
populations).

Study Setting

Between 2021 and 2023, cardiovascular parameters were
recorded in 592 school-aged children during the spring period
(March—April). The study was conducted at the medical office
of a municipal general education school in the urban-type set-
tlement of Evensk (Magadan region, Severo-Evensky district).

Eligibility Criteria

Inclusion Criteria:

« school-aged children aged 7 to 18 years;

« indigenous peoples of Northeastern Russia;

+ informed consent from the child's legal guardians and
assent from the child;

» absence of diagnosed neurological, psychiatric, or
chronic somatic diseases;

+ three repeated measurements of the studied
parameters.

Non-Inclusion Criteria:

« chronic diseases (especially affecting the central
nervous, endocrine, or cardiovascular systems);

« use of drugs affecting cognitive or motor functions
(antidepressants, sedatives, stimulants, etc).

Exclusion Criteria:

+ missing data for the participant in the required number

of measurements.

The study was approved by the Local Ethics Committee
of the Scientific Research Center Arktika, Far Eastern Branch
of the Russian Academy of Sciences (Conclusion No. 002/021
dated November 26, 2021).

Participant Groups

According to the aim of the study, sex- and age-specif-
ic groups were formed based on ethnicity (Evens, Koryaks,
ltelmens), using the social profile of school classes. After
excluding 28 children (insufficient heart rate data—4.7%
of the total sample), a final sample of 370 participants was
formed (196 boys and 174 girls, representing 62.5% of the
total). Participant were distributed by age and sex accord-
ing to anthropological principles (boys/girls): 8 years (from
7 years 6 months to 8 years 5 months 29 days)—23/14;
9 years—22/11; 10 years—14/14; 11 years—12/12;
12 years—15/21; 13 years—19/29; 14 years—21/24;
15 years—23/14; 16 years—20/16; 17-18 years—27/19.

Study Outcomes

Primary Outcome

The primary outcomes of the study were age-re-
lated changes in CVS parameters among school-aged
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children—indigenous peoples of Northeastern Russia. The
following basic hemodynamic parameters were analyzed:
systolic blood pressure (SBP, mm Hg), diastolic blood pres-
sure (DBP, mm Hg), and heart rate (HR, bpm). Functional
components of hemodynamics were also calculated.

Secondary Outcomes

A comparative analysis was performed for the type of
circulatory autoregulation (TCA) and the index of functional
alterations (IFA) across different age groups [11-13].

Measurement Methods of Target Outcomes

To assess the cardiovascular system in school-aged
children, SBP, DBP, and HR were recorded three times in
the seated position. Measurements were performed using
Nissei DS-1862 Automatic Blood Pressure Monitor (Nihon
Seimitsu Sokki Co., Ltd, Japan). The parameters were calcu-
lated using the following formulas:

« stroke volume (SV, mL):

for children =15 years: SV =[(101 + 0.5 x PP) -
0.6 x DBP] - 0.6 x A;
for children <15 years: SV = [(40 + 0.5 x PP) -
(0.6 x DBP)] + 3.2 x A,
where PP = SBP - DBP; PP is pulse pressure, mm Hg; A is
age, years;
+ Kerdo vegetative index (KVI):
KVI = (1 - DBP/HR) x 100;
+ total peripheral vascular resistance
dynxsxcm™®):
TPVR = (DBP + 0.42 x PP) x 79,980/CO0,
where CO = SV x HR; CO is cardiac output, L/min;
« cardiac index (CI, L/[minxm?)):
Cl = CO/S,
where S is body surface area calculated using the Du Bois
formula;

« type of circulatory autoregulation (TCA):

TCA = (DBP/HR) = 100.

(TPVR,

Sensitivity Analysis
Sensitivity analysis was not performed in this study.

Statistical Procedures

Sample size was not calculated a priori. Data were an-
alyzed using Statistica 6.0 software (StatSoft Inc., USA).
The Shapiro-Wilk test was used to assess the normality
of distribution. For variables with a normal distribution,
parametric methods were applied: Student’s t-test for
comparison of independent samples and one-way analysis
F-test (ANOVA), for variables with non-normal distribution,
the Mann—-Whitney (U) test and Kruskal-Wallis (H) test
were used, respectively. The y?-test with Yates continuity
correction was used to compare proportions. Results are
presented as M+m, where M is the sample mean, and m
is the standard error; or as Me (Q1; Q3), where Me is the
median, and Q1 and Q3 are the 25" and 75" percentiles,
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respectively. Differences were considered statistically sig-
nificant at p <0.05.

RESULTS

Participants

The study included 370 children from indigenous
small-numbered peoples of the North (Even, Koryak, Itel-
men), comprising 196 boys and 174 girls (62.5% of the total
sample).

Primary Results

Among children aged 7 to 18 years, there was a consis-
tent increase in SBP, SV, and CO (F=4.1-29.6; p < 0.001), DBP
(F=2.5-2.8; p < 0.01), and PP (F=2.2-4.4; p < 0.05), along-
side a decrease in TPVR and the KVI (F=2.9-6.4; p < 0.01)
(Table 1). However, the rates of age-related changes were
uneven and heterochronic. The absolute increase in SBP was
more significant in boys (16.8 mm Hg) compared to girls
(11.7 mm Hg), whereas changes in DBP were comparable
(8.3 and 7.5 mm Hg, respectively). A statistically significant
increase in DBP was observed only in 14-year-old girls
and 16-year-old boys compared with younger age groups.
Moreover, DBP in girls aged 14 to 15 years was significantly
higher than in boys of the same age. Opposite differences in
SBP were noted at ages 16 and 17, which was also reflected
in PP patterns in the compared groups. HR showed variabil-
ity with a statistically non-significant decrease: 8.33 bpm in
boys (F=1.3; p=0.251) and 3.75 bpm in girls (F=1.7; p=0.091).
No sex differences were detected, despite an increase in HR
among 15-year-old girls compared to the younger age group.

Cardiac parameters such as SV and CO increased by
24.4 mL and 1.3 L/min in boys and by 23.0 mL and 1.8 L/min
in girls, respectively. Boys demonstrated higher mean SV and
CO at ages 14 and 15 compared to younger groups, whereas
girls exhibited asynchronous changes: SV increased at ages
11, 13, and 15 years, and CO increased at ages 11, 15, and 16
years. Sex differences were identified only for SV at ages 14
and 15, with higher values observed in boys. One of the key
parameters of the circulatory system is total peripheral vas-
cular resistance, reflecting the resistance of resistive vessels
to blood flow and the precapillary patency. TPVR decreased
with age: by 174 dynxsxcm™ in boys and by 300 dynxsxcm™
in girls. Age-related changes in TPVR were observed in girls
at ages 11 and 15 compared to younger groups, and in boys
at age 16 years. It should be noted that age-related changes
in TPVR were uneven, and sex differences were recorded
only at age 14, with significantly higher values in girls.

Secondary Results

In the age groups studied, mean values indicate a hy-
perkinetic type of blood circulation (Cl >3.5 L/[minxm?)),
with the exception of 17-year-old males, who exhibited a
eukinetic type of blood circulation (Cl ranging from 2.7 to
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3.5 L/[minxm?)). At all ages, the predominant type of circula-
tory autoregulation was cardiac (TCA <90 conventional units),
however, intragroup variability was observed (Fig. 1).

Adverse Events
No adverse events were reported.

DISCUSSION

Summary of Primary Results

According to the study findings, the most significant
changes in the CVS occur in boys during adolescence, where-
as in girls, these changes begin earlier (10-11 years) and
continue through late adolescence. The pace of pubertal
transformations and the processes of morphofunctional mat-
uration of organs and systems differ between boys and girls,
exhibiting distinct patterns in the regulation of age-related
changes. The cardiovascular system is particularly vulnerable
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during periods of rapid growth, as the development of the
arterial component of the vascular network lags behind the
increase in heart size, and the heart growth does not keep
pace with the overall increase in body size [4].

Interpretation

Comparison of hemodynamic parameters in boys with
growth rates in height and body mass [14] revealed synchro-
nous changes in mean SBP, SV, and CO between ages 13 and
16, coinciding with the pubertal growth spurt at 1415 years.
In girls, significant increases in mean SV and CO, along with
decreases in TPVR, occurred in two distinct phases: the first
at ages 10-11 corresponding to a period of rapid general so-
matic growth, and the second at 14-15 years. At ages 13-14,
SBP increased by 7.1 mm Hg in boys and by 6.9 mm Hg in
girls, influencing subsequent changes in PP. According to
data, sex differences were observed for SV at ages 14-15,
and for SBP and PP at ages 16-17, with higher mean values
among boys.

25"

Number of people

8 9 10 11 12

13 14 15 16 17

age, years

H vascular type of the blood circulating system
@ cardiac type of self-regulation

cardiovascular type

a

25+

20

Number of people

age, years

B vascular type of the blood circulating system
@ cardiac type of self-regulation

B cardiovascular type

b

Fig. 1. Prevalence of different types of circulatory self-regulation across age groups: a, in boys; b, in girls. Age groups are denoted by numbers 8-17.
CSR, circulatory self-regulation type (solid fill, cardiac type; hatching, cardiorespiratory type; cross-hatching, vascular type).
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Several studies [15, 16] have reported lower BP values
and a lower prevalence of abnormal BP among individu-
als from indigenous small-numbered peoples of the North
(Khanty) compared with the reference values provided in
Russian clinical guidelines and regional standards developed
for migrant populations of the Khanty-Mansi Autonomous
Area-Yugra. Nifontova [17] found that in middle and late
school-aged children, BP levels among indigenous peoples
were comparable to those of descendants of migrant settlers

According to regional studies [18], school-aged children of
European descent from the city of Magadan exhibit the most
intensive functional development of the CVS at ages 11-16 in
boys and 11-13 in girls. Across all age groups, boys exhibit
higher values of SV and cardiac output. At ages 14-17, boys
also exceeded girls in SBP and left ventricular contractility. In
girls, the mean values of HR, DBP, and TPVR are higher [18].
BP values in indigenous girls were generally consistent with
regional norms, except for elevated DBP in 13-year-old
European-descendant girls (68.8 + 0.7 mm Hg). Mean SBP
values were lower only in 16—17-year-old indigenous boys
compared to European-descendant peers—125.0 + 1.33 and
126.7 + 1.30 mm Hg, respectively [18]. The observed con-
vergence of BP values among different ethnic groups is as-
sociated with increased rates of longitudinal body growth in
schoolchildren from the indigenous population, as confirmed
by a previous study [14]. Adolescence is frequently associated
with the onset of arterial hypertension and an increased pro-
portion of individuals with high-normal BP (between the 90th
and 95th percentiles) [19]. Regional data among 11-17-year-
olds of European descent showed that 11.3% of boys and
10.3% of girls had BP near the upper normal range, and hy-
pertension was present in 11.5% and 9.5% respectively [18].
The distribution of BP values [19] in comparable age groups
of boys and girls from the indigenous population showed that
values approaching the upper limit of normal were observed
in 13.0% and 8.1%, respectively, whereas values exceeding
the 95th percentile of the distribution were recorded in 8.7%
and 8.1%, respectively.

One observed feature of CVS function in the examined
boys and girls was the absence of a consistent age-relat-
ed decrease in HR, as well as elevated values during ad-
olescence (>80 bpm). Resting tachycardia was recorded in
34.8% of boys and 33.1% of girls from the indigenous popu-
lation, which was significantly higher than in 11-17-year-old
children of European descent—18.0% and 20.2%, respective-
ly [18]. High frequency of HR deviations from the norm in chil-
dren and adolescents from the indigenous small-numbered
peoples of Northern Russia has also been reported in other
studies [8, 16]. An insufficient decline in HR during puberty
may be associated with the fact that, along with age-related
enhancement of cholinergic influences on the CVS, the de-
velopment of the sympathoadrenal system is accompanied
by sustained sympathetic activity [4]. Our data confirm pos-
itive values of the Kerdo vegetative index in schoolchildren
of indigenous population. During the studied ontogenetic
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period, a decrease in the average values was observed—
from 32 conventional units to 14 and 18 conventional units
in boys and girls, respectively—indicating enhanced para-
sympathetic influences on the key physiological functions of
the child's body. However, during the growth spurt phase,
14-year-old boys exhibited a more pronounced manifestation
of the sympathetic branch of the autonomic nervous system
(ANS) compared to girls, whereas by age 17, sex differences
reversed in direction.

It is known that changes in SV during growth and de-
velopment occur proportionally to the anatomical and phys-
iological features of age-related cardiac evolution, includ-
ing increases in cardiac mass and volume, development of
contractile myocardium, and enlargement of cardiac cham-
bers [4]. According to our data, maximum SV was reached
at age 15, with boys demonstrating significantly higher SV
values after the growth spurt [14]. In subsequent age groups,
SV values decreased slightly, with no sex differences ob-
served. According to previous studies [18], SV increases with
age among European-descent and exhibits distinct sex differ-
ences, reaching peak values at age 17 in boys (92.6+2.3 mL)
and in girls (65.2+1.7 mL). Mean SV values in 17-year-old
indigenous boys were lower than regional age norms for Eu-
ropean descent, whereas girls exhibited the opposite trend.
Elevated CO, driven by both increased SV and HR, indicates
an inefficient and energy-demanding level of cardiovascular
system function [20].

Our findings show that a hyperkinetic circulatory type
occurs in 70.9% of boys and 69.9% of girls. Age-related
patterns reveal an increasing trend of eukinetic circulation
type prevalence only among indigenous boys, whereas in
girls the peak occurs at 13-14 years (11 individuals), with
a subsequent decline in older age groups (1-7 individuals).
A study by Govorukhina and Konkova [16] demonstrated that
the hyperkinetic circulation type was more frequent among
8- to 17-year-old Khanty children compared with descen-
dants of migrant settlers. It has been demonstrated that he-
modynamic and autonomic support of CVS functioning varies
among individuals with different types of circulation (hypo-,
eu-, and hyperkinetic). In the hyperkinetic type, hemodynamic
support of baseline functioning is achieved through increased
SV and CO with elevated HR and SBP, heightened sympathet-
ic tone of the ANS, and central regulatory circuit activity. In
the hypokinetic hemodynamic type, circulatory regulation is
dominated by the vascular component and parasympathetic
ANS activity. In the eukinetic type of central hemodynam-
ics, parameters of CVS function and heart rate variability fall
within an intermediate range [21].

With age-related somatic and cardiocirculatory chang-
es, boys and girls from the indigenous population demon-
strated satisfactory adaptation (IFA <2.6) [12]. However,
the study identified specific features of adaptation based
on the TCA, which reflect the level of regulatory strain in
the CVS. The balanced autoregulation of circulation is indi-
cated by a cardiovascular TCA (90-110 conventional units).
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A shift in circulatory regulation toward vascular dominance
(TCA >110 conventional units) indicates greater regulatory
efficiency and an increase in functional CVS reserves to sup-
port long-term adaptation. However, a shift toward cardiac
dominance (TCA <90 conventional units) indicates impaired
function and reduced adaptive capacity in response to short-
term external stressors [11].

Among 13- to 16-year-old European-descendant boys—
native residents of the Magadan region—a trend toward ele-
vated HR and predominance of the cardiac type of circulatory
autoregulation (63.7%) was observed, compared with their
peers from Moscow (44.4%) [22]. In our study, a comparable
age group also demonstrated a predominance of the cardiac
type of autoregulation in 76.5% of boys and 67.5% of girls,
whereas the cardiovascular type of TCA was observed in
19.8% and 28.9%, respectively.

In the age-related pattern, only boys demonstrated a
trend toward an increasing proportion of schoolchildren with
cardiovascular TCA, which is consistent with findings from
studies of European-descendant boys [23]. Among 8- to
16-year-old girls, the prevalence of cardiac and cardiovas-
cular TCA followed an inverted U-shaped pattern (Fig. 1, b).
While the peak frequency of the cardiac type of TCA in 12- to
13-year-old girls is likely associated with intensive somatic
changes and immature mechanisms of circulatory regulation,
by age 17 this functional pattern may indicate maladaptive
responses. The observed distribution of cardiac and cardio-
vascular TCA types in girls may be explained by the fact that
early pubertal somatic maturation is accompanied by a more
prolonged phase of functional development of the circula-
tory system. Therefore, their adaptive capacity may require
greater mobilization of functional reserves compared to boys.

Study Limitations

The cross-sectional design of the present study does not
allow for tracking individual trajectories of cardiovascular
system changes during growth and development in children.
In addition, the following limitations should be taken into ac-
count:

« a relatively small sample size (370 schoolchildren),

particularly within certain age subgroups;

+ calculation-based methods for determining
parameters, which are less accurate compared with
data obtained from hardware—software systems for
noninvasive central hemodynamic assessment.

CONCLUSION

The results obtained reflect general patterns in the devel-
opment of the cardiovascular system in children throughout
ontogeny. The most rapid functional development of the cir-
culatory system in school-aged children occurs between the
ages of 13 and 16 years in boys, whereas in girls, changes
begin earlier—at 10-11 years—and continue into late ado-
lescence.
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Among the identified features of circulatory system de-
velopment in boys and girls were the absence of a consistent
decline in HR and a high proportion of adolescents with tachy-
cardia. In a state of relative rest, the regulation of the cardiac
chronotropic function in schoolchildren is characterized by
physiological hyperactivity of the sympathoadrenal system,
which declines with age. Another feature of circulatory system
function is an earlier increase in volumetric hemodynamic pa-
rameters (stroke volume and cardiac output) in girls compared
with boys. Before adolescence, there are no sex differences
in circulatory system function. However, at 14-15 years of
age, boys demonstrate higher mean SV values, and at 16-17
years, they show higher SBP and PP. In girls, higher values of
DBP at 14-15 years and total peripheral vascular resistance
at 14 years were observed compared with boys.

Regardless of sex, the cardiac type of circulatory auto-
regulation predominated. The hyperkinetic circulation type
predominated, with the sole exception of 17-year-old males,
who exhibited the eukinetic circulation type. Age-related
increases in optimal variants of circulatory autoregulation
(eukinetic circulation type and cardiovascular type of TCA)
were observed only in indigenous boys. This may be re-
garded as a favorable trend in the adaptive capacity of the
cardiovascular system. Among 8- to 16-year-old girls, the
prevalence of these circulatory types followed an inverted
U-shaped pattern, with peaks in Cl at 13-14 years and in
TCA at 14 years, followed by a decline by late adolescence.
With the persistence of constitutional characteristics typical
of the Arctic population in girls, there is a tendency toward
reduced functional reserves of the cardiovascular system in
supporting adaptation.
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AONOHUTE/IbHAA UHOOPMALIUA

Bknaa aBTopoB. A.H. JlTockyToBa — KOHLENLMA 1 AN3aH UCCNe0BaHMS,
aHanu3 AaHHbIX U MHTeppeTaLms pe3sysbTaToB UCCneoBaHus, HanucaHue
TeKcTa. ABTOP MOATBEPKAAET COOTBETCTBME CBOEr0 aBTOPCTBA MeXAyHa-
pogHbiM Kputepuam ICMJE (Bce aBTOpbl BHECNW CYLLECTBEHHBIN BKNaA
B pa3paboTKy KOHLLeNUMK, NPOBEJEHUS UCCIe0BaHUA W NOArOTOBKY CTa-
TbW, NPOYM M 0A06PMAM dWHAMBHYIO BEPCUIO Nepes NybauKauven).
JdTnyeckas aIkcnepTH3a. ViccnegoBanue 0406PEHO JOKabHBIM 3TW-
yeckum KommtetoM HULL «Apktuka» [1BO PAH (3akniouerme Ne 002/021
ot 26.11.2021).

Cornacue Ha ny6nmkaumio. Bce y4acTHWKM uccnefoBaHWs A06POBONLHO
noanvcany GopMy MHHOPMMPOBAHHOTO COrlacks 40 BKITIOYEHUS B UCCne-
[0BaHve.

WUctouHuku duHaHcupoBaHua. PaboTa BbinonHeHa 3a CYéT broa-
xetHoro dwuHaHcuposanus HUL, «Apktuka» [1BO PAH B pamkax Temsl
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