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The aim of the study is to investigate the role of hormonal factors in formation of arterial hypertension and insulin resistance
in obese adolescent boys.

Materials and methods. The total study cohort included 187 obese (BMI > 95 %) adolescent boys (aged 12—17 y. 0.). Physical
examination included height, weight, total subcutaneous fat mass, waist circumference and blood pressure measurements as well
as assessment of pubertal development (Tanner stage). The control group involved boys with same age without somatic and
endocrine diseases. Fasting glucose, insulin (IRI), cortisol (C), TSH, leptin, triglyceride (TG) and HDL-cholesterol (HDH-C)
blood samples were undertaken with using of commercial kits (Roche Diagnostics GmbH). Insulin sensitivity and B-cell function
were assessed by HOMA Calculator v.2.2.

Statistical (ANOVA, multivariate and univariate regression) analysis was done with using SPSS program, version 9.0. Data are
presented as mean and 95 % confidence interval (CI). P-value less than 0.05 was considered as statistically significant.

Results and discussion. By the results of univariate regression analysis it was found that elevated leptin, insulin and cortisol
levels play the determination role in the formation of hypertension in obese boys. Leptin concentration above 40.0 ng/ml is an
independent factor in increasing of systolic (SBP) and diastolic blood pressure (DBP) in adolescents, besides patients with
leptin-deficient forms of obesity: SBP ~ 128.4 + 0.15 - L (r = 0.24, p = 0.0001) and DBP ~ 82.5 + 0.09 - L (r = 0.21, p = 0.0001).
Hyperinsulinemia (basal insulin levels in blood above 20 mU /L) was also associated with high blood pressure in obese adolescent
boys: SBP ~ 130.2 + 0.25 - IRI (r = 0.19, p = 0.0001) and DBP » 76.6 + 0.17 - IRI (r = 0.15, p = 0.0001).

Conclusions. Multivariate linear regression analysis was performed to find out that in obese adolescent boys without puberty
deviation elevated blood pressure closely associated with elevated leptin, cortisol and insulin levels (SBP ~0.92 - IRT +1.09 - L +
+0.14- C(R2=90.1 %, p=0.0001); DBP 2 0.65 - 0.69 + IRT - L + 0.07 - C (R2=90.5 %, p = 0.001). It was shown that elevated
levels of TG and low HDH-C are the major metabolic syndrome components, which are associated with decreased sensitivity of
target tissues to insulin and voltage secretory B-cells function in obese adolescent boys.
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hildhood obesity is reaching epidemic propor-

tions and represents the most important chronic
disease in this age group [28]. At the same time,
urbanization, unhealthy diet and increasingly seden-
tary lifestyle are major contributors to such disorders
and have contributed to increasing the prevalence of
childhood obesity, particularly in developing count-
ries. In the USA 15.8 % of children between 6 and 11
years and 16.1 % of adolescents have a body mass
index (BMI) in the range of overweight [13, 32].
Similar trends have also been observed in many Euro-
pean countries, where, based on the latest Inter-
national Task Force criteria, overweight and obesity
are present in 31.8 % of school-aged children [26].
Furthermore, the recent phenomenon of «nutritional
transition» with a «westernization» of food, typical of
many developing countries, has caused a significant
rise in obesity even among populations that were
unaware of this problem until some years ago [28].

Childhood obesity is associated with an increased
risk for several metabolic complications, such as
insulin resistance, glucose intolerance and type
2 diabetes mellitus (T2DM). In particular, insulin
resistance is the most common metabolic alteration
related to obesity [2], and it represents an important
link between obesity and other metabolic as well as
cardiovascular complications [24]. As cardiovascular
disease is the first cause of morbidity and mortality in
adulthood, the epidemic of childhood obesity will
cause a real burden for the future of the society. Obese
children are also at risk of developing psychological
problems, orthopedic and respiratory disorders and
also certain malignancies. Furthermore, childhood
obesity frequently tracks into adulthood, thus repre-
senting a major contributor to the adult obesity
epidemic and to the increased cardiovascular mor-
bidity and mortality in adult life. All these data are
alarming and underline how obesity is a real threat for
the health of children and adolescents.

Obesity, particularly in the central (abdominal)
region, is associated with an increase in risk of cardio-
vascular disease and has been determined as a key
precipitating factor for T2DM. It is a key component in
the IDF definition of metabolic syndrome in adults.
Each of these children is at increased risk of developing
metabolic syndrome and subsequently progressing
T2DM and cardiovascular disease in later life.

Intrauterine events for the unborn child and factors
during early development years predispose a child to
disorders such as obesity, prediabetes, and metabolic
syndrome. The presence of maternal gestational dia-
betes, low birth weight, and infant feeding practices
for example contribute to a child’s future level of risk.
Other factors can be genetic, socio-economic or envi-
ronmental (an obesogenic environment for example).
Early identification of children at risk and preventive
action are therefore very important.

Insulin resistance is a state in which a given amount
of insulin produces a subnormal biological response. In
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particular, it is characterized by a decrease in the ability
of insulin to stimulate the use of glucose by muscles and
adipose tissue and to suppress hepatic glucose produc-
tion and output. Furthermore, it accounts a resistance
to insulin action on protein and lipid metabolism and on
vascular endothelial function and genes expression.

IDF suggests that the metabolic syndrome should
not be diagnosed in children younger than 10 years,
but that a strong message for weight reduction should
be delivered for those with abdominal obesity. For
children age 10 years or older, metabolic syndrome
can be diagnosed with abdominal obesity and the
presence of two or more other clinical features (i. e.
elevated triglycerides, low HDL-cholesterol, high
blood pressure, increased plasma glucose). In the
absence of contemporary definitive data, the criteria
adhere to the absolute values in the IDF adult
definition, except that waist circumference percentiles
are recommended and one (rather than a sex-specific)
cut-off is used for HDL-cholesterol levels. For child-
ren older than 16 years, the IDF adult criteria can be
used. Further research is needed to identify optimum
criteria for the definition of the syndrome.

Puberty is a crucial time for metabolic syndrome
development because, during puberty, insulin resistance
is increased, and insulin sensitivity is reduced in both
nondiabetic and diabetic children. It was found by recent
epidemiologic study that adolescent males are three times
as much at risk to develop metabolic syndrome than
adolescent females [21]. In pediatric population obesity
and hypertension are principle components of clinical
manifestation of the metabolic syndrome. As it is thought,
metabolic syndrome is caused by inheritable and/or
acquired resistance to insulin.

The role of fatty acids and adipocytokines. Obesity
represents the major risk factor for the development
of insulin resistance in children and adolescents [3],
and insulin resistance/hyperinsulinemia is believed
to be an important link between obesity and the
associated metabolic abnormalities and cardiovas-
cular risk [30]. Several studies suggested that approxi-
mately, 55 % of the variance in insulin sensitivity in
children can be explained by total adiposity, after
adjusting for other confounders, such as age, gender,
ethnicity and pubertal stage [3]. Obese children have
hyperinsulinemia and peripheral insulin resistance
with a ~ 40 % lower insulin-stimulated glucose
metabolism than non-obese children. In a recent
population-based study conducted in American
adolescents, insulin resistance was detected in = 50 %
obese subjects and adiposity was also confirmed to be
the most important factor affecting insulin sensitivity
[18]. Adipose tissue seems to play a key role in the
pathogenesis of insulin resistance through several
released metabolites, hormones and adipocytokines
that can affect different steps in insulin action [20].
Adipocytes produce non-esterified fatty acids, which
inhibit carbohydrate metabolism via substrate compe-
tition and impaired intracellular insulin signaling. In
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children, both and in adults, several «adipocytokines»
have been related to adiposity indexes as well as to
insulin resistance.

The identification of the hormone leptin by Fried-
man et al in 1994 has proved to be a seminal observation
in biomedical science. The discovery that a circulating
protein secreted almost exclusively by adipocytes could
regulate body weight through its effects on food intake
and energy expenditure represented a remarkable
breakthrough in our understanding of the molecular
components of the systems involved in energy homeo-
stasis [7]. Leptin associated clinical phenotype of con-
genital leptin deficiency, which includes hyperphagia,
morbid obesity, hypogonadism, and impaired immunity,
has provided insights into the role of leptin-responsive
pathways in the regulation of eating behavior, inter-
mediary metabolism, and the onset of puberty. There are
also data showing a close relationship between leptin
levels and insulin resistance in children [4].

The next most significant cytokines is adiponectin
which produced by adipose tissue, and has an im-
portant insulin sensitizing and anti-atherogenic pro-
perties [5, 9]. Whereas obesity is generally associated
with an increased release of metabolites by adipose
tissue, levels of adiponectin are inversely related to
adiposity. Therefore, reduced levels of this adipocyto-
kine have been implicated in the pathogenesis of
insulin resistance and metabolic syndrome [20].

Decreased levels of adiponectin have been detected
across pathways of insulin resistance in children and
adolescents [29], where it is an independent predictor of
insulin sensitivity, independently of adiposity. Adipose
tissue also produces tumour necrosis factor-a, an inflam-
matory factor, which can alter insulin action at different
levels in the intracellular pathway. Interleukin-6 (IL-6)
is another inflammatory cytokine released by adipose
tissue and its levels are increased in obesity [20]. IL-6
stimulates the hepatic production of C-reactive protein
and this can explain the state of inflammation associated
with obesity, and could mediate, at least partially,
obesity-related insulin resistance. Data based mainly on
animal studies also suggest that increased levels of
resisting, another molecule produced by adipose tissue,
could impair insulin sensitivity. Recently, it has also been
shown that serum levels of retinol-binding protein 4
(RBP4) correlate with insulin resistance in subjects
with obesity as well as in those with impaired glucose
tolerance (IGT) or T2DM, therefore suggesting that it
could be useful in assessing insulin resistance and the
associated risk for complications [10].

According to recommendations for future research
of the IDF consensus definition of the metabolic
syndrome in children and adolescents the main keys
include the following:
¢ Improved understanding of the relation between

body fat and its distribution in children and ado-

lescents.
 Investigation of whether early growth patterns
predict future adiposity and other features of the
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syndrome; and whether low birth weight predicts

future metabolic syndrome, diabetes and cardio-

vascular disease.

e Factor analysis in children and adolescents to
establish grouping of metabolic characteristics
such as adiposity, dyslipidemia, hyperinsulinemia,
hypoadiponectinemia and insulin resistance.

* Investigation of how obesity in children should be
better defined, e. g. weight/height, waist circu-
mference, etc.

* Development of ethnic specific age and sex normal
ranges for waist circumference, ideally based on
healthy values.

e Ethnic specific studies of waist circumference
versus visceral fat based on imaging.

 Studies of adiponectin, leptin, etc in children and
adolescents as predictors of metabolic syndrome in
adulthood.

+ Initiation of long-term studies of cohorts of children
of different ethnic origin into adulthood to define
the natural history and effectiveness of inter-
ventions, particularly those relating to lifestyle.
Puberty is a crucial time for metabolic syndrome

development because, during puberty, is physiology
insulin resistance is increased in this critical period in
both non-diabetic and diabetic children. It was found
by recent epidemiological study that adolescent males
are three times as much at risk to develop metabolic
syndrome than adolescent females. In pediatric po-
pulation obesity and hypertension are principle com-
ponents of diagnostic criteria of metabolic syndrome.

Thus, studying correlations between leptin, insulin,
cortisol, parameters of carbohydrate and lipid meta-
bolism in obese children, in our opinion, is relevant
and has such scientific interest.

The aim of the present study is to investigate
association between arterial blood pressure compo-
nents and hormonal determinants of the insulin
resistance in euthyroid adolescent obese boys.

Materials and methods

Eligibility criteria: obese (BMI > 95 percentile) and
overweight (BMI = 85th — 95th percentile) adolescent
(age 12—17) boys were eligible for this study.

The total study cohort thus included 187 boys, 32
from the Pediatric Department of Rudolfstiftung
Hospital (Vienna, Austria) under leadership of Prim.
Univ.-Prof. Dr. M. Minkov and 155 boys of the
Department of Age-Related Endocrinology in Insti-
tute of Endocrine Pathology Problems Ukrainian
Academy of Medical Science (Ukraine, Kharkiv)
under leadership of Prof. Dr. O. Khyzhnyak.

Exclusion criteria: boys with fetal or congenital
diseases that could affect fetal growth were excluded
(e. g TORCH infections, congenital malformation,
chromosomal aberrations). Children born below 34
weeks of gestation and those who had a severe neonatal
condition were also not included in the study.
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Physical examination included height, weight,
total subcutaneous fat mass, waist circumference,
blood pressure measurements, pubertal development
(Tanner stage) estimation. To assess the anthropometric
characteristics control group consisted of boys of the
same age without somatic and endocrine diseases.

Blood samples for glucose, insulin (IRI), cortisol
(C), leptin, TSH, triglyceride and HDL-cholesterol
measurements were taken in fasting state and were
measured using commercial kits (Roche Diagnostics
GmbH).

Ideally, hyperinsulinemia is defined if insulin
level exceeds the normal value according to the
pubertal stage, due to the impact of physiological
insulin resistance of puberty [17]. Thus, standard
values of normal, borderline, and high fasting insulin
levels proposed by the American Heart Association
scientific statement were chosen [31]. HOMA-IR is
a proxy for insulin resistance and is widely used in
clinical settings and research, with high reliability in
determining insulin resistance [17]. There is still a
debate about the appropriate cutoff point for
HOMA-IR, with proposed values of > 2.5 [19, 25],
> 1.77, and > 3.16 [17]. Keskin et al. found that
HOMA-IR was the most sensitive and most specific
of three proxies for defining insulin resistance, and
the cutoff point for insulin resistance diagnosis
based on HOMA-IR was 3.16, so that definition was
used in the present study [18]. The homeostatic
model assessment index (HOMA index = fasting
glucose [mmol/L] - fasting insulin [mU/L]/22.5)
was used as a measure of insulin sensitivity. Insulin
sensitivity and B-cell function were estimated by
HOMA Calculator v.2.2.

Assessment of lipid profile for the participants
included fasting TG, fasting cholesterol, fasting LDL,
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and fasting HDL. Jolliffe and Janssen developed age-
and sex-specific percentiles for lipoproteins and
cholesterol, starting from age 12 years to age 20 years
[14]. However, our participants were aged 12—17
years, and it was not possible to use these lipoprotein
percentiles for the whole sample. Therefore, the
reference values for these parameters were taken from
the National Cholesterol Education Program, with
fixed cutoff points for normal, borderline, and high
values regardless of sex and age [22]. Low Density
Level cholesterol (LDL-C) was calculated using the
Friedewald formula [8].

Data analysis: ANOVA, multivariate and uni-
variate regression analysis were performed. Data
are given as mean and 95 % CI, and best-fitting
model equations. All analyses were conducted using
SPSS version 9.0 (IBM Corporation, New York,
USA). A P-value of less than 0.05 was considered
significant.

Results

The mean values of blood pressure hormonal
parameters, carbohydrate and lipids metabolism
are provided for group of obesity boys in Tables 1
and 2. The mean values for obese boys have
significantly higher systolic blood pressure (SBP)
and diastolic blood pressure (DBP) compared with
control (p < 0.05). The frequency of diagnosed
hypertension depended on the age of patients.
Thus, in boys younger age (12—13 years) an inc-
reased blood pressure was registered in 14.7 % of
patients and in the group of adolescents 14—17
years — already at 64.6 % (p < 0.01). Data on the
incidence of high blood pressure in obese boys are
presented in Figure 1.

Table 1
The mean values of systolic and diastolic blood pressure in obese boys
SBP, mm Hg DBP, mm Hg

Age, years
Obese boys Control group Obese boys Control group

10 123.6 + 3.61%; 98.3 + 0.9; 75.71 + 4.29%; 56.5 + 0.8;
17.49 9.20 11.33 8.30

1 120.0 + 3.87%; 97.0 £ 1.0; 79.30 £ 2.75%; 56.3 £ 0.7;
12.24 10.70 8.71 7.60

12 120.0 £ 3.25%; 102.0 £ 1.2; 77.50 + 3.04%; 57.7 + 0.9;
11.28 12.00 10.55 8.80

13 126.73 £+ 3.24%, 108.5 £ 1.2; 79.65 + 0.97%; 60.3 £ 0.8;
16.54 13.50 10.05 9.10

1 138.37 + 2.55%; 112.8 + 1.3; 87.56 + 1.69%; 61.5 + 0.8;
16.75 14.10 11.15 8.70

. 144.08 + 2.73*; 114.6 + 1.3; 90.24 + 1.90%; 63.0 + 0.8;
19.14 14.20 13.51 8.50

16 141.48 = 3.14% 118.2 =+ 1.1; 91.29 + 2.28%; 66.3 £ 0.7;
16.34 13.50 11.89 9.10

17 142.94 + 2.98%, 118.8 + 1.4; 91.76 + 2.74%, 65.9 £ 0.9;
16.49 13.50 11.31 8.80

Data are expressed as Mean + m; SD.
SBP indicates systolic blood pressure; DBP — diastolic blood pressure;
*p < 0.05 statistically significant differences between control group.

17



YKPATHCbKII XKYPHAA AUTAHOT EHAOKPUHOAOTT

O.0. XuXHSIK Ta CriBaBT.

N° 2 2015

Table 2

The mean values of hormonal parameters, carbohydrate and lipids metabolism in obese boys

Subjects: Males (n=187) Mtm SD Min—Max P*
Cholesterol, mmol/I 4.42 + 0.09 0.98 2.4-7.3 > 0.05
HDL-C, mmol/I 1.25 + 0.03 0.30 0.75—1.92 > 0.05
LDL-C, mmol/I 2.81 £ 0.1 0.98 0.49—-5.9 < 0.01
Triglycerides, mmol/l 1.11 + 0.06 0.61 0.47—3.74 > 0.05
Efrs;g‘lﬁ blood glucose (FBG), ¢, 4 0.7 3.3-5.8 > 0.05
Insulin, mU/L 21.47 £ 2.15 17.87 1.0—100.0 < 0.001
Leptin, ng/ml 46.76 = 2.7 30.11 0.01—193.0 < 0.001
HOMA 8.37 £ 1.30 2.40 1.35—25.38 < 0.001
HOMA-%S 63.32 £ 15.61 78.07 8.9—341.8 —
HOMA-%B 227.80 £ 20.85 104.25 48.4—425.9 -

*p < 0.05 statistically significant differences between control group
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Fig. 1. Data on the incidence of high systolic blood
pressure in obese boys

100 =
80
£ 60
?n a
£ 40 D‘—“ =] = ——
o o // B
20 e == TN
0 D/'/‘Q/DD@: N . o
40 60 80 100 120 140 160
Weight
Fig. 2. Plasma insulin (mU/L) and body weigh (kg)
in obese boys
400 \
& 300 \
<
s 200
S AN
100 N
o
0 DDDDDDDE ["D\
0 20 40 60 80 100
BMI

Fig. 3. Insulin sensitivity (Index HOMA-%S) and BMI
in obese boys
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The adolescent males have marginally higher
LDL-C (p <0.05) compared with the healthy subjects.
Analysis of the results revealed that boys in the
youngest age group, i. e. the early stages of the disease,
found the increase of TG in (23.4 %) and reduced
HDL-C (18.3 %). In the whole group was found
increasing levels LDL-C (68.0 %), TG (42.0 %), and
low levels HDL-C in 32.7 % of patients.

In the group of obese boys the average value of
HOMA were (8.37 £ 1.30), in the control group —
(3.32 £0.27) (p < 0.05). The highest values of this
index were observed in adolescents 15—17 of age:
in the range [2.54—25.38], (7.77 = 1.20). Reg-
ression analysis showed that it is a positive
significant correlation between body weight and
insulin levels (r = 0.42; p < 0.05) and negative
significant correlation between BMI and insulin
sensitivity HOMA-%S index (r = — 0.52, p = 0.007)
(Fig. 2 and 3).

Univariate regression analysis showed that leptin
concentration above 40.0 ng/ml is associated with
high systolic (SBP) SBP~ 128.4 + 0.15 - L (r = 0.24,
p = 0.0001) and diastolic (DBP) DBP =~ 82.5 +
+0.09 - L (r =021, p=0.0001) blood pressure
(Fig. 4 A, B).

Fasting IRI was also associated with high blood
pressure: SBP ~ 130.2 + 0.25 - IRI (r = 0.19,
p = 0.0001) and DBP = 76.6 + 0.17 - IRI (r = 0.15,
p = 0.0001) (Fig. 5 A, B).

Multivariate linear regression analysis was
performed to find out association between blood
pressure components, as dependent variables, and
a set of hormones, as independent variables. It was
found that in obese individuals without puberty
deviation, elevated blood pressure is strongly
associated with elevated hormone levels: SBP =~
~ 092 - IRI +1.09-L+ 0.14 - C (R2 =90.1 %,
p = 0.0001); DBP = 0.65 - IRT + 0.69 - L + 0.07 - C
(R2 = 90.5 %, p = 0.001).

It was found that in insulin resistant individuals
(HOMA-%S < 100 %) there was significant dys-
lipoproteinemia (TG (= 1.7 mmol/l) — OR = 16.6
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Fig. 4A. Plasma leptin (ng/ml) and systolic blood pressure
(SBP, mm/Hg) in obese boys
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Fig. 4B. Plasma leptin (ng/ml) and diastolic blood pressure
(DBP, mm/Hg) in obese boys
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Fig. 5A. Plasma insulin (mU/L) and systolic blood pressure
(SBP, mm/Hg) in obese boys

Fig. 5B. Plasma insulin (mU/L) and diastolic blood pressure
(DBP, mm/Hg) in obese boys
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Fig. 6. Association between Metabolic syndrome components, and insulin sensitivity, and p-cell function which estimated

by HOMA Calculator v.2.2. in adolescent obese boys

[16.4—16.8]; HDL (< 1.03 mmol/1) — OR = 3.36 [1.9—
5.2]) and elevated blood pressure (SBP > > 130 mm/
Hg, DBP > 85 mm/Hg) > OR — 2.13 [1.2—6.09]).
Fasting glucose intolerance (> 5.6 mmol/l) was associ-
ated with B-cell dysfunction (50 % < HOMA-%B <
<100 %) — OR = 14.7 [10.3—19.1] (Fig. 6).

Conclusions

1. In obese adolescent boys with metabolic syn-
drome leptin, insulin and cortisol are determinants of

hypertension in the range has been determined by
last IDF MS’ diagnostic criteria.

2. Leptin is independent predictor of high systolic
and diastolic blood pressure in its concentration
more than 40 ng/ml. Leptin doesn’t affects blood
pressure in obese but leptin-deficient individuals.

3. Hyperinsulinemia (fasting IRI > 20 mU/L) is
other predictor of hypertension in obese adolescent
boys with MS.

4. Cortisol is minor predictor of hypertension in
obese adolescent boys with MS.
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5. According to our results triglyceride and HDL
levels are the major MS components which are
strongly associated with resistance to insulin in
young patients.

Discussion

Obesity-related insulin resistance is highly pre-
valent in children and adolescents, and is associated
with the increased lifetime risk of type 2 diabetes and
cardiovascular disease. The obtained equations enable
to conclude that the main mechanism of high blood
pressure in young people who are overweight and
determine role of hyperinsulinemia-hyperleptinemia.
On one side a significant increase in insulin levels in
insulin resistance may lead to the activation of renal
afferent nerves. On the other side, leptin, through the
central melanocortin pathway regulation of energy
balance in the body can also activate the sympathetic
section of the hypothalamus, reinforcing fibers of the
sympathetic tonus in the kidney, which leads to
increased sodium reabsorption.

This is due to the ability of insulin and leptin to
increase the tone of the sympathetic nervous system
[1]. In recent years, we considered a number of
possible mechanisms for the formation of essential
hypertension in the cardiometabolic syndrome [23].

In addition to the animal experiments and clinical
studies have convincingly shown that the basal blood
pressure is regulated via the central mechanisms of
energy balance in the body [11, 12, 15]. The hormones

leptin and melanocortin are the links of transmission
humoral information on reserves of energy to the
hypothalamic centers of the sympathetic nervous
system, and their hyperproduction or deficiency may
increase or decrease the sympathetic tonus of whole
organs and systems.

This pattern is broken in genetically-modified
mice and people with «genetic breakdown» in one of
the links of melanokortin pathway. These include the
modification of regions of genes encoding receptors
of the structure or synthesis of insulin, leptin,
melanocortin [6, 27]. For this reason, high blood
pressure is not recorded in all individuals with
obesity. As reported in leptin-deficient individuals
despite the severe form of obesity recorded normal
blood pressure [27]. In the most common form of
monogenic obesity associated with genetic modi-
fication to the melanocortin receptor (MC4-R), is
also not observed hypertensive syndrome [16]. The
local renin-angiotensin system adipose tissue is also
seen as one possible mechanism for the development
of hypertension in obesity. Like many adipokines, the
level of production of angiotensin depends adipose
tissue mass [16]. That is, not be excluded high blood
pressure in individuals with genetic forms of obesity.

Thus, it should be a differentiated approach to
obesity as a risk factor, cardiovascular syndrome,
because without all the possible reasons is difficult to
find effective treatment and to make a long-term
forecast of possible complications of the pathological
condition.
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FOpMOHaAbHI NPEAMKTOPU apTepiaAbHOI rinepTeHsii
Y XAOMYMKIB-MIAAITKIB 3 O)KUPIHHAM

O. XuxHsik', M. Minkov?, R. Ratschmann?, M. Zauner?, I. YepeBko'
TAY «IHCTUTYT NpobAem eHAOKPMHHOI natoAorii imeHi B.S1. Aannaescbkoro HAMH Ykpainu»,
BIAAIAEHHS BIKOBOT EHAOKPWMHOAOTIT, XapkiB, YkpaiHa
2 Rudolfstiftung Hospital, Department of Pediatrics & Adolescent medicine, Vienna, Austria

Mera po6GOTH — BUBYKUTH POJIb TOPMOHAIBHUX YUNHHUKIB Y (hOPMYBaHHI apTepiasbHOI rinepTensii ta iHCyIiHOPe3UCTEHTHOCTI
Y XJIOMYUKIB-TI/IITKIB 3 OKUPIHHAM.

Marepiamu ta Mmetoau. O6¢cteskeno 187 xmomunkis 3 oxupintsm (IMT > 95 %) Bikom 12—17 pokis. Ortifka aHTPOIOMETpHY-
HUX [TOKA3HUKIB OXOTIJIIOBAJIA BUMIPIOBAHHS 3POCTY, MACH TiJia, 3aTaJIbHOI MACH Ii/IIKIPHOTO JKUPY, OKPYKHOCTI TaJii, apTepiab-
HOTO TUCKY, BU3HAYEHHsT CTAaTEBOTO f03piBantst (cTail 3a Tannepom). KOHTPOIbHY rpyIly CKIANN XJIOMYUKN TAKOTO JK BiKy 6e3
COMATHYHUX 1 eHJIOKPUHHUX 3aXBOPIOBaHb. 3Pa3Ky KPOBi Gpajii B CTaHi HATIIE /Uil BUSHAUEHHST PiBHSI TJTIOKO3H B IJ1a3Mi, iHCYJIi-
ny (IRI), xoprusony (C), TTI, nrentuny (L), rpurainepunis (TG) i xonecrepoay JIIIBIL (HDH) y cuposariii kpoBi 3 BUKOpHC-
TanusaM komepuiitanx nabopis (Roche Diagnostics GmbH). Yytamsicts 10 incyminy i GyHKIi0 B-KAITHH TANLTYHKOBOI 3a1031
ominioBasn 3 BuKopuctanuam HOMA — kanpkyssitopa v.2.2.

CratucTnuHmil anauis: 3 BUKopucTanusaM ceprudikosarnoi nporpamu SPSS (Bepcis 9.0.) nposoanam 6araTtoBUMIipHIH, OTHO-
BUMIpHUI perpeciiiuuii i aucnepciiinuii anasmisu. lani HaBemeni y Burisai cepeauboro i 95 % mosipuoro intepsaiy (CI).
P-3uavenns memntre 0,05 BBaXKasrocst CTATUCTUYHO JOCTOBIPHIIM.

PesysbraTi T2 06roBOpeHHsl. 3a Pe3yJIbTaTaMi OJIHOMIPHOTO PerpeciiiHoro aHasi3y BCTaHOBJICHO, IO JAeTePMiHAI[THA POJIb Y
¢opmyBaHHI apTepiabHOI TillepTeH3ii y XJIOMIIB 3 0KUPIHHSAM HATIEKUTH MiIBUIIEHOMY PiBHIO JICTITUHY, iHCYJTiHY Ta KOPTU30JIY
B KpoBi. KoHIlenTpailisi JIenTuHy B CUpOBATIli KPoBi Bulie 40 HT/MJI CJIyTy€E HE3aI€KHIM YNHHUKOM ITi/IBUIEHHS CUCTOJIYHOTO
(SBP) i miactoniunoro aprepiamproro Tucky (DBP) y miamiTkiB, KpiM HaIienTiB 3 jenTuH-AebimuTHUMI (HOopMaMi OKUPIHHS:
SBP ~ 1284+ 0,15 L (r=0,24,p =0,0001) i DBP ~82.5 + 0,09 - L (r = 0,21, p = 0,0001). Tinepincyninemis (6a3aibHuii piBeHb
incyniny B kpoBi Bute 20 MO/[ /1) BUCTYTIA€ TTTe OHUM TIPEIUKTOPOM PO3BUTKY apTepiasibHOI TillepTeH3ii Y XTOMINKiB-TI I TKIB
3 osxupinnsim: SBP ~ 130.2 + 0,25 - IRI (r = 0,19, p = 0,0001) i DBP ~ 76,6 + 0,17 - IRI (r = 0,15, p = 0,0001).

BucHoBku. 3a omoMoroto 6araroakTopHOTo JHIHHOTO perpeciiiHoro aHaisy BCTAHOBJIEHO, 10 Y XJIOMYUKIB 3 OKUPIHHIM
6€3 opyILEeHb TEMITIB CTATEBOTO J03PiBAHHS TiABUIICHUI apTepiaibHIil TUCK TICHO OB’ A3aHUH 3 I IBUIIEHUMU DiBHSAMHE JICTITH-
Hy, koprusouy, incyuiny: SBP ~ 0,92 - IRT+ 1,09 - L + 0,14 - C (R2=90,1 %, p = 0,0001); DBP ~ 0,65 - 0,69 + IRT - L + 0,07 - C
(R2=90,5 %, p = 0,001). TTokazano, o nigsuiienuii pisetb TG 1 3umkennii — HLH-C aconifioBati 3i 3HKEHOIO Yy TJIUBICTIO
TKaHWH-MIIIeHel 10 iHCYJIiHY i HATIPYTOI0 CeKPETOPHOI (DYHKIIIT B-KIITHH MiANUTYHKOBOI 31031 Y MiIITKIB 3 O;KUPIHHIM.

Kmouogi cioBa: okupits, MeTaboiuHuil CHHAPOM, IHCYJTIHOPE3UCTEHTHICTD, MyGepTar.

[opmMoOHaAbHbIe NPEAMKTOPbI apTepPHUAAbHOM FMNepTeH3UU
Y MaAbUYMKOB-MOAPOCTKOB C O)XKMPEeHHUeM

O. Xmxnsik', M. Minkov?, R. Ratschmann?, M. Zauner?, 1. Yepesko'
1 TY «McTuTyT npobGAeM S3HAOKPUHHOM naToAormun nmenn B.S1. Aannaesckoro HAMH Ykpautbi»,
OTAEAEHME BO3PACTHOM 3HAOKPUHOAOTMM, XapbKoB, YKpauHa
2 Rudolfstiftung Hospital, Department of Pediatrics & Adolescent medicine, Vienna, Austria

Ilesp paboOTHI — M3YYUTH POJIH TOPMOHATBLHBIX (GaKTOPOB B (HOPMUPOBAHIK apPTEPUATHHON THIIEPTEH3UN W MHCYJIHHOPE3HC-
TEHTHOCTH Yy MAJIbYUKOB-TIO[POCTKOB C OXKIPEHUEM.

Marepuaiubt u Metopl. Obcaenosann 187 manburkos ¢ oxkupenneM (MMT > 95 %) B Bospacre 12—17 ser. Onenka aHTpoIo-
METPUYECKHX TOKa3aTeJ el BKII0YaIa M3MEPEHNe POCTa, MAcChl Teaa, 0Omel Macehl MOAKOKHOTO KUPa, OKPYKHOCTH TaJuH,
apTeprabHOTO JIABJIEHUS, OIIEHKY IT0JIOBOTO co3peBaHus (ctaanu no Tawnepy). KoHTposbHYIO IpynIly COCTaBUIN MaJbuUKN
TOTO K€ Bo3pacta 6e3 COMaTHYEeCKUX U 9HIOKPUHHBIX 3a00sieBanuit. O6Gpasiibl KpOBU OPAJIM B COCTOSTHIM HATOIIAK /LISt OTIpeiee-
HUS ypOBHS TJ0K03bl B 1iasMme, wracysanaa (IRI), koprusona (C), TTI, nentuna (L), tpuraunepunos (TG) u xosecreposa
JITIBIT (HDH-C) B cbhIBOPOTKE KPOBHU € HCIOJIb30BaHEeM KomMepueckrx Habopos (Roche Diagnostics GmbH). Yyscruresns-

21



YKPATHCbKMM YKYPHAA AUTAYOT EHAOKPUHOAOT [T 0.0. XMxKHs$K Ta CriiBaBT.
N¢ 2 2015

HOCTb K MHCYJUHY ¥ (DYHKINIO B-KJIETOK TMOKETYIOYHON KeJsie3bl olleHuBaau ¢ mcnoiabzoBanueM HOMA — kambkysgTopa
v.2.2.

CraTucTuyecknii aHajanu3 MpOBe/ieH ¢ MCIoJb3oBanueM cepruduimpoBanHoii mporpamMmbel SPSS (Bepcus 9.0.), nmpoBoauan
MHOTOMEPHBIH, O[HOMEPHbIIT PErPECCHOHHBIN 1 IMCIIEPCUOHHBIN aHaIU3bl. JlaHHble TIPUBEIEHbI B Bujie cpeHero 1 95 % josepu-
tesnproro unrepsana (CI). P-snauenue menee 0,05 cunTanm CTaTUCTUYECKU JOCTOBEPHBIM.

Pesyubrarsl u 00cy:xaenne. [1o pesynsrataMm 0iHOMEPHOTO PETPECCUOHHOTO aHAN3a YCTAHOBJICHO, YTO JIETEPMIHUPYIOILYIO
poJib B HOPMUPOBAHNHT APTEPUATHHON THIIEPTEH3UN Y MATHUYIUKOB C OKUPEHNEM UTPAIOT MTOBBIIIEHHbIE YPOBHU JIETITUHA, MHCYJTH-
Ha M KOpTH30Jia B KpoBU. KOHIIEHTpAIs JIeITHHA B CBIBOPOTKE KPOBM BbIMIe 40 HI/MII SIBISETCS HE3aBUCHMBIM (DaKTOPOM
noBbIIeHns cuctoandeckoro (SBP) m mmacrommyeckoro aprepuanbaoro gaasienus (DBP) y moxpocTkoB, Kpome MalueHToB ¢
serrtud-aeduruTaeiMu opmamu oskupenust: SBP ~ 1284 + 0,15 - L (r = 0,24, p = 0,0001) u DBP ~ 82.5 + 0,09 - L (r = 0,21,
p =0,0001). TunepuncymmHemust (6asanbHblil yPOBEHb MHCYIMHA B KPOBH Bbite 20 MEJ] /1) sIBIsIETCS e1iie OJIHUM TIPEMKTOPOM
Pa3BUTHS apTEPUAIBHON TUIIEPTEH3UN Y MAJIbYUKOB-TI0POCTKOB ¢ oxkuperrem: SBP ~ 130.2 + 0,25 - IRI (r = 0,19, p = 0,0001)
u DBP~76.6 + 0,17 - IRI (r = 0,15, p = 0,0001).

BoiBoasl. C momonpio MHOTO(AKTOPHOTO JIMHEIHOTO PErPECCHOHHOTO aHA/IN3A YCTAHOBJIEHO, YTO Y MAJIbUYUKOB C OXKIPEHUEM
6e3 HapyIIeHU I TEMITOB TI0JIOBOTO CO3PEBAHUS MOBBIINIEHHOE apTEPUATIBHOE JIaBJIEHIE TECHO CBSI3aHO C MOBBIIIEHHBIMU YPOBHSIMI
JlenTiHa, KopTr3oJa, uucyanaa: SBP ~ 0,92 - IRT+ 1,09 - L+ 0,14 - C (R2 =90,1 %, p = 0,0001); DBP ~ 0,65 - 0,69 + IRI - L +
+ 0,07 - C (R2=90,5 %, p = 0,001). IToxasano, 4ro noseieHnslit ypoenb TG n nonmwkennbiii — HLH-C acconumnposansi co
CHIDKEHHO 4yBCTBUTEIBHOCTBIO TKaHEH-MUIIIEHEH K MHCYJIMHY U HATIPSIKEHNEM CeKPETOPHON QYHKIINN B-KIeTOK MOKeTy/104-
HOI JKeJIe3bl Y MOIPOCTKOB C OKUPEHUEM.

KmoueBbie cioBa: ojkupenie, MeTaboNMYecKUi CUHAPOM, MHCYJIMHOPE3UCTEHTHOCTD, myGepTarT.
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