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Abstract
The dominance of cardiovascular diseases in the structure of mortality and disability in developed 

countries as well as the increasing incidence of cardiovascular disorders led to development of conception 
of cardiovascular continuum based on the clinical evaluation of the risk factors for cardiovascular 
complications. In this regard studying of the initial stages of this process, i. e. childhood and adolescence, 
is of great interest. It is now apparent that childhood obesity may be regarded as a cardiovascular risk 
factor in adulthood. This fact also corresponds to the accumulated information on the cardiovascular 
disease in children and adolescents with obesity and its similarity with the changes found in adults. 
What also facilitates the importance of this issue is a steady worldwide increase of the percentage 
of infants with excess body weight, which may lead to possible increase in cardiovascular disease in 
the near future. The review covers early manifestations of cardiovascular disease in children with 
obesity, the development of endothelial dysfunction, remodeling of the artery wall and the progression 
of atherosclerotic lesions in the aorta and peripheral vessels. The review addresses the distinction of the 
hypertension development and course as well as the indication of cardiac remodeling and diagnostic 
criteria of left ventricular hypertrophy. The review provides directions in prevention and treatment of 
cardiovascular changes in children and adolescents with obesity.
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Резюме
Доминирующая доля сердечно-сосудистых заболеваний в структуре смертности и инвалиди-

зации населения развитых стран, рост сердечно-сосудистой патологии привели к формированию 
представления о сердечно-сосудистом континууме, основанном на клинической оценке факто-
ров, влияющих на риск развития сердечно-сосудистых осложнений. В связи с этим актуальным 
является изучение начальных этапов этого процесса, а именно — детства и подросткового пе-
риода. В настоящее время стало очевидным, что ожирение у детей может рассматриваться как 
фактор сердечно-сосудистого риска в последующие зрелые годы. Такому взгляду способству-
ют накопившиеся сведения о поражении сердечно-сосудистой системы у детей и подростков 
с ожирением и их созвучность изменениям, обнаруживаемым у взрослых. Актуальности этого 
вопроса способствует и тот факт, что во всем мире наблюдается неуклонный рост доли детей с из-
бытком массы тела, что может означать возможное увеличение сердечно-сосудистой патологии 
в недалеком будущем. В обзоре освещены ранние проявления поражения сердечно-сосудистой 
системы у детей с ожирением. Обсуждаются развитие эндотелиальной дисфункции, процессы 
ремоделирования артериальной стенки, возникновение атеросклеротических повреждений в аорте 
и периферических сосудах. Также уделено внимание особенностям развития и течения артери-
альной гипертензии, рассмотрены признаки ремоделирования сердца и критерии диагностики 
гипертрофии миокарда левого желудочка. Приведены направления профилактики и лечения 
кардиоваскулярных изменений у детей и подростков с ожирением.

Ключевые слова: дети, подростки, ожирение, сердечно-сосудистая система, ранняя диа-
гностика
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Introduction
At present the major biological factors of 

cardiovascular diseases are arterial hypertension 
(HTN), high blood cholesterol level, type 2 diabetes 
mellitus and obesity. The epidemiological and 

biological risks of cardiovascular diseases are 
known to form in childhood, so the increasing rate 
of excess body weight among children is a warning 
signal of possible growth of cardiovascular 
complications in the near future. This fact 
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demonstrates the need of detection and correction of 
the earliest signs of obesity-related cardiovascular 
damage [1].

Endothelial dysfunction, arterial remodeling, 
atherosclerotic arterial lesions

In recent years, it became clear that the violation 
of the dilation endothelial function is the trigger of 
some cardiovascular disorders, occurring in obesity, 
especially in insulin resistance. Endothelium-
dependent arterial dilatation was shown to be 
dependent on a number of vasodilating factors, 
and nitric oxide (NO) plays the key role. In obesity, 
which is accompanied by a long-term hemodynamic 
arterial overload and hyperactivation of the renin-
angiotensin system (RAS) and sympathetic 
nervous system (SNS), endothelium-dependent NO 
synthesis decreases and endothelial dysfunction 
(ED) develops.

Several longitudinal prospective studies 
showed that endothelium-dependent vasodilatation 
is inversely associated with the increased risk of 
cardiovascular events not only in the elderly [2, 3], 
but also in middle-aged people without obvious 
heart diseases [4]. Some authors suggest that the ED 
detection may be considered as an early diagnostic 
sign of the cardiovascular continuum onset [5, 6]. 
Based on the studies of the endothelium-dependent 
arterial dilatation in obese children, ED is found in 
half of overweight children and adolescents [7–15]. 
There was a significant inverse correlation between 
the degree of arterial dilatation in postocclusion 
hyperemia test and body mass index (BMI) even in 
children with normal body weight [5].

ED eventually leads to the remodeling 
of vascular wall, which is accompanied by a 
thickening of the so-called complex “intima-
media” (IMC). This phenomenon is accompanied 
by the reduction of elastic properties of main and 
peripheral arteries. The IMC thickening in adults 
was found to be associated with the development 
of atherosclerotic plaques in carotid arteries, 
as well as in other peripheral arteries [16]. 
Herewith, it is shown that IMC thickening is 
associated with the increased risk of cardiovascular 
diseases and their acute complications (coronary 
heart disease, peripheral artery disease, stroke, 
myocardial infarction) [17–19].

The direct correlation between the IMC 
thickening in childhood and the thickness of the 

arterial wall in adults has been demonstrated in a 
well-known prospective study (Bogalusa Heart 
Study). In this study 1142 people were examined 
several times throughout their lives, from 2 to 
43 years old [20]. As it turned out, high IMC 
thickness in overweight children also persisted 
further in adulthood. Also a number of studies 
demonstrated carotid artery wall thickening in 
children with obesity associated with hypertension 
and insulin resistance,. It was accompanied by 
the reduction of the brachial artery relaxation 
to reactive hyperemia [21–25]. Multivariate 
analysis of the data obtained during examination 
of obese children aged 9–13 years demonstrated 
that the IMC carotid artery thickness significantly 
correlated with systolic blood pressure (BP), 
fasting glucose level and BMI [22]. According 
to Toledo-Corral C. et al. from Latin America, 
IMC thickening is more common in children with 
metabolic syndrome than in children with obesity 
but without insulin resistance [26].

The vascular wall remodeling in response to 
hemodynamic overload, impaired insulin resistance, 
increased blood pressure possibly promotes 
atherosclerotic lesions of the intima, and it can start 
already in childhood. It is especially intensive in 
obesity, often associated with atherogenic lipid 
profile in addition to the adverse hemodynamic 
changes. The results of another prospective study 
(Muscatine Study) of 14000 children followed-
up for 20 years, showed that maximum thickness 
of carotid artery IMC at the age of 42 years 
old was observed in those people who had the 
low-density lipoprotein cholesterol level in the 
upper percentile in childhood (8–11 years) [27]. 
Authors of this study consider the increased IMC 
thickness in childhood as an early marker of 
atherosclerotic vascular damage. In the project 
“Pathobiological atherosclerosis determinants in 
youth”the intima of the aorta and coronary arteries 
of children and adolescents died from accidents 
was investigated. The data indicate that fibrous 
plaques in the aorta were found in 19 % of children 
died between 2 and 15 years old, and the similar 
lesions in the coronary arteries were found in 
35 % in the group of adolescents of 16–20 years 
old [28].

In another study, including an autopsy data 
of 1154 people who died at 15 to 34 years old, 
there was a correlation between the severity of 
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the right coronary artery intima lesion and the 
thickness of adipose umbilical fold [29]. The 
severity of atherosclerotic coronary artery lesions 
was associated with the fat fold thickness and 
BMI in males.Atherosclerotic vascular lesions 
usually are associated with several damaging 
factors. Thus, analysis of the autopsy material in 
casualties occurred at the age of 2–39 years old 
showed that BMI, systolic blood pressure, the 
low-density lipoprotein cholesterol and triglyceride 
levels (taken as a value above the 75th cutoff point 
level adjusted for race, gender and age) were 
significantly associated with the extent of adipose 
and fibrous plaques in the aorta and coronary 
arteries. The correlation coefficient between the 
affected area of the coronary arteries and studied 
risk factors was 0.55 for adipose plaques and 
0.52 for fibrous [30]. In other words, if there are 
3 or 4 risk factors, the area of adipose lesions of 
the coronary arteries intima was 8.5 times larger 
and the area of fibrous plaques was 12 times larger 
compared to subjects without known risk factors 
during their lifetime [20]. The authors concluded 
that the extension of atherosclerotic lesions in the 
aorta and coronary arteries in children and young 
adults significantly increases depending on the 
number of risk factors.

Arterial hypertension
Arterial hypertension is frequently associated 

with obesity, also in childhood. According to the 
actual concept, the key factors for blood pressure 
elevation are insulin resistance and insulin 
level increase leading to SNS hyperactivation, 
which in turn stimulates vascular tone, heart and 
activates the RAS.

Leptin which promotes increase in adrenocorti-
cotropic hormone, cortisol and aldosterone levels 
may also contribute SNS stimulation [31].

Recent studies indicate an important role 
of inflammatory reactions and immune system 
activation in the development of insulin resistance 
and associated conditions, such as diabetes 
mellitus, central obesity, arterial hypertension, 
atherosclerosis. There are also similar data for 
overweight children [32–34]. Thus, obese children 
and adolescents have elevated serum concentrations 
of C-reactive protein, interleukin-6, interleukin-1β 
and intercellular adhesion molecule-1 which 
correlated with the blood pressure level at 

ambulatory BP monitoring [35]. Children with 
severe hypertension also have high levels of 
some prostaglandins (ISO 2α, CRP, ICAM-1 
and VCAM-1) and tumor necrosis factor-α [36]. 
The C-reactive protein concentration in obese 
children was found to correlate with the IMC 
thickness [37], arterial stiffness [38], left ventricular 
hypertrophy [39] and BP level [40]. It was shown 
that inflammatory markers are present in obese 
subjects without BP elevation; however, the highest 
levels of these markers are found in co-morbid 
obesity and hypertension [41].

Obesity associated with low birth weight is 
thought to significantly increase the risk of 
hypertension. The highest systolic blood pressure 
was found in low birth weight babies who became 
obese later [42]. In addition, there can be even a 
prenatal predisposition to obesity and HTN, as 
was shown by Filler G. and colleagues [43]. In 
their study higher BMI levels in pregnant women 
were associated with the risk of obesity and 
BP increase in their children.

The rate of high BP in children significantly 
depends on the body mass, as demonstrated in 
a considerable number of studies [44–51]. In 
children and adolescents with BMI below the 
85th percentile the frequency of high BP is 2.6 %, 
while in children with BMI greater than the 95th 
percentile, it is 10.7 % [52]. Bogalusa Heart Study 
showed higher systolic BP in children with body 
weight within the upper percentile of the body mass 
distribution in children population. During follow-
up there was a disproportionate increase in systolic 
BP in this group compared to children with normal 
body weight [46]. Recent studies have shown that 
BP increase in children is closely related to the 
growth of body weight similar to a dose-dependent 
effect [49, 50]. Based on the retrospective analysis 
of the multicenter projects carried out in northern 
California, involving more than 117000 children 
aged from 6 to 17 years, 10 % of obese children 
with BMI within 100–109 % of the 95th percentile 
had elevated BP level, while the rate was 24 % 
among children with severe obesity (BMI greater 
than the 95th percentile for 40 % or more) [53].

Obese children with normal (according to office 
measurements) BP levels have higher daytime 
and nighttime systolic and diastolic BP according 
to ambulatory BP monitoring, as well as higher 
percentage of measurements exceeding the BP 
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threshold (hypertension load) than in the control 
group [54, 55].

In co-existent hypertension and obesity, there is 
a similar pattern in the dynamics of interval BP 
parameters. Thus, the maximal, and average 
daytime and nighttime BP values are significantly 
higher in children with obesity-related hypertension 
than in children with normal weight and clinically 
primary HTN [56, 57]. According to these authors, 
in individual obese adolescent maximal daytime 
systolic BP can increase up to 220–240 mm Hg, and 
diastolic BP — up to 150 mm Hg. Analysis of the 
hypertensive load in children with different body 
weight and HTN showed that intensity and resistance 
of HTN depend on BMI: stable HTN is verified in 
60 % of obese children, in 36 % of overweight 
children and only in 27 % of children with normal 
body weight and elevated BP level [56]. These 
results are consistent with data by Bekezin VV et 
al. about relationship between the index HOMA-
IR (Homeostasis Model Assessment of Insulin 
Resistance), reflecting insulin resistance, and the 
HTN resistance in obese children [58]. According 
to them, white-coat hypertension was predominant 
(70 %) in children with HOMA level below 2, while 
the labile and stable forms constituted 30 %. On 
the other hand, in obese children with high BP and 
HOMA index above 4, the rate of labile and stable 
forms of HTN reached 74 %.

Published data considering HTN forms in 
children and adolescents with high BP levels 
confirm that daytime systolic hypertension is the 
most common type [59, 60]. Moreover, the most 
common form of HTN in obese children is systolic-
diastolic HTN, which can be registered throughout 
the day [56].

Nocturnal BP reduction in obese children is 
also of interest. It is known that there is a 10–20 % 
BP reduction at night compared with daytime 
level in healthy people (dipper). Now it is 
proved that inadequate BP reduction at night in 
hypertensive patients is directly related to target 
organ damage. For example, left ventricular 
hypertrophy which is an independent predictor of 
cardiovascular complications, is more frequently 
found in these patients.

BP reduction (dipper + over-dipper) at night 
was observed in 56 % of obese children, in 65 % of 
overweight children and in 72 % of children with 
normal body weight [56]. Insufficient BP reduction 

(non-dipper) is registered in approximately 30 % of 
children in each group. However, obese children 
more often demonstrated a BP increase at night 
time (night-peaker) compared to other groups, 
composing 11 % [56]. Regarding this, the highest 
left ventricular myocardial mass was registered in 
patients with hypertension and night-peaker BP 
profile. According to some authors, patients with 
HNT and abnormal nocturnal BP reduction have 
double risk of cardiovascular complications. They 
are also more likely to have cerebral stroke [61].

On the other hand, similar abnormal BP 
patterns (without abnormal reduction at night 
time) are also common in obstructive sleep apnea-
hypopnea (OSAS) syndrome associated with upper 
airway obstruction. This syndrome is known to be 
the most common in obese people, and systemic 
HTN is one of the cardiovascular complications in 
this disorder [62]. Based on different studies, 
obstructive apnea is found in 46–59 % of obese 
children [63–65]. Obese children with moderate 
and severe OSAS are at significantly greater risk 
of systemic HTN than children with mild OSAS 
[66].

Thus, obese children have abnormal circadian 
BP profile which is associated with the high risk of 
acute cardiovascular events, target organ damage 
and OSA.

Cardiac remodeling
Heart remodeling in obesity involves cavities, 

myocardium and also functional changes. Cardiac 
remodeling in overweight people includes increase 
of the cavities and myocardial hypertrophy. Thus, 
the Framingham study [67, 68] indicate that 
an increase in left ventricular mass is observed in 
obesity regardless of BP level.

Hemodynamic preload plays a key role for 
cardiac remodeling in overweight subjects. The 
circulating blood volume increases greater in 
obesity than in non-adipose body mass. A 
rise in hemodynamic preload due to increased 
blood inflow leads to the augmentation of cardiac 
output accompanied by the tonogenic extension of 
left ventricular cavity, and the increase of its wall 
tension [69]. These result in eccentric myocardial 
hypertrophy characterized by high ratios, namely 
radius/thickness of the left ventricular wall 
and volume/mass of the left ventricle. Daniels S 
et al. studied children at age 6–17 years old, and 
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demonstrated that 10 kg increase in adipose mass is 
accompanied by 5 g increase in left ventricular 
mass [70]. Myocardium thickening reduces the 
excessive tension of its fibers that allows of 
maintaining normal left ventricle contractility, 
but at the same time predisposes to the diastolic 
dysfunction development [71, 72]. The last 
one is due to the relative reduction in number 
of capillaries per unit of muscle tissue volume 
and aggravation of the oxygen diffusion in 
hypertrophied muscle fibers. Echocardiography 
with tissue Doppler imaging demonstrated 
significant changes in the longitudinal myocardial 
function of both ventricles in obese children with 
normal BP values. There was a decrease in peak 
systolic myocardium velocity of both ventricles in 
this group of children that may indicate a violation 
of systolic function of subendocardial myocardium 
layer [73]. Moreover, concomitant OSAS [74, 75] 
and a dilatation endothelial dysfunction can also 
promote the development of cardiac remodeling in 
obese children [76, 77]. Myocardial mass index 
(MMI) may be considered as a criterion of 
left ventricular hypertrophy in obese children, if 
the MMI is over 40g/m 2,7 in girls and over 45g/m 2,7 
in boys [78]. The MMI is calculated as follows: 
MMI = LVMM/height 2.7 [79].

Cardiovascular prevention and management 
approaches

Prevention of cardiovascular complications in 
obese children is directly related to weight loss, 
which is the main aim of treatment. Therefore, weight 
loss is crucial for the control of cardiovascular risk 
factors. It involves not only dietary restrictionsbut 
also moderate regular exercise (RE). There are current 
substantiated recommendations for children and 
adolescents suggesting necessary parameters of RE 
expressed in the number of steps/day [80]. However, 
it is necessary to remember that obese children often 
are unable to do intense prolonged exercise because 
of the low load tolerance and thereby they can not 
greatly increase the exercise intensity. Only with 
better training RE can make a major contribution 
to weight loss. the The guidelines of Russian 
Scientific Society of Cardiology for diagnosis, 
treatment and prevention of hypertension in children 
and adolescents include data about kilocalories 
expenditure per minute for different types  
of household activities and sports [81].

Despite the light RE at first does not significantly 
affect BMI, simple regular exercises (3–4 times 
a week) are highly important for an obese 
child. The protective effect of moderate RE for 
cardiovascular system in adults with different 
degrees of cardiovascular risk is obvious. It is 
also true for obese children. Thus, according to 
Swiss researchers [82], 3-month RE (60 minutes 
three times a week) led to a significant reduction 
of systolic and diastolic BP in prepubertal obese 
children, and this effect was persisted after 2 years 
[83]. Another study, conducted among children 
aged 8–11 years, demonstrated a direct relationship 
between endothelium-dependent arterial dilatation 
and compliance with RE, that was especially 
strong in case of intense exercises (correlation 
coefficient was equal to 0.58) [84]. Researchers 
from Germany have shown that regular physical 
activity during 6 months (1 hour 3 times a week) 
was associated not only with the improvement 
of the arterial dilatation function, but also with a 
significant reverse remodeling of peripheral arteries 
(IMC thickness reduction) in adolescents aged 
12–16 years [85]. There are interesting data about 
an increase in the number of endothelial progenitor 
cells in peripheral blood after RE. Endothelial 
progenitor cells are believed to be responsible for 
the vascular endothelium recovery and growth 
[86]; the decrease in their number was found to 
be associated with the first signs of endothelial 
dysfunction. At the same time, after 12 weeks 
of regular exercises the number of these cells 
significantly increased in overweight 12-year-old 
children [87].

There is often a tendency to tachycardia in obese 
children, which reflects the SNS hyperactivity. In 
this case, autogenic training and meditation can 
be helpful. American researchers [88] analyzed 
the cardiovascular parameters in adolescents aged 
15–18 years who participated in the program of 
transcendental meditation mastering and practice in 
order to prevent HTN and other cardiovascular 
diseases. After 2 months of training (15 minutes 
twice a day) there was a significant reduction in 
single BP values and mean daily BP (compared 
to baseline level) in response to a series of stress 
tests. After 4 months of meditation practice 
there was a significant increase in the brachial 
artery endothelium-dependent dilatation in all 
participants.
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The results of a 5-year prospective study 
conducted by Trushkina IV et al. indicate 
that the BMI reduction was associated with 
the improvement of circadian BP profile and a 
significant reduction in left ventricular myocardium 
mass, even without antihypertensive drugs in half 
of the obese adolescents with obesity-related HTN 
[89]. On the other hand, antihypertensive therapy 
per se without BMI reduction did not lead to the 
similar improvements in the daily BP profile and 
left ventricular MMI. Thus, the authors suggest 
that BMI reduction has a more pronounced effect 
on the central and peripheral hemodynamics than 
antihypertensive drugs.

Antihypertensive therapy is reasonable in 
children and adolescents with resistant HTN, 
especially when there is target organ damage. At the 
same time, there is a lack of scientific evidence 
regarding the use of antihypertensive drugs, their 
efficacy and safety and also their pharmacokinetics in 
children and adolescents. However, currently 
5 basic groups of antihypertensive drugs are 
used in children and adolescents, and the doses 
are specified. They include angiotensin converting 
enzyme inhibitors, angiotensin II receptor blockers, 
β-blockers, dihydropyridine calcium antagonists 
and thiazide diuretics. Detailed recommendations, 
intake regimen and dosages are described in the 
guidelines [81].

There is not yet enough evidence supporting 
the use of other antihypertensive drugs (non-
dihydropyridine calcium antagonists, loop 
diuretics, potassium-sparing diuretics, α-blockers, 
vasodilators, centrally acting agents) in children.

Conclusion
In conclusion, the available evidence about 

cardiovascular damage in obese children indicates 
that the cardiovascular continuum onset can 
occur in childhood. This requires early diagnostics 
of cardiovascular involvement and the development 
of its effective prevention and treatment.
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