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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 10–11 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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Возрастные особенности функционального развития 
системы кровообращения у школьников — 
представителей коренных малочисленных 
народов Северо-Востока России: одномоментное 
исследование
А.Н. Лоскутова
Научно-исследовательский центр «Арктика» Дальневосточного отделения Российской академии наук, Магадан, Россия

АННОТАЦИЯ
Обоснование. Изменения в работе сердечно-сосудистой системы служат одним из основных критериев оценки адап-
тивных возможностей организма и состояния здоровья человека.
Цель исследования. Изучить возрастные изменения функциональных показателей сердечно-сосудистой системы 
(ССС) у школьников из числа коренных малочисленных народов Севера-Востока России.
Методы. В 2021–2023 гг. проанализировали основные показатели сердечно-сосудистой системы 174 девочек 
и 196 мальчиков из числа коренных малочисленных народов Севера (эвены, коряки, ительмены) — 62,5% всех обсле-
дованных (592 человека). В состоянии покоя в положении сидя троекратно регистрировали артериальное давление 
и частоту сердечных сокращений автоматическим тонометром «Nissei DS–1862» (Япония). По общепринятым методи-
кам рассчитывали следующие показатели: минутный и ударный объём крови, общее периферическое сопротивление 
сосудов, вегетативный индекс Кердо, сердечный индекс, тип саморегуляции кровообращения, индекс функциональ-
ных изменений.
Результаты. Наиболее высокие темпы функционального развития системы кровообращения у мальчиков наблюдают 
в возрасте 13–16 лет, тогда как для девочек характерны более ранние изменения — в 10–11 лет с продолжением 
до юношеского возраста. В возрастной динамике на фоне изменений всех рассматриваемых показателей отсутствует 
устойчивая тенденция к снижению частоты сердечных сокращений. В подростковом возрасте выявлена высокая доля 
лиц с тахикардией и симпатической активностью вегетативной нервной системы. Мальчики в возрасте 14–15 лет опе-
режают девочек по ударному объёму крови, в 16–17 лет — по систолическому артериальному и пульсовому давлению. 
У девочек выше средневозрастные значения диастолического АД в 14–15 лет и общего периферического сопротив-
ления сосудов в 14 лет. Вне зависимости от пола обследуемых преобладал сердечный тип саморегуляции кровоо-
бращения. В возрастных группах превалировал гиперкинетический тип кровообращения, за исключением 17-летних 
мальчиков с эукинетическим типом кровообращения.
Заключение. Возрастные изменения функционального развития системы кровообращения у школьников из числа 
аборигенного населения проходят на фоне удовлетворительной адаптации, однако при напряжённости механизмов 
регуляции при кратковременном воздействии факторов внешней среды.

Ключевые слова: школьники; коренные малочисленные народы Севера; функциональные показатели сердечно-
сосудистой системы, Северо-Восток России.
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俄罗斯东北部少数原住民族学龄儿童心血管系统功能
发育的年龄特征：横断面研究
Alesya N. Loskutova
"Arctic" Research Center, Far Eastern Branch of the Russian Academy of Sciences, Magadan, Russia

摘要摘要

论证。论证。心血管系统功能的变化是评估机体适应能力与健康状况的主要标准之一。

目的。目的。研究俄罗斯东北部北方少数原住民族学龄儿童心血管系统功能指标的年龄变化情况。

方法。方法。在2021—2023年期间，对来自北方少数原住民族（埃文人、科里亚克人、伊捷尔缅

人）的174名女生和196名男生进行了心血管系统主要指标的分析，占所有受检者（592人）

的62.5%。在静息坐位状态下，使用“Nissei DS–1862”（日本）自动血压计三次测量动脉

血压和心率。根据通用方法计算以下指标：每搏输出量、每分钟心输出量、全身外周血管阻

力、Kerdo自主神经指数、心指数、血液循环自我调节类型和功能状态指数。

结果。结果。男生心血管系统功能发育的最快时期出现在13–16岁，而女生则表现出较早的变化，

高峰期在10–11岁，并持续至少年晚期。在年龄动态中，尽管多数指标发生变化，但心率

未呈现出持续下降趋势。青春期阶段，心动过速和交感神经系统兴奋表现的个体比例较

高。14–15岁男生的每搏输出量高于女生，16–17岁时收缩压和脉压也更高。女生在14–15

岁时的平均舒张压值较高，14岁时外周血管阻力亦较高。不论性别，血流自我调节类型以

心源性类型为主。 除17岁男生以正常动力型为主外，其余年龄段均以高动力型血液循环为

主。

结论。结论。原住民族学龄儿童心血管系统功能发育的年龄变化过程是在总体适应良好的背景下进

行的，但在短期外界因素影响下，其调节机制表现出一定程度的紧张。

关键词：关键词：学龄儿童；北方少数原住民族；心血管系统功能指标；俄罗斯东北部。
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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 

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, 
Itelmens), 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 × PP) − 

0.6 × DBP] − 0.6 × A;
for children <15 years: SV = [(40 + 0.5 × PP) - 

(0.6 × DBP)] + 3.2 × A,
where PP = SBP − DBP; PP is pulse pressure, mm  Hg; A is 
age, years;

 • Kerdo vegetative index (KVI): 
KVI = (1 − DBP/HR) × 100;

 • total peripheral vascular resistance (TPVR, 
dyn×s×cm⁻⁵): 

TPVR = (DBP + 0.42 × PP) × 79,980/CO, 
where CO = SV × HR; CO is cardiac output, L/min;

 • cardiac index (CI, L/[min×m²]): 
CI = CO/S, 

where S is body surface area calculated using the Du Bois 
formula;

 • type of circulatory autoregulation (TCA): 
TCA = (DBP/HR) × 100.

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 χ2-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 25th and 75th percentiles, 

respectively. Differences were considered statistically sig-
nificant at р <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 dyn×s×cm⁻⁵ in boys and by 300 dyn×s×cm⁻⁵ 
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 (CI >3.5 L/[min×m2]), 
with the exception of 17-year-old males, who exhibited a 
eukinetic type of blood circulation (CI ranging from 2.7 to  
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3.5 L/[min×m2]). 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 

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 14–15 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.

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 

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.

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 characteri zed 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 CI 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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