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Cardiovascular lesions in children with obesity
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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, 1. 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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Pe3rome

JloMuHUpYyIOIIas A0Sl CEpeUHO-COCYAUCTHIX 3a00/IeBaHUH B CTPYKTYpe CMEPTHOCTH U MHBAJIUIU-
3allly HACeJICHUS PA3BUTHIX CTPaH, POCT CEPACYHO-COCYIUCTOM MAaTOIOTUH IPUBETHU K POPMHUPOBAHUIO
MIPENICTABICHUS O CEPACUHO-COCYTUCTOM KOHTUHYYME, OCHOBAaHHOM Ha KJIMHHYECKOU olleHKe (pakTo-
POB, BIMSIIOLIUX HAa PUCK PA3BUTHSI CEPAEUHO-COCYIUCTHIX OCIOKHEHUN. B CBA3M C 3TUM aKTyallbHbIM
SIBIISIETCS] U3YyUEHUE HAYaJIbHBIX 3TAIlOB 3TOTO Mpoliecca, 8 UMEHHO — JI€TCTBA M MOJPOCTKOBOIO Iie-
puona. B HacTosiiiee Bpems CTano OYEBUJIHBIM, YTO OXKMPEHUE Y JIETE MOXKET pacCMaTpUBAThCA KAk
(hakTop cepaeuHO-COCYAUCTOTO PUCKA B TIOCIEAYIOUIUE 3peiibie Toabl. TakoMy B3Iy CIIOCOOCTBY-
IOT HAKOIUBILKECS CBEACHUS O MOPAXKEHUU CEPACUYHO-COCYIUCTOM CHCTEMBI Yy AETeH M MOAPOCTKOB
C OKUPEHHUEM U UX CO3BYYHOCTh U3MEHEHHSIM, OOHAPY>KUBAEMBIM Y B3pPOCIBIX. AKTYaTbHOCTH 3TOTO
BOIMPOCa CIIOCOOCTBYET M TOT (PAKT, YTO BO BCEM MUPE HAOTIONASTCSI HEYKIOHHBIN POCT JOJIH JETEH C 13-
OBITKOM MacChl TeJla, YTO MOXKET 03HaUYaTh BOSMO)KHOE YBEITUUCHUE CEPICUHO-COCYAUCTON MaTONIOT U
B HefasiekoM OyaymieM. B 0630pe ocBelieHbl paHHUE TPOSIBICHUS TOPAXKEHUS CEPIICUHO-COCYAUCTOM
CUCTEMBI y AeTeid ¢ oxxupeHueM. OOCyKIal0TCsl pa3BUTHE SHAOTEIUATBEHOW AUC(YHKIIUHU, TIPOIECCHI
PEMOIEIMPOBAHUS apTEPUATILHON CTEHKH, BOSHUKHOBEHHE aTEPOCKIEPOTUIECKUX MOBPEKICHHUM B a0pTe
u nepudepudeckux cocynax. Takxke yeleHo BHUMaHHEe 0COOCHHOCTSIM Pa3BUTHS U TEUCHUS apTepH-
aJbHOM TUNEPTEH3UHU, PACCMOTPEHBI IPU3HAKK PEMOICIIMPOBAHUS Cepala U KPUTEPUH JUATHOCTUKHU
runeprpodur MUOKap/a JeBoro >kemynouka. [IpuBeneHsl HampaBieHUs TPOQUIAKTUKA U JICUCHUS
KapANOBACKYISIPHBIX U3MEHEHUM y €T U MOAPOCTKOB C OKUPEHUEM.

KuroueBble ciioBa: 1€TH, MOAPOCTKH, OKUPEHUE, CEPACUHO-COCYUCTas CUCTEMA, paHHss JHa-
THOCTHKaA
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Introduction biological risks of cardiovascular diseases are
At present the major biological factors of known to form in childhood, so the increasing rate
cardiovascular diseases are arterial hypertension of excess body weight among children is a warning
(HTN), high blood cholesterol level, type 2 diabetes  signal of possible growth of cardiovascular
mellitus and obesity. The epidemiological and complications in the near future. This fact



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 (811 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



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-13
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 2a, CRP, ICAM-1
and VCAM-1) and tumor necrosis factor-o [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, itis 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



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
weightand 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
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(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 617 years old, and



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?>’ in girls and over 45g/m?*’
in boys [78]. The MMI is calculated as follows:
MMI = LVMM/height*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 Il receptor blockers,
B-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, a-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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