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The role of vitamin D in metabolically
unhealthy obesity in children

Abstract. Background. Vitamin D deficiency is associated with impaired glucose tolerance, insulin resistance, meta-
bolic syndrome, and an increased risk of developing type 2 diabetes. Aim: to study the role of vitamin D levels associated
with single nucleotide variants (SNV) of the vitamin D receptor (VDR) gene in the development of metabolically unhealthy
obesity (MUO) in children. Materials and methods. Two hundred and ten obese children aged 6— 18 years were exa-
mined. The main group (n = 125) was represented by children with MUQO. The control group (n = 85) included children
with metabolically healthy obesity (MHQO). Whole genome sequencing (CeGat, Germany) was performed in 31 randomly
selected children of the main and 21 children of the control group. The level of serum 25-hydroxyvitamin D (Synevo,
Ukraine) was measured in all children. Verification of results: calculation of Spearman’s correlation coefficient (r) and
p-value for each variable. Results. The mean serum level of 25-hydroxyvitamin D was significantly lower in children with
MUO than in those with MHO: 14.57 + 1.63 ng/mL versus 28.82 + 1.93 ng/mL (t = 5.64, p = 0.00061). In patients
with MUO, serum 25-hydroxyvitamin D levels are associated with the following predictors. Highly significant factors
(0.7< |r| < 1): osteopenia (r =—0.73). Factors of average significance (0.3< |r| < 0.7): prolactinemia (r = —0.57); waist
circumference/height ratio > 0.5 (r = —0.41); AA genotype SNP VDR rs12721365 (r = —0.41) and AA genotype SNP
VDR rs2228572 (r = —0.39); metabolic-associated fatty liver disease (r = —0.39); physiological postprandial glycemia
(r = 0.38); level of interkeukin-1p (r = —0.36); triglyceridemia (r = —0.34); body mass index (r = —0.33); adiponec-
tinemia (r = 0.32); arterial diastolic hypertension (r = —0.32). Low-significant factors (0 < |r| < 0.3): polycystic ovary
syndrome (r =—0.28); GG genotype SNP VDR rs2228570 (r = 0.27); waist circumference (r = —0.27); extreme obesity
(r=—0.27); male sex (r = 0.26), hip circumference (r =—0.24); levels of high-density lipoprotein cholesterol (r = 0.24);
serum gamma-glutamyl transpeptidase (r = —0.23); free thyroxine (r = 0.22); thyroid-stimulating hormone (r = —0.22);
free triiodothyronine (r = 0.2). Conclusions. The development of cardiometabolic risk and vitamin D deficiency in obese
children is associated with the presence of AA/AG genotypes SNV VDR rs12721365, rs2228572, rs2228570.
Keywords: children; metabolically unhealthy obesity; vitamin D receptor gene; single nucleotide variants; 25-hy-
droxyvitamin D

Intfroduction

Currently, the global prevalence of overweight and obe-
sity is 52 % (39 % for overweight and 13 % for obesity) and
is expected to exceed 57 % by 2030. According to the World
Health Organization [48], overweight and obesity are asso-
ciated with premature death in 4 million people annually.

Obesity is a multifactorial disease, which is caused by the
combined influence of both pathogenic exogenous factors,
which include an unhealthy lifestyle, and genetic factors [2],
such as single nucleotide variants (SNV) of the vitamin D

receptor gene (VDR) (NRI1I1, PPPIR163, ID: 7421) [3, 4,
31, 35].

The VDR gene (Baker et al., 1988), which encodes the
vitamin D receptor, is located on the long arm of chromo-
some 12 (q12-ql4), contains 11 exons, and spans a region of
approximately 75 kb [41, 46].

Vitamin D exerts its effect on target tissues by binding
to the cytosolic/nuclear VDR, which is a member of the
steroid/thyroid hormone receptor family. After binding to
the ligand, VDR forms a heterodimer with the retinoid X
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receptor (RXR), the formed complex 1,25(OH),D,-VDR-
RXR functions as a transcription factor that changes the
transcriptional activity of numerous genes involved in the
regulation of metabolism substances, modulation of the im-
mune, cardiovascular and other systems of the human body
[8, 12, 13, 15, 25, 32]. From an evolutionary point of view,
vitamin D plays a more significant role in energy metabo-
lism than in osteogenesis. An inverse correlation has been
demonstrated between low serum levels of 25-hydroxyvita-
min D (25(OH)D) and obesity [10]. Including the activity
of the VDR, receptor modulates carbohydrate metabolism.
Thus, it has been found that the vitamin D receptor is ex-
pressed in all nucleated cells, including pancreatic p-cells.
In turn, vitamin D not only stimulates the synthesis of in-
sulin by the pancreas, but also reduces the level of insulin
resistance by activating the expression of insulin receptors
[14, 44]. Vitamin D modulates lipid and glucose metabolism
in the liver, inhibits the activity of inflammation and chronic
oxidative stress caused by hyperglycemia [9, 47]. Thus, the
formation of a metabolically unhealthy obesity (MUO) in
childhood may be due to SNV of the VDR gene.

Currently, 111 different VDR gene SN'Vs have been identi-
fied, described in 41 studies, but the effect of VDR gene SNVs
on VDR protein function and signaling is largely unknown.
Of these, the potential effects on the formation of MUO, type
2 diabetes mellitus are most significantly represented in four
adjacent SNV VDR: Apal, Bsml, Taql, FoklI|37].

Aim: to study the role of vitamin D levels associated with
SNV of the VDR gene in the development of MUO in chil-
dren.

Materials and methods

Participants provided written informed consent, and re-
search protocols and procedures were approved according to
the ethical standards of the Helsinki Declaration 2013 and
by the Human Research Ethics Committee of Dnipro State
Medical University (ethical approval DSMU/EC/19/1107).
Time of data collection: January 2020 — December 2022.

Design: observational, analytical, longitudinal, cohort
study.

Inclusion criteria: polygenic obesity (body mass index
(BMI) > 97™" percentile), age 6—18 years. Exclusion criteria:
monogenic and/or syndromic obesity, pregnancy.

Two hundred and ten obese children aged 6—18 years
were examined. The main group (n = 125) was represen-
ted by patients with MUO. The control group (n = 85) in-
cluded children with metabolically healthy obesity (MHO).
For inclusion in the main observation group, the presence
of abdominal obesity and two of the following criteria were
taken into account: 1) fasting glycemia > 5.6 mmol/L [18]
and/or, according to the recommendations of the IDEFICS
Study, the level of basal insulinemia above the 90" percen-
tile [40]; 2) high density lipoprotein cholesterol (HDL-C) <
1.03 mmol/L or less than the 10" percentile of the age norm
[19]; 3) triglycerides (TG) > 1.7 mmol/L or more than the
90" percentile of the age norm; 4) systolic blood pressure
and diastolic blood pressure (DBP) above the 90" percentile
for a given age, gender and height [22]. The abdominal type
of obesity was determined according to the consensus of the
International Diabetes Federation, based on the excess of

the waist circumference over the 90" percentile for children
6—15 years old or more than 94 c¢cm for boys aged 16—18
years and more than 80 cm for 16—18-year-old girls [5].

The level of 25(OH)D in blood serum was studied by the
immunochemical method with chemiluminescent detec-
tion using the Architect i2000 analyzer and the ABBOTT
Diagnostics test system (USA). Reference values indicating
risk of insufficient intake < 30 ng/mL, vitamin D deficiency
of 20 ng/mL.

To study the role of proinflammatory markers in the de-
velopment of meta-inflammation in children with obesity,
the serum levels of interleukin- 1@ (IL-1p), IL-6, C-reactive
protein (CRP) were evaluated. IL-13 was detected by the
immunochemical method with chemiluminescence im-
munoassay. Analyzer and test system: Immulite (Siemens
AG, Germany). The reference value of IL-1p level was 0—
5 pg/ml. IL-6 was determined by an enzyme-linked immu-
nosorbent assay (ELISA) using a Cobas 6000/Cobas 8000
kit provided by Roche Diagnostics (Switzerland). The re-
ference value of IL-6 level was 1.5—7.0 pg/ml. The level of
CRP was measured using the turbidimetric immunoassay
method. Analyzer and test system: Cobas 6000 (with 501
modules), Roche Diagnostics (Switzerland). The CRP of
0—5 mg/dl was considered the reference value. Leptin was
determined using ELISA. Analyzer and test system: Tecan
Sunrise (LDN, Germany). The reference value of leptin
level for boys was 2—5.6 ng/ml, for girls — 3.7—11.1 ng/ml.
Adiponectin was tested using ELISA. Analyzer and test sys-
tem: Mediagnost GmbH (Germany). Interpretation of the
results was carried out as follows: low cardiovascular risk —
more than 10 pg/ml; moderate cardiovascular risk — 7—10
ug/ml; high cardiovascular risk — 4—7 pg/ml; very high car-
diovascular risk — less than 4 pg/ml.

Measurement of bone mineral density (BMD) was per-
formed on the calcaneus by ultrasonic densitometry using
the Osteosys Sonost 2000 apparatus (Korea). Osteoporosis
was defined as a BMD Z-score of 2.5 SD or more below the
mean. Osteopenia was defined asa BMD Z-score from —1.0
to —2.5[29, 30].

The whole genome sequencing (NGS, Illumina CSPro®,
CeGaT, Germany) was performed in 31 children of the main
and 21 children of the control group, the sample was quali-
tatively homogeneous in relation to the general population.
Average amount of DNA (ug) in samples — 0.875. Library
preparation: a quantity used is 50 ng. Library preparation
kit: Twist Human Core Exome plus Kit (Twist Bioscience).
Sequencing parameters: NovaSeq 6000; 2 x 100 bp.

Bioinformatic analysis — demultiplexing of the se-
quencing reads was performed with Illumina bcl2fastq (ver-
sion 2.20). Adapters were trimmed with Skewer, version
0.2.226]. DNA-Seq: trimmed raw reads were aligned to the
human reference genome (hgl9-cegat) using the Burrows-
Wheeler Aligner, BWA-mem version 0.7.17-cegat [33].
ABRA version 2.18 and Genotype Harmonizer v. 1.4.20
were used for local restructuring of readings in target regions
to improve more accurate detection of indels in the genome
during mutagenesis [17, 36].

Reference sequence obtained from the National Center
for Biotechnology Information RefSeq database (http://
www.ncbi.nlm.nih.gov/RefSeq) [43].
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Statistical analysis of the obtained results was carried
out using a package of application programs Statistica 6.1
(number AGAR909E415822FA) with the help a personal
computer based on an Intel processor Pentium 4. Depen-
ding on the test result, parametric and non-parametric sta-
tistical methods were used. Correlation analysis was used to
analyze 100 indicators of clinical, laboratory-instrumental
and molecular genetic examinations in 210 children. To as-
sess the relationship between quantitative traits, correlation
analysis was used according to the Pearson method, and be-
tween qualitative traits, a non-parametric ranking method
was used according to Spearman’s analysis (r). Only essen-
tial connections were taken into account (p < 0.05).

Results

the blood serum and the age of the child (r = 0.3), as well
as the male gender of the examined patients (r = 0.26,
p <0.05).

Proinflammatory status

Based on a molecular immunological study, we found
a positive correlation between serum levels of 25(OH)D
and adiponectin (r = 0.32), which is known to be produced
by adipocytes of white adipose tissue and is characterized
by antidiabetic, antiatherogenic and anti-inflammato-
ry properties. In turn, we found that the concentration
of the pyroptosis marker IL-1{ is inversely proportional
to the level of 25(OH)D in the blood serum (r = —0.36,
p <0.05).

The mean age of patients in
the main and control groups was
12.15 £ 0.09 and 12.24 £ 0.73
years, respectively. The propor-
tion of boys in the main group was
56.14 £ 6.61 %, while in the con-
trol group, it was 48.17 + 6.86 %
(p>0.05).

In obese children, the avera-
ge serum level of 25(OH)D
was 21.70 = 1.78 ng/mL and
was regarded as a risk of insuf-
ficient intake of vitamin D.
The average level of 25(OH)D
in blood serum of children with
MUO (14.57 £+ 1.63 ng/mL) was
significantly lower than in those
with MHO (28.82 £ 1.93 ng/mL); =
t=5.64, p=0.00061.

The correlation galaxy of as-
sociations between the level of
25(OH)D in the blood serum and
metabolic, molecular genetic pa-
rameters in MUOQ is shown in Fig. 1.

Anthro-
pometric
criteria

25(0H)D }

\ /

N

Anthropometric criteria

Based on the analysis, a direct
correlation was found between the
level of 25(OH)D in the blood se-
rum and child’s height (r = 0.28,
p <0.05). At the same time, there
is a negative correlation between
the serum level of 25(OH)D and
anthropometric indicators cha- -
racterizing a positive energy ba-
lance:  waist  circumference/ \
height ratio > 0.5 (r = —0.41); |
BMI (r = —0.33); waist circumfe-

SNV
VDR

. *Height (0.28)
WC/H (-0.41)
«BMI (-0.33) {
*WC (-0.27)
*EO (-027)

S HC (-0.24)

*rs2228570 (+0.27)
*1512721365 (- 0.41)
* 12228572 (-0.39)

Gender
and age
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*Male gender
(0.26)
«Age (0.3)

‘ Proinfla- |*Adiponectin
mmatory | (0-32)
status  |*IL-1B (-0.36)

*Negative OGTT
(0.38)

Fat
metabo-
| lism

“HDL-C (0.24)
“TG (~0.34)

|

Protein

metabo- |*GGTP (-0.23)
lism

~ s

TTTT\T3(0.2)
-£T4 (0.22
Hormo- :
*Prolactin (-0.57)
nal status | ro31 (922
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“MAFLD (-0.39)
+DBP (-0.32)
-PCOS (~0.28)

rence (r = —0.27); extreme obesity
(r = —0.27); hip circumference
(r=-0.24), p<0.05.

Figure 1. Correlation galaxy of associations between the level of 25(OH)D
in blood serum and metabolic, molecular genetic parameters

in children with MUO

Notes: WC/H — waist circumference/height ratio; EO — extreme obesity;

HC — hip circumference; OGTT — oral glucose tolerance test; GGTP — gam-

Gender and age criteria
A direct relationship was found
between the level of 25(OH)D in

ma-glutamyl transpeptidase; fT4 — free thyroxine; fT3 — free triiodothy-
ronine; TSH — thyroid-stimulating hormone; PCOS — polycystic ovary syn-
drome; MAFLD — metabolic-associated fatty liver disease.
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Carbohydrate metabolism

The correlation diagram shows a direct relationship be-
tween the level of 25(OH)D in blood serum and the level
of physiological postprandial glycemia after an oral glucose
tolerance test (r = 0.38, p < 0.05).

Fat metabolism

Based on the study of lipid metabolism, a weak correla-
tion was found between the levels of 25(OH)D and HDL-C
content (r = 0.24) in blood serum. At the same time, an
inverse proportional relationship was revealed between
the level of 25(OH)D in blood serum and triglyceridemia
(r=-0.34; p <0.05).

Protein metabolism

Correlation analysis revealed a weak negative relation-
ship between the levels of 25(OH)D and gamma-glutamyl
transpeptidase enzyme in blood serum (r = —0.23; p <0.05).

Hormonal status

The study of thyroid status in patients with MUO
demonstrated a direct correlation between the levels of
25(OH)D and free thyroxine (r = 0.22), free triiodothyro-
nine (r = 0.2) in blood serum. Interestingly, our study found
a negative correlation between the level of 25(OH)D and
thyroid-stimulating hormone (r = —0.22), as well as prolac-
tinemia (r = —0.57), p < 0.05.

Concomitant pathology

The MUO phenotype in children was characterized
by an inverse correlation between the level of 25(OH)D in
the blood serum and the presence of comorbid pathology:
bone mineralization associated with osteopenia (r = —0.73);
metabolic-associated fatty liver disease (r = —0.39); the level
of diastolic blood pressure associated with the risk of arte-
rial hypertension (r = —0.32), polycystic ovary syndrome
(r=-0.28; p <0.05).

SNV VDR

The distribution of genotype frequencies was in Hardy-
Weinberg equilibrium in both calculated groups. The asso-
ciation of AA genotype SNV VDR rs12721365 (r = —0.41),
AA genotype SNV VDR 152228572 (r = —0.39) and GG
genotype SNV VDR 12228570 (r = 0.27) with vitamin D
deficiency was found in children with MUO, p < 0.05.

Thus, in children with MUO, the level of 25(OH)D in
the blood serum is associated with genetic and clinical and
laboratory factors. These factors were conditionally divided
into three groups according to the degree of association with
the level of 25(OH)D in blood serum.

The first group, which was characterized by a high level
of dependence (0.7 <|r| < 1) on the serum level of 25(OH)D,
was represented by osteopenia (r = —0.73). The second
group of factors that with mean strength (0.3 < |f < 0.7)
correlated with serum 25(OH)D levels included: prolac-
tinemia (r = —0.57); waist circumference/height ratio > 0.5
(r=-0.41); AA genotype SNP VDR 1s12721365 (r=—0.41)
and AA genotype SNP VDR 1rs2228572 (r = —0.39); meta-
bolic-associated fatty liver disease (r = —0.39); physiological
postprandial glycemia (r = 0.38); IL-1p (r = —0.36); trigly-

ceridemia (r = —0.34); BMI (r = —0.33); adiponectinemia
(r=0.32); arterial diastolic hypertension (r=—0.32). And the
third group of low-associated factors (0 < |r| < 0.3) included:
polycystic ovary syndrome (r = —0.28); GG genotype SNP
VDR 152228570 (r = 0.27); waist circumference (r = —0.27);
extreme obesity (r = —0.27); male sex (r = 0.26); hip cir-
cumference (r = —0.24); serum GGTP activity (r = —0.23);
blood levels of HDL-C (r = 0.24); free thyroxine (r = 0.22);
thyroid-stimulating hormone (r = —0.22); free triiodothy-
ronine (r = 0.2).

Discussion

According to a meta-analysis by V.I. Fiamenghi and
E.D. de Mello [21], obese children and adolescents have a
higher relative risk of vitamin D deficiency than non-obese
children of 1.41 (95% CI: 1.26—1.59, p < 0.01), which is
consistent with our study demonstrating a direct association
of hypovitaminosis D and MUOQ, including extreme obesity.
According to various authors, hypovitaminosis D occurs in
76—90 % of patients with extreme obesity before bariatric
intervention [6, 11]. Hypovitaminosis D is accompanied by
a decrease in the activity of mechanisms for maintaining an
optimal calcium level in the body, which leads not only to
the development of osteopenia, but also to a violation of
energy metabolism, cell differentiation and induction of
low-level inflammation [43].

Our data on the association of 25(OH)D level with clinical,
biochemical, molecular genetic parameters and data from in-
strumental research in children aged 6—18 years with MUO al-
low us to conclude that there is a positive relationship between
vitamin D and such an anthropometric indicator, as a linear
growth of a child, which determines physical development,
and negative correlation with obesogenic indicators, including
waist circumference/height ratio, waist circumference, hip cir-
cumference, BMI. In addition, our results demonstrate a direct
correlation between physiological 25(OH)D levels, age, and
male gender, confirming data from other studies on a higher
risk of hypovitaminosis D in young girls [45] and obese women
[23]. Samantha L. Huey et al. [27], reviewing 139 studies on
the effect of vitamin D on linear growth in children under 5
years of age, concluded that oral vitamin D supplementation
increased length/height Z-score for age.

Low serum levels of 25(OH)D in children with MUO,
identified in our study, are associated with the risk of deve-
loping cardiometabolic disorders: an increase in TG levels, a
decrease in HDL-C concentration, and the development of
postprandial hyperglycemia. An increased risk of vitamin D
deficiency dyslipidemia has been detected by Pei Xiao et al.
[50]. The authors found that children with persistent vitamin
D deficiency had significantly elevated serum levels of free
cholesterol, TG, and low-density lipoprotein cholesterol.
The atherogenic influence of vitamin D deficiency that ac-
companies obesity may be one of the decisive factors leading
to the development of MUQO. We also found an inversely
proportional relationship between serum level of 25(OH)D
in children with MUO and GGTP activity, which was also
recorded by other researchers (OR 1.39, 95% CI 1.07—1.8)
[20, 38]. Increased serum GGTP activity is a biomarker of
increased oxidative stress in humans and plays a key role in
atherogenesis [16].
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Pei Xiao et al. [51] demonstrated that TG, serum in-
sulin, and insulin resistance were inversely related to
25(OH)D concentration (p < 0.05) in obese children. The
authors believe that 32 % of hyperglycemia cases in obese
children are associated with a lack of vitamin D. It has been
demonstrated that vitamin D-mediated increase in insulin
sensitivity is due to the binding of calcitriol to VDR, induc-
tion of insulin receptor expression and excitation of the pe-
roxisome proliferator-activated delta receptor [44].

Vitamin D is known to have anti-inflammatory effects.
In particular, it has been demonstrated that vitamin D sup-
presses 10 out of 12 human leukocyte antigen class II genes
and five S100 calcium-binding protein A genes, and also
modulates the expression of six CXCL chemokine genes
[24]. We found that the concentration of the proinflamma-
tory cytokine IL-1p is inversely proportional to the level of
25(OH)D in the blood serum, which is probably due to the
inhibitory effect of vitamin D on the activity of NLRP3/cas-
pase-1/GSDMD-pyroptosis [28]. It should be noted that
the activation of NOD-like receptor protein 3 induced by
hyperglycemic stress is recognized as a key stage in the ini-
tiation of inflammation of pancreatic -cells in the patho-
genesis of type 2 diabetes mellitus [49].

Thyroid hormones such as fT4 and fT3 enhance the ge-
nomic action of 1,25(OH),D, in the gut, promoting paracel-
lular entry of Ca?" into the body’s internal continuum [7],
which explains the direct correlation between the levels of
vitamin D and fT4, fT3, as well as the reverse relationship
between 25(OH)D and TSH, demonstrated in our study.

For the first time, D.N. Pahuja and H.F. DeLuca [39]
described in 1981 the stimulatory effect of prolactin on
active calcium transport in the gut in vitamin D-deficient
rats. Prolactin can increase the expression of the CYP27B1
protein, thereby increasing 1,25(OH),D, synthesis, regu-
lates TRPV6 and PMCAIb in the duodenum indepen-
dently of vitamin D, and also has a pleiotropic effect with
1,25(0H),D, on the regulation of intestinal proteins that
transport calcium — TRPV6 and calbindin-D,, [7] The in-
verse correlation found by us between the concentration of
vitamin D in the blood serum and the level of prolactinemia
probably opens up promising opportunities for supplemen-
tal vitamin D therapy for hyperprolactinemia in obese indi-
viduals [1, 42].

Unlike previous studies [4, 21, 34], we have shown for
the first time an association of vitamin D deficiency de-
termined by AA/AG SNV genotypes of the VDR gene
rs12721365, rs2228572, 1s2228570 with the development of
MUO in children.

Conclusions

The serum level of vitamin D is an important modifi-
able exposome factor that is involved in the formation of the
obesity phenotype in children.

Vitamin D deficiency in obese children is one of the key
factors that form the MUO phenotype, contributing to the
development of abdominal obesity, metabolic-associated
fatty liver disease, arterial diastolic hypertension, dyslipi-
demia, postprandial hyperglycemia, proinflammatory type
of cytokine status, as well as osteopenia and hyperprolac-
tinemia.

The serum level of vitamin D in obese children is associ-
ated with the SNV of the VDR gene.

The risk of developing cardiometabolic disorders and vi-
tamin D deficiency in obese children is associated with the
presence of AA/AG genotypes SNV 1512721365, 1s2228572,
rs2228570 of the VDR gene.
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Abarypos O., HikyAiHa A.

AHIMPOBChKN AEPXXKQABH MEANYHNV YHIBEPCUTET, M. AHIMPO, YkpQiHa

PoAab BiTamiHy D npn MeTab60oAiYHO HE3AO0POBOMY OXXMPIHHI B AiTen

Pe3iome. Akryambhictb. Jediunt Bitaminy D nos’ssauuii
i3 MOPYLIEHHSM TOJIEPAHTHOCTI OO TJIIOKO3M, iHCYJiHOpE3UC-
TEHTHICTIO, METa0OoJiYHUM CHUHIPOMOM i TiIBUIIEHUM pPU3HU-
KOM LIYKPOBOro AiabeTy 2-ro tuiy. MeTa: BUBYUTU POJIb PiBHS
BiTaMiHy D, MoB’s13aHOT0 3 OAHOHYKJICOTUIHMUMMU BapiaHTaMU
(single nucleotide variants — SNV) rena peuenropa BitamiHy D
(vitamin D receptor — VDR), y po3BUTKY MeTa0OJIiTHO HE3MOPO-
Boro oxupinug (MHO) y mireit. Marepiamm Ta meToau. O6cTe-
xkeHo 210 miteit 3 oxkupiHHAM BikOM 6—18 pokiB. OCHOBHY Tpy-
my (n = 125) cranoBuiu nauventd 3 MHO. KoHTposbHy Tpymy
(n = 85) mpeacTaBWIM AiTH 3 META0OTIYHO 3T0POBUM OKUPIHHSIM
(M30). ¥ pangomizoBaHo obpaHux 31 AUTMHU OCHOBHOI Ta 21
JUTUHU KOHTPOJILHOT IPyI MPOBEIEHO MOBHOTEHOMHE CEKBe-
HyBaHHs1 (CeGaT, Germany). B ycix niteil BuMmipioBaau piBeHb
crpoBaTKoBoro 25-rigpokcusitaminy D (Synevo, Ukraine). s
Bepuikalii pe3yabTaTiB po3paxoByBaau KoedillieHT Kopessilii
CnipmeHa (1) i p-3Ha4eHHS 1)1 KOXHOI 3MiHHOI, a TAKOX IPO-
Bomwin GioiHbopmariiinuii anamiz. Pe3yabTaTtu. CepenHiii pi-
BeHb 25-TimpokcuBiTaMiHy D y cupoBatii KpoBi OyB BipoTigHO
HWKYMM Y naiienTis i3 MHO i cranoBuB 14,57 &+ 1,63 Hr/mi, a B
aiteit i3 M30 — 28,82 £ 1,93 ur/ma (t = 5,64; p = 0,00061). ITpu
MHO pisenb 25-rinpokcusitaminy D y cupoBaTiii nos’si3aHuii 3
HactynHuMmu npeaukTopamu (p < 0,05). BucokosHauyiii akro-

pu (0,7 < |r| < 1): ocreonenist (r = —0,73). Paxkropu cepemaHbOi
sHauymocti (0,3 < |1 < 0,7): nponakrunemis (r = —0,57); iHaekc
CIiBBIIHOIIEHHST OKPYXHOCTI Tamii 1o 3pocty > 0,5 (r = —0,41);
AA renotun SNP VDR rs12721365 (r = —0,41) ta AA reHoTun
SNP VDR rs2228572 (r = —0,39); mertaboniyHo-acolliiioBaHa

KHpoBa xBopoba rnevinku (r = —0,39); ¢izionoriuna nocrnpaH-
nianbHa riikemis (r = 0,38); piBeHb iHTepaeiiKiny- 10 (r = —0,36);
tpuriiuepuaemis (r = —0,34); ingekc macu Ttina (r = —0,33);

anunoHekTuHeMis (r = 0,32); aprepianbHa JiacTojiuHa rirnep-
tensis (r = —0,32). Husbkosnauyii ¢akropu (0 < |r] < 0,3): cuH-
IpoM ToiKicTo3HuX siedyHuKiB (r = —0,28); GG renotun SNP
VDR 152228570 (r = 0,27); okpyxHictb Tanii (r = —0,27); ekc-
TpeManbHe oXupiHHs (r = —0,27); yonosiva ctath (r = 0,26);
OKpYXHicTh cTeroH (r = —0,24); piBHi JMOMPOTEiHIB BUCOKOL
wigbHocTi (r = 0,24); ramma-TayTaMiITpaHCHENTUAA3U CUPO-
Batku (r = —0,23); BiibHOro TUpOKCUHY (r = 0,22); TUPEOTPOII-
Horo ropmoHy (r = —0,22); BiibHOro TpuitoaTHpOHiHY (r = 0,2).
BucHoBKH. Po3BUTOK KapaioMeTaboIi9HOTO pU3UKY Ta AeDiluTy
BiTamiHy D y miTeii i3 03KUpiHHSIM MOB’SI3YIOTh i3 HAsIBHICTIO TEHO-
tumiB AA/AG SNV VDR rs12721365, 1s2228572, rs2228570.
Ki104oBi ciioBa: nitu; MeTaGosiyHO HE3MOPOBE OXUPIHHS; FeH
peuenropa BiTaMiHy D; omHOHYKIEOTHIHI BapiaHTH; 25-Tinpo-
KcuBiTaMiH D
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