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Abstract.  Background. Insulin resistance is the major sign of etiology and pathogenesis of type 2 diabetes 
mellitus and metabolic syndrome and can precede its development for many years. Early identifying the beginning 
of insulin resistance in children is important to prevent diabetes mellitus in adult life. The purpose was to identify 
metabolic and somatic changes in children with insulin resistance. Material and methods. Out of 182 children of 
the general sample, who was estimated fasting plasma insulin and glucose, HOMA-IR, and glucose/insulin ratio, 2 
groups were formed: group 1 — children with IR — 56 (30.8 %) and group 2 — 126 (69.2 %) children with normal 
insulin sensitivity. In children anthropometric data, lipid metabolism (total cholesterol, triglycerides, HDL-C, LDL-C, 
VLDL-C), blood pressure, leptin were determined. Results. From examined subjects 56 children were generally 
obese (BMI > 95th percentile), 71 children were abdominally obese (WC > 90th percentile), 55 children were with 
normal body mass (BMI < 90th percentile). Insulin resistance was identified in 21 (37.5 %) children with general 
obesity more rarely, than in 38 (39.4 %) children with abdominal obesity (p = .049) and in 7 (12.7 %) children with 
normal BMI (p = .003). In insulin-resistant children BMI, waist and hip circumference was larger than in children 
with normal insulin sensitivity. The lipid profile in children with different insulin sensitivity did not differ, but in insulin-
resistant children an association of basal glucose with TG/HDL-C ratio (r = .53; p = .001), blood insulin with TG 
(r = .34; p = .018), and TG/HDL-C ratio (r = .54; p = .001) was estimated. The HOMA-IR significantly correlated 
with VLD-C (r =  .40; p =  .005), TG (r =  .49; p =  .001), TG/HDL-C ratio (r =  .43; p =  .002). The glucose/insulin 
ratio was in significant association with the TG/non-HDL-C ratio. The incidence of hypetension (> 95th percentile) 
diagnosis in insulin-resistant children was by 33.8 % higher (p = .001). Blood leptin concentration was 1.8 falled 
higher in insulin-resistant children and significantly correlates with waist circumference, fasting insulin, HOMA-IR, 
and diastolic blood pressure. Conclusions. Insulin resistance is related to cardiometabolic risks, such as general 
and abdominal obesity, hypertension, dyslipidemia, hyperleptinemia, and leptin resistance, and is a screening 
biomarker for children and adolescents with an increased risk of cardiometabolic diseases. 
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Introduction
The widespread prevalence of type 2 diabetes mellitus 

(DM) and metabolic syndrome (MS) in the adult popula-
tion and understanding that adult illnesses begin in child-
hood requires the early diagnosis of functional abnorma
lities of carbohydrate metabolism in children and their 
correction. Insulin resistance (IR) is one of the major signs 
of etiology and pathogenesis of type 2 DM and MS and can 
precede its development for many years [1–5]. Identifying 
the beginning of IR in children is important to prevent DM 
in the future [6].

The novel data indicate that IR and DM are common 
among children and adolescents [7] and increase in the chil-
dren population [8]. In the meta-analysis, it was found that 
children’s prevalence rates of IR are between 3.1 in Greece 
[9] and 44  % in Pacific Island teenagers (New Zeeland) 
[10], with the gender higher difference in obese boys  — 
68.4 % [10]. However, it was also determined that a higher 
prevalence of IR was in girls than in boys, partly due to the 
difference in pubertal development [11]. 

It was estimated that changed carbohydrate metabolism 
and IR are estimated in 35 % children with abdominal obe-
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sity and one MS criterion, in 60.7  % children with abdo
minal obesity and two MS criteria and in 75 % children with 
abdominal obesity and three MS criteria [12].

IR was formed in the process of evolution of human 
beings as a way to adapt to periods of prolonged food deficit 
and is a physiological norm in certain periods of life such as 
puberty. It was demonstrated that IR occurs both as a result 
of primary irreversible violations and as a result of secondary 
reversible factors. IR etiology can be divided into acquired, 
hereditary, and mixed. The great majority of people with IR 
fall into the acquired categories [13].

IR occurs imperceptibly gradually at an early age. In the 
beginning, IR is asymptomatic, and metabolic and func-
tional changes are identified only during laboratory and in-
strumental examinations. Type 2 DM and MS develop in 
the late stages of IR when it is sometimes difficult to get back 
the disease [13].

Insulin is an anabolic hormone that plays an important 
role in the regulation of glucose, lipid homeostasis, and 
energy storage through its natural metabolic effects on clas-
sic insulin-responsive tissues: adipose tissue, liver, and ske
letal muscle. Insulin increases glucose transport across the 
cell membrane, by the rise of hexokinase and 6-phospho
fructokinase activity, enlarges the rate of glycolysis, stimu-
lates glycogen synthesis, increases the storage of glucose as 
glycogen in the liver and skeletal muscles and decreases gly-
cogen breakdown [14, 15].

The influence of insulin on lipid metabolism is in decrea
sing the rate of lipolysis in adipose tissue and lowering the 
plasma fatty acid level, stimulation of fatty acid and triacyl-
glycerol synthesis, increasing the uptake of triglycerides (TG) 
from the blood into adipose tissue and muscles, decreasing 
the rate of fatty acids oxidation in muscle and liver [14]. 

With IR insulin-mediated metabolic consequences on 
lipid and carbohydrate metabolism are changed [15]. The 
metabolic effect of IR can result in hyperglycemia, hyper-
tension, dyslipidemia, visceral adiposity, elevated inflam-
matory markers, endothelial dysfunction [13].

Overweight and adiposity, as the result of overnutrition, 
are the major causative factors that induce the state of low-
grade inflammation due to which accumulation of elevated 
levels of glucose and/or lipids in blood stream occur that 
leads to the activation of various transcriptional mediated 
molecular and metabolic pathways and IR appearance [1]. 
The factors determining whether or not IR develops as a re-
sult of obesity and high body mass index (BMI) are still not 
completely understood. 

The combination of multiple contributing factors (such 
as puberty, ethnic background, stress etc.) in the obese child 
along with incapacity of the subcutaneous fat to store excess 
lipid leading to intrahepatic, intramuscular, and visceral li
pid deposition reduce insulin sensitivity and the develop-
ment of IR and cardiovascular risk factors.

In patients who lost weight and reduce the amount of 
adipose tissue insulin sensitivity (IS) may return and the 
association of obese phenotype and type 2 DM incidence 
disappeare even after adjusting for HOMA-IR [16, 17]. 
Metabolic stress in obesity causes organelle dysfunction, 
especially the endoplasmic reticulum and mitochondria 
which regulate the glucose, fat, protein, and cholesterol 

metabolism. In patients with obesity occur disorders of car-
bohydrate and fat metabolism [18, 19].

The data of frequency of IR diagnosis, the state of car-
bohydrate and lipid metabolism discharge, and the nature of 
blood pressure, are debatable and not fully resolved which 
requires further study. To summarize peculiarities of meta
bolism and cardiovascular risk in children with IR are actual 
and known insufficiently.

The purpose of the study was to identify metabolic and 
somatic changes in children with IR.

Materials and methods
The research study was conducted at the Danylo Halyts-

kiy Lviv National Medical University. Inclusion criteria: IR 
in children. Exclusion criteria: subjects suffering from in-
fections, endocrine, and genetic disorders, consuming hor-
mones, and suffering from secondary obesity due to other 
diseases.

Out of 182 children of the general sample, aged 9–18 
years were involved in this research. Fasting plasma insulin 
and glucose, HOMA-IR, and glucose/insulin ratio was esti-
mates and 2 groups were formed: group 1 — children and ad-
olescents with IR — 56 (30.8 %) and group 2 — 126 (69.2 %) 
children and adolescents with normal insulin sensitivity 
(NIS). Children and adolescents of the group 1 and group 
2 did not differ in age (p = .527) and gender (p = .743). The 
children’s age of group 1 was 15 (12–16) years, of group 2 — 
was 15 (12–17) years.

Before the clinical assessment, the agreement in par-
ticipation in the study according to the protocol which was 
approved by Danylo Halytsky Lviv National Medical Uni-
versity Ethics Commission from parents and children was 
taken. A detailed medical history with a clinical examina-
tion including body mass, body mass index (BMI), neck, 
waist, and hip circumferences, body surface, and blood 
pressure (BP) were recorded.

Anthropometry was done according to standard me
thods. Subjects were classified as generally obese (BMI 
> 95 %) for sex and age. Abdominal obesity was diagnosed 
according to more than 90th percentile of waist circumfe
rence (WC) according to age and gender.

Glucose in serum was measured by the glucose oxida-
tive method. Insulin was estimated by enzyme immunoassay 
DRG Insulin ELISA (Germany). IR was diagnosed accor
ding to HOMA-IR. It was determined that HOMA-IR is in-
dependently associated with IR, has diagnostic accuracy, and 
predicts IS [19]. The cut-off values used for the definition of 
hyperglicemia was 5.6 mM/l, IR for HOMA-IR 2.8, glucose/
insulin ratio 0.48 and hyperinsulinemia 11.5 mcU/ml. 

Blood pressure (BP) was measured by mechanical ma-
nometer three times, the average data were calculated. 
HDL-C and TG were estimated by the enzymatic method 
with Cobas Integra HDL-C Test and Cobas Integra TRIGL 
Test (Roche Diagnostics, Switzerland), respectively.

Data statistical analysis was done by integrative sys-
tems for statistical analysis and processing Statistica 10.0 
(StatSoft Inc, USA). The overall prevalence of MS and its 
components were estimated from the data and were asso-
ciated with 95 % confidence interval. The normality of dis-
tribution was estimated according to the Shapiro-Wil-Test 
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criterion. The results were presented as median with quartile 
distribution (25 and 75 percentile) and percent of the data 
in a group. The comparison of groups was done by using 
Student’s T-test and Mann-Whitney U-test depending on 
parametric distribution of variables. Chi-square test was 
used for qualitative data presented as positive/negative. For 
estimation of the link between qualitative characteristics 
correct Fisher criterion was used. The difference was signi
ficant at p-value < .05. 

Results
From 182 children of the study 56 children were gene

rally obese (BMI > 95th percentile), 71 children were ab-
dominally obese (WC > 90th percentile), 55 children were 
with normal body mass (BMI < 90th percentile). IR was 
identified in 21 (37.5 %) children with general obesity more 
rarely (p = .049), than in 38 (39.4 %) children with abdomi

nal obesity (p = .049) and in 7 (12.7 %) children with nor-
mal BMI (p = .003) (Table 1). 

BMI in children and adolescents with IR [26.8 (21.4–
28.7) kg/m2 ; p = .011] was larger than BMI in children and 
adolescents with NIS (24.5 (19.4–26.3 kg/m2) (Table 2). 

WC in children with IR by 9.2 % was higher than WC in 
children with NIS (p = .003). Hip circumference in children 
with IR by 8.0 % was larger than in children with NIS [93.5 
(85.0–106.0) cm] (p  =  .048). Consequently, children and 
adolescents with IR were more likely to have higher BMI, WC, 
hip circumference than children and adolescents with NIS. 
No significant difference in body weight, height, neck circum-
ference, WC /hip circumference ratio and WC/height ratio, 
body surface area in children with IR and NIS was observed.

It is natural that the parameters of carbohydrate meta
bolism in children with IR were significantly different from 
those in children with NIS (Table 3). Fasted plasma insu-

Table 1.  The frequency of IR in children with general obesity, abdominal obesity and normal body mass

Generally obese 
children, n = 56

Abdominally obese 
children, n = 71

Children with normal 
BMI, n = 55 p value

IR children, abs (%) 21 (37.5)ab, ac 28 (39.4)ab,bc 7 (12.7)ab, bc
pab = .049
pac = .003
pbc = .001

Notes: ab — difference between the subgroups is significant with p < .05; ac — difference between the subgroups 
is significant with p < .005; bc — difference between the subgroups is significant with p < .001.

Table 2.  Anthropometric parameters in IR and NIS children, median (25–75)

Parameters IR, n = 56 NIS, n = 126 р

Body weight, kg 72.9 (55.0–82.0) 65.8 (47.5–76.0) р = .073

Height, cm 165 (152–173) 164 (152–173) р = .991

BMI, kg/m2 26.8 (21.4–28.7)a 24.5 (19.4–26.3)a р = .011

Neck circumference, cm 34.8 (32.0–37.8) 34.0 (31.0–37.0) р = .272

Waist circumference, cm 83.0 (75.0–90.0)b 76.0 (68.0–86.0)b р = .003

Hip circumference, cm 101.0 (92.5–107.0)a 93.5 (85.0–106.0)a р = .048

Waist/hip circumference ratio 0.83 (0.79–0.87) 0,81 (0.76–0.86) р = .272

Waist circumference/height ratio 0.50 (0.46–0.53) 0.47 (0.44–0.52) р = .282

Body surface area, m2 1.76 (1.5–1.99) 1.70 (1.47–1.91) р = .230

Notes: a — difference between the groups is significant with p < .005; b — difference between the groups is sig-
nificant with p < .0005.

Table 3.  Carbohydrate metabolism parameters in IR and NIS children, median (25–75)

Parameters IR, n = 56 NIS, n = 126 р

Fasted plasma insulin, mcU/ml 16.6 (14.2–22.5)a 7.3 (1.8–9.6)a р = .0001

Fasted plasma glucose, mmol/l 5.2 (4.5–5.8)a 4.6 (4.0–5.2)a р = .0001

НОМА-IR ratio 3.76 (3.2–4.78)a 1,47 (0.47–1.91)a р = .0001

Fasted glucose/insulin ratio 0.32 (0.21–0.38)a 0.67 (0.46–2.2)a р = .0001

HDL-C, mM/l 1.50 (0.8–1.8) 1.49 (1.01–1.80) р = .539

LDL-C, mM/l 2.15 (1.69–2.59) 1.94 (1.56–2.64) р = .534

VLDL-C, mM/l 0.50 (0.40–0.78) 0.50 (0.40–0.60) р = .304

ТG, mM/l 1.10 (0.90–1.64) 1.02 (0.81–1.40) р = .679

Non-HDL-C, mM/l 2.78 (2.20–3.29) 2.50 (2.10–3.30) р = .397

ТG/HDL-C ratio 0.68 (0.52–0.93) 0.74 (0.53–1.23) р = .201

ІА 1.70 (1.30–2.10) 1.70 (1.20–2.60) р = .503

Note:  a — difference between the groups is significant with p < .0001. 
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lin level in children with IR was 2.3-fold, and fasted plasma 
glucose level was by 13.0  % higher than those in children 
with NIS. 

A significant difference in the HOMA-IR ratio of 2.6-
fold and the fasted glucose/insulin ratio of 2.1-fold were 
observed in IR children compared with NIS children. The 
study of the correlation dependence of anthropometric pa-
rameters and carbohydrate metabolism parameters in chil-
dren with IR revealed a significant association of BMI with 
fasted plasma glucose (r = .39; p = .023).

The lipid profile of IR children and NIR children did 
not differ. Though, in IR children an association of basal 
glucose with TG/HDL-C ratio (r  =  .53; p  =  .001), basal 
blood insulin with TG (r = .34; p = .018), and TG/HDL-C 
ratio (r = .54; p = .001) was estimated. The HOMA-IR sig-
nificantly correlated with VLD-C (r = .40; p = .005), TG 
(r = .49; p = .001), TG/HDL-C ratio (r = .43; p = .002). 
The glucose/insulin ratio was in significant association with 
the TG/non-HDL-C ratio. 

Analysis of BP in children with different IS did not re-
veal the difference between systolic BP (SBP) and diastolic 
BP (DBP) (Table 4). 

However, the frequency of diagnosis of hypertension 
in IR children was by 33.8 % higher than in NIS children 
(p = .001). 

It was found that WC in IR children significantly cor-
related with the SBP (r = .29; p = .042). A highly probable 
correlation was observed between carbohydrate metabolism 
and BP: fasting insulin and HOMA-IR significantly cor-
related with SBP (r = .47; p = 0.001 and r = .53; p = 0.001; 
respectively) and DBP (r  =  .43; p  =  .002 and r =.46; 
p = .001; respectively). A significantly inverse correlation of 
the glucose/insulin ratio with SBP was observed (r = – .37; 
p = .008).

In IR children blood leptin concentration was 1.8 falled 
higher than the content of leptin in the blood of NIS chil-
dren (Table 5).

In IR children essential correlation of blood leptin with 
CW (r = .41; p = .005), fasting insulin (r = .39; p = .007), 
HOMA-IR (r = .32) ; p = .031), DBP (r = .30; p = .046) 
was found. 

Discussion
Children with IR and NIS did not differ in age and gen-

der, though it was estimated that children with abnormal 
glucose metabolism were older [20].

The range of IR was 12.7  % in children with normal 
body mass, 30.7  % in generally obese children, 39.4  % in 
abdominally obese children. Therefore, with the increase in 
BMI and the appearance of abdominal obesity the growth 
of the incidence of carbohydrate metabolism discharge was 
revealed [20]. It was demonstrated that regardless of the 
amount of total fat, the accumulation only of abdominal fat 
and adipose tissue dysfunction lead to an increase in adi-
pokines and the IR appearance [21].

The study of the correlation dependence of anthropo-
metric parameters and carbohydrate metabolism parameters 
in children with IR revealed a highly probable association of 
BMI with fasted plasma glucose (r = .39; p = .023). IR was 
observed to be higher with BMI increasing, which is similar 
to A. Ahila et al. [22]. The main visual sign in children that 
there is IR is the presence of general and especially abdomi-
nal obesity, in which excess adipose tissue is deposited main-
ly in the abdomen region. Though, the results demonstrated 
a notably elevated prevalence rate of IR in overweight and 
generally obese children [17, 23]. The same results were ob-
tained by T. Takahashi et al. [24] that obese/overweight pa-
tients had significantly more glucose metabolism disorders 
than non-obese/non-overweight once. IR is usually one 
of the first metabolic damage diagnosed in obese children 
and the key risk factor for the development of comorbidities 
[25]. It was demonstrated that in patients with weight loss 
and reduction of the amount of adipose tissue NIS may re-
turn even after adjusting for HOMA-IR [16, 17].

Normally adipose tissue has a high sensitivity to insu-
lin. In the NIS state, insulin stimulates lipid accumulation 
through fatty acid uptake, reesterification and lipogenesis 
and inhibits TG lipolysis [26]. In study of IR children an as-
sociation of fasting blood glucose and insulin and HOMA-IR 
with the TG and TG/HDL-C ratio was revealed. That 
is similar to N. Çin et al. [4] who demonstrated the same 
positive correlation of HOMA-IR with the TG-glucose in-
dex and TG/HDL-C ratio. The Bogalusa Heart Study has 
shown that IR is closely related to TG levels.

Even compensatory hyperinsulinemia during long 
course can have a harmful influence on many tissues and, 
through different mechanisms, contribute to the develop-
ment of other components of dyslipidemia, such as hyper-
triglyceridemia [27]. It was established that IR is associated 
with an increased lipid content and dyslipidemia [28, 29]. 
The obtained data prove that TG, VLDL-C, TG/HDL-C 
ratio can be used as IR biomarkers. 

Table 4.  Blood pressure in children with IR and NIS children, median (25–75)

Parameters IR, n = 56 NIS, n = 126 p

SBP, mm Hg 128.0 (122.0–140.0) 120.0 (118.0–136.0) р = .098

DBP, mm Hg 78.0 (68.0–89.0) 78.0 (68.0–86.0) р = .731

Note: difference between the groups is insignificant with p > .05

Table 5.  Blood leptin content in IR and NIS children, median (25–75)

Parameters IR, n = 48 NIS, n = 102 р

Blood leptin, pmol/ml 16.05 (9.10–25.65)a 8.95 (1.90–17.95)a р = .005

Note: a — difference between the groups is significant with p < .001.
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However, the incidence of hypertension (> 95th percen-
tile) diagnosis in IR children was 33.8 % higher than in NIS 
children 2 (p = .001). Insulin plays an important role in the 
maintenance of vascular homeostasis. Simultaneously insu-
lin stimulates endothelial production of nitric oxide (NO), 
a crucial vasodilator exerting an antiaggregatory effect that 
prevents platelet aggregation and leukocyte adhesion to en-
dothelial cells [30] and limiting vascular smooth muscle cells 
growth and migration, but mediates the release of endothe-
lin 1, known to act as a strong vasoconstrictor. If IR appears, 
the balance is shifted towards mitogen-activated protein ki-
nase/extracellular signal-regulated kinase (MAPK/ERK), 
which mediates inflammation, vasoconstriction, and vascu-
lar smooth muscle cell proliferation [31]. Therefore, IR co-
exists with endothelial dysfunction and hypertension [32].

The pathogenesis of hypertension associated even with 
compensatory hyperinsulinemia is stimulation in vascular 
smooth muscle and endothelial cells increased production 
of endothelin, PAI-1, proinflammatory cytokines, and an 
augmented surface expression of adhesion molecules [27]. 
IR and hyperinsulinemia cause a number of hemodynamic 
changes that contribute to increased BP and the develop-
ment of hypertension. An association was found between 
fasting insulin levels and subsequent increases in BP. The 
main role in the development and progression of IR and re-
lated metabolic disorders is played by adipose tissue of the 
abdominal area, neurohormonal disorders that accompany 
abdominal obesity, and increased activity of the sympathetic 
nervous system.

In the IR children’s blood leptin concentration was 1.8 
fallen higher than the content of leptin in the blood of NIS 
children, so with increasing blood insulin levels and the de-
velopment of IR observed a proportional increase in lepti
nemia and the development of leptin resistance [33]. It was 
found that leptin mediates insulin secretion and sensitivity 
in peripheral tissues. Hyperleptinemia reflecting leptin re-
sistance plays an important role in the development of IR 
making leptin its possible biomarker [34]. 

High correlation of leptin with basal insulin and 
HOMA-IR are in agreement with the findings of the studies 
done by P. Das et al. [35]. It was demonstrated that there 
is a simultaneous occurrence of IR and leptin resistance in 
obesity. The correlations of leptin levels with insulin, and 
HOMA-IR levels surely indicate the functional link between 
these two hormones. Leptin has an inhibitory effect on the 
insulin secretion, which is due to the leptin-induced proin-
flammatory cytokines such as C-reactive protein and Inter-
leukin-6, causing apoptosis of pancreatic β-cells [34, 36].

It was demonstrated that leptin acts as a signal from adi-
pocytes to pancreatic cells and reports IS. Leptin can be in-
volved in the induction of IR by cross-reacting with insulin 
receptor substrates. Also, macrophage infiltration of adipose 
tissue and high levels of leptin in obesity lead to increased 
production of IL and TNF, which prevent the effects of in-
sulin on IS tissues, and increase IR. Imbalance and dysreg-
ulation of adipokine production are involved in metabolic 
disorders of obesity [37]. 

In IR children was found an essential correlation of 
blood leptin with WC, which was in agreement with the 
findings of the studies done by J. Mohiti et al. stated that 

it was obesity leading to increased insulin and leptin levels, 
resulting in IR and leptin resistance [38]. Leptin levels in 
general increase proportionately with body fat mass.

Leptin may be the marker of obesity and IR at the same 
time [34], and conversely obesity is the major pathogenic 
factor common to both leptin resistance and IR. 

Conclusions
IR is related to cardiometabolic risks, such as general 

and abdominal obesity, hypertension, dyslipidemia, hyper-
leptinemia, and leptin resistance. 

IR is a screening marker for children and adolescents 
with an increased risk of cardiometabolic diseases. 

Consolidation of the actions of pediatricians and en-
docrinologists, new methods of early diagnostics, and im-
provement of the system of IR prevention are necessary. 
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Інсулінорезистентність: 
метаболічні і соматичні зміни у дітей

Резюме.  Актуальність. Інсулінорезистентність є базовим 
фактором етіології та патогенезу цукрового діабету 2-го типу 
та метаболічного синдрому і може передувати їм за багато 
років. Раннє виявлення початку інсулінорезистентності та 
пов’язаних з нею метаболічних факторів ризику у дітей запо-
бігає розвитку цукрового діабету в дорослому житті. Мета: 
виявити метаболічні і соматичні зміни у дітей з інсуліноре-
зистентністю. Матеріали та методи. З 182 дітей загальної 
вибірки, у яких визначено рівень базального інсуліну і глю-
кози, HOMA-IR та індексу глюкоза/інсулін сформовано дві 
групи: група 1  — 56 (30,8  %) дітей з інсулінорезистеністю, 
група 2  — 126 (69,2  %) дітей з нормальною чутливістю до 
інсуліну. Дітям проведено антропометрію, ліпідограму (за-
гальний холестерин, тригліцериди, ХС ЛПВЩ, ХС ЛПНЩ, 
ХС ЛПДНЩ), лептин. Результати. З обстеженої когорти 
56 дітей мали генералізоване ожиріння (ІМТ > 95-го перцен-
тиля), 71 дитина — абдомінальне ожиріння (окружність талії 
>  90-го перцентиля), 55 дітей  — нормальну масу тіла (ІМТ 
<  90-го перцентиля). Інсулінорезистентність виявлена у 21 
(37,5  %) дитини з генералізованим ожирінням, 38 (39,4  %; 
p = 0,049) дітей з абдомінальним ожирінням і 7 (12,7 %) ді-
тей з нормальним ІМТ (p = 0,003). У інсулінорезистентних 

дітей ІМТ, окружність талії і стегон були більшими, ніж в 
інсуліночутливих дітей. Ліпідний профіль у дітей з різною 
чутливістю до інсуліну не відрізнявся, проте встановлена ви-
сока кореляційна залежність ранішньої глюкози з індексом 
тригліцериди/ХС ЛПВЩ (r  =  0,53; p  =  0,001), базального 
інсуліну з тригліцеридами (r  =  0,34; p  =  0,018) та індексом 
тригліцериди/ХС ЛПВЩ (r = 0,54; p = 0,001). HOMA-IR ко-
релював з ХС ЛПДНЩ (r  =  0,40; p  =  0,005), тригліцерида-
ми (r = 0,49; p = 0,001), індексом тригліцериди/ХС ЛПВЩ 
(r = 0,43; p = 0,002). Індекс глюкоза/інсулін перебував у тіс-
ній залежності з індексом тригліцериди/ХС ЛПВЩ. Часто-
та діагностики артеріальної гіпертензії у дітей з інсуліноре-
зистеністю на 33,8 % перебільшувала аналогічний показник 
у інсуліночутливих дітей. Рівень сироваткового лептину у ді-
тей з інсулінорезистентністю був в 1,8 раза вищим. Висновки. 
Інсулінорезистентність пов’язана з кардіометаболічними 
факторами ризику, такими як генералізоване та абдоміналь-
не ожиріння, гіпертензія, дисліпідемія, гіперлептинемія і 
лептинорезистентність, і є біомаркером скринінгу кардіо
метаболічних захворювань.
Ключові слова:  інсулінорезистентність; метаболічні факто-
ри ризику; діти
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