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Abstract—The results of a literature content analysis on 

methods for assessing biomedical data for constructing a model 

of human adaptive potential are presented. The software tools 

for collecting anthropometric data for children and youth from 

0 to 19 years are determined. For adults, male and female, there 

are no universal means of assessing anthropometric data. In 

medical practice, the SCORE system is used to predict mortality 

from cardiovascular diseases, which does not take into account 

all health factors. According to many years of research, it was 

concluded that the success of the adaptation of the human body 

depends on two parameters: the functional state of the 

cardiovascular system (dynamic component) and the harmony 

of the ratio of anthropometric data (statics component). An 

ontology of human adaptive potential is proposed. 
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I. INTRODUCTION  

The problem of assessing biomedical data is determined 
by the complex hierarchical organization of a living system 
with fuzzy control loops. The theory of functional systems of 
P. K. Anokhin is the fundamental justification for the 
processes of adaptation and maintenance of homeostasis in the 
human body [1]. The creates of prognostic biomedical models 
based on regression analysis is widely used in anthropological 
research and risk assessment of cardiovascular disease [2]. 
Regression analysis is the main method of statistical 
processing of databases in the practice of biomedical research 
[3-5]. According to L. von Bertalanfi, it is necessary to accept 
the world as we find it, i.e. applying empirical methods of 
researching different systems to draw conclusions about 
observed patterns. Proposed by the author basic concepts and 
principles used to solve a wide variety of problems, such as 
the general definition of the system, to analyses growth types, 
systems, social engineering and engineering psychology [6]. 
The most controversial issue is the possibility of predicting the 
development of diseases in each person individually (a 
personalized approach) and in the structure of the incidence of 
the population as a whole (public health). Using system 
analysis, building neural networks and collecting big data, 
creating software and digitizing health care in national 
projects does not bring us closer to solving the problems of 

personalized medicine. The question of how many parameters 
need to be included to characterize the success of human 
adaptation to habitat factors remains an open question. 
Materials and methods of research: Content analysis of works 
of foreign and Russian researchers, construction of ontology. 

II. RESULTS 

Regression analysis is the main method of statistical 
processing of databases in the practice of biomedical research. 
The characteristics of a living system, unlike the cybernetic 
biological model: high morphological specificity of each 
organ and tissue system. Multidimensional relationships that 
develop at each point of time in a functional system end high-
quality heterogeneity of the living biological system. The 
probabilistic nature of the reaction of the living biological 
system in response to the irritant of the same modality, a wide 
range of adaptive biosystem reactions to save homeostasis. 
The non-linear nature of interaction between elements of a 
living biological system. Experiments in natural living 
conditions are a priority area of research in biology and 
medicine. R. M. Bayevsky developed the concept of the 
possibility of using the circulatory system as an indicator of 
the adaptive reactions of the whole organism, which is 
presented in the form of a cybernetic system [7]. This system 
consists of managers: CNS, subcortical and vegetative 
centers. Controlled system: musculoskeletal and internal 
organs. Elements, the conciliation link between which is the 
circulatory apparatus. The simplest model of a living system 
is the Functional Changes Index: HR – heart rate, SBP – 
systolic blood pressure, DBP – diastolic blood pressure, BV – 
body weight, G – growth, A – age. Equation (1) is the 
Functional Changes Index (FCI):  

FCI = 0,011 × (HR) + 0,014 × (SBP) + 0,008 × (DBP) +
0,014 × (A) + 0,009 × (BV) + 0,009 × (G) − 0,27 

The index shows a link between myocardial-
hemodynamic (heart rate, systolic blood pressure, diastolic 
blood pressure) and structural-metabolic (growth, body 
weight) by homeostasis. Quantitative data collected in the 
process of biomedical research are always associated with 
qualitative data (gender, occupation, social status) and are 
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subjected to statistical processing. Moreover, the result 
obtained is interpreted depending on subjective factors 
(commitment to a scientific school, social order and bioethical 
examination requirements). For an objective assessment of the 
tension of adaptation mechanisms, all research groups used 
indicators of the activity of the cardiovascular system and 

anthropometry. Fig. 1 shows a graphical model for assessing 
the human adaptive potential developed by us in the course of 
many years of research on compensatory – adaptive 
mechanisms of human environmental adaptation [8].  

In the development of a mathematical model for assessing 
the significance of the components of adaptive potential, 
mathematicians-experts twice analyzed and processed 
information on the questionnaire, randomly selected data in 
151 men. To develop methods for obtaining, analyzing and 
processing information, the experts responded to the 
questionnaire twice. They were asked to indicate the 
importance of the factors presented, which affect 
complications of hypertension, i.e. the degree of their effect 
on the effectiveness of ranking parameters. Assessing the 
factor, the specialist assigns them a certain rank. Men with 
separate criteria above the norm were selected from the 
statistics. Factors, depending on their significance, are 
assigned a value within the range of “1 ÷ 7” points, that is, “1 
point - more significant ÷ 7 points - less significant”. If a 
specialist equally evaluates the influence of several factors, 
then all of them are assigned the same score. Equation (2) is 
the total score for all rows (i) must match the sum for columns 
(j): 

 ∑  m
j=1 ∑ Χıjk

i=1 = ∑  ∑ Χıjm
j=1

k
i=1  

Next, the ranking of factors is performed, that is, their 
distribution, according to the accumulated points. As a result 
of ranking the indicators, the experts determined in the first 
place – the values and of total cholesterol. In second place is 
the body mass index. Third and fourth place was taken by a 
related indicator of left ventricular hypertrophy and 

interventricular septum. Fifth and sixth places were occupied 
by blood pressure values. The last place is given to 
hypertrophy of the posterior wall of the left ventricle. 
Behavioral risk factors for the development of diseases of the 
cardiovascular system: smoking, changes in eating behavior, 
social status of the respondents, and the level of stress load, 
experts ignored [9]. Clinical significance is attached to the 
level of systolic blood pressure and overweight. 
Morphological changes in the left ventricle are a complication 
of arterial hypertension and cannot be considered 
independently as a risk factor.   

III. DISCUSSION 

This is anthropometric data that characterizes body length 
(g. Growth reflects the state of plastic processes in the body. 
Weight expresses total body weight (development of bone-
muscle apparatus, fat fiber, internal organs). As a result of the 
Multicenter Study on the Development of Reference Growth 
Indicators (MGRS), a large data processing software was 
created that takes into account the reference indicators of the 
growth achieved by the new standards for body mass index 
(BMI) by age.  

The WHO Anthro tool is designed to monitor the growth 
and development of motor skills in individual children and in 
the general population of children under 5 years of age. The 
program is designed to analyze the results of the study of baby 

 
Fig.1. Ontology adaptive potential.  
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food and consists of 3 modules: an anthropometric calculator, 
individual assessment and examination of nutritional status. 
The standard of the regulatory growth model is the indicator 
of breastfeeding. WHO AntroPlus allows you to evaluate 
anthropometric indicators in children and adolescents aged 5 
to 19 years according to centile tables [10].  

The standardized indicators of the dependence of body 
weight on age, body length on age, head circumference on age, 
shoulder circumference on age, skin folds of age and the scale 
of development of motor skills should be used when 
conducting studies evaluating the physical development of 
children and adolescents, regardless of place of residence. 
Growth studies should provide detailed descriptions of 
anthropometric standardization and reliability of 
measurements. For adults, there is no standardized 
anthropometric study procedure [11-13]. The variability of the 
heart rhythm is another indicator that is easily subject to 
mathematical analysis. According to a number of researchers, 
the characteristics obtained by spectral methods of heart 
rhythm analysis only make sense when meeting the strict 
requirements for the sequence of R-R intervals, called in the 
language of mathematics “stationary process”. Such 
“stationaryness” can be achieved on the site of an 
electrocardiogram lasting 5-6 minutes.  

When studying the rhythm of the heart for many hours in 
a row, the “stationary process” cannot be visually recorded. 
This fact is not a problem of clinical or electrophysiological 
interpretation of data but reflects the imperfection of the 
attached software of outpatient electrocardiography [14,15]. 
The importance of secondary risk factors for cardiovascular 
disease (smoking, high cholesterol, blood pressure, male sex) 
and prediction of death are presented in the model V. Dzau. 
With the SCORE tables, it is easy to extrapolate the overall 
and relative cardiovascular risk by the age of 60. According to 
the recommendations of the European Society of Cardiology, 
patients with high risk include patients with clinical 
manifestations of cardiovascular disease, regardless of the 
profile of risk factors and patients without symptoms of 
cardiovascular disease diseases with a combination of risk 
factors (smoking, male sex, high levels of systolic blood 
pressure, hypercholesterolemia), in which the 10-year risk 
reaches 5% at present or at the forecast age of 60 years. With 
age, all men and women with AG are more likely to die from 
cardiovascular disease due to an unfavorable risk factor 
profile [16,17].  

IV. CONCLUSION  

The software tools for collecting anthropometric data for 

children and youth from 0 to 19 years are determined. For 

adults, male and female, there are no universal means of 

assessing anthropometric data. The SCORE system is used to 

predict mortality from cardiovascular diseases, which does 

not take into account all health factors. According to many 

years of research, it was concluded that the success of the 

adaptation of the human body depends on two parameters: the 

functional state of the cardiovascular system (dynamic 

component) and the harmony of the ratio of anthropometric 

data (statics component). An ontology of human adaptive 

potential is proposed. 

REFERENCES 

[1] P. K. Anokhin, Nodal questions of the theory of a functional system, 
Moscow, USSR: Science, 1980, pp. 5-61. 

[2] N. A. Agadzhanyan, R. M. Bayevsky, A. P. Berseneva, Adaptation 
issues and health learning, Moscow, Russia: RUDN, 2006. pp. 67-120. 

[3] N. A. Plokhinsky, Algorithms of biometrics, Moscow: MSU 
Publishing House, 1980. pp. 11-36. 

[4] L. V. Sindeeva, N. N. Medvedeva, V. G. Nikolaev, N. N. Strelkovich, 
and I. I. Orlova. “Application of regression analysis methods in the 
biomedical research,” Bulletin of new medical technologies, vol. XX, 
A2, p. 216, 2013. 

[5] J. Fox, J. S. Long, “Describing univariate distributions”, in Modern 
Methods of Data Analysis, Newbury Park, CA: Sage 
Publications,1990, pp. 58-125, 

[6] L. Bertalanffy, “General System Theory – Critical Review,” General 
Systems, vol. VII, pp. 1-20, 1962. 

[7] R. M. Bayevsky, “Heart rate variability analysis: history and 
philosophy, theory and practice,” Clinical Computer Science and 
Telemedicine, vol. 1, pp. 54-64, 2004. 

[8] A. G. Naymushina, E. M. Bakieva, N. R. Bekker, “Perspectives on the 
Human Adaptation Potential,” Advances in Social Science, Education 
and Humanities Research, vol. 396, pp. 388-392, 2020. 
(https://dx.doi.org/10.2991/iceder-19.2020.81) 

[9] A. G. Naymushina, I. A. Chekardovskaya, L. N. Bakanovskaya, 
“System analysis and processing of expert information to determine the 
degree of significance of risk factors,” Proceedings from 7th Russian 
Scientific Conference with International Participation “Information 
Technologies and Systems” pp. 20-25,  March 2019 [Khanty-
Mansiysk, Russia, 12-16 March 2019]. 

[10] WHO Child Growth Standards: Methods and development: Head 
circumference-for-age, arm circumference-for-age, triceps skinfold-
for-age and subscapular skinfold-for-age, Geneva, Switzerland: World 
Health Organization, 2007, pp. 3-213. 

[11] P. G. Koynosov, T. V. Chiryatieva, S. A. Orlov, A. P. Koynosov, and 
E. V. Ionina, “Prospects for the development of clinical anthropology,” 
Medical science and education of the Urals, vol. 1(81), pp. 153-156, 
2015. 

[12] E. A. Tomilova, A. S. Kommer, V. V. Kolpakov, T. V. Bespalova, A. 
V. Bragin, “Intragroup variability in the functional characteristics of 
somatotypes,” Morphology, Vol. 54 (6), pp. 58-63, 2015. 

[13] O. A. Dragich, K. A. Sidorova, T. A. Sidorova, A. G. Naimushina, M. 
A. Zharkova, “Analysis of Features of Adaptive Reactions of Students 
in Urban Environment”, ASSEHR,  vol. 312, pp. 108-111, 2018 
[International Conference “Topical Problems of Philology and 
Didactics: Interdisciplinary Approach in Humanities and Social 
Sciences (TPHD 2018)” Advances in Social Science, Education and 
Humanities Research]. 

[14] “Heart rate variability. Standartds of measurement, physiological 
interpretation and clinical use,” European Heart Journal, vol. 17, pp. 
354-381, 1996. 

[15] Y. Shigetoh, H. Adachi, and S. Yamagishi, “Higher Heart Rate May 
Predispose to Obesity and Diabetes Mellitus: 20-Year Prospective 
Study in a General Population,” Nature Reviews Endocrinology, vol. 
5, pp. 319-325, 2009. 

[16] V. J. Dzau, E. M. Antman, H. R. Black, and W. Stevenson, “The 
cardiovascular disease continuum validated: clinical evidence of 
improved patient outcomes,” Circulation, vol. 114(25), pp. 2871-2891, 
2006. 

[17] P. K. Whelton, P. M. Carey, W. S. Aronow, and B. Riegel, 
“2017ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA
/PCNA Guideline for the Prevention, Detection, Evaluation, and 
Management of High Blood Pressure in Adults: A Report of the 
American College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines,” Hypertension, vol. 71, Issue 6, 
pp. 13-107, June 2018. (DOI: 10.1161/HYP.0000000000000065) 

 

 

Advances in Intelligent Systems Research, volume 174

47


