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AND ADOLESCENTS

The article represents review of metabolic syndrome in children and adolescents. Obesity pandemic, which is common all over the world,
outlines significant social issues, resulting in cardio-vascular disorders, the leading cause of mortality and disability. The concern of increasing ten-
dency of cardio-vascular disorders among children and adolescents for the last decades is growing [5]. According to the National Medical Research
Center for Endocrinology (2017) from 13-15% of children suffer from obesity in Russia, among them 5-8% school children.

This number of obese children is twice higher than in France, 1.5% higher than in England and is reaching the number of obese children in the
USA (17%) [9]. Increase of obesity in children is doubling each 30 years resulting in a threat to national security [6].
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Yakutia is referred to the regions with
extreme conditions for living, resulting in
high-energy consume taken in with food
and nutrients and their high expenditure
for normal activity of the organism. The
traditional diet rich in protein and lipid is
being substituted by the diet rich in car-
bohydrate and protein for the last de-
cades [2, 7], moreover the motor activi-
ty of teenagers tends to decrease. The
combined action of both factors leads to
increase of obesity rate consequently re-
sulting in cardio-vascular disorders.

Of greatest concern is the danger-
ous tendency to increase CVD mortal-
ity among children and young people,
noted in recent decades [4]. According
to the endocrinology research center of
the Ministry of Health (2017), 13-15% of
children in Russia are obese, 5-8% are
students. This number exceeds 2 times
the number of children with obesity in
France, 1.5 times more than in England
and approaches the number of children
with obesity in the United States (17%)
[9]. The rate at which the incidence is
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increasing, the number of sick children
doubles every 30 years, and this sug-
gests a threat to national security [5].

The prevalence of metabolic syn-
drome (MetS) in overweight children and
adolescents is 30-50% worldwide [1].
The first description of metabolic syn-
drome is known to be introduced by a
Swiss physician E. Kylin in 1923, named
as ‘a syndrome involving hypertension,
hyperglycaemia and hyperuricaemia’
[5]. The concept of metabolic syndrome
was first suggested by Gerald Reaven in
1988 [11], the syndrome was defined as
a complex of such metabolic and clinical
disorders as abdominal obesity, arterial
hypertension, dyslipidemia, insulin-re-
sistance, glucose intolerance or diabe-
tes mellitus type 2 [12]. Clear diagnostic
criteria of metabolic syndrome in adoles-
cents above 16 were constituted by the
International diabetes federation in 2007,
they were based on analogous adults’ cri-
teria [1]:

- Tryglycerides level 21.7 mmol/L;

- High-density lipoprotein level <1.03
mmol/L;

- An increase
=>130/85 mm Hg;

- An increase value of venous plas-
ma glucose on an empty stomach =5.6
mmol/L or diagnosed diabetes mellitus
type 2 and/or other disorders of carbohy-
drate metabolism.

However, the representatives of dif-
ferent medical organisations disagreed
the clinical and diagnostic significance of
each component included in the diagnos-
tic criteria. In 2009 the following interna-
tional research associations: Internation-
al diabetes federation (IDF), International
heart, lung and blood institute (NHLBI),
American heart association (AHA), World
heart federation (WHF), International ath-
erosclerosis society (IAS), and Interna-
tional association for the study of obesity
(IASO) together represented unified cri-
teria for diagnosis of metabolic syndrome

in arterial pressure

in children and adolescents (Table), now-
adays these criteria are used all over the
world [4].

Obesity is not just esthetic problem,
it is severe disease which affects phys-
ical, social and psychological well-being
of children [8], and moreover, it results
in such diseases as ischemic disease,
diabetes mellitus, arterial hypertension,
malignant neoplasms.

Despite high prevalence of metabolic
syndrome there is still no unified classi-
fication of it. The following classification,
based on the classifications of M.l. Bal-
abolkin et al, G.A. Melnichenko et al, V.A.
Peterkova et al, seems most relevant in
pediatric practice [1]:

- Initial obesity:

- Exogenous constitutional or alimen-
tary constitutional,

- monogenous forms (mutation of
leptin gene mutation, the leptin gene re-
ceptor mutation, POMC deficiency, con-
vertase 1 gene mutation, PPAR-y2 gene;

- Secondary obesity:

- genetic (resulting from Prader-Willi
syndrome, Laurence—Moon-Bied|-Bar-
det syndrome, Cogan syndrome, Albright
syndrom etc.)

- cerebral (tumours and traumas of
CNS, infectious diseases, mental disor-
ders etc.)

- endocrene (hypothyroidism, polycys-
tic ovary syndrome, adrenal gland disor-
ders etc.)

- iatrogenic (associated with medica-
tion intake)

By the character of fat accumulation:

- Abdominal (android) type when the
fat is accumulated in the waistline or up-
per part of the waistline / the upper part
of the trunk)

- Gynoid obesity when the fat is accu-
mulated in thighs, hips, butt etc.

- Middle pattern when fat is distributed
more or less evenly.

The abdominal (visceral) type of obe-
sity leads to the development of metabol-



ic syndrome. It is established that viscer-
al fat tissue is characterized by endocrine
and paracrine activity [1].

Metabolic syndrome associated with
insulin resistance results in overstimu-
lation thus leading to further exhaustion
of pancreatic islets. This can result in
impaired glucose tolerance and diabe-
tes mellitus type 2 [1]. Persistent hyper-
glycemia or glucose toxicity may lead
to beta-cell dysfunction and decreased
sensitivity of beta-cells. It triggers the
early stage of stimulated insulin secre-
tion and impairs its impulse secretion.
In developed insulin resistance the first
stage, when vesicles empty the collect-
ed insulin, the insulin secretion is absent.
In the second stage the basal secretion
is monotonous. Thus, despite excessive
insulin secretion the glucose level is not
normalized, causing a viscous circle: hy-
perglycemia — hyperinsulinemia — insulin
resistance — hyperglycemia — hyperin-
sulinemia. It results in glucose tolerance
disorder thus causing diabetes mellitus
type 2.

Arterial hypertension in metabolic
syndrome is directly associated with the
main pathogenic trigger, i.e. compensa-
tory hyperinsulinemia, which develops on
the preexisting insulin resistance back-
ground [10]. The investigations have
shown that children with metabolic syn-
drome have high mean night-time systol-
ic BP and diastolic BP, time index of hy-
pertension at night, more decreased level
of night-time systolic BP and diastolic BP
[6]. Moreover, the mechanisms of arterial
hypertension in metabolic syndrome as-
sociated with hyperleptinemia are being
discussed last time; persistent dyslipid-

emias result in atherosclerotic changes
of renal vessels causing renovascular
hypertension [16].

It is necessary to underline that patho-
logic process in metabolic syndrome af-
fects not only the heart but also the ves-
sels of all kinds and levels, i.e. the cardio-
vascular pathology. Thus, cardiovascular
syndrome including arterial hypertension
is represented by the vegetative dysfunc-
tion (including heart beat rate variability),
endothelial dysfunction and systolic and
diastolic myocardial dysfunction. The
level of expression of cardiovascular dis-
orders in children and adolescents with
metabolic syndrome mentioned above
varies individually and depends on the
degree of insulin resistance expression.

Dyslipidemia is considered as the de-
crease in the level of high density of li-
poproteins (HDL) below minimum normal
numbers and hyperglyceridemia more
than >1.7 mmol/L. Dyslipidemia is one of
the most important criterion in metabolic
syndrome diagnosing. The development
of dyslipidemia is directly associated with
non-alcoholic fatty liver disease (NAFLD)
and insulin resistance. Moreover, there
is positive correlation between dyslipid-
emia, non-alcoholic fatty liver disease
and development of atherosclerosis [16].

It is proved that insulin resistance
promotes further development of hyper-
triglyceridemia. Hyperglycemia and hy-
perinsulinemia break the lipoprotein syn-
thesis: liver starts producing excessive
amount of tryglicerides from glucose.
Moreover, the Bogalusa heart study re-
vealed that insulin resistance is closely
associated with increased sensitivity of
LDL receptors to cholesterol. Protein gly-
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cation in hyperglycemia greatly contrib-
utes to the development of atherosclero-
sis. Glycated VLDL and LDL circulate in
blood for a longer period of time, as re-
ceptors do not recognize them and have
longer period of half-life. Glycated HDL
are better metabolized, glycated collagen
better bonds together with VLDL-choles-
terol and LDL-cholesterol [1, 3].

The main hypothesis for non-alcoholic
fatty liver disease (NAFLD) pathology is
‘two-hit hypothesis’, represented in 2002
[3]. According to the ‘two-hit hypothesis’
the liver damage is associated with two
components. Firstly, the so-called ffirst
hit’, is associated with obesity caused
by fatty diet and insulin-resistance, that
might be responsible for depositing of
tryglicerides in hepatocydes. The ‘sec-
ond-hit’ results in oxidative stress. The
inflammatory cytokines, adipokines, mi-
tochondrial dysfunction and endoplasmic
reticulum stress trigger the condition to
the non-alcoholic steatohepatitis.

For the last years it was modified into
‘multiple parallel-hit hypothesis’. Accord-
ing to which NAFLD was determined as
epiphenomenon of several metabolic
mechanisms, including genetic and en-
vironmental factors, interactions between
liver, fatty tissue, pancreatic gland and
intestine [13].

Accumulation of lipids in the form of
tryglicerides and free fatty acids is re-
sponsible for NAFLD development. Dys-
lipidemia is considered as the main com-
ponent for metabolic syndrome according
to IDF (International diabetes federation)
criteria, constituted in 2007. It was con-
sidered as the main triggering factor for
NAFLD development.

Diagnostic criteria for metabolic syndrome (2009)

Age Obesity Triglycerides (TG) | HDL | BP | Glucose (mmol / L)

6 to <10 ~90 percentile MetS cannot be diagnosed, but the following investigations should be carried out if there is MetS in a
years-old =P family history; diabetes mellitus type 2, dyslipidemia, cardiovascular disorders, arterial hypertension
Metabolic syndrome

>5.6 mmol/L (>100 mg/
dl) or diagnosed diabetes
Systolic BP>130 mm Hg mellitus type 2;
éa(t)r_sl-gl d >90 percentile (Z>112(§n I;n%ﬁj <(1<'23 IIEH}((%L or diastolic BP>85 If the concentration is
¥y = & - g mm Hg >5.6 mmol/L peroral
glucose tolerance test is
recommended
Metabolic syndrome (Adults IDF criteria are used)
Central obesity: waist For males <1.03 mmol/L . >5.6 mmol/L (>100 mgdl)
circumference 294 (<40 mg/dl) Systolic or diagnosed diabetes
cm in Caucasian = g BP>130 mm Hg me%litus tvpe 2-
>16 males and >80 21.7 mmol/L For females <1.29 mmol/L or diastolic BP>85 If the conceni,rgtio;l is
years-old cm in Caucasian (>150 mg/dl : . mm Hg or previously
. . (<50mg/dl) or specific . . >5.6 mmol/L peroral
females (racial/ethnic therapy of such disorders diagnosed arterial lucose tolerance test is
prevalence for other P 1}; anamnesis hypertension treatment g recommended
groups)
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The diagnosis of metabolic syndrome
is composed of several stages:

1 stage — the initial attendance of the
doctor, including the collection of anam-
nesis of the current illness, family histo-
ry (for genetic predisposition to obesity),
diabetes mellitus type 2, the diseases
of cardiovascular and hepatobiliary sys-
tems, social anamnesis checking the
dietary habits, social and economic wel-
fare of the family, physical activity; phys-
ical examination, including antropometry
(height, weight, BMI, waist circumfer-
ence, thigh circumference), arterial BP
[11.

2 stage — laboratory and instrumental
diagnosis — biochemical analysis of blood,
detection of glucose, alanine transam-
inase and aspartate transaminase lev-
els in blood, lipidogram; hormone tests
- thyroid hormones, hypothalamo-pitu-
itary-adrenal and gonadal axis (Adreno-
corticotropic (ACTH) and somatotropic
hormones, luteinizing hormone (LH), fol-
licle-stimulating hormone (FSH), cortisol,
aldosterone, renin, testosterone etc.; in-
strumental investigations like ECG, holter
monitoring ECG, 24-hour monitor test,
ultrasound investigation of the organs of
abdominal cavity, echocardiography; if
necessary — endoscopic investigations of
the organs of gastrointestinal tract, CT-
scan/MRI for the brain and abdominal
cavity imaging; consultation of the related
specialists [1].

The treatment of metabolic syndrome
should have an integrated approach and
consist of several procedures correcting
complex of medical treatment and psy-
chotherapy.

First of all, the lifestyle should be
changed starting with the diet and in-
creased physical activity. American acad-
emy of pediatrics recommends at least 60
minutes of daily moderate physical activ-
ity for children older than 5 [14]. Physical
activity increases metabolism of hepatic
mitochondrial substrate, and decreases
substrate availability for lipogenesis and
insulin resistance causing mitochondri-
al biogenesis in the liver and muscles.
It is evidently shown that physical exer-
cises stimulate decrease of insulin level
on an empty stomach and insulin-resis-
tance in children and adolescents. It is
necessary for lipid profile improvement
increasing the concentration of HDL and
decreasing the concentration of LDL, and
tryglicerides [14]. Moreover, physical ac-
tivity improves the endothelium function
with the following decrease of systolic
and diastolic BP without any association
with the kind of physical activity (aerobic
or muscle-strengthening exercises).

Secondly, one of the most important

components for metabolic syndrome
treatment is the change of diet or dietary
intervention. The main goal of dietary in-
tervention is a decrease of calorie, the
second goal is to achieve macronutri-
ent balance decreasing the amount of
carbohydrate intake, and achieving the
balance of protein and fat intake to phys-
iological norm according to the ratio 1:1:4
(in correlation of protein : fat : carbohy-
drate). Moreover, it is important to follow
fractional nutrition to normalize metabolic
process. The whole family of the patient
should undoubtedly undergo dietary in-
tervention, it is recommended to achieve
psychological comfort of the patient that
he/she is not discriminated because of
his/her illness but improve dietary habits
of all the family. If the child is subjected
by overeating mental illness then it is
necessary to have psychological therapy
together with the specialist.

The medical treatment of obese chil-
dren is restricted as there is high nega-
tive impact of anorectic drugs which is not
recommended in most of the countries.
The only recommended drug for pediatric
use in the territory of the Russian Feder-
ation is orlistat, which is limited to the age
of the patient and is recommended only
for children above 12. It can be used only
in such a case when one year of previous
treatment including the change of a life-
style was with no effect.

The effectiveness of surgical treat-
ment is disputable. On the one hand, sur-
gical operation can considerably reduce
the weight at once, but on the other hand,
there are strict requirements for surgical
intervention [15], high price [11], absence
of cogent data on the safety of bariatric
appliances in a long-term perspective
and high risk of complications [16] which
limit such choice of treatment.

Treatment of arterial hypertension
in children with metabolic syndrome is
aimed at achievement maintenance of
the arterial pressure equaling to <130/80
mm Hg in adolescents older 13 [14]. The
approach is aimed at a lifestyle modify-
ing, which are mentioned above. If the
modification did not result in decrease
of the arterial blood pressure, then the
medical treatment is recommended. The
medication starts with enalapril, inhib-
itor of angiotensin-converting-enzyme
(ACE), which is administered in its min-
imum dosage. In 4-6 weeks after admin-
istration of hypotensive medication the
patient should visit a doctor for therapy
controlling and changing the dosage if
necessary. If mono-therapy is inefficient,
the combined hypotensive therapy is rec-
ommended, the lifestyle should undoubt-
edly be changed.

The treatment of diabetes mellitus
type 2 caused by metabolic syndrome
or glucose tolerance disorder should be
treated according to the treatment proto-
col for such conditions.

Conclusion. Metabolic syndrome is
complex and complicated issue for the
healthcare. It is associated with many
components and factors resulting in com-
plex and high cost of diagnosis for the
disease requiring multidisciplinary ap-
proach to the treatment and prevention of
the condition. This thesis is confirmed by
the information discussed in the article as
the prevalence of metabolic syndrome is
directly associated with obesity especial-
ly occurred in the last decades. Further
research works are necessary, especially
cooperated researches with medical spe-
cialists of the various fields to reveal the
early symptoms or predictors of the con-
dition prevent such severe conditions like
primary hypertension or diabetes mellitus
in adults, which can result in disability in
its long-term perspective.

Ethno-geographic data for metabol-
ic syndrome in each region are not less
important, they can reveal genetic fea-
tures for inhabiting population, tradition-
al dietary habits and its quality, climate,
physical activity and character of labour.
All these factors should be taken into ac-
count in the further research of complex
symptoms.
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