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RELATIONSHIP BETWEEN MAJOR CARDIOVASCULAR SYSTEM PARAMETERS AND BODY MASS INDEX
IN ADOLESCENTS OF MAGADAN REGION
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Excess weight and obesity detected in adolescence are likely to be detected in adulthood, which increases the risk of cardiovascular disorders. The study was aimed
to assess the features of cardiovascular system parameters in adolescent males considering their body mass index (BMI). For this purpose a total of 208 adolescent
males aged 15—-16 were surveyed. The major indicators of physical development and cardiovascular system function were evaluated by standard method. BMI was
calculated, based on which three groups were distinguished: underweight adolescents, adolescents with normal and excess body weight. It was found that 23%
of subjects were underweight, 62% had normal body weight, and excess body weight was reported in 15% of adolescents. It has been shown that the growth
of strain on the cardiovascular system from the group of underweight adolescents to the group with excess weight is observed (4, 16, and 37%, respectively),
which is confirmed by the correlation analysis results. The findings suggest the less effective cardiovascular system functioning mode in overweight adolescents
compared to other assessed groups. The data obtained can be used to develop the guidelines on managing excess body weigth in the group of individuals being
through the adolescent ontogeny period as a target group for health promotion and applying preventive measures.
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3ABMICMMOCTb OCHOBHbIX MOKA3ATEJIEW OEATENIbHOCTU CEPAEYHO-COCYANCTON CUCTEMBI
OT UHAEKCA MACCbI TEJIA Y NOAPOCTKOB MAFAJAHCKOW OBNIACTU

0. O. AnewvHa B9, A, A. Cyxarosa, V1. B. ABepbsiHoBa
Hay4Ho-uccnenoBatensCknii LeHTP «ApKTrka» [JansHEeBOCTOMHOMO OTAeneHns Poccuitckon akagemun Hayk, MaragaH, Poccus

BbIsBNEHHbIE B MOAPOCTKOBOM BO3PacTe M30bITOYHAA Macca Tena 1 OXMpeHne ¢ 60MbLLON BEPOATHOCTBIO ByayT 0OHapy>KeHb! 1 BO B3POCIOM BO3pacTe,
YTO MOBBILLAET PUCK Pa3BUTUS CEPAEHHO-COCYAMCTbIX 3aboneBaHuin. Lienbio nccnefoBaHust 6bi10 M3y4MTb OCOBEHHOCTH MokasaTenein cepaeyHo-CoCyaCTom
C1CTEMbI MabHMKOB-MOAPOCTKOB C YHETOM BEMMYMHBI MHAEKca Macebl Tena (VIMT). Ons aTtoro 6binm ob6cnenosaHbl 208 NOAPOCTKOB My>XCKOro Mofia B BO3pacTe
15-16 neT. OueHka OCHOBHbIX MoKagaTene (h13n4eckoro pasBuTUS U CepaeqHO-COCYANCTOM CUCTEMbI MPOBEAEHa CTaHAaPTHBIMN MeETOAaMM. BeinonHeH pacyeT
VIMT, Ha OCHOBE KOTOPOro BblAENEHbI TP rpyMbl: NOAPOCTKM C AEULIMTOM MaCChl Tena, NOAPOCTKNA C HOPMabHOW 1 M3BbITOYHOM Maccol Tena. YCTaHOBNEHO,
4TO AedunumT Maccel Tena nmen MecTo y 23% ob6cnefoBaHHbIX, 62% 1Meny HopManbHyo Maccy Tena, 13bbITo4Has Macca Tena otMedeHa y 15% nogpoCTKOB.
BbisiBNeHo, 4To OT rpynnbl NOAPOCTKOB C AehMUMTOM MacChl Tefa K rpynne ¢ U3bbITO4YHOM MacCon Tena HabnioaaeTca PoCT HanpsKeHust B paboTe cepagyHo-
cocyamncTom cuctemsl (4, 16 1 37% COOTBETCTBEHHO), HTO MOATBEPKAAIOT Pe3yNbTaTbl KOPPENALUMOHHOMO aHanmaa. PeaynsraTsl ICCNefoBaHns CBUAETENbCTBYIOT
0 MeHee 3(PMEKTVIBHOM PexxmMe (OYHKLMOHNPOBaHWS CepAeHHO-COCYAMCTON CUCTEMbI Y MOAPOCTKOB C M3OLITOYHOM MaCcCoM Tefia Mo CPaBHEHWIO C APYrMM
obcnenoBaHHbIMY rpynnamu. MosydeHHble AaHHbIe MOXHO MCMONb30BaTh 471 pa3paboTky pekoMeHaaLMii Mo KOPPEKLMM M3ObITOYHOM MacChl Tena B rpynne L,
MOLPOCTKOBOrO NEPVoAa OHTOreHes3a Kak LIeNeBoi rpyrne no yKPenieHno 340P0Bbst 1 MPOBEAEHMIO MPOMUNIAKTUHECKIX MEPOMPUSTUIA.
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Anthropometry is among methods most widely used to assess
body composition in epidemiology studies due to its ease
of use, low cost, and high reliability relative to other human
morphology evaluation methods [1]. Indicators of physical
development obtained during anthropometric measurements
enable estimation of adolescent’s development and health
[2, 3]. It should be noted that the state and endurance
of cardiovascular system also represent good predictors
of health across the life-course that are inversely related
to such morphological parameters, as body mass index (BMI),
waist circumference, body weight (BW), body fat percentage,
and skinfold thickness [4-7].

BMI is a synthetic direct indicator of the human body
harmony and an indirect indicator of adequate diet and general
health based on the ratio between BW and body length. BMI
calculation is essential for detection of excess BW and obesity
being important risk factors of a number of cardiometabolic
disorders [8, 9].

It should be noted that adolescent obesity is strongly
associated with multiple comorbidities [10], especially with
cardiovascular and metabolic disorders [11, 12]. There
is evidence that the increase in BW being a multifaceted process
also affects the child’s body growth and development, as well
as psychoemotional state [13]. Consequently, careful monitoring
of BW and BMI throughout childhood and adolescence
ontogeny periods can represent not only a method to detect
excess weight and obesity, but also a simple and powerful
method to prevent the disorders associated with the above,
including reducing the risk of cardiovascular disorders in
adults [9]. This subject is becoming particularly important due
to the spread of obesity in this age group observed in the past
decade [14]. Thus, according to global forecast, 268 and 124
million children and adolescents will be overweight or obese
by 2025 [15]. It should be noted that a pronounced increase
in the prevalence of these conditions in adolescents observed
in the 20" century was followed by the increase in the prevalence
of arterial hypertension (AH) and prehypertension [16].

Based on the foregoing, the study was aimed to evaluate
and analyze the main cardiovascular system characteristics
in the group of adolescent males living in the North considering
their BMI.

METHODS

A total of 208 male Caucasian adolescents aged 15-16,
who had comparable living conditions and were permanent
residents of the Magadan Region, were assessed. Inclusion
criteria: age 15-16 years, availability of the informed consent,
health group 1-2. Exclusion criteria: history of chronic disease,
being outside the age range, no informed consent. Assessment
was performed in fall/winter 2022.

Basic somatometric characteristics were determined
in the subjects: body length (cm) and BW (kg) that were used to
calculate BMI (kg/m?) according to the following formula:

BMI = BW/BL?,

where BL was body length (cm), BW was body weight (kg).
Differentiation of adolescents based on BMI involved taking into
account the percentile ranges in accordance with the guidelines
issued by the World Health Organization (WHO) [17].

The assessed sample was divided into three groups
according to the WHO criteria: group 1 — underweight
adolescents (n = 48, 23%) with the average age of 16.2 + 0.0
years; group 2 — subjects with normal weight (n = 128, 62%)

with the average age of 16.2 + 0.1 years; group 3 included
overweight adolescents (n = 32, 15%) with the average age of
16.2 + 0.1 years.

The Nessei DS-1862 blood pressure monitor (Nissei;
Japan) was used to measure systolic blood pressure (SBP,
mmHg), diastolic blood pressure (DBP, mmHg), heart rate (HR,
bpm) three times and calculate mean values. The following
indicators were calculated based on the data obtained: rate-
pressure product (RPP, AU), stroke volume (SV, mL), cardiac
output (CO, mL/min), systemic vascular resistance (SVR,
dyn - s-cm™)[18].

Statistical processing of the results was performed using
the Statistica 7.0 software package (StatSoft; USA). The
distribution of measured variables was tested for normality
using the Shapiro-Wilk test. The results of applying parametric
methods were presented as mean (M) and error of the mean
(# m). No preliminary calculation of the sample size was
performed. Significance of differences was determined using
the Student's t-test. The critical significance level (p) was set
as 0.05.

RESULTS

The Table provides the main cardiovascular system parameters
and their values calculated in adolescent males living in the
North based on their BMI. The results obtained show that 23%
of subjects were underweight, 62% of adolescents had normal
weight, and 15% were overweight. There were no significant
differences in body length between the studied groups, which
suggested that the samples were comparable.

The data provided show that overweight adolescent
boys are characterized by significantly higher SBP, HR, SV,
and CO values, as well as RPP, along with no significant
intergroup differences in SVR. Optimal cardiovascular system
characteristics in the form of the lowest HR and DBP values
have been revealed in the group of individuals with normal
weight. Underweight adolescents have significantly lower
SBP, RPP, SV, and CO values. However, it should be noted
that no differences in DBP and HR between groups with
the weight deficit and normal weight have been revealed.
When differentiating the studied groups based on the share
of individuals with the high-normal blood pressure (HNBP)
and AH based on SBP and SBP, it has been determined that
such cardiovascular system abnormalities are most common
in overweight adolescents.

DISCUSSION

The findings suggest that the lowest SBP values are typical
for underweight adolescent boys, and the corresponding
indicator grows in each subsequent group. The lowest DBP
values are reported in the group with normal BW, while the
highest values are observed in overweight individuals. It is well-
known that excess BW and obesity detected in early childhood
are likely to be found in adolescence and adulthood [19, 20],
which increases the risk of cardiovascular disorders [21], type 2
diabetes mellitus and musculoskeletal disorders [22].
Differentiation of the assessed group by BP [23] showed
that the share of individuals with HNBP and AH along with
underweight based on SBP was 0% and 4%, while no similar
deviations were revealed based on DBP. No individuals with
HNBP based on SBP were found among adolescents with
normal weight, the share of individuals with HNBP based
on DBP was 5%, AH based on SBP was reported in 8%
of adolescents, and AH based on DBP was found in 3%.
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Table. Main cardiovascular system parameters of adolescents living in the North based on BMI, significance of differences (M + m)

Assessed groups Significance of differences
Studied parameters
Underweight (1) Normal weight (2) Overweight (3) 1-2 2-3 1-3
Body length, cm 179.6 £ 0.7 179.0+ 0.8 178.0 £ 0.7 p=0.58 p=0.35 p=0.11
BW, kg 55.6 +0.5 65.4 + 0.8 86.9+1.3 p < 0.001 p < 0.001 p <0.001
BMI, kg/m? 17.2 £ 0.1 20.3+0.8 274 +0.4 p < 0.001 p < 0.001 p < 0.001
SBP, mmHg 1149+14 118.3 £ 1.1 123.6 + 1.1 p<0.05 p < 0.001 p < 0.001
DBP, mmHg 70.4 £ 0.7 68.4 + 0.9 71.3+0.8 p=0.08 p<0.05 p=0.39
HR, bpm 71.0+£1.0 70.8+1.3 756 +1.1 p=091 p<0.01 p<0.01
RPP, AU 81.6+1.4 83.7+1.6 93.7+1.8 p<0.05 p < 0.001 p < 0.001
SV, mL 71.3+0.7 752+ 0.9 74.6 £ 0.8 p < 0.001 p=0.62 p<0.01
CO, mL/min 5025.8 + 58.0 5286.5 + 93.5 5654.3 + 112.1 p<0.05 p<0.01 p < 0.001
SVR, dyn - s - cm™® 1433.0+18.9 1403.7 + 31.4 1372.6 + 31.6 p=0.42 p=0.48 p=0.11

Among overweight adolescents, HNBP based on DBP was
found in 6%, this group had the largest share of subjects with
AH (25% based on SBP, 6% based on DBP).

Due to high prevalence, both arterial hypertension and
obesity are considered to be a non-communicable pandemic
[24]. We have interpreted the total rate of individuals with HNBP
and AH based on SBP and DBP as strain on the cardiovascular
system, it was 4% in the group of underweight adolescents,
16% in the group with the weight within normal range, 37%
in the sample characterized by excess BW.

SV reflects the amount of blood ejected by the ventricles
with each contraction and depends on the body’s functional
state [25]. Our findings show that the highest average SV
values are typical for individuals with normal BW and the lowest
values have been revealed in underweight individuals.

CQO is the most important parameter determining blood flow.
Adequate CO values suggest optimal oxygen supply to tissues
and organs, which, in turn, is equivalent to cardiovascular
health [26]. The highest CO values, being indirect indicators
of energy metabolism, are typical for overweight adolescents.
In this group high CO values result from higher HR and
SV agaist the background of higher SBP relative to other
assessed groups. High values of these parameters reflect the
consumptive and energy-draining level of the cardiovascular
system functioning [27]. The lowest CO values are typical for
underweight adolescents.

SVR is a stationary component of cardiovascular system
that ensures resistance to permanent blood flow and regulates
the pressure gradient between the venous and arterial systems
[28, 29]. The data obtained show that there are no intergroup
differences in SVR.

RPP characterizes the cardiovascular system functional
status and reflects the processes underlying its mechanical

DBP

0.7

BMI BMI

Overweight Normal weight

activity. It should be noted that RPP > 100 AU is indicative
of high heart energy production [30]. The RPP value close to
the upper limit of normal range has been revealed in overweight
adolescents, which reflect the increased need for myocardium
in oxygen. At the same time, significantly lower RPP values
have been revealed in the group of underweight individuals,
which is indicative of the more energy-conserving and effective
cardiovascular system functioning in this group.

Thus, all the assessed samples show the values
of cardiovascular system parameters that correspond to
normal ranges for these parameters, however, overweight
individuals are characterized by strain on the cardiovascular
system reflected in significantly higher SBP, HR, CO values. The
correlation analysis results provided in Figure are also indicative
of strain on the cardiovascular system.

The data obtained by correlation analysis show that BMI
has no effect on the cardiovascular system characteristics in the
groups of underweight adolescents and adolescents with normal
weight. Correlations have been revealed in overweight individuals:
DBP and SV increase with increasing BMI. Furthermore, there
is a weak negative correlation between BMI and SVR.

CONCLUSIONS

Thus, the findings show strain on the cardiovascular system
in the group of overweight adolescents. The increase in strain
on the cardiovascular system has been revealed, which is 4%
in the group of underweight adolescents, 16% in the group
with BW within normal range, 37% in the sample characterized
by excess BW. It has been shown that the cardiovascular
system of overweight adolescents functions more effectively,
which is reflected in significantly higher SBP, HR, SV, and
CO values observed against the background of enhanced
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Fig. Correlation analysis of the relationship between body mass index and the major cardiovascular system characteristics
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processes underlying mechanical activity of the heart. This
is well correlated to the correlation analysis results. The findings
can be used to produce the guidelines aimed at managing
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