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An increase in the prevalence of overweight and obese adolescents is often combined with a low level
of vitamin D that may be associated with lipid and carbohydrate metabolism disorders, which underlie the
development of arterial hypertension and cardiometabolic changes. This work aimed to determine the as-
sociation between vitamin D status and the main parameters of lipid and carbohydrate metabolism, and an-
thropometric measurements. A total of 196 adolescents (129 boys and 67 girls) from the Ternopil region were
examined. Their mean age was 15.5 + 2.3 years. Based on the body mass index (BMI): 60 adolescents had nor-
mal body weight, 60 were overweight, and 76 were obese. Anthropometric measurements and general exami-
nations were performed. In blood serum 25(OH)D levels and the main parameters of lipid and carbohydrate
metabolism were determined. Low levels of 25(OH)D were found. Prevalence of vitamin D deficiency among
adolescents with BMI up to the 85th percentile was 56.7%, with BMI in the 85-97" percentiles was 70.0% and
with BMI over the 97" percentile was 77.6%. Serum 25(OH)D levels in overweight and obese adolescents had
a significant correlation with BMI (r = -0.427, P < 0.001), waist circumference (r = -0.462, P < 0.001), high-
density lipoprotein cholesterol (HDL-C, r = 0.214, P = 0.023), low-density lipoprotein cholesterol (LDL-C,
r=-0.226, P = 0.011), atherogenic index (r = -0.284, P = 0.001), insulin level (r = -0.483, P < 0.001), and
HOMA-IR index (r = -0.454, P < 0.001). We concluded that the development of cardiometabolic disorders in
overweight and obese adolescents is associated with vitamin D status.
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Introduction

Modern urbanized society is characterized by
a rapidly increasing prevalence of overweight and
obesity as well as vitamin D deficiency among chil-
dren and adults [1-6]. Increasing overweight is as-
sociated with the development of cardiovascular and
metabolic risk factors that are leading to circulatory
system diseases, insulin resistance, and diabetes,
which lead to impairment of life quality, promotion
of early disability, and premature mortality [1, 7, 8].

Currently, attention is drawn to the relationship
between obesity and vitamin D deficiency, revealing
the importance and understanding of their mutual ef-
fects and role in the development of cardiometabolic
disorders among adolescents [9].

Peculiarities of the pleiotropic actions of vita-
min D metabolites are the ability to influence the
morphological state of cells through regulation of
cell differentiation and apoptosis, and interact with
membrane receptors, adaptor molecules, and nuclear
coregulator proteins, as well as affect the functional
state through the expression of receptors located in
the nucleus [10-12].

Some of the main criteria for the diagnosis of
cardiometabolic disorders in-clude lipid and carbo-
hydrate metabolism disorders, which are combined
with hyper-tension and abdominal obesity [13].
However, the association between cardiometa-bolic
disorders in overweight and obese adolescents and
vitamin D status has been insufficiently studied.
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This work aimed to determine the association
between vitamin D status and the main parameters
of lipid and carbohydrate metabolism, and anthropo-
metric measurements in adolescents with overweight
and obesity.

Materials and Methods

The research was conducted at the Department
of Pediatrics Ne 2, 1. Horba-chevsky Ternopil Na-
tional Medical University based on the communal
institution of the Ternopil Regional Council “Ter-
nopil Regional Children’s Clinical Hospital”. The
study was conducted according to the ethical stand-
ards in the Helsinki Declaration of 1975, as revised
in 2008(5), as well as national law. The patient safety
rules and the ethical standards and procedures for
research on human beings (2000) were followed in
carrying out the work. The Ethics Committee of the
I. Horbachevsky Ternopil National Medical Univer-
sity approved the study on the 29" of April 2020,
session’s protocol number 58.

In all cases, informed consent was obtained
from patients and their parents.

The inclusion criteria for the study were the
following: age 12-17 years, body mass index (BMlI)
at or above the 85" percentiles according to age-sex
nomograms, written informed consent of parents
and patients for the examination, and the No-vem-
ber-March, 2020 time period. The exclusion criteria
were: obesity due to endo-crine diseases (hypercor-
ticism, hypopituitarism, hypothyroidism, hypotha-
lamic-pituitary injury), taking anticonvulsant drugs,
glucocorticoids, or drugs that affect blood pressure,
hereditary and congenital disorders, or diabetes mel-
litus.

A total of 196 adolescents (129 boys and 67
girls) from the Ternopil region were examined. Their
mean age was 15.5 + 2.3 years.

Anthropometric measurements were made
and included: body weight (within the accuracy
of 0.1 kg), height (within the accuracy of 0.1 cm),
waist circumference (WC) and hip circumference
(HC). Measurements were carried out with the use
of generally accepted methods with the help of a
floor weight scale, height meter, and flexible cen-
timeter tape measure. WC was measured with the
tape measure at the point midway between the ili-
ac crest and the costal margin (lower rib). HC was
measured at the level of the greatest protrusion of the
buttocks. Next, the waist-hip ratio (WHR) was cal-
culated as WC divided by HC. The waist-to-height

ratio (WHtR) was defined as WC divided by height.
BMI was calculated according to the formula (body
weight (kg)/height?(m?)).

BMI was assessed by percentile curves for girls
and boys separately. Over-weight was diagnosed in
cases when BMI was greater than the 85" to 97t
percentile, obesity when BMI exceeded the 97"
percentile, and normal body weight when BMI was
less than the 85" percentile, according to gender and
age charts based on the World Health Organization
(WHO) recommendations [14].

The blood pressure values were interpreted ac-
cording to 2017 AAP Guidelines [15].

The results of anthropometric and blood pres-
sure measurements are presented in Table 1.

Vitamin D status was determined according to
the level of 25(OH)D (calcidiol) in blood serum by
the immunoassay method with the use of the 25-OH
Vitamin D ELISA test kit (EUROIMMUN, Lubeck,
Germany) on the Multiskan FC analyzer (Thermo
Scientific, Waltham, MA, USA), with an intra-assay
coefficient of variation (CV) of 3.2-4.9% and an in-
ter-assay CV of 4.0-7.8%.

The assessment of 25(OH)D levels was con-
ducted according to the recommendations of the En-
docrine Society Clinical Practice Guideline [16-19].
A calcidiol level of 30-100 ng/mL (76-250 nmol/I)
was considered as sufficient, vitamin D insufficiency
was established for calcidiol in the range of 20-29 ng/
(50-75 nmol/l), vitamin D deficiency was determined
at 25(0OH)D levels below 20 ng/ml (less 50 nmol/I)
and vitamin D severe deficiency at 25(OH)D levels
less than 10 ng/ml (25 nmol/l). A level of 25(0OH)
D above 100 ng/ml (250 nmol/l) was considered as
excessive [16, 17, 19].

To establish the association between vitamin D
status and cardiometabolic factors, adolescents with
overweight and obesity were divided into 4 sub-
groups, according to the level of calcidiol in blood
serum.

To determine lipid metabolism, serum con-
centrations of total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C) and triglycerides
(TG) were measured by the enzymatic colorimetric
method, using the Cholesterol Reagent and Cobas
c111 automatic analyzer by Roche Diagnostics test
systems (Rotkreuz, Switzerland). The low-density
lipoprotein cholesterol (LDL-C) level was calcu-
lated by the Friedewald equation (LDL-C=TC —
(TG/2.2+HDL-C). The very low-density lipopro-
tein cholesterol (VLDL-C) level was calculated as
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Table 1 Anthropometric and blood pressure measurements in adolescents with normal body weight, over-

weight and obesity

Variables VVNe ?émal(fg(g)) Overweight, (n = 60) Obese, (n = 76)
Weight, kg 62.50 + 10.21 80.85 + 11.02 98.59 + 12.36
Height, cm 172.36 + 10.38 176.51 + 10.16 17484 £9.34
BMI, kg/m? 20.98 + 1.86 25.83 £ 1.54 3211 +£3.70
WC girls, cm 68.75 £ 3.73 87.92 £10.75 110.63 + 18.13
WC boys, cm 76.44 + 5.32 91.23 +£7.30 108.25 + 13.85
HC girls, cm 88.81 + 4.59 100.62 + 8.79 115.79 + 13.46
HC boys, cm 91.64 + 4.85 103.91 + 8.13 114.23 + 10.20
WHR girls 0.78 £ 0.06 0.87 £ 0.05 0.95 + 0.06
WHR boys 0.83 +£0.05 0.88 £ 0.04 0.95 £ 0.07
WHItR 0.43 +£0.02 0.52 £ 0.02 0.62 £ 0.04
SBP, mm Hg 108.87 + 10.05 128.23 £10.16 136.05 + 11.54
DBP, mm Hg 64.48 £ 4.33 81.15 £8.23 86.93 +8.19

Note. Quantitative data are presented as mean (M) and standard deviation (SD). BMI — body mass index; WC — waist
circumference, HC — hip circumference; WHR - ratio of waist circumference to hip circumference, WHtR - ratio of
waist circumference to height; SBP — systolic blood pressure; DBP — diastolic blood pressure

VLDL-C=TG/2.2. Non-HDL-C was calculated as
TC - HDL-C. The atherogenic index (Al) was cal-
culated as follows: Al=(TC — HDL-C)/HDL-C [20].

To determine carbohydrate metabolism, the
blood glucose level, basal insulin level in the blood
serum, and impaired glucose tolerance (IGT) were
determined and the index of insulin resistance (ho-
meostasis model assessment of insulin resistan-
ce, HOMA-IR) was calculated. An oral glucose
tolerance test was performed to determine the level
of fasting glucose and insulin in the blood and at
0, 30, 60, 120, and 180 min after glucose loading.
Blood glucose levels were determined by the glu-
cose oxidase method [21]. Blood insulin levels were
measured by ELICA (immunochemical with electro-
chemiluminescent detection) using the Cobas 6000
analyzer and Roche Diagnostics test systems (Swit-
zerland). The HOMA-IR index was calculated by the
formula: HOMA-IR=(fasting glucose x fasting insu-
1in)/22.5. Insulin resistance was detected at values
of HOMA-IR that were 3.19 and higher. Impaired
fasting glycemia (IFG) was defined as glucose levels
from 5.6 to 6.9 mmol/l in fasting patients [21-22].
IGT was defined as fasting plasma glucose less than
7.0 mmol/l and as blood glucose level of 7.8 mmol/I
or more but less than 11.1 mmol/l after a 2-hour oral
glucose tolerance test (after ingestion of 1.75 g/kg

74

body weight, but not more than a 75 g oral glucose
load) [21-22].

Statistical analysis was conducted using the
Statistica 12.0 software package (StatSoft Inc., Inc.
Tulsa, OK, USA). The assessment of the normality
of the distribution of features in the variation series
was carried out according to the Shapiro-Wilk crite-
ria. Quantitative data were presented depending on
the nature of the characteristics distribution. In the
case of the normal distribution of features, the data
were presented as the mean (M) and standard de-
viation (SD). In cases of non-normal distribution we
calculated the median (Me), lower (Lq) and upper
(Uq) quartiles.

Post hoc analysis between groups was per-
formed using one-way analysis of variance (ANO-
VA) with Tukey’s test. Comparisons of two inde-
pendent samples with non-normal distributions of
values were made using the nonparametric Mann-
Whitney U-test. Statistical differences in qualitative
features were determined using the chi-squared test
(x® with Yates correction. To evaluate possible as-
sociations be-tween 25(0OH)D levels and variables
of lipid metabolism, carbohydrate metabolism, and
anthropometric measurements the Spearman corre-
lation coefficients were determined.
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The significance of the differences between the
values was considered signifi-cant at P < 0.05.

Results and Discussion

The median serum 25(0OH)D values in adoles-
cents with normal body weight was 17.90 (12.16—
24.93) ng/ml, in overweight was 14.69 (10.27-20.30)
ng/mL, and in obese adolescents was 12.71 (9.36—
17.37) ng/ml. Using the Mann-Whitney U-test, the
mean values of serum 25(OH)D levels were signifi-
cantly less in the over-weight adolescents than in
those with normal body weight (P = 0.011), and in
obese adolescents compared to those with normal
body weight (P < 0.001).

The frequency of vitamin D sufficiency was
2.25 times lower in overweight adolescents and 3.79
times lower in obese adolescents than in adolescents
with nor-mal body weight (Fig. 1).

The frequency of vitamin D deficiency in over-
weight adolescents increased by 23.52% (2 = 2.29;
P = 0.130) and in obese adolescents by 36.99%
(y* = 5.88; P = 0.010) compared to that in adolescents
with normal body weight.

The results of this study have shown that the
prevalence of vitamin D deficiency among adoles-
cents was higher than among adolescents in Poland,
where 17.1% of 25(OH)D values were within the nor-
mal range, 36.2% were insufficient, and as much as
46.7% showed vitamin D deficiency [23], and also
more than among adolescents in Italy where vita-
min D deficiency was determined in 32.3% [24].

Adolescents with normal

body weight [EIRERINERSS

Overweight adolescents gﬁi % %

Obese adolescents 3i"% a gﬁ 2

0 10 20 30 40

Overweight and obesity negatively affect the
vitamin D status and the activity of vitamin D me-
tabolites, and contribute to the development of vita-
min D deficiency, which develops into more severe
metabolic disease [25]. Accumulation of excessive
adipose tissue in the body leads to the accumula-
tion of inactive forms of vitamin D metabolites and
decreases its bioavailability [26]. It has been estab-
lished that vitamin D metabolism and 25(0OH)D syn-
thesis are impaired as a result of nonalcoholic he-
patic steatosis formation in obesity [27].

The serum 25(OH)D levels in overweight and
obese adolescents are character-ized by significant
inverse correlations with the main anthropometric
measurements (Table 2).

In obese children, vitamin D is sequestered in
adipose tissue [28]. Adipose tissue expresses vita-
min D receptors, and 1-alpha-hydroxylase converts
25(0OH)D to calcitriol, and thus this tissue is a direct
target for vitamin D and is a site of local synthesis
of calcitriol [29]. At the same time, locally in adi-
pose tissue vitamin D metabolites activity, it affect
the differentiation of preadipocytes to mature adipo-
cytes [30-31].

An increase in the amount of visceral fat is im-
portant in the development of cardiometabolic dis-
orders, which can be determined by measuring the
WC. In our study, 76 (75.2%) adolescents with vita-
min D deficiency and 13 (46.4%) adolescents with
vitamin D insufficiency had abdominal obesity (i.e.,
increased WC, WHR), and this was more than in

56.67

I 25(0OH)D sufficiency

70
[ 25(0H)D insufficiency

25(0OH)D deficiency

77.63

60 70 80 90 100

% of 25(OH)D in examined group

Fig. 1. Vitamin D (25(OH)D) levels in percentages of adolescents with normal body weight, overweight or

obesity
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Table 2. Correlations between 25(0OH)D levels
and anthropometric measure-ments in overweight
and obese adolescents (n = 136)

. 25(0H)D level
Variables

r \ P-value
BMI, kg/m? -0.427 0.000
Height, cm 0.082 0.384
WC, cm -0.462 0.000
HC, cm -0.369 0.001
WHR -0.398 0.000
WHItR -0.406 0.000
SBP, mm Hg -0.278 0.014
DBP, mm Hg -0.102 0.096

Note. Spearman correlations between the 25(OH)D lev-
els and anthropometric measurements. BMI — body mass
index; WC — waist circumference, HC — hip circumfer-
ence; WHR - ratio of waist circumference to hip circum-
ference, WHtR — ratio of waist circumference to height;
SBP - systolic blood pressure; DBP — diastolic blood
pressure

vitamin D deficient adolescents in Iran, where only
13.8% had abdominal obesity [32].

With vitamin D deficiency the lipogenesis pro-
cess is activated and lipolysis is suppressed, which
leads to a growing amount of adipose tissue [28],
development of adipocyte hypertrophy, atypical fat
distribution, hypoxia, and chronic stress [33].

The associations between lipid metabolism
variables and vitamin D status in overweight and
obese adolescents have been determined (Table 3).

Researchers in Turkey have found an associa-
tion between low 25(0OH)D levels and impaired lipid
profile, and in their study of adolescents with vita-
min D deficiency 69.23% had dyslipidemia [34]. The
frequencies of altered lipid metabolism variables in
our study are shown in Fig. 2.

Generally, compared with adolescents who had
sufficient vitamin D levels the levels of proathero-
genic lipids (i.e., LDL-C, VLDL, non-HDL-C) were
significantly increased in adolescents with vitamin D
deficiency (subgroup 3) by 15.27% and in adoles-
cents with severe vitamin D deficiency (subgroup 4)
by 26.54%.

Table 3. The characteristics of lipid metabolism in overweight and obese ado-lescents depending on the

subgroup distribution of the 25(OH)D level

_ 25(0OH)D 25(0OH)D 20- 25(0OH)D 10 to 25(0H)D P_value
Variables >30 ng/ml,n=7, |29 ng/ml, n =28, | <20 ng/ml, n =65, A <10 ng/ml, n = 36,
subgroup 1 subgroup 2 subgroup 3 subgroup 4 (ANOVA)

TC, mmol/l 3.98 £ 0.36° 4.06 £ 0.67 443 +0.58 4.55 +0.72° 0.168
HDL-C, 1.22 +0.16° 1.27 + 0.21°¢ 1.16 + 0.26°¢ 1.03 + 0.29°de 0.032
mmol/I

LDL-C, 2.23 £ 0.4230 2.37 £0.38¢ 2.65+0.73¢ 2.82 +0.61°¢ 0.041
mmol/I

VLDL-C, 0.60 £ 0.12 0.56 + 0.13¢ 0.59 +0.17¢ 0.67+ 0.21%¢ 0.203
mmol/I

TG, mmol/I 131+0.24 1.21 +0.30¢ 1.30+£0.38 1.46 + 0.41¢ 0.032
non-HDL-C, 2.43 £0.812P 2.78 + 0.49¢ 3.25+0.522 3.48 £ 0.67°¢ 0.014
mmol/I

Al 2.40 + 0.622° 2.26 +0.58°¢ 2.93 + 0.742¢ 3.49 £ 0.88v 0.019

Note. TC — total cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein choles-
terol; VLDL-C — very low-density lipoprotein cholesterol; TG - triglycerides; Al — atherogenic index. One-way ANOVA
of vitamin D subgroups and of carbohydrate metabolism (Mean + SD), P-value derived by ANOVA test. Post hoc mul-
tiple comparisons were made by using Tukey’s test (P < 0.05): a — the certainty of the difference between the indicators
of subgroups 1 and 3; b — the certainty of the difference between the indicators of subgroups 1 and 4; ¢ — the certainty of
the difference between the indicators of subgroups 2 and 3; d — the certainty of the difference between the indicators of
subgroups 2 and 4; e — the certainty of the difference between the indicators of subgroups 3 and 4
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TC — 5.0, mmol/l

HDL-C — 1.03, mmol/Il

LDL-C — 2.58, mmol/Il

Lipid metabolism variables

TG - 1.7, mmol/l

0 20

m lessthan

B more than

40 60 80

Percentages of lipid variables in adolescents with vitamin D deficiency
either less than or more than the indicated level of each variable (%)

Fig. 2. The frequencies of altered lipid metabolism variables in adolescents with vitamin D deficiency. TC — to-
tal cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol;

TG — triglycerides

The associations between dyslipidemia and vi-
tamin D levels were established by direct correlation
between the 25(0OH)D level and HDL-C and by in-
verse correla-tions between calcidiol and TC, LDL-
C, VLDL-C, TG, non-HDL-C, and Al (Table 4).

Increasing proatherogenic lipids that are as-
sociated with vitamin D deficiency contribute to
increased cardiovascular risk [35]. It has been es-
tablished that the effect of proatherogenic lipids is
one of the important factors that contributes to de-
veloping hypertension [35]. The active vitamin D
metabolite, calcitriol, through its effect on the renin-
angiotensin system is characterized by the ability to
regulate blood pressure and to influence the func-
tional state of endothelial cells, cardiomyocytes, and
vascular smooth muscle cells [36].

Increased SBP > 130 mm Hg and DBP > 85 mm
Hg were in 48 (81.3%) obese adolescents with vi-
tamin D deficiency, and in 25 (59.5%) overweight
adolescents with vitamin D deficiency. Among all
101 adolescents with overweight or obesity and vi-
tamin D deficiency, increased blood pressure was
found in 73 (72.3%) adolescents, consistent with an
Italian study in which 60% had clinical hypertension
[37].

There was a significant direct correlation be-
tween SBP and DBP and lipid metabolism variables,
in particular with TC, LDL-C, TG, non-HDL-C,

Table 4. Correlations between the 25(0OH)D level
and lipid metabolism varia-bles in overweight and
obese adolescents (n = 136)

Variables \ r \ P-value
TC, mmol/I -0.193 0.025
HDL-C, mmol/Il 0.214 0.023
LDL-C, mmol/Il -0.226 0.011
VLDL-C, mmol/I -0.125 0.146
TG, mmol/I -0.138 0.129
non-HDL-C, mmol/I -0.219 0.011
Al -0.284 0.001

Note. Spearman correlations between 25(0OH)D level
and lipid metabolism variables. TC - total cholesterol;
HDL-C - high-density lipoprotein cholesterol; LDL-
C — low-density lipoprotein cholesterol; VLDL-C — very
low-density lipopro-tein cholesterol; TG — triglycerides;
Al — atherogenic index

and Al. There were inverse correlations for SBP and
DBP with HDL-C.

The next step was to study carbohydrate me-
tabolism variables depending on the vitamin D
level. IFG in overweight and obese adolescents was
found in 14.29% with vitamin D insufficiency, and
in 32.67% with vitamin D deficiency (Table 5). IGT
in overweight and obese adolescents was found in
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Table 5. The characteristics of carbohydrate metabolism variables in over-weight and obese adolescents

depending on 25(OH)D levels

_ 25(0H)D 25(0H)D 20- 25(0H)D 10 to 25(0H)D p_value
Variables >30 ng/ml,n =7, | 29 ng/ml, n =28, | <20 ng/ml, n =65, | <10 ng/ml, n = 36,
subgroup 1 subgroup 2 subgroup 3 subgroup 4 (ANOVA)
Blood glucose, 479 £0.43° 5.35 £ 0.41° 534 +0.61 5.32 £ 0.56 0.145
mmol/I
Basal insulin, 14.43 £+ 4.09°¢ 14.98 + 4.724¢ 20.99 + 5.32baf 27.85 + 6.39%¢" 0.007
pO/ml
HOMA-IR 3.11 + 0.84°¢ 3.62 £ 1.03%¢ 4.97 + 1.25P4f 6.41 + 1.57¢ef 0.011
IGT, n (%) - 2 (7.15)¢ 6 (9.23)¢ 2 (5.56) 0.786
IFG, n (%) 1(14.29) 3(14.29) 23 (35.39) 10 (27.8) 0.085

Note. HOMA-IR —homeostasis model assessment of insulin resistance; IGT — impaired glucose tolerance; IFG — im-
paired fasting glycemia. One-way ANOVA of vitamin D subgroups and of carbohydrate metabolism (Mean + SD),
P-value derived by ANOVA test. Post hoc multiple comparisons were made by using Tukey’s test (P < 0.05): a — the
cer-tainty of the difference between the indicators of subgroups 1 and 2; b — the certainty of the difference between the
indicators of subgroups 1 and 3; c —the certainty of the difference between the indicators of subgroups 1 and 4; d — the
certainty of the difference between the indicators of subgroups 2 and 3; e — the certainty of the difference between the
indicators of subgroups 2 and 4; f — the certainty of the difference between the indicators of subgroups 3 and 4

7.15% with vitamin D insufficiency and in 7.92%
with vitamin D deficiency. These findings confirm
the results of other researchers [38]. There was no
impaired glucose tolerance in adolescents with vita-
min D sufficiency.

Hyperinsulinemia combined with vitamin D
insufficiency was diagnosed in 7.15% of overweight
and obese adolescents, and with vitamin D deficiency
in 57.43%. Compared to adolescents with vitamin D
sufficiency, the insulin level in adolescents with
25(0H)D levels from 10 to 20 ng/ml was 1.45 times
higher, and in those with 25(0OH)D < 10 ng/ml was
1.91 times higher. Insulin resistance in adolescents
with vitamin D insufficiency was found in 46.43%,
and with vitamin D deficiency in 82.18%. There were
significant correlations between 25(OH)D levels and
the basal insulin level (r = -0.483; P < 0.001) and
HOMA-IR (r = -0.454; P < 0.001) in overweight and
obese adolescents, as determined by Spearman cor-
relations. Our data confirm the results of studies by
researchers in other countries concerning the cor-
relations of serum 25(0OH)D levels with insulin and
HOMA-IR [39], but in our study, there was no cor-
relation between 25(0OH)D levels and blood glucose.

It is believed that vitamin D is associated with
a positive effect on improving insulin secretion by
pancreatic B-cells through nuclear vitamin D recep-
tors, and also due to the calbindin effect on protein
function through the regulation of intracellular cal-
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cium concentration [17, 40]. Vitamin D affects sen-
sitivity of tissues and to insulin by stimulating the
gene expression for insulin sensitivity, and through
vitamin D receptors, which are in the cell nucleus
[40-41].

Conclusions. Vitamin D deficiency is wide-
spread among adolescents, especially with over-
weight and obesity. There is an association between
vitamin D status and the main parameters of lipid
metabolism, carbohydrate metabolism, and anthro-
pometric measurements in adolescents with over-
weight and obesity. The severity of cardiometabolic
disorders in overweight and obese adolescents has
an association with the vitamin D status. Vitamin
D deficiency in overweight and obese adolescents is
associated with hypoalphalipoproteinemia, hyper-
tension, increased proatherogenic lipids, hypergly-
cemia, insulinemia and insulin resistance, which are
the main criteria for cardiometabolic disorders.
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JMiTHOTO, BYTJIEBOAHOIO OOMiHIB Ta aHTPOIIOME-
TpUYHHUX BUMIipioBaHb. OOcTexxkeHo 196 mimimiTKiB
(129 xsoruukiB Ta 67 AIBYATOK), SKI TPOKUBAIOTH
y TepHominbkcekiit obmacti. CepenHiil Bik miTelt —
15,5 £ 2,3 poku. 3aiexHo BiJ IHIEKCY MacH Tija
(BMI) nireii Oyso po3aisieHo Ha Tpu rpynu: 60 mgiteit
I UTITKOBOTO BiKY 3 HOPMaJBHOIO Baroro Tija, 60 —
3 HaJTUIIKOBOIO Ta 76 — i3 oxupiHHAM. BeiM miTsim
MPOBOJMIM AHTPOIOMETPUYHI BHUMIPIOBaHHS Ta
3arajJbHOKJIIHIUHI 00CTeXeHHs. Y cHpOBaTIi KPOBi
Bu3Havyaiu piBeHb 25(OH)D Ta ocHOBHI MOKa3HH-
KU, IO XapaKTepu3yIOTh JIMAHUN 1 BYTJIEBOA-
HUl oOMiH. BcranoBneHo, mo y OinbIIOCTI IiTei
miITiTKOBOro BiKy piBeHb 25(0OH)D y cuposatii
KpoBi OyB HU3BKHMM. Y TiMTITKIB 13 HOPMAaJbHOIO
Baroto nedinuT Bitaminy D BusiBieno y 57,3%, y
MUTITKIB 3 HAIJIAIIKOBOIO Baroto —y 70,72%, a B
JiTel 3 OKUpIHHAM — Y 77,2%. 3a craTUCTHYHOI 00-
pobku piBeHb 25(0OH)D y cupoBatIli KpoBi miTeit 3
HaJAMIpHOIO Baroro Ta OXKUPIHHSM BipOTiHO Kope-
moBaB i3 BMI (r = -0,427, P <0,001), OT (r =-0,462,
P < 0,001), HDL-C (r = 0,214, P = 0,023), LDL-C
(r =-0,226, P = 0,011), IA (r = -0,284, P = 0,001),
piBHeM iHcyminy (r = -0,483, P < 0,001), innekcom
incyninopesucrentHocti HOMA-IR (r = -0,454,
P < 0,001). 3pob6meHo BUCHOBOK, IO PO3BHTOK

KapaioMeTaboMiYHUX TMOpYIIeHb Yy MiJUITKIB 3
HAJMIpPHOIO Barol Ta OXHUPIHHSM 3aJIeXKUTh BiJ
piBHA 3a0e3revyeHocTi BitraMiHoM D.

KnmouoBi cimoBa: piBeHb Biraminy D,

1 JTITKH, OXKUPIHHS, KapaioMeTabomnivHi
HOpYIICHHS
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