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Abstract 
Introduction. Recently, obesity has been defined as a new chronic non-infectious "epidemic" that has 
significantly "rejuvenated" in recent years. A high risk of developing cerebral complications in obesity 
is associated with the formation of endothelial dysfunction, which prevents adequate regulation of 
cerebral blood flow. The available literature lacks data describing the structural and functional changes 
in the cerebral vessels in obesity in children without arterial hypertension. In this regard, it was of 
interest to study the state of the arteries in children with exogenous constitutional obesity. 
Materials and methods. We examined 137 children aged 13-17 years with different body weights by 
the method of random sampling. All subjects were divided into 3 groups depending on the body mass 
index (BMI). All patients underwent ultrasound examination of the common carotid arteries at the 
extracranial level. 
Results. In children with exogenous constitutional obesity, the diameters and thickness of the intima-
media complex of the common carotid arteries are increased, as well as the blood flow velocity is 
reduced and the stiffness of the arterial wall is increased. The correlation of changes in the thickness 
of the intima-media complex of the common carotid artery with clinical and metabolic determinants 
of insulin resistance, atherogenic factors, as well as hypoadiponectinemia was revealed. 
Conclusion. The study showed that, in comparison with children of normal weight, children with 
obesity have non-physiological changes in the vascular wall, manifested by higher values of TCIM, 
deterioration of the elastic properties of the CCA and a decrease in the blood flow rate in it. 
Keywords: children, exogenous-constitutional obesity, common carotid arteries, vascular ultrasound, 
arterial stiffness, highly sensitive C-reactive protein, adiponectin. 
 
抽象的 

介绍。最近，肥胖被定义为㇐种新的慢性非传染性“流行病”，近年来显着“回春”。肥胖患者发生脑部

并发症的高风险与内皮功能障碍的形成有关，这会阻止对脑血流的充分调节。现有文献缺乏描述无动

脉高血压儿童肥胖症脑血管结构和功能变化的数据。在这方面，研究外源性体质性肥胖儿童的动脉状

态很有趣。 

材料和方法。我们通过随机抽样的方法检查了137名13-17岁不同体重的儿童。所有受试者根据体重指

数 (BMI) 分为 3 组。所有患者均接受了颅外水平的颈总动脉超声检查。 
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结果。外源性体质性肥胖儿童颈总动脉内中膜复合体直径和厚度增加，血流速度减慢，动脉壁硬度增

加。揭示了颈总动脉内中膜复合体厚度的变化与胰岛素抵抗的临床和代谢决定因素、致动脉粥样硬化

因素以及低脂联素血症之间的相关性。 

结论。研究表明，与正常体重儿童相比，肥胖儿童的血管壁存在非生理性变化，表现为TCIM值升高、

CCA弹性变差、血流量减少。它。 

关键词：儿童，外源性体质性肥胖，颈总动脉，血管超声，动脉僵硬度，高敏 C 反应蛋白，脂联素。 

 
Introduction 
Recently, obesity has been defined as a new 
chronic non-infectious "epidemic" that has 
significantly "rejuvenated" in recent years. The 
growing number of pathological precedents of 
overweight has become one of the most 
important difficulties in pediatrics. It is also 
disappointing that there is a steady increase in the 
number of obese people all over the world, not 
only among adults, but also among the child 
population [1, 2, 3]. According to C. A. Roberto 
et al., Obesity has become a more significant 
health problem than starvation [4, 5]. Obesity 
that occurs in childhood leads to negative 
outcomes for physical and socio-psychological 
health in adulthood, since severe metabolic 
disorders naturally lead to the development of 
cardiac and cerebral pathology, type 2 diabetes 
mellitus, joint diseases, infertility, fatty 
hepatosis, hyperuricemia, malignant neoplasms, 
diseases accompanied by hypoxia (apnea, 
asthma), and other diseases [6, 7, 8]. 
At the same time, there is no description of 
changes in cerebral hemodynamics in obese 
children in the available literature, but without 
arterial hypertension. As a rule, data are 
presented on structural and functional changes in 
blood vessels in combination of obesity with 
arterial hypertension in adults [9, 10]. In this 
regard, it was of interest to study the state of the 
arteries in children with exogenous constitutional 
obesity. 

The aim of the study was to study the effect of 
obesity on the structural and functional state of 
the common carotid arteries in relation to the 
parameters of carbohydrate and lipid 
metabolism, the level of proinflammatory 
cytokine, a highly sensitive C-reactive protein, 
and adiponectin, a hormone of adipose tissue, in 
children with exogenous constitutional obesity 
without arterial hypertension. 
 
Materials And Methods 
The study was conducted on the basis of a 
teenage dispensary in Tashkent. The results of 
examination of 137 children were analyzed. The 
average age of children included in the study 
corresponded to adolescence and amounted to 
15.4 ± 0.4 years, of which 70 were girls and 67 
were boys. The determination of the standard 
deviations of the body mass index (SDS BMI) 
was used as a diagnostic criterion for overweight 
and obesity in children. Taking into account the 
WHO recommendations, obesity in children was 
defined as a body mass index equal to or more 
than +2.0 SDS body mass index, and overweight 
from +1.0 to +2.0 SDS body mass index. Normal 
body weight was diagnosed with body mass 
index values within 1.0 SDS. The subjects were 
divided into 3 groups: the main group - 67 
children with primary constitutional-exogenous 
form of I degree obesity, the comparison group - 
40 overweight children and the control group 
included 30 children with normal weight who did 



152 
 

 
 
 

not have a burdened history of obesity and 
associated complications with him. 
Biochemical research methods included the 
determination of fasting glucose, insulin with the 
calculation of insulin resistance indices (HOMA 
and Sago), total cholesterol, high and low density 
lipoproteins and triglycerides in serum. 
Biochemical research was carried out on a 
biochemical analyzer "Minray BS-200" (China) 
using commercial kits "Human" (Germany). 
To interpret the parameters of lipid metabolism, 
we used the recommendations of the NCEP - The 
National Cholesterol Education Program, 
adapted for children [11]. 
The level of highly sensitive C-reactive protein 
was determined in blood serum using reagent kits 
from Siemens (Germany) on an Immulite 2000 
device, Germany. For the CRP-hs reference 
level, the values are 0-3.0 mg / L. 
The concentration of the adiponectin level in the 
blood serum was determined by the method of 
enzyme immunoassay using commercial kits 
BioVendor (Czech Republic) on the analyzer 
"StatFax 2100" (Israel). 
To assess the functional state of the vascular 
endothelium, ultrasound duplex scanning of the 
common carotid arteries was performed using a 
Sonospape SSI-500 ultrasound scanner, Mindray 
(Holland). The study was carried out according 
to the standard method in B-mode with spectral 
analysis of blood flow and color Doppler 
mapping. The thickness of the intima-media 
complex was measured in longitudinal section at 
the level of bifurcation of the common carotid 
arteries along the posterior wall of the vessel: 
from the interface between the intima and the 
lumen of the vessel to the interface between the 
media and the adventitia of the artery with the 
calculation of the average. The calculation of the 
elasticity (stiffness) index of the common carotid 

artery - Young's modulus was carried out 
according to the formula: 
Е = ∆p/∆d × D/h, mmHg 
where D is the average diameter of the CCA, ∆d 
is the change in diameter, Ds is the diameter in 
systole, ∆p is the value of the pulse pressure [12, 
13]. 
The study was conducted in compliance with the 
ethical principles of the World Medical 
Association Declaration of Helsinki (1964, 
2013), and was carried out with the informed 
consent of parents and patients. Statistical data 
processing was performed using MS Excel for 
Windows 7 software. Statistical significance was 
determined using correlation analysis (Pearson's 
method); at p <0.05, the differences were 
considered statistically significant. 
 
Results And Discussion 
The average values of anthropometric indicators 
were: body mass index (kg / m2) in obese 
children - 31.74 ± 0.73 (+ 2CO - + 2.5 CO), 
overweight - 27.52 ± 0.96 (+1, 0 SD to +2.0 SD), 
in children with normal weight 22.51 ± 1.32 
(+1.0 SD). 
According to a number of authors, the objective 
indicators and research methods reflecting 
disorders of carbohydrate metabolism and the 
presence of hyperinsulinemia in obesity are 
glucose and insulin levels on an empty stomach, 
the Caro index and the HOMA index, which are 
informative (objective) signs of insulin 
resistance in clinical practice. However, the use 
of the Sago index and the HOMA index is 
difficult due to the lack of regulated norms for 
different age categories. In this study, according 
to N.V. Bolotova (2017), insulin resistance 
corresponded to the values of the HOMA index> 
2.5, and the Caro index <0.33 [14].  
The characteristics of indicators reflecting the 
state of carbohydrate metabolism and insulin 
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resistance in the three study groups are shown in 
Fig. 1.  

 

Figure 1. Indicators of carbohydrate metabolism in the examined groups of children 

As can be seen from the data presented, the 
indicators of fasting glycemia and insulin in 
children of the main and comparative groups did 
not exceed the optimal values, however, the 
average level of the studied indicators was 
significantly higher than in children with normal 
weight. In particular, the insulin content was 
significantly higher in obese children (17.5 ± 1.9; 
14.66 ± 0.27 and 7.66 ± 0.27, respectively; p 
<0.005). In addition, in obese children, the Sago 
index was lower (0.28 ± 0.03), and the HOMA 
indicator was higher (3.50 ± 0.43) than the 
standard values (p <0.005), which indicates the 
initial stage of insulin resistance formation. ... 
These changes may be explained by the fact that 
an increase in the total body fat mass leads to an 
increase in the need for insulin, since the adipose 

tissue itself has a low sensitivity to the anti-
lipolytic action of insulin, which leads to the 
activation of lipolysis and the production of free 
fatty acids. The latter, in turn, inhibit the 
adhesion of insulin to receptors, reduce the 
number of receptors themselves, have an 
inhibitory effect on glycogenesis enzymes, 
which leads to the formation and aggravation of 
insulin resistance. 

To study lipid metabolism in the 
examined children, we estimated the indices of 
total cholesterol, triglycerides, lipoproteins of 
high and low blood serum density, and also 
estimated the coefficient of atherogenicity. The 
results of the study of the lipid spectrum in the 
analyzed groups are presented in Table 1. 

 
Table 1. The state of the blood serum lipid profile in obese, overweight and normal children (M 

± m) 
Indicators Main group 

n=67 
Comparison 

group 
Control group 

n=30 
Р1-Р2-Р3 

Insulin, mIU / ml
Fasting glycemia,

mmol / l
Сaro index, 

conventional units
HOMA,

conventional units

Main group 17.5 4.48 0.28 3.5

Comparison group 14.66 4.38 0.48 1.6

Control group 7.66 3.73 0.66 1.36
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n=40 
Cholesterol, 

mmol / l 
4,95±0,86 4,5±0,85 3,55±0,15  

Triglycerides, 
mmol / l 

2,05±0,17 1,82±0,44 0,92±0,02 <0,05 

High density 
lipoproteins 

0,98±0,02 1,10±0,06 1,23±0,08 <0,010 

Low density 
lipoproteins 

3,22±0,17 2,9±0,53 2,39±0,32 <0,05 

Atherogenic 
coefficient 

3,30±0,20 2,6±0,32 2,40±0,36 <0,05 

Note: Р1-Р2-Р3 reliability of differences between the values of indicators in the studied groups of 
children 
 
It was found that there were no significant 
differences in the concentration of total 
cholesterol among the examined children. 
However, in children with overweight and 
obesity, changes in the content of cholesterol in 
the composition of lipoproteins were revealed. In 
overweight children (comparison group), the 
mean serum lipoprotein values were within the 
optimal range, but the HDL levels were lower, 
and the LDL-higher, in relation to the control 
values. It should be noted a decrease in the 
content of high density lipoproteins to 0.98 ± 
0.02 in obese children (P <0.010). It is known 
that a low level of high density lipoproteins is 
associated with a high risk of atherosclerosis and 
coronary heart disease, which is associated with 
impaired production of chylomicrons and very 
low density lipoproteins in the intestine [15]. An 
unfavorable change in the composition of blood 
serum lipids in obese adolescents was a tendency 
to an increase in the fraction of low density 
lipoproteins, which is rich in cholesterol and 
triglycerides and is the most atherogenic class of 

lipoproteins. This state of the lipid spectrum in 
obese children against the background of a 
decrease in HDL levels and an increase in LDL 
values led to a significant increase in the 
atherogenic coefficient to 3.30 ± 0.20 versus 2.40 
± 0.36 in children in the control group (p <0.05). 
In the analyzed groups of children, a comparative 
analysis of the circulating plasma levels of highly 
sensitive C-reactive protein (CRPhs) and 
adiponectin was carried out. The analysis 
showed that in obese and overweight children, 
the level of CRPhs is higher - 4.6 ± 0.06 mg / l in 
the group of obese children; 2.5 ± 0.04 mg / l - in 
the group of overweight children than in children 
with normal weight - 0.9 ± 0.45 mg / l. (Fig. 
3.4.2) The level of adiponectin in blood plasma 
in children also significantly differed in the 
analyzed groups: in the group of children with 
obesity, the adiponectin indices were 5.0 ± 0.13 
μg / ml; in the group of overweight children - 7.5 
± 0.08 μg / ml, and in the group with normal 
weight - 15.3 ± 0.08 μg / ml (Fig. 2).  
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Figure 2. Average parameters of serum CRPhs level in obese, overweight and  
normal weight children 

  
Figure 3. Average parameters of adiponectin level of blood serum in the studied groups of 

children 

The revealed higher levels of CRPhs and low levels of adiponectin in groups of obese and overweight 
children are confirmed in many studies, which have proven the relationship between increased levels 
of CRPhs and hypoadiponectinemia with an increased cardiovascular risk [16]. 
To study the characteristics of the functional state of the cerebral vascular endothelium, all subjects 
underwent ultrasound Doppler sonography of the right and left common carotid artery at the 
extracranial level. In view of the absence of significant differences between the studied parameters of 
the vessels of the right and left sides, the data obtained are presented using the example of the right 
common carotid artery. Structural parameters and blood flow velocity in the right common carotid 
artery in the studied groups of children are presented in Table 2. 
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Table 2. Diameter and velocity parameters of the right common carotid artery in the examined 
groups of children (M ± m) 

Indicator Main group Comparison group Control group 
Internal systolic 
diameter, mm 

7,24±0,16* 6,6±0,27 6,3±0,17 

Internal diastolic 
diameter, mm 

6,9±0,16* 6,4±0,21 6,0±0,17 

Outer diastolic 
diameter, mm 

9,6±0,25* 8,55±0,3 7,4±0,3 

Wall thickness, mm 1,27±0,05 1,06±0,07 1,04±0,04 
Systolic blood flow 
velocity, m / s 

0,38±0,03* 0,53±0,07 0,71±0,1 

End-diastolic blood 
flow velocity, m / s 

0,1±0,006* 0,18±0,01 0,22±0,03 

Note: * - p <0.05, the significance of the difference in comparison with the control group 
 
As can be seen from the presented data, in obese 
children, the structural characteristics of the 
common carotid artery significantly differed 
from the comparison and control groups. In 
particular, in children of the main group, the 
internal systolic diameter of the common carotid 
artery was 14.2% larger than in the control group 
(p <0.05). For the internal diastolic diameter, the 
difference was 15%. Along with this, a decrease 
in the linear blood flow velocity was recorded in 
obese children, which was of a significant nature. 
Thus, in children of the main group, the systolic 
blood flow velocity was 0.38 ± 0.03 and 0.48 ± 
0.01 m / s versus 0.53 ± 0.07 and 0.71 ± 0.1 m / 
s in children of the comparative and control 
groups (p <0.05). End-diastolic blood flow 
velocity also differed in obese children - 0.1 ± 
0.006 m / s compared to the control group - 0.22 
± 0.03 m / s (p <0.05). 

When comparing the indicators of the common 
carotid artery in the examined children, it was 
found that the CCA diameters are larger in 
children with obesity: the internal systolic 
diameter in the main group was 7.24 ± 0.16 mm, 
in the comparison group - 6.6 ± 0.27 mm, and d 
control group 6.3 ± 0.17 mm (p <0.05). 
It is known that the intima-medullary layer of the 
common carotid artery is more sensitive to 
damaging risk factors than other peripheral 
arteries. In this connection, measuring the 
thickness of the intima-media complex of the 
common carotid artery makes it possible to 
assess the risk of developing cardiac and 
cerebrovascular complications at an early stage. 
According to the results of our study, obese 
children have a more pronounced increase in the 
average thickness of the common carotid artery 
compared to other groups - Fig. 4. 
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Figure 4. Average parameters of the thickness of the intima-media complex of the right 
common carotid artery in the examined groups of children 

 
 

Color duplex scanning of the common carotid 
arteries in children of the main group revealed a 
significant increase in the thickness of the 
intima-media complex of the common carotid 
artery (0.66 ± 0.21 mm; p <0.05) relative to the 
comparative and control groups (0.53 ± 0, 02 
mm; p <0.05 and 0.51 ± 0.03 mm; p <0.05, 
respectively). 
The dependence of the thickness of the intima-
media complex of the common carotid artery on 
the amount of body fat was revealed, so the 
thickness of the intima-media complex of the 
common carotid artery in obese children 
exceeded the control values by 13.4% (p <0.05). 
This indicates that obesity already in childhood 
causes changes in the cerebral vascular bed, 
which can be identified long before the 

development of cerebral complications and, with 
timely detection and therapy, may reverse. 
Currently, the elastoelastic characteristics of the 
arterial wall are recognized as the most 
informative prognostic markers of 
cardiovascular events. In this regard, the next 
step in assessing the state of the common carotid 
artery in the examined groups of children was to 
calculate the elasticity index of its wall - Young's 
modulus (E), determined by the formula: E = ∆p 
/ ∆d × D / h, where D is the average diameter of 
the CCA, ∆d - change in diameter, Ds - diameter 
in systole, ∆p - value of pulse pressure [17, 18, 
19, 20]. Stiffness indicators (Young's modulus) 
of the right common carotid artery in the studied 
groups are shown in Figure 5. 
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Figure 5. Stiffness index - Young's modulus (mm Hg).   
Right common carotid artey of the examined groups of children 

 
 

 
It was found that the indicator reflecting the 
stiffness of the right common carotid artery was 
significantly higher in obese and overweight 
children compared with children with normal 
weight (159.1 ± 19; 150.8 ± 16 versus 86.37 ± 11 
mm Hg). .st, respectively), which may be 
explained by a decrease in the amplitude of 
movement of the walls of the arteries and a 
slowdown in the velocity of blood flow. 
Correlation analysis showed that thickening of 
the intima-media complex of the common carotid 
artery in obese children is associated with 
determinants of insulin resistance, atherogenic 
factors, as well as with hypoadiponectinemia. 
Thus, a direct correlation was revealed between 
the thickness of the intima-media complex of the 
common carotid artery and fasting glycemia (r = 
0.62; p <0.05), the HOMA index, the level of 
low-density lipoproteins (r = 0.51; p <0, 05); 
triglycerides (r = 0.45; p <0.05); coefficient of 
atherogenicity (r = 0.53; p <0.05), as well as with 
the level of highly sensitive C-reactive protein (r 
= 0.58; p <0.05) and an inverse correlation with 
the level of adiponectin (r = -0 , 49; p <0.05) and 
the Caro index (r = -0.51; p <0.05h). 
  

Conclusion 
1. Children with overweight and exogenous-
constitutional obesity of the 1st degree have 
athero- and diabetogenic orientation of 
biochemical parameters, which are aggravated 
with an increase in the degree of overweight. 
2. Compared with children of normal weight, 
obese children show non-physiological changes 
in the vascular wall, manifested by higher values 
of the thickness of the intima-media complex, 
deterioration of the elastic properties of the 
common carotid artery and a decrease in blood 
flow velocity in it. 
3. An increase in the thickness of the intima-
media complex of the common carotid artery is 
associated with the parameters of carbohydrate 
and lipid metabolism, as well as with a marker of 
inflammation and hypoadiponectinemia, which 
indicates the effect of metabolic disorders 
associated with obesity on the state of blood 
vessels. 
4. Ultrasound examination of the common 
carotid artery is a convenient and reliable way of 
early detection of arterial lesions as target organs 
in children at risk of developing cardiovascular 
diseases. 
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