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Abstract  The article discusses the influence of environmental factors on the health of students at academic lyceums in the 

Republic of Karakalpakstan. According to the research, data on the average height and weight of students of academic 

lyceums of the Republic of Karakalpakstan were analyzed. The results obtained can be used in the development of regional 

anthropometric standards, as well as for optimizing the educational process in lyceums and technical schools, as well as in 

developing strategies to prevent pathological conditions that may arise in the body of students.  
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1. Introduction 

For the formation of a comprehensively developed, 

harmonious personality, the ability of a developing organism 

to adapt to external factors is extremely important. Therefore, 

the problem of adaptation of students’ bodies to various 

stress factors continues to occupy one of the leading places in 

theoretical and practical human ecology [1-3].  

Man is a structural unit of the ecosystem of planet earth.  

he experiences the influence of a changing environment, 

which increases from year to year. Negative factors of 

anthropogenic impact are not only detrimental to ecosystems, 

but also contribute to a decrease in health reserves at the 

individual, family and population levels, an increase in the 

degree of psychophysiological and genetic stress, an increase 

in specific pathology and the emergence of new forms of 

environmental diseases, and in some areas - the development 

of depopulation phenomena. 

Environmental pollution has become global in recent 

years. the situation is aggravated by the long-term practice of 

ignoring environmental protection measures. With industrial 

emissions, hundreds of thousands of tons of substances 

harmful to nature enter the environment every year. The level 

of natural pollution is considered as background, which 

changes little over time. Depending on the type, pollution 

can be biological, physical and chemical, in scale - global,  
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regional, local. 

The problem of adaptation of the youth population is of 

particular relevance at present with the ongoing introduction 

of innovative technologies into the learning process against 

the backdrop of declining physical activity of schoolchildren 

of all ages. The success of adaptive capabilities is determined 

by the functional state of the body’s regulatory systems 

[1,2,3].  

In recent years, there has been an active search and 

determination of objective and informative indicators of 

early changes in the body caused by the influence of unfavorable 

environmental factors. 

The theoretical basis for diagnosing environmental disorders 

is the concept of adaptive response (adaptation to changing 

conditions of existence) of the organism, aimed at maintaining 

homeostasis in changing environmental conditions. 

Let us emphasize that all major theories of human 

adaptation are applicable to ecological adaptation. Thus, one 

of the most important manifestations of life activity at all 

levels of its organization is considered anticipation according 

to A.D. Speransky. Speransky’s research was of pioneering 

importance for the study of innate anticipation, which prevents 

stereotypical changes undesirable for the body after a primary 

pathogenic effect. It has been proven that the mechanisms  

of “natural” recovery are activated from the moment the 

pathogenic factor appears and act proactively throughout the 

entire course of the disease. [8.32-38] 

Therefore, treatment and prevention of diseases should  

be aimed not only at neutralizing the pathogenic stimulus 

(which is not always possible), but also at activating 

genetically determined mechanisms of natural recovery. 
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The physical development of a person is understood as a 

complex of functional and morphological properties of the 

organism, which ultimately determines the reserve of its 

physical strength. Physical development is influenced by 

many endogenous and exogenous factors, which determines 

the frequent use of physical development assessments as 

integral indicators to characterize health status. Indicators  

of physical development, as a rule, are considered positive 

signs of health. 

2. Methods 

In ontogenesis, physical development is important for 

assessing the state of health of the human body, especially 

school-age children and adolescents, preventing pathological 

conditions with varying probability and taking measures  

for their normal physiological and intellectual development 

[4.12-135]. 

According to research, it has been established that the 

average height of boys studying in academic lyceums of the 

Republic of Karakalpakstan is 166 ± 2.41 (for 15 years old) 

and 172.5±2.10 (for 16 years old) (Fig.1) 

 

Figure 1.  Body growth indicators for boys-students of lyceums in the 

Republic of Karakalpakstan 

An increase in this indicator in the age aspect of 15–16 

years was also established by 3.13±0.02%. 

The average weight of boys studying in academic lyceums 

of the Republic of Karakalpakstan is 52.3 ± 0.23 (for 15 years 

old) and 57.4 ± 0.23 (for 16 years old) (Fig. 2). Further we 

established an increase in this indicator in the age range by 

14.66 ± 0.12%. 

 

Figure 2.  Body weight indicators of boys-students of lyceums in the 

Republic of Karakalpakstan 

 

Figure 3.  Body growth indicators for girls - lyceum students in the 

Republic of Karakalpakstan 

According to research, it has been established that the 

average height of girls studying in academic lyceums of the 

Republic of Karakalpakstan is 162.4 ± 2.01 (for 15 years) 

and 161.7 ± 2.05 (for 16 years) (Fig. 3). We have established 

an increase in this indicator in the age range of 15-16 years 

by 0.32±0.02%. 

The average weight of girls studying in academic lyceums 

of the Republic of Karakalpakstan is 49.2 ± 0.44 (for 15 

years old) and 57.4 ± 0.51 (for 16 years old) (Fig. 4). An 

increase in this indicator in the age range by 15.59±0.09% 

was also revealed. 

 

Figure 4.  Body weight indicators of girls - lyceum students in the Republic 

of Karakalpakstan 

3. Results 

The results obtained generally correspond to the data of 

existing literature [5.12-14]. 

It is currently noted that the modern education system at 

school is constantly increasing the volume and speed of 

information flow based on new pedagogical technologies 

into the educational process and, in turn, causes a specific 

state of intellectual tension in the body of students. On    

the other hand, the period of schooling is the optimal period 

for the formation of healthy physical development of the 

body of children and adolescents, and monitoring the level of 

physical development of this contingent is of important 

theoretical and practical importance [6.141]. 
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The results obtained can be used in the development of 

regional anthropometric standards, as well as in optimizing 

the educational process in lyceums and technical schools,  

as well as in developing strategies for the prevention of 

pathological conditions that may arise in the body of students. 

When assessing the level of functioning of the body, 

indicators of the cardiovascular system are important, since 

the level of metabolism depends on the nature of the blood 

supply. We can say that indicators of the functional state of 

the cardiovascular system reflect the “cost of adaptation” [9]. 

One of the main regulated parameters of the circulatory 

system is blood pressure. Changes in blood pressure levels 

are often found in pediatric practice: both in the direction of 

increasing it (arterial hypertension) and decreasing it (arterial 

hypotension), especially during puberty. The importance of 

blood pressure for the life of the body is determined by the 

special role of mechanical energy for the functions of blood 

as a universal mediator in the metabolism and energy in   

the body, as well as between the body and the environment. 

Discrete portions of mechanical energy generated by the 

heart only during systole are converted in blood pressure  

into a stable one, acting during diastole of the heart, a source 

of energy supply for the transport function of the blood, 

diffusion of gases and filtration processes in the capillary  

bed, ensuring the continuity of metabolism and energy in  

the body and mutual regulation of the functions of various 

organs and systems by humoral factors carried in the circulating 

blood. 

Blood pressure measurement is one of the most widely 

used methods in physiology, because firstly, detecting 

changes in blood pressure is important in the diagnosis    

of many diseases of the circulatory system and various 

pathological conditions; secondly, a pronounced increase 

and decrease in blood pressure in itself can be the cause of 

severe hemodynamic disorders.  

According to research by many specialists an indicator 

such as mean arterial pressure is indicated. mean arterial 

pressure has no pulse fluctuations and can change only in  

the interval of several cardiac cycles, being the most stable 

indicator of blood energy, the values of which are 

determined almost exclusively by the values of the minute 

volume of blood supply and the total peripheral resistance to 

blood flow. The level of blood pressure in children is not 

only genetically determined, but largely depends on the stage 

of puberty, body length and weight, the degree of development 

of skeletal muscles and cardiac muscles, the nature of physical 

activity, the lability of the autonomic nervous system, the 

psychological climate in the family and school, and from 

other factors of the internal and external environment 

[7.179-183]. 

4. Discussion 

The health status of lyceum students living in the central 

zone - the city of Nukus - is associated with a slightly 

increased influence of the accelerated movement of air 

masses throughout the year (13.8%) in the presence of a 

significant level of vegetation cover (14.1%). In this regard, 

the least impact on the formation of the health of adolescents 

living in this zone is exerted by the quality of vegetation 

cover, which in this zone is least susceptible to the influence 

of the anthropogenic environment due to the current decrease 

in economic activity of the population. 

A decrease in external respiration function was revealed  

in adolescent lyceum students from technogenically polluted 

areas, which was more pronounced under conditions of 

chemical pollution of atmospheric air. Indicators of the 

functional state of the cardiovascular system (CVS) are 

presented in Table 1. 

As can be seen from the presented data, the group average 

values  for boys from ecological groups II and III (EG) are 

statistically significantly higher than those of their peers 

from the control group (EG). During observations, it was 

established that the garden indicators in boys from group 1 

were 120.6±2.15 mmHg, while in boys from groups 2 and  

3 these indicators were slightly higher than in group 1 (125. 

9±2.01 and 127.3±2.43 mm Hg, respectively) (Fig. 5). 

When analyzing the group average values of diastolic 

blood pressure (DBP), a statistically significant increase was 

established in boys and girls from EG III and in boys from 

EG II; a significant decrease in boys from EG II compared to 

EG I. There is a tendency to increase the number of young 

men with arterial hypertension in the II, III EG compared to 

the control (1, 21; 3, 28 times, respectively). We found that 

in boys from group 1 the diastolic blood pressure (DBP) 

indicators were 76.8±1.61 mmHg, while these indicators 

also turned out to be higher than 83.5±1.62 and 79.1±1.74 

mmHg, respectively (Fig. 6). 

Table 1.  Indicators of the functional state of the cardiovascular system of the examined adolescents (M ± m) 

Environmental group floor 
SBP, 

mm Hg 

DBP, 

mm Hg 

HRmax, 

beats/min 

VO2 max, 

liter/min 

Hardware, 

score 

1. Academic Lyceum 

(KSU). Nukus city 

M 120,6±2,15 76,8±1,61 76,7±2,14 4,8±0,14 1,62±0,04 

F 116,6±1,94 75,2± 1,35 76,5±1,91 4,7±0,12 1,57±0,05 

2. Academic Lyceum 

(NSPI). Nukus city 

M 125,9±2,01 83,5±1,62* 76,8±2,61 4,6±0,18 1,75±0,04* 

F 117,0±2,06 74,8±1,55 76,6±1,73 5,1±0,17 1,55±0,03 

3. Academic Lyceum 

(KAAI). Chimbay district 

M 127,3±2,43 79,1±1,74 78,8±2,62 5,4±0,19 1,73±0,06* 

F 117,2±2,41 75,1±2,75 74,7±1,41 4,9±0,15 1,65±0,06 

Note: * – differences with control are statistically significant (p < 0.05). 
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Figure 5.  SBP indicators for boys studying in academic lyceums of the 

Republic of Karakalpakstan 

 

Figure 6.  DBP indicators for boys studying in academic lyceums of the 

Republic of Karakalpakstan 

As for heart rate (HRmax), studies have shown that boys 

in groups 1 and 2 are similar (76.7±2.14 and 76.8±2.61 beats 

min, respectively). For boys from group 3 studying in the 

Chimbay district, heart rate indicators were 78.8±2.62 beats 

min (Fig. 7). 

 

Figure 7.  Heart rate indicators for boys studying in academic lyceums of 

the Republic of Karakalpakstan 

The analysis showed that the lowest indicators of maximum 

oxygen consumption were in boys of group 2 studying at the 

academic lyceum of the Nukus State Pedagogical Institute, 

which amounted to 4.6±0.18 litres/min. The maximum 

oxygen consumption indicators for boys from groups 1 and 3 

were 4.8±0.14 and 5.4±0.19 l/min, respectively. 

As for the hardware and software system indicators, the 

analysis showed that the lowest scores for the hardware   

and software system were found among boys from group   

1, studying at the academic lyceum of Karakalpak State 

University - 1.62±0.04. In the remaining groups (groups 2 

and 3), the hardware and software system indicators for boys 

were 1.75±0.04 and 1.73±0.06, respectively, with p < 0.05. 

According to our observations, it was established that 

systolic blood pressure (SBP) indicators in girls from all 

three groups were similar and ranged from 116.6±1.94.117.0 

±2.06 and 117.2±2.41 mmHg, respectively (Fig. 8). 

 

Figure 8.  SBP indicators for girls studying in academic lyceums of the 

Republic of Karakalpakstan 

The analysis showed that girls from group 2 had diastolic 

blood pressure (DBP) values of 74.8±1.55 mmHg, which 

turned out to be slightly lower than in other groups. (Fig. 9) 

 

Figure 9.  DBP indicators for girls studying in academic lyceums of the 

Republic of Karakalpakstan 

Diastolic blood pressure values in girls from the first 

group were 76.8±1.61 mmHg, and in girls from group 3 DBP 

values were 75.1±2.75 mmHg. 

As for heart rate indicators (HRmax), studies have shown 

that girls in groups 1 and 2 are almost identical and amounted 

to 76.5±1.91 and 76.6±1.73 beats per minute, respectively. 

For girls from group 3 studying in the Chimbay district, heart 

rate indicators turned out to be lower compared to other 

groups and amounted to 74.7±1.41 beats per minute (Fig. 10) 

Based on the analysis, it was found that the highest 

indicators of maximum oxygen consumption indicators were 

in girls from group 2 studying at the academic lyceum of  

the Nukus State Pedagogical Institute, which amounted to 

5.1±0.17 litres/min. Maximum oxygen consumption indicators 
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indicators in girls from groups 1 and 3 are almost the same 

and amounted to 4.7±0.12 and 4.9±0.15 litres/min, respectively. 

 

Figure 10.  Heart rate indicators for girls studying in academic lyceums of 

the Republic of Karakalpakstan 

Heart rate is an integral indicator of adaptation, in which 

geno and phenotypic information is encoded, reflecting the 

capabilities of the organism and the specifics of the existing 

influence of environmental factors on it [1,7,8].  

Analysis of heart rate variability (HRV) allows you to 

assess the state of the general activity of regulatory mechanisms, 

the relationship between the sympathetic and parasympathetic 

parts of the autonomic nervous system, and reveal the 

reserve capabilities of the body. 

Analysis of statistical and variation parameters of HRV in 

adolescents with different levels of physical activity is 

presented in the table. The results of a comparative analysis 

of variation pulsometry indicators revealed the dependence 

of the level of control of functional systems on the mode   

of physical activity. Thus, the mode amplitude indicator 

indicates the predominance of the central type of regulation 

in adolescents who do not have regular physical activity, as 

evidenced by its increase to 52.00 ± 3.19 arbitrary units. 

5. Conclusions 

Taking into account the above, it can be stated that 

disturbances in the ecological balance of the natural 

environment in the southern Aral Sea region largely 

determine the state of morbidity among the population. 

Analysis of the forms of diseases and their relationship with 

negative environmental factors showed a persistent tendency 

to increase the group of diseases directly related to excessive 

pollution of water, soil, air, etc. 

The assessment of the influence of factor loads of 

environmental parameters of the habitat on the health of 

lyceum students living in various regions of Karakalpakstan 

is determined by the following levels of impact on the body: 

the highest level is the level of atmospheric air pollution 

(32.4%). The next factors in terms of influence are transport 

loads (5.8%). geoenvironment parameters bear an almost 

equal load and amount to 2.8%. in one of the last places -  

the characteristics of chemical pollution and unfavorable 

physical factors in populated areas - 2.1%.  

The health status of lyceum students living in the central 

zone - the city of Nukus - is associated with a slightly 

increased influence of the accelerated movement of air 

masses throughout the year (13.8%) in the presence of a 

significant level of vegetation cover (14.1%). in this regard, 

the least impact on the formation of the health of adolescents 

living in this zone is exerted by the quality of vegetation 

cover, which in this zone is least susceptible to the influence 

of the anthropogenic environment due to the current decrease 

in economic activity of the population. 

Thus, the health status of children and their physical 

development, i.e. biological and physiological processes that 

determine the growth and development of children, their 

functional state of the circulatory system, to a greater extent, 

directly or indirectly related not only to environmental 

factors, but also to social and hygienic living conditions. 

Information and facts indicating the impact of social risk,  

i.e. social, hygienic and living conditions on the physical 

development and health of children, serve as a scientific basis 

for planning and carrying out health-improving activities. 
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