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FEATURES OF LIPID METABOLISM IN OVERWEIGHT AND OBESE ADOLESCENTS DEPENDING
ON THE VARIOUS LEVELS OF VITAMIN D
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SUMMARY. Vitamin D deficiency and overweight have now become an important global problem in the field of
health care as well as public health. A substantial hypovitaminosis D in children with obesity is often accompanied by
metabolic disorders.

The aim of the study was to determine the relationship between the levels of vitamin D and lipid metabolism
markers in adolescents with overweight and obesity.

Material and methods. 139 adolescents were examined (63 (45.4 %) girls and 76 (54.7 %) boys). Depending on the
body mass index (BMI) 65 children were overweight and 74 were obese children. The mean age of teenagers was
(15,4%2,3) years. To establish vitamin D status using the immune-enzyme method, blood serum levels of 25(OH)D were
determined. Lipid metabolism markers were determined using the Roche Diagnostics Cholesterol reagent kit using and
automatic Cobas c111 analyzer.

Results. The study established a direct relationship between the level of vitamin D and high-density lipoprotein
cholesterol and indirect with total cholesterol, triglycerides, low-density lipoprotein cholesterol, atherogenic index,
body mass index and waist circumference. Using a simple linear regression analysis, it was determined that total

cholesterol, low-density lipoprotein cholesterol and atherogenic index have the greatest correlation with vitamin D.
Conclusions: Vitamin D deficiency in overweight and obese adolescents is associated with an increase in the body

mass index, blood pressure, and atherogenic dyslipidemia.
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Introduction. Vitamin D deficiency and over-
weight have now become an important global prob-
lem in the field of health care as well as public health.
The prevalence of vitamin D deficiency in patients
who are overweight and obese varies from 5.6 % to
96 % in different countries [1].

In the last decade, studies have established a wide
pleiotropic effect of vitamin D on organs and tissues
of the body. The relationship between vitamin D defi-
ciency and metabolic disorders in patients who are
overweight and obese is particularly widespread [2].

There is increasing evidence of the effect of vi-
tamin D deficiency in developing metabolic syn-
drome as well as lipid and carbohydrate metabolism
disorders [3]. Researchers noted that vitamin D plays
an important role in the regulation of glucose ho-
meostasis, mechanisms of insulin secretion and adi-
pocytes inflammation, which is associated with obe-
sity. The effect of vitamin D in adipocytes inflamma-
tion in obesity occurs through the active metabolite
calcitriol, which inhibits pro-inflammatory cytokines
[2, 3], reducing their inflammatory activity in adipo-
cytes and inflammation generally.

Vitamin D deficiency and excessive fat accumu-
lation create mutual negative effects that reduce
the bioavailability of vitamin D [4].

Vitamin D counteracts gluconeogenesis, in-
creases the high-density lipoprotein cholesterol con-
centration, promotes changes in the profile of adi-
pokines and increases the role of leptin, in adipose
tissue [1].

Researchers associate vitamin D with proathero-
genic cardiometabolic risk factors. It has been re-
ported that vitamin D deficiency is an independent
predictor of elevated triglycerides [5]. Other studies
have shown that vitamin D supplementation could
increase high-density lipoproteins and decrease tri-
glycerides.

Scientists and clinicians point to the existing sig-
nificant independent relationship of the main lipids
biochemical characteristics with the levels of vitamin
D, in particular, it is noted that taking vitamin D con-
tribute to lowering the level of cholesterol in the
blood [6, 7].

Studies from different countries have shown a wide
prevalence of vitamin D deficiency among ado-
lescents, including those who are overweight, and its
relationship with the development of metabolic
syndrome. However, there is no sufficientinformation
about the characteristics of lipid metabolism markers
depending on the various levels of vitamin D in
adolescents who are overweight and obese.

The aim of the study was to determine the
relationship between the levels of vitamin D and
lipid metabolism markers in adolescents with over-
weight and obesity.

Materials and methods. The research was
conducted on the basis of the communal institution
of the Ternopil Regional Council “Ternopil Regional
Children Clinical Hospital”. The patient safety rules
and the ethical standards and procedures for
research with human beings (2000) were observed

ISSN 1811-2471. 3006ymku KniHiYHOI | ekcnepumenmasnbHoi MeduyuHu. 2019. Ne 2 37



Oa2n1a0u iimepamypu, OpU2iHaIbHi 00CAiIONCeHHS, no2/1s0 Ha npobsiemMy, BUNAOOK 3 NPAKMUKU, KOPOMKI NOBIOOMJIEHHS

in carrying out the work. The Commission on Bio-
ethics of the I. Horbachevsky Ternopil National Medi-
cal University granted permission to carry out this
study.

139 adolescents were examined (63 (45.4 %)
girls and 76 (54.7 %) boys). Depending on the body
mass index (BMI) 65 children were overweight and
74 were obese children. The mean age of teenagers
was (15,4+2,3) years.

Evaluation of sexual development was carried
out according to Tanner criteria (stages 2-5). In order
to compare serum calcidiol levels in adolescents
with overweight and obesity, and calcidiol levels in
adolescents with normal body weight (BMI less than
85t percentile for the given age and gender), a con-
trol group of 63 healthy children, that was compara-
ble to gender and age with comparison groups, was
presented.

The inclusion criteria for the study were the fol-
lowing: body mass index of more than 85 percentiles
for overweight children and over 97t percentiles for
obesity according to age-sex nomograms, written in-
formed consent of parents and patients for the ex-
amination, autumn-winter period. The exclusion crite-
ria were: obesity was due to endocrine diseases,
taking antiepileptic drugs or glucocorticoids, here-
ditary and congenital disorders, diabetes mellitus,
taking drugs that affect blood pressure, informed
consent was not obtained.

To determine vitamin D status using the immune-
enzyme method, blood serum levels of 25(0OH) D
were determined. Thus, 25-OH Vitamin D ELISA kit
(EUROIMMUN, Germany) was used, with an intra-as-
say CV of 3.2-4.9 % and an inter-assay CV of 4.0-7.8 %.
The assessment of the results of 25(0H)D level was
conducted according to the recommendations of the
International Society of Endocrinologists [8]. In order
to differentiate the relationship between vitamin D
level and parameters of carbohydrate metabolism
and anthropometric measurements, adolescents with
excessive body weight and obesity were divided into
4 groups, according to the quartile level of calcidiol in
blood serum. Group of the quartile 1 included 37 ado-
lescents with 25(OH)D level less than 10 ng/ml, group
2 included 71 adolescents with 25(0OH)D level from
10 ng/ml to 20 ng/ml, quartile 3 included 22 adoles-
cents with 25(0OH)D level from 20 ng/ml to 30 ng/ml,
quartile 4 included 9 adolescents with 25(0H)D level
more than 30 ng/ml.

Anthropometric examinations: body weight
(within the accuracy of 0.1 kg), height (within the
accuracy of 0.1 cm) - were carried out with the use of
generally accepted methods with the help of floor
weight, height meter and flexible centimeter tape.
Waist circumference (WC) and hip circumference
(HC) were measured in all adolescents. WC was

measured with a tape measure at the point midway
between the iliac 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 calculated as WC divided by HC. BMI was
calculated according to the formula (mass (kg) /
height? (m?)).

BMI was assessed by percentile curves for girls
and boys separately. Excessive body weight was
diagnosed in cases where BMI was higher than 85t
to 97t percentile, and obesity when BMI exceeded
97 percentile according to gender and age.

To determine the lipid metabolism serum concen-
trations of total cholesterol (TC), high-density lipopro-
tein cholesterol (HDL-C) and triglycerides (TG) were
measured by enzymatic colorimetric method, using the
Cholesterol reagent by Roche Diagnostics test sys-
tems (Switzerland) and Cobas ¢111 automatic analy-
zer. Low-density lipoprotein cholesterol (LDL-C) was
calculated by by the Friedewald equation (LDL-C=TC -
(TG/2.2+HDL-C)) and the calculation of very low-
density lipoprotein (VLDL-C) was done by VLDLC=
triglyceride/2.2. The atherogenic index (Al) was
calculated as follows: Al=(TC - HDL-C)/HDL-C.

The statistical processing of the results of the
conducted studies was carried out using statistical
package STATISTICA 10.0 and table editor Microsoft
Excel 2003. The assessment of the normality of the
distribution of features in the variation series was
carried out according to the Kolmogorov-Smirnov
criterion. The quantitative data was presented as
median (Me) and interquartile range, or mean values
(M), and 95 % confidence interval (95 % Cl). A com-
parison of two independent samples with the cor-
rect distribution was performed using the Student’s
t-criterion, and in the case of an incorrect distribu-
tion of values using the nonparametric U-Mann-
Whitney U-criterion. Correlation analysis was perfor-
med to estimate the relation between Spirmen cor-
relation coefficient and multiple regression analysis.

The significance of the differences between the
values considered reliable at p <0,05.

Results and Discussion. The median values of
vitamin D levels in adolescents with normal body
weight was 17.6 (12.03; 25.4) ng/ml, in overweight
14.5(10.2; 20.6) ng/mland in obese 12 7 (9.3; 17.3) ng/ml.
To establish the relationship between vitamin D level
and lipid metabolism markers, adolescents with
overweight and obesity were divided into 4 groups,
according to the quartile level of serum vitamin D
(Fig. 1). To quartile I included 37 (26.6 %) teenagers
with deep vitamin D deficiency, to Il quartile — 71
(51.1 %) adolescents with vitamin D deficiency, to
Il quartile — 22 (15.9 %) teenagers with insufficiency
vitamin D levels in IV quartiles, 9 (6.4 %) adolescents
with sufficient vitamin D levels.
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Fig. 1. Serum 25(0OH)D content depending on the quartile distribution in overweight and obese adolescents.

The calcidiol level in quartile | was 8.58 (7.97;
9.34) ng/m\, in quartile I1 13.58 (11.79; 16.05) ng/ml, in
quartile 1122.13 (21.29; 23.37) ng/mland in IV quartile

31.68 (31.29; 33.26) ng/ml.

Comparative data characteristics of anthropo-
metric parameters, blood pressure and lipid meta-
bolism markers depending on the quartile distribu-
tion of 25(0OH)D level are presented in Table 1.

Table 1. Characteristics of anthropometric parameters, blood pressure and lipid metabolism markers
in overweight and obese adolescents, depending on the quartile distribution of 25(0H)D, Me (95 % Cl)

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Certainty
Parameters n=37 n=71 n=22 n=9 coefficient, p
1 2 3 4 5 6
BMI, kg/m? 31.90 29.54 27.21 26.32 p,,=0.007
(30.10-33.81) (28.59-30.29) (26.35-28.13) (24.71-28.14) p,;=0.000
p1:4=0.005
WC, cm 108.65 99.52 93.85 90.13 p,,=0.005
(101.96-115.21) (96.41-102.70) (90.24-97.46) (81.32-98.90) p1'3=0.001
p,,=0.009
SBP, mm Hg 131.50 132.64 131.72 123.24 p,,=0.682
(126.13-140.23) | (129.80-135.61) | (125.67-137.71) | (114.10-132.32) p,,=0.968
p,,=0.157
DBP, mm Hg 84.61 83.42 83.34 77.13 p,,=0.510
(81.42-88.27) (81.12-85.54) (79.71-86.95) (69.74-84.46) p1'3=0.622
p,,=0.042
TC, mmol/l 4,55 4.39 4.06 3.99 p,,=0.401
(4.16-4.95) (4.21-4.58) (3.75-4.37) (3.68-4.29) p,,=0.081
p,,=0.161
TG, mmol/l 1.46 1.30 1.18 1.12 p,,=0.103
(1.24-1.69) (1.21-1.39) (1.06-1.31) (1.04-1.21) p1'3=0.072
p,,=0.377
HDL-C, mmol/l 1.07 117 1.27 1.29 p,,=0.072
(0.97-1.17) (1.11-1.24) (1.18-1.37) (1.014-1.44) p1'3=0.007
p1:4=0.040
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End of Table 1

1 2 3 4 5 6

LDL-C, mmol/l 2.81 2.62 2.24 2.18 p,,=0.273
(2.46-3.15) (2.46-2.78) (1.94-2.53) (1.77-2.59) p,,=0.025

p,;=0.050

VLDL-C, mmol/l 0.67 0.59 0.54 0.51 p,,=0.103
(0.57-0.77) (0.55-0.63) (0.48-0.60) (0.47-0.55) p,,=0.071

p,,=0.377

Al 3.49 2.91 2.26 2.18 p, ,=0.019
(3.01-3.98) (2.65-3.16) (1.91-2.62) (1.60-2.76) p,=0.001

p,,=0.012

Note. Data is presented as a median Me (95 % Cl). BMI — body mass index, WC — waist circumference, SBP - systolic blood pressure,
DBP - diastolic arterial pressure, TC — total cholesterol, HDL-C - high-density lipoprotein cholesterol, LDL-C — low-density lipoprotein
cholesterol, VLDL-C - very low-density lipoprotein, TG - triglycerides, Al - atherogenicity index, p,, - the certainty of the difference
between the indicators of groups of quartile I and Il, p, ,— the certainty of the difference between the indicators of groups of quartile |
and Ill, p, , - the certainty of the difference between the indicators of groups of quartile I and IV.

Studies have found that the average value of
25(0OH)D in serum is directly dependent on body mass
index and increased with a decreasing in BMI. There
was determined a significant difference in the de-
crease in the BMI when the serum calcidiol levels in-
crease. The researchers note that the relationship
between BMI and vitamin D deficiency in overweight
and obesity is due to the sequestration of vitamin D in
adipose tissue, obese adolescents have more a pas-
sive lifestyle, and also nutrition mistakes, as a result,
food supply does not provide enough vitamin D [1].

It has been established that as 25(0OH)D levels
increase, a significant decrease in the waist cir-
cumference regardless of gender in 2 (p,,.0.005),
3 (p,,=0.001) and 4 (p, ,=0.009) groups.

An increase in both systolic and diastolic blood
pressure was typical to adolescents with overweight
and obesity. In children from 1, 2 and 3 groups, the
mean values of systolic blood pressure prevailed
130 mm Hg. Art., and in a group 4 in most cases, the
values for systolic and diastolic blood pressure corre-
sponds to the prehypertension state [9]. The signifi-
cant difference was determined by the value of diasto-
lic blood pressure between 1 and 4 groups (p=0.042).
Thus, after comparing blood pressure data from all
4 observation groups we conclude that arterial hyper-
tension, as a risk factor for cardiovascular diseases,
was associated with vitamin D deficiency and insuffi-
ciency. Researchers also proved that vitamin D defi-
ciency is directly associated with the pathogenesis of
hypertension, due to its intensifying effects on the
activity of the renin-angiotensin system [7]. Some re-
searchers said that vitamin D has a link with smooth
muscle cells and can influence on their functional ac-
tivity through vitamin D receptors, which are on the
membranes of smooth muscle myocytes [3].

After comparison lipid metabolism markers in all
groups, it has been established that the average
values of total cholesterol, triglycerides, low-density

lipoproteins cholesterol, very low-density lipoproteins
cholesterol and atherogenic index in groups with
deep vitamin D deficiency, vitamin D deficiency and
insufficiency vitamin D levels were significantly higher
than in the group with sufficient vitamin D levels.
That is, 25 (OH)D levels increase is associated with
atherogenic lipids decrease, which may indicate anti-
atherogenic properties in vitamin D. The scatterplot
of total cholesterol depending on the 25(0OH)D levels,
confirms its frequency with a low level of serum
vitamin D (Fig. 2). These data suggest that vitamin D
deficiency can cause a negative effect on lipid markers
and contribute to increase in cardiovascular risk
among adolescents with low levels of vitamin D. The
obtained results confirm that HDL-C, LDL-C, and Al are
reliable prognosticindicesconfirmingthedyslipidemia
changes dynamics in adolescents with overweight
and obesity. The HDL-C levels changes depending on
the 25(0OH)D levels are presented in Fig. 3. Currently,
HDL-C is considered a universal screening test to
determine dyslipidemia.

Regression analysis of the relationship between
25(0OH)D and BMI, WC, lipid metabolism markers sho-
wed that vitamin D levels have a significant prognos-
tic effect on them (Table 2). A direct relation 25(OH)D
was determined with HDL-C, and indirect with BMI,
WC, TC, LDL-C, VLDL-C, TG, Al. It was established a reli-
able level between 25(0OH)D concentration and BMI
(p=0.000), WC (p=0.000), total cholesterol (p=0.034)
LDL-C (p=0.021), Al (p=0.009) in obese adolescents.

Of all the independent indices that have a signifi-
cant effect on the calcidiol level, the highest values
were found in atherogenic factors of the lipid spec-
trum. The largest ones were determined by the val-
ues that are non-standardized B-coefficients in LDL-C.

Standardized beta-coefficients of simple linear
regression have been established and show the
relative contribution of calculated predictors in the
vitamin D deficiency formation in obese adolescents.
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Fig. 2. The scatterplot of total cholesterol depending on the 25(OH)D levels in adolescents with overweight and obesity.
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Fig. 3. The scatterplot of HDL-C levels depending on the 25(OH)D levels in adolescents with overweight and obesity.

Table 2. The simple linear regression analysis results of 25(0H)D and lipid metabolism markers and anthropometric
measurements in obese adolescents

Predictor B Standart error, B B Standart error, 8 CO%?F;:;Ien:E/, b
1 2 3 4 5 6
BMI -0.944 0.138 -0.623 0.091 0.000
Intercept 44,492 4,518 0.000
WC -0.173 0.039 -0.461 0.103 0.000
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End of Table 2

1 2 3 4 5 6
Intercept 32.773 4,288 0.000
TC -1.427 0.663 -0.244 0.114 0.034
Intercept 20.328 3.061 0.000
HDL-C 2.094 2.068 0.117 0.116 0.315
Intercept 11.503 2.441 0.000
LDL-C -1.814 0.767 -0.266 0.113 0.021
Intercept 18.874 2.201 0.000
VLDL-C -4.426 2.519 -0.201 0.114 0.083
Intercept 16.665 1.706 0.000
TG -2.031 1.155 -0.201 0.115 0.083
Intercept 16.665 1.706 0.000
Al -1.311 0.492 -0.297 0.112 0.009
Intercept 18.110 1.703 0.000

Note. B — non-standardized coefficient of regression. B — standardized regression coefficient

Conclusions. Vitamin D deficiency in over-
weight and obese adolescents is associated with an
increase in the body mass index, blood pressure, and
atherogenic lipid factors. Among the lipid metabo-
lism markers, vitamin D deficiency was related the
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OCOBJINBOCTI IINIAHOIO O6MIHY B NiAITKIB 13 HAOMIPHOKO MACOIO TIJIA
TA OXKUPIHHAM NPU PIBHUX CTAHAX 3ABE3MNEYEHHA BITAMIHOM D

©A-M. A. WWynbrau, I'. A. MNasanwnH
TepHoninbcbKull HayioHaabHUlU MeduyHul yHisepcumem imeHi I. 8. lopbavyescbko2o MO3 YkpaiHu

PE3MOME. [lediunT BiTaMiHy D Ta HagMipHa Maca Tifla Ha CbOroAHi CTasM BaXk/IMBO robasibHow npobaemoto Ak
OXOPOHM 3[0POB'A, TaK i FPOMAaJACLKOro 340POB’'A. 3HAYHE BMPAXKEHHSA TiNoBiTamiHO3y D y AiTel 3 0XUPIHHAM YacTo
CYNpPOBOAXKYETHCA MeTaboNiIYHMMM NOPYLUEHHAMMN.

MeTa — BM3HAYMNTM B3aEMO3B'A3KM pPiBHA BiTaMiHy D 3 NoKa3HMKaMu finigHoro obMiHy y Aiten nianitkoBoro Biky 3
H3AMIpPHOI MACOHO Ti/1a T3 OXKUPIHHAM.

MarTepian i MeTogu. O6cTexeHo 139 fitTen nigiTkoBOro Biky, cepea AKNX 65 6y/10 3 HaAMiIpHOK Macoto Tina Ta 74
3 OXXMPIHHAM, B TOMY Unci 63 (45,4 %) aiB4aTok Ta 76 (54,7 %) xnonunkis. CepeaHin Bik aiten cknas (15,4+2,3) poky. 1A
BCTaHOBJIEHHS BiTaMiH D cTaTycy 3a AONOMOrow iMyHopepMeHTHOro cnocoby y cMpoBaTLi KPOBi piBEHb BM3Ha4am
25(OH)D. MokasHWKK NinigHoro o6MiHy BU3Ha4anu 3 BUKOpUCcTaHHAM Habopy Cholesterol reagent Big Roche Diagnostics
33 JOMNOMOro aBTOMAaTMYHOro aHanizatopa Cobas c111.

Pe3ynbTaTu. BCTaHOBIEHO NPSIMUI B3aEMO3B'SI30K pPiBHA BiTamiHy D 3 xosiecTepuyH NinonpoTeigaMm BUCOKOI Wifb-
HOCTi Ta 3BOPOTHWUI 3B'A30K i3 3arasibHNM X0JIeCTEPUHOM, TPUMTILEPUAAMMU, XOIECTEPUH NINONPOTEIAAMN HU3BKOT LLiJTb-
HOCTI, iIHAEKCOM aTepOreHHOCTI Ta iIHAEKCOM MACK Tifla i OKPY>KHICTHO Taslii. 3a AONOMOro NPOCTOro NiHiMHOro perpecin-
HOTrO aHani3y BU3HAYEHO, LLIO B3aEMO3B'A30K BiTaMiHy D i3 NOKa3HMKaMK NinigHOro o6MiHy xapakTepun3yBaBca Hanbisb-
WKMKN KoedilieHTaMK y3arasibHOro X0s1IeCTEPUHY, XONIECTEPUH NiNONPOTEIAIB HN3bKOT LWiJIbHOCTI Ta iHAEKCY aTeporeH-
HOCTI.

BucHoBKM. [ediunTt BiTamiHy D y NigniTKiB 3 HaAMIPHOK MACOIO Tifla Ta OXXMPIHHAM acoLtETLCA 3i 36i/IbLLUEHHAM
iHOeKCY MacK Tina, apTepiasibHOro TUCKY Ta aTEPOreHHO ANCAINiAEMIELD.

KnrouoBi csioBa: BiTamiH D; 0XXMPiHHA; KanbUuMAios1; KapAioMeTaboiyHnA pu3mK; Nignitku.

OCOBEHHOCTW JIMNNAHOIr0 OBMEHA Y NOAPOCTKOB C N36bITOYHON MACCOM TEJIA
N OXKUPEHMEM MNMPH PA3HbIX COCTOAHNAX OBECNEYEHHOCTU BUTAMWUHOM D

©A-M. A. WWynbrau, I'. A. MNasanwnH
TepHONO/IbCKUU HAYUOHAIbHbIU MeOuYUHCKUl yHusepcumem umeru Y. . lopbavescko2o MO3 YkpauHbi

PE3IOME. [ledunumt ButammHa D 1 n3bbITOYHAA Macca Tesla Ha CEerofHs CTaan BaxkHon rnobanbHor npobaemon
KaK 3paBOOXPaHEHMA, TaK M 0OLLECTBEHHOrO 340POBbS. 3HAUNTE/IbHAA BbIPAXXEHHOCTb N’MNOBMTaMMHO3a D y aeTen ¢
OXXMPEHNEM YaCTO COMPOBOXAAETCA MeTaboIMUECKMMUN HAPYLLUEHUSAMMU.

Lenb—-onpenennTb B3aMMOCBA3N YPOBHA BUTaMMHA D c mokasaTenammn iMnnaHoro obMeHay AeTen nogpocTkoBoro
BO3PacTa C M36bITOYHON MACCON TeIa U OXKMPEHNEM.

MaTepuman u metoabl. O6cienoBaHo 139 geTel NOAPOCTKOBOIro BO3PacTa, CPean KOTopbIX 65 6b1s10 ¢ M36bITOYHOM
Maccov Tena n 74 c oxmpennemM. Cpean obcneayembix 66110 63 (45,4 %) nesouku u 76 (54,7 %) Mmanbuymkos. CpeaHnit
BO3pacT aeten coctaBun (15,4+2,3) net. A ycTaHOB/IEHNS BUTaMKUH D cTaTyca C NOMOLLbIO MMMyHOdEPMEHTHOrO
MeToZa onpefenann B CbIBOPOTKE KpoBM ypoBeHb 25 (OH) D. MokasaTenu nunugHoro obmeHa onpegensnm c
ncnosib3oBaHnem Habopa Cholesterol reagent ot Roche Diagnostics ¢ MOMOLLbO aBTOMaTMYECKOrO aHa/IM3aTopa
Cobas c111.

PesynbTaThl. YCTaHOBIEHA NPSAAMaA B3aMMOCBA3b YPOBHSA BUTaMUHA D ¢ xosiecTepyH IMnonpoTenaamMmm BblCOKON
NJAOTHOCTM M obpaTHaA cBA3b C OOLWMM XONECTEPUMHOM, TPUMIMLEPUAAMM, XONECTEPUH IMMONPOTENAAMMN HU3KOWN
NIOTHOCTW, MHAEKCOM aTEPOreHHOCTH, 3 TaKXKe C MHAEKCOM MacCChl TeNa U OKPY>KHOCTU Tasimn. C NOMOLLbIO MPOCTOro
JINHEMHOTO PErpeccMOHHOro aHan3a onpeseneHo, YTo HambonblLuen B3aMMOCBA3bIO C BUTaMMHOM D ob6napaet o6wwmn
XOJ1IeCTEPUH, XONIECTEPUH IMMONPOTENAOB HA3KOWN NJIOTHOCTW M NMOKA3aTesib MHAEKCA aTEPOreHHOCTMU.

BbiBogbl. Jednumt ButammHa D y NOAPOCTKOB C M36bITOYHOM MAcCoM Tesla M OXMPEHMEM accoLMMpyeTca C
yBeJINYEHNEM MHAEKCA MACChl T€/1a, aPTEPUAJIBHOTO AABIEHNS N ATEPOre€HHON ANCANNNAEMUN.

KnroueBble c/10Ba: BUTaMUH D; 0XXMpeHne; KanbLnano; Kapanometabomyecknin puck; nogpocTku.
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