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VITAMIN D DEFICIENCY AND INSUFFICIENCY IN PATIENTS
WITH CARDIOVASCULAR PATHOLOGY

AECILNT IHEQROCTATHICTb BITAMIHY D Y XBOPUX
13 NTATOJIOT €0 CEPUEBO-CYANHHOI CUCTEMMU

Summary. Cardiovascular diseases (CVD) is an important problem of the national health service as
well as worldwide. Consequently, many countries of the world appear to have vitamin D deficiency
and insufficiency to be common, and data of the recent meta-analyses suggest vitamin D to be a new
risk factor of CVD. We performed a clinical and diagnostic examination of 135 residents of the Western
Belarus with arterial hypertension (39.3 %) and ischemic heart disease (IHD) (60.7 %), 34 males and
101 females aged 59.65 + 8.16 years old and 28 practically healthy individuals. Results. By M.F. Holick
classification vitamin D deficiency was determined in 78 % of the examined individuals, vitamin D
insufficiency in 17 % and sufficiency in 4.5 % persons. There were no significant differences in fre-
quency of 25(0H)D deficiency/insufficiency depending on the diagnosis. The blood plasma level of
25(0H)D lower than 17 nmol/l is associated with elevated systolic blood pressure. Inverse correlations
were established between the 25(OH)D plasma level and body mass, body mass index, heart rate,
diastolic blood pressure. In the IHD group there was a direct correlative relationship between the
25(0H)D plasma level and the index of endothelium dependent vasodilatation.

Key words: vitamin D, arterial hypertension, ischemic heart disease.

Pesiome. 3axBoptoBaHHA cepLieBo-cyanHHoI crctemu (3CCC) Ha cborofHi — aKkTyarnbHa npobnema cai-
TOBOI Ta HaLioOHaNbHOI MeanumMHW. Y cBoto Yepry, aediunT i HegocTaTHICTb BiTamiHy D nowmpeHi B 6a-
raTbox KpaiHax CBiTy, @ fjaHi OCTaHHiX MeTaaHani3iB Po3LiHiolTb AediuuT BiTamiHy D AK HOBUIA hakTop
pu3rky 3CCC. Mu npoBenu KniHiuHe Ta fjarHOCTUYHE 0OCTeXeHHs 135 »uTeniB 3axiaHoro perioHy bi-
Jlopyci 3 apTepianbHoto rinepTeHsieto (39,3 %) 1 iwemiuHoto xBopoboto cepus (IXC) (60,7 %), 34 yonosi-
Kn i 101 XiHKa BikoM 59,65 + 8,16 POKYy, i 28 NpaKTNYHO 3[0POBUX OCi6. PesynbTaTul. 3a knacudikallieo
M.Q. Xonika gediunt BitamiHy D 6yB BCTaHOBNIEHUI Y 78 % 06CTEXeHNX 0Cib, HegocTaTHICTb — Y 17 %,
a jocTatHicTb — Yy 4,5 % nauienTiB. He 3HangeHo BiporigHMX BiAMIHHOCTEN Y YacToTi 3yCTpivaibHOC-
Ti 25(OH)D pediunTy/HepocTaTHOCTI 3anexHo Big AiarHo3y. Bmict 25(OH)D y nna3mi KpoBi Huxue
17 HMob/n ByB acoLiioBaHWI 3 MiABWLLEHHAM CUCTOMIYHOTO apTepianbHOro TUCKY. BcTaHoBNEHI 3BO-
POTHI KopenALiHi B3aeM0o3B'a3kM Mix BMicToM 25(0H)D y nnasmi KpoBi Ta macoto Tina (MT), inaekcom MT,
ZiacToniyHM apTepianbHUM TUCKOM. Y rpyni oci6 3 IXC BCTaHOBAEHWI NPAMUI KOPENALiHWIA 3B'A30K
MmixK ymictom 25(0OH)D y nnasmi KpoBi Ta BENIMUMHOLO eHAOTENi3anexHoi Ba3oaunaTaLiii.

KniouoBi cnoBa: BiTamiH D, apTepianibHa rinepTeHsis, iLemiuHa xBopoba cepus.
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Cardiovascular diseases (CVD) is an important
problem of the national health service as well as world-
wide. Consequently, many countries of the world ap-
pear to have vitamin D deficiency and insufficiency to
be common [11], and data of the recent meta-analy-
ses suggest vitamin D to be a new risk factor of CVD.

More than 20 cross-sectional studies [17] have exa-
mined the association between plasma 25-hydroxyvita-
min D (25(OH)D) and either blood pressure or preva-
lent hypertension. The greatest of these studies — Third
National Health and Nutrition Examination Survey
(NHANES-III) showed that systolic blood pressure
and pulse pressure were inversely and significantly cor-
related with 25(OH)D levels among 12,644 participants
[15]. These results were confirmed by subgroup analy-
ses, in which the age-associated increases in systolic
blood pressure were significantly lower in individuals
with vitamin D sufficiency [6, 10]. The great majori-
ty of these studies demonstrate that lower circulating
25(OH)D levels are associated with higher blood pres-
sures or a higher prevalence of hypertension. Notably,
blood pressure evaluation in these studies was almost
always based on a single measurement (usually taken
in the physician’s office). But, in other investigations,
a significant association between 25(OH)D and blood
pressure has not been reported [7, 9, 14, 15]. Ina 5-year
follow-up of 1,739 women and men in the Framing-
ham Offspring Study, those with low serum 25(OH)D
(< 37.5 nmol/L) were 62 % more likely to develop
CVD than other participants [18]. Among > 18,000
US male health professionals followed for 10 years, low
25(OH)D (£ 37.5 nmol/L), as compared with high
25(OH)D (= 75), predicted a doubling in coronary
heart disease incidence [2]. Laboratory studies also
suggest that vitamin D confers vascular protection [8,
1] through the vascular smooth muscle cells, endothe-
lial cells, cardiomyocytes, which have 1a-hydroxylase
which converts 25(OH)D to 1.25-dihydroxyvitamin D
(1.25(0H)2D), the natural ligand of the vitamin D re-
ceptor [12, 19].

The aim of the present study was to assess the prevalence of
deficiency/insufficiency the level of 25(OH)D in blood plasma
and establish its relationships with the indices of blood pressure
and endothelial function of vessels in those suffering from ar-
terial hypertension (AH) and ischemic heart disease (IHD).

Materials and methods

From September to March 2010 and in May 2011 we
performed a clinical and diagnostic examination of 135 res-
idents of the Western Region of Belarus with AH (39.3 %)
and ITHD (60.7 %), 34 males and 101 females aged
59.65 £ 8.16 years and 28 practically healthy individuals
(group I). In May 2011 we performed sampling of patients
in a cross-sectional study in cooperation with a group of
investigators from the Department of Clinical Physiology
and Musculoskeletal System Pathology of the State Insti-
tution «Institute of Gerontology named after D.F. Che-
botaryov of National Academy of Medical Sciences of
Ukraine». Of the total sample we examined 57 individu-
als in 2010 (group I1) and 78 in 2011 (group III). The in-

Ha croromHi 3axBOplOBaHHSI CEepLEBO-CYIMHHOI CUCTEMU
(3CCC) — akryanbpHa mpobemMa CBiTOBOI Ta HalliOHAIbHOI Me-
IULIMHHA. Y CBOIO Yepry, nedillnT i HeAoCTaTHICTh BiTaMiHy D
MOIIMpPeHi B 6araThoxX KpaiHax cBiTy [11], a maHi ocTaHHIX Me-
TaaHaJli3iB pO3LiHIOTh AediuuT BiTaMiHy D gK HOBuUI (ak-
Top pusuky 3CCC.

Binbiie Hix y 20 mepexpecHUX DOCHimIkKeHHsX [17] BuBUaB-
csl 3B’S130K MiX piBHeM 25-rigpokcuBitaminy D (25(OH)D) y
IUIa3Mi KpOBi Ta apTepialbHUM TUCKOM a00 TOLIMPEHICTIO ap-
TepianbHOI rinepreH3sii (Al'). HaiibGinble 3 Lux qociiiKeHb —
NHANES-III mnoka3zano, 1o icHye 3BOPOTHMI BipOTigHMit
3B’SI30K MiX IMOKa3HMKAMU CUCTOJIIYHOTO Ta ITyJIbCOBOTO THUC-
Ky Ta piBHeM 25(OH)D y mna3mi kposi 12 644 yyacHukis [15].
i pe3ynpTaTl Oy/u MiATBEPIKEHI 1 aHAIi30M y TATpymax, y
SIKOMY BiK3B’s13aHe 30UIbIIEHHSI CUCTOJIIYHOTO apTepiaIbHOTO
TUCKY OyJIO 3HAUHO HIKYE B MALIIEHTIB i3 JOCTATHIM piBHEM Bi-
taminy D [6, 10]. TTepeBakHa OLIbIIICTD LMX TOCTIIKEHb TOKA-
3ye, 110 HU3bKuii piBeHb 25(OH)D y mia3mi KpoBi noB’sg3aHuMii
i3 30LIbILIEHHSIM apTepiaIbHOTO TUCKY a00 BHCOKOIO ITOIIM-
peHicTio rineprensii. Ciin 3a3HaYUTH, 1110 OIliIHKA apTepiaib-
HOTO TUCKY B LIMX JOCJIIIKEHHSIX Maiike 3aBXIM MPOBOAMIA-
Csl Ha OCHOBI OJIHOPAa30BOTIO BUMIipIOBaHHS (SIK TpaBWIIO, Ml
yac Tnpuitomy B KabiHeTi Jiikapst). OgHak psif JOCTiIXKeHb He
3HAXOIWJIN BiporimHoro 3B’s13Ky Mix piBHeM 25(OH)D i apre-
pianbHUM TUCKOM [7, 9, 14, 15]. 3a nannmu PpamiHTeMCbKO-
ro 5-piuHoro crocrepexeHHs 3a 1739 yuacHuKamu, nauieHTH
3 HU3bKUM cUpoBaTKoBUM piBHeM 25(OH)D (< 37,5 Hmoub/i)
Oyau Gt cxuabHUME 10 po3BUTKY 3CCC (62 %), HiX iHLIi
yuacHuku [18]. ¥V mociimkeHHi, B SKOMY B3SIJIM y4acTb MOHAJ
18 000 MeanuHMX npaiiBHUKIB YosoBivoi ctaTi CIIIA, 3a siku-
MM crioctepiraay npotsiroM 10 pokiB, BUSIBIEHO TTOJABOEHHS
YacTOTH BUMAIKIB imeMiyHoi xBopoou cepiist (IXC) cepen uo-
JIOBIKiB i3 HU3bKMM piBHeM 25(OH)D (< 37,5 Hmoub/71) mopis-
HSIHO 3 BUCOKUM BmicToM 25(OH)D (= 75 umods/m) [2]. JTabo-
paTOpPHi HOCIIIKEHHS TaKOX ITOKa3yI0Th, 110 BiTaMmiH D 3miii-
CHIOE (PYHKIIiIO CyTIMHHOTIO 3aXucTy |1, 8] uepe3 rmagkom’s130Bi
KJIITUHU CyAWH, €HAOTeNiaJIbHI KIITUHU, KapAiOMiOLIUTH, IO
MawTh lo-rigpokcunasy, octaHHs neperBopioe 25(OH)D B
1,25-npurinpokcusitamin D (1,25(OH)2D), npupoaHuii jgiranm
peuenTopa Bitaminy D [12, 19].

MeToO10 ITaHOrO MOCHIIXEeHHST OyJI0O BUBYEHHS 4YacTO-
™ aediuuty Tta HegoctatHocTi 25(OH)D y nia3mi kposi
Ta BCTAHOBJIEHHST B3a€MO3B’ 13Ky 13 MOKa3HUKAMU apTepi-
aJIbHOTO TUCKY Ta (PYHKIII€I0 €HAOTENi0 CyauH B ocib 3 Al
ta [XC.

Marepianu Ta meToan

3 BepecHs 1o 6epe3enb 2010 p. Ta 'y TpaBHi 2011 p. Oyno
MMPOBEAEHO KIIiHIKO-AiarHOCTUUHE 00CTexXeHHS 135 Xu-
TeNiB 3aximHoro periony bimopyci 3 AT (39,3 %) ta IXC
(60,7 %), 34 yonosiku Ta 101 xinka Bikom 59,65 * 8,16
pOKiB, i 28 mpakTU4HO 310poBUX 0cib (rpyma I). ¥ TpaBHi
2011 p. Habip MPOBOAMIN METOJAOM OJJTHOMOMEHTHOTO 00-
CTeXEHHS CIIIJIbHO 3 TPYIIOI0 JOCHITHUKIB i3 BIIAITy KJIi-
HigHOi (i3ioyorii Ta MaToJIOTii OMOPHO-PYXOBOTO amapa-
Ty AY «IHcTturyTt reponToiorii imeni JI.d. YeborapbroBa
HAMH VYkpainu». I3 3aranpHoi KiJIbKOCTi 00cTexeHo 57
0ci6y 2010 p. (rpyma I1) i 78 — y 2011 p. (rpymna III). Kpu-
TepisIMU BKJIOUYEHHS Y OOCTiAXEHHs Oyau MiATBepAkKeHa
panime IXC (onuryBanbHuk G. Rose, 3minu Ha EKT', iH-
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MixHapogHe cniBpo6iTHULTBO

clusion criteria were the following: previously confirmed
IHD (G. Rose questionnaire, ECG changes, history of
myocardial infarction, bicycle ergometry test, findings of
coronary angiography) and/or AH. Patients with symp-
tomatic AH, those with diabetes mellitus, acute infectious
diseases, liver and kidney dysfunction, higher than stage 1
congestive heart failure, diseases requiring administration
of hormonal agents were not included.

Some anthropometric data were obtained: height,
body mass, body mass index (BM1) was calculated by the
generally recognized formula (body mass in kilograms/
height in meters square) as well as office (single measure-
ment in the physician’s office) systolic (SBP) and dia-
stolic blood pressure (DBP) and heart rate (HR).

Blood plasma calcium (Ca) and phosphorus (P) le-
vels were estimated by the unified colorimetric method
with the help of the spectrophotometer «Salar».

Lipid exchange indices were studied by electropho-
retic method with the help of the six-channel spectro-
photometer «Salar» (Belarus). We assessed total cho-
lesterol (TCh), high density lipoproteins (HDL), low
density lipoproteins (LDL) and triglycerides (TG).

On the base of the Central Research Laboratory of
the Grodno State Medical University we determined
the content of parathyroid hormone (PTH) in blood
serum using the DRG reagent (USA) with the help
of the immunoenzymatic analyzer «Sunrise» (Tecan,
Austria). In 2010 25(OH)D was assessed by means of
the DRG reagent with the help of the above mentioned
apparatus. In 2011 25(OH)D in blood serum was evalu-
ated by immunoenzymatic method using the immuno-
enzymatic analyzer «Eleksys 2010» (Roche Diagnos-
tics, Germany) with the help of Cobas systems.

With the help of the hardware-software complex
«IMPECARD-M» (Belarus) we evaluated the forearm
vascular endothelial function using the reactive hyper-
emia test and pulse ware velocity (PVV, m/s). By means
of impedance rheography we measured baseline rate of
blood flow in both forearms at rest (after 10—15 min in
prone position) and within 5 min after cuff decompres-
sion at pressure exceeding the baseline by 50 mmHg.
The reactive hyperemia was considered as endotheli-
um-dependent vasodilation (EDV) — an index of rela-
tive change from the baseline in maximum rate of blood
flow (Adz/dt) within the first minute after the end of
occlusion. EDV was considered to be preserved if
Adz/dt exceeded 12 %. Adz/dt range from 12 to —2 %
one minute after cuff removal evidenced stage I en-
dothelial dysfunction (ED), that of from —2 to —15 %
corresponded to stage II endothelial dysfunction,
Adz/dt < —15 % evidenced stage 111 ED. Arterial wall
elasticity was considered to be normal in PVV <12 m/s.

Statistical analysis of the research data was done us-
ing software package STATISTICA 7.0. Data presenta-
tion corresponded to the character of their distribution:
in normal distribution (by Shapiro — Wilk test) the data
were expressed asmean values & standard deviation (M £
* SD), in non-normal distribution — as median (Me)
and interquartile range [LQ-UQ]. In normal distribu-
tion for testing the hypothesis about the equality of two
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dapkT Miokapaa B aHaMHe3i, JaHi BEJOEProMeTPUYHOTO
TecTy, KopoHaporpadii) Ta/abo Al. ¥V mocnigkeHHS He
BKJTIOYAJIMCS TAli€eHTH 3 cuMITomMaTndHolo Al, mykpo-
BUM Jia0eTOM, TOCTPUMHU iHGEKIIHHUMU 3aXBOPIOBAHH S -
MU, TTOPYLIeHHIMH (GYHKIIII ITeYiHKY i1 HUPOK, HeTOCTaT-
HICTIO KpoB0oOOiry moHan I cTymeHs, a TaKOX i3 3aXBOPIO-
BaHHSMU, IO BUMAaraloTh MPUHOMY TOPMOHAJTbHUX Tpe-
rmaparis.

BumiproBanu mesiki aHTpOMOMETPUYHI MOKa3HUKU —
3picT, Macy Tijla, 3a 3arajbHOIPUIHITOI (OpPMYIIOIO
po3paxoByBaiu iHmekc macu Tisa (IMT), a Takox pee-
crpyBaiin odicHuit cuctoniunuit (CAT) i piacToniuHuit
(AAT) apTepialbHUI TUCK, YaCTOTY CEPIEBUX CKOPOUYECHbB
(HCCO).

Busnauenns piBHs kanbiito (Ca) i dochopy (P) y miasmi
KpOBi mpoBoAwiIM YHi()iKOBAaHUM KOJOPUMETPUIHUM METO-
IIOM Ha crieKTpogoTomeTpi Salar.

JlocimkeHHs MOKa3HUKIB JIiIiaorpaMu 3AiiCHIOBAIN eIeK-
TpoOpeTUYHUM METOOM Ha IIeCTUKaHATbHOMY CHEKTPOho-
toMmetpi Salar (PB) i3 BUBHAYEHHSIM 3araJbHOIO XOJIECTEPUHY
(XC), ninonpoteiniB Bucokoi urisibHocTi (JITIBLLL), ninonpo-
teiniB HU3bKOI miabHOCTI (JITTHLLL) i Tpurniuepunis (TT).

Ha 0a3i ueHTpasbHOI HayKOBO-AOCTIMHOI J1abopaTopil
I'pAIMY BusHauanu BMicT napatupeoinHoro ropmony (I1TT) y
CcHpoBaTIli KpoBi Ha iMyHO(EPMEHTHOMY aHai3aTopi Sunrise
¢ipmu Tecan (ABctpist) i3 3actocyBanHsaM peareHTiB DRG
(CILIA). Ha upomy X anaparti 3 BUKopucTaHHsM peareHTiB DRG
nocaimkyBanu 25(OH)D y 2010 poui. Buznauenns 25(OH)D y
m1a3Mi KpoBi y 2011 poiii mpoBoaniv Ha 6a3i BiIIiTy KIiHIYHOI
¢iziojiorii Ta maToJiorii onmopHo-pyxoBoro anapary Y «lHctu-
TyT repoHTosorii iMeHi .M. Yeboraprosa HAMH Ykpainu»
XeMUTIOMiHECLIEHTHUM MeTomoM Ha aHajizatopi Eleksys 2010
(Roche Diagnostics, Himeuunna) tect-cucremamu Cobas.

3a 101MoMOrol0 arapaTHO-IporpaMHOro Komruiekey «Mmme-
Kapn-M» (PB) omiHroBanm (QyHKIIIO €HOOTENIIO CYIMH Tepea-
IUTYYST IUIIXOM TIPOBEACHHS IMPOOM 3 PEaKTUBHOIO TilepeMi-
€10 Ta JOCJIIKYBaIW IIBUAKICTG PO3LIMPEHHS ITyJIbCOBOI XBU-
ni (LLTIITX, m/c). MetonoMm peoimMiienaHcorpacdii BUMiploBaIn
BUXiTHY IIBUIKICTh KPOBOHAIIOBHEHHSI 000X IEPEaIlIiu y CIo-
Koi (mticnsg 10—15-XBUIrMHHOro nepedyBaHHSI XBOPOTO B TOPU30H-
TaJIbHOMY TOJIOXKEHHI) i MPOTSATOM 5 XBUJIMH TC/IsT IEeKOMIpecii
MaHXXeTH, TUCK Y SIKili MiABUIIyBaaIu Ha 50 MM PT.CT. Bij royar-
KOBOTO. PeakTuBHY TiltepeMilo OLliHIOBaJIN SIK €HIOTEiii3aIeKHY
Bazonunaraiito (E3B/1) — moka3sHuK BiTHOCHOI 3MiHU Bisl BUXi/I-
HOI MaKCUMAaJIbHOI IIIBUIKOCTI KpOBOHAMOBHEeHHST (Adz/dt) mipo-
TSTOM TIePILIOI XBWJIMHU TIiCIIsI MpunrHeHHsT okmosii. E3B/I BBa-
Kasacst 30epexeHol0, sikiio Adz/dt craHoBuB Ouiblire HixX 12 %.
Osznakoro nuchyHkiii ennorenito (JIE) I ctynens BBaxkanu mi-
amas3oH 3HayeHb Adz/dt Bim 12 mo —2 % uyepe3 1 XBUIMHY ITic-
JIST 3HATTS MaHXeTH, Bix —2 10 —15 % — 11 crynens JAE, meH-
e —15 % — 111 crynens J1E. EnactiuaHicTb apTepialbHOI CTIHKI
BBaxkasiacst 30epeskeHoro ripu LLITITTX < 12 m/c.

CratuctTuHy OOpOOKY pe3y/bTaTiB IOCIIIKEHHST 3HiiCHIO-
BaJIM 3a JOTIOMOTOIO MaKeTa MPUKIIAIHMX IporpaM Statistica 7.0.
IIpencraBneHHs JaHMX BINITOBITAIO XapaKTepy iX pO3IOIITY: IIpU
HopMastbHOMY (3a KputepieM Illamipo — Yinka) — y Burmsmi ce-
PEeIHBOro 3HAYeHHSI 1 cTaHmapTHoro BimxwieHHs (M * SD), npu
BiIMiHHOMY Bill HOpMaJIbHOIO — y BUIIOi MemiaHu (Me) i Mixk-
kBapTUiIbHOrO po3maxy [LQ-UQ]. Ilpu HopMalbHOMY PO3IOIi-
JIi ISt TIEpeBipKY TilOTe3UW MpO PiBHICTh CEPEeAHIX 3HAUYEHb ABOX
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group means we used Student t-test (t). In non-normal
distribution comparison of two independent groups of
the studied variable was done with the help of Mann —
Whitney U test. To assess the correlations between the
variables we used the Pearson correlation analysis test
(r) and nonparametric Spearman’s correlation analy-
sis (R). To assess the influence of several factors as well
as their combination on the studied value multivariate
analysis of variance ANOVA was used. Diagnostic sig-
nificance was assessed by means of ROC-analysis. The
null hypothesis was rejected at p 0.05 for each of the
tests employed.

Results

General characteristic of the examined groups is
shown in Table 1. The group of practically healthy in-
dividuals differed from both groups of patients by most
of the mentioned indices while the groups of patients
differed only by gender (in group II there were 35 %
males versus 18 % (p = 0.026) in group III) and by SBP
as there were more persons with AH in group I11— 46 %
versus 30 % in group II (p > 0.05). Variance analysis
(ANOVA) revealed statistically significant differences
(p <0.05) between the groups of males and females (40
and 123, respectively) by body mass, height, HR ac-
cording to Kruskal — Wallis criteria and Median test.

As demonstrated in Table 2, the main groups which
were formed using the same inclusion and exclusion cri-
teria but in different years had statistically significant dif-
ferences only in 25(OH)D plasma levels. EDV remained
normal in 29 % of the examined patients. Signs of stage |
ED were revealed in 22 % cases, those of stage I1 ED —
in 26 % cases, those of stage II1 ED — in 23 % cases. Ar-
terial wall elasticity remained normal in all examined pa-
tients with AH, in the IHD group PVV > 12 m/s was di-
agnosed in 11 individuals (13 %).

Ipyn 3MiHHOI BUKOpHUCTOBYBaM Kputepiii CrbloneHTa (t). SKio
PO3M0/1iJT 3MiHHOI He Bi/INMOBIIaB HOPMATbLHOMY, ITOPiBHSIHHSI IBOX
He3aJICXKHUX TPy JOCTIIKYBAaHOI 3MiHHOI IPOBOMWIN 3a JIOIIO-
Moroio Tecty ManHa — YitHi. JI71s1 OLiHKY 3B’S13Ky MixX 3MiHHU-
MM BUKOPUCTOBYBAJI KOpesaiiiHuii aHami3 [lipcoHa (r) i Hemapa-
MEeTpUYHUI KopessiiiiiHuii aHati3z Cripmena (R). L1 nocimkeH-
HS1 BIUIMBY JIEKIJIbKOX YMHHMKIB, a TAKOX 1X KOMITO3MLIiiA HA BEIM-
YUHY AOCTIIKyBaHOTO MOKa3HUKa 3aCTOCOBYBaBCsI baratohakTop-
Huit qucniepciiinuii aHanis ANOVA. [liarHocTMYHa 3HAYUMICTb
Bu3Havanmacs 3a norniomororo ROC-ananisy (Receiver Operator
Characteristic-anaiiz). HyboBa riroresa Bigkumanacsi pu piBHi
p <0,05 1151 KOXKHOTO 3 BUKOPUCTAHUX TECTIB.

Pesynbratn

3arajpHa XapaKTepUCTHKA OOCTEeXEHMX TpyIl Iojaa-
Ha B Tabj. 1, 3 9KOi BUJHO, 110 Irpyna NpakKTUUYHO 310PO-
BUX oci6 BigpizHsimacs (p < 0,05) Bim 060X rpymn namieH-
TiB 3a OUIBIIICTIO MOKA3HUKIB, 1110 AOCHIIXYOTbCsA. [py-
M Nalli€HTiB BiApi3HsIMCS 3a cTaTTio (B Tpymi 11 omoBi-
ku ctaHoBuiM 35 % nipotu 18 % (p = 0,026) y rpymi I11) i
CAT, ockinbku B rpyti I11 oci6 3 AT 6yio Ginbine — 46 %
npotu 30 % y rpymi II (p > 0,05). ducnepciiiHuii aHa-
i3 ANOVA noka3zaB BiporigHi BinmiHHOCTI (p < 0,05) mix
Irpymnoo 4oJioBikiB i xiHok (40 i 123 BigmoBigHo) 3a Ma-
coto Tina, poctom, YCC 3a kputepisimu Kruskal — Wallis
i Median test.

Sk BugHO 3 TabJ. 2, OCHOBHI Tpyrnu, chopMoBaHi 3 BU-
KOPUCTAaHHSIM OJHUX i TUX CaMUX KPUTEPiiB BKIIOYEHHS
i BUKIIIOUEHHS, aje B Pi3HI pOKM, CTATUCTUYHO BipoOTim-
HO Binpi3Hsaucs auine 3a piBHeM 25(0OH)D y nma3mi kpo-
Bi. E3B/I Gyna 36epexeHolo y 29 % obctexenux. O3Haku
IE I crynens giarHoctoBaHo y 22 % sunazkis, JE I ct. —
y 26 %, OE 111 ct. — y 23 %. EnacTuuHicTh apTepiaibHOI
CTiHKM 3aiuinanacs 30epexXeHolo B ycix oocTexeHux 3 Al,
y rpymni 3 IXC LUTITIX 6inpiie 12 m/c BctaHoBIeHa B 11
oci6 (13 %).

Table 1. Demographic and anthropometric data of the examined patients
Ta6nuys 1. JlemozpadpiuHi i aHmponomempuyHi NOKA3HUKU 06cmeieHux

Values / Group | / Group Il / Group Il /
MNoka3Huk Ipynal Mpynalll Ipyna lll
n/
KinbKicTb 06CTEXEHMX 28 . [
45,80 £ 6,93
Age, years / p, = 0,0001 61,30 + 8,03 60 [55-64]
1, pou p, = 0,0001
,=0,
Sex, male/female / 14/64
CraThb, 4/ 6/22 20/37 p,=0,03
Height, sm /
3pict, om 165,79 £ 6,51 165,17 £ 7,38 163,27 £ 7,61
. 73,25 +10,84
e, ke / b, =003 80,94 + 19,07 80,74 + 13,38
aca, Kr D 1: 0.009
,=0,
26,67 + 3,86
2 i i
BMI, kg/m?/ p, =001 29,55 + 5,05 30,45 + 5,02
IMT, Kr/m p. £ 0,0005
,=0,
120,0 [115-125]
SBP, mmHg / i _ 140,0 [120-160]
CAT, MM pT.CT. ppl:_OOE)OOOOOOS:L 130,0 [120-140] b, =003
,=0,
80,0 [70-90]
DBP, mmHg / p, = 0,0004 90,0 [80-100] 90,0 [80-100]
[AT, MM pT.CT. b i 0.00006
,=0,
HR, bpm /
4CC, ya/xB 68,71 + 12,09 68,81 + 11,74 72,38+11,16
Note: p, — differences when compared with group Il, p, — differences when compared with group Ill.
Mpumimku: p, — eidmiHHOCMi npu nopieHaAHHiI 3 2pynoto II; p, — eidmiHHOCMi npu nopieHaHHI 3 2pynoio llI.
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Incongruity of the results is due to the fact that 25(OH)D
level in 2010 and 2011 was determined in different (cer-
tified) laboratories by non-identical methods. Neverthe-
less mathematical methods allow unite heterogeneous
groups into one sample by normalization (standardiza-
tion) of the baseline data. As a result of normalization the
index loses its dependence on the factors by which it was
standardized, in the present case — on the year and de-
termining methods [13]. Normally distributed random
variables X with the help of the linear transformation z =
(x — M)/o (where M and 6> — mean value and dispersion
of the studied attribute, respectively) have the same distri-
bution called standardized distribution. For normal stan-
dardized distribution Z__ =0, and o= 1.

Having standardized by this method the data of the pri-
mary groups we obtained homogeneous samples. Homo-
geneous samples can be assembled into one and in such
way we can obtain more complete information about it
and consequently make more reliable conclusions [3].

The cut-points are currently the most common-
ly used classification of vitamin D status defined as vi-
tamin D deficiency with 25(OH)D < 50 nmol/I, insuf-
ficiency — 51—75 nmol/l, and sufficiency > 75 nmol/1
[4, 5]. The results of the analysis of vitamin D availabil-
ity obtained after combining of the standardized indices
of 25(OH)D serum level in the main groups and the con-
trol group (n = 156) evidence that more than 95 % of the
examined individuals have vitamin D insufficiency (Fi-
gure 1). There were no significant differences in frequen-
cy of 25(OH)D deficiency/insufficiency occurrence be-
tween the groups and depending on the diagnosis.

We determined significant (p < 0.05) weak inverse
correlation relationships between serum level of vita-

Po306iXXHICTh pe3y/IbTaTiB MOSICHIOETHCS TUM, 110 BU3HAYCH-
Hs KoHueHTpaitii 25(OH)D y 2010—2011 pokax mpoBomuio-
cs B pisHUX (cepTrdiKOBaHMX) JTAaOOPATOPIsIX, HEIMEHTUYHU-
MU MeToAUKaMu. TUM He MeHIlle MaTeMaTU4Hi METOU J03BO-
JISIIOTH 00’ €AHYBAaTH Pi3HOPIAHI TPy B ONHY BUOIpPKY 3a JOTIO-
MOTOI0 HOpMYBaHHsI (CTaHAApTU3allil) BUXiTHUX JaHUX. Y pe-
3yJIbTaTi HOPMYBaHHSI ITOKAa3HUK BTpayae 3aJeXKHICTh Bil pak-
TOpiB, 3a SIKMMU BiH OYB CTaHIApTU30BaHUIi, Y JAHOMY BUMAI-
Ky — piK i MeToauKa Bu3HaueHHsI | 13]. HopMmanbHO po3nomiieHi
BMIMAIKOBI BEIMYMHU X 3a JOTIOMOTOIO JIiHIHHOTO TIepeTBOPEH-
Hs: z = (x — M)/c (ne M i 6 — BiaMoBiIHO cepeHE 3HAUEHHS
Ta JUCIIePCist TOCIiIKYBaHOI O3HAKM) BiTHOCSATHCS 0 OJHOTO i
TOTO X PO3IMOMiNy, 10 HA3UBAETHCS CTaHAApTHUM. s cTaH-
JTAPTHOTO HOPMAaJIbHOTO PO3ITO/ITY Zcepm€ =0,ac=1.

CraHaapTU3yBaBIIM TaKMM METOAOM BUXiTHI HaHi TIpy,
OTPUMYEMO OAHOPinHI BUOipkU. OFHOpPIAHI B CYKYITHOCTI
MOXHa 00’€THATU B OJIHY TPYITY i TAKUM YMHOM OTPUMATH MPO
Hei OUIbLI MOBHY iH(oOpMallilo, a OTXe, i1 3p0OUTH OiTbII Ha-
MiiTHiI BUCHOBKH [ 3].

3rigHO 3 HAWOLIBLI MOIIMPEHOI0 Kiacu@ikalli€lo cTaTy-
cy Bitaminy D, mediuut BitamiHy D po3LiHIOETbCA TIPpU PiB-
Hi 25(OH)D y nnasmi kpoBi Hukue 50 HMOJIb/JI, HeIOCTaT-
HicTb — 51—75 HMOJb/N i mOCTaTHIi (ONTUMAaJIbHUIA) pi-
BeHb — Bullle 75 HMoub/1 [4, 5]. Pe3ynbraTu aHamisy 11oao
piBH# BiTaMiHy D B 00cTeXeHOro HaceJleHHs, OTPUMaHi IicJs
00’eTHaHHS CTaHAAPTU30BaHUX MOKa3HUKiB BMicTy 25(OH)D
y TIJ1a3Mi KPOBi Yy MallieHTiB OCHOBHUX TPYIT i 0Ci0 rpyru mopis-
HsHHS (n = 156), cBiguath, 1o nmoHanm 95 % o0CTeKeHUX Ma-
10Th AedinnT/HemocTaTHicTh BitTaminy D (puc. 1). He BctaHOB-
JIEHO BipOTiIHMX BiIMiHHOCTE# 3a 4acTOTOIO JAeilluTy/Hemn0-
cratHocTi 25(OH)D Mix rpynamu i 3aj1exKHO Bin AiarHo3y.

Bbyno BcranoBneno BiporinHi (p < 0,05) 3BOpoTHI KopeJs-
LiiTHI 3B’SI3KM MiX cTaHaapTu3oBaHuM piBHeM 25(OH)D i ma-

Table 2. Indices of calcium-phosphorus, lipid metabolism, 25(0OH)D, and endothelial function
Tabnuys 2. lNokasHuKu Kaneyieso-pocchopHo2o ma ninioHo20 o6miHy, 25(0H)D i pyHKyii enoomeniio

Values Group | Group Il Group Il
MNoka3Huk Tpynal Mpynalll Ipyna lll
n
KinbKicTb 06CTEXEHUX 28 57 8
Ca, mmol/I
Ca, MMOnb,/n 2,35+0,12 2,32+0,17 2,32+£0,13
P, mmol/I
P, MMOfb,/ 0,95+ 0,28 1,04+ 0,16 0,91 +0,27
PTH, pg/ml X .
MTT, e/ 51,8 + 20,9 42,68 [32,36; 72,47] 51,43 [33,69; 72,23]
44,20 £ 17,95
25(0H)D, nmol/I o ! . 29,86 [19,95; 49,07]
p, =0,0001 20,40 [16,10; 30,90] n
25(0H)D, Hmonb/n p12 =0,039 p, =0,005
TCh, mmol/I
3aranbHui XC, MMOAb/ 5,05+ 1,06 5,55+ 0,91 5,06 +1,03
HDL cholesterol, mmol/I
NINBL, Mmmonb/n - 163+0,49 -
LDL cholesterol, mmol/I
JNINHLL, mmonb/n B 3,35+115 -
TG, mmol/I 1,70 1,26 1,48 0,75 1,67 £0,70
TI, Mmonb/n
PW, m/s . .
LUPMIX, M/c 6,49 £2,27 4,9[3,7;10,0] 5,65 [3,7; 8,75]
Adz/dt, % 9,6 [-3,26; 20,9] -4,9[-19,5; 11,4] -0,2[-8,9; 14,6]
Note: p, — differences when compared with group Il, p, — differences when compared with group Iil.
Mpumimku: p, — eidmiHHOCMi npu nopieHaHHiI 3 2pynoro I, p, — eidmiHHOCMi npu nopieHsaHHI 3 2pynoto llI.
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min 25(OH)D standardized and body mass (r = —0.21),
25(0OH)D standardized and BMI (r = —0.19), 25(OH)D
standardized and HR (r = —0.19). The inverse correla-
tion relationship between serum level of vitamin 25(OH)
D standardized and DBP (R = —0.17; p < 0.05). There
were no significant correlation relationships between
25(0OH)D level and other studied indices.

Assessment of the importance of 25(OH)D serum level
for prognosis (diagnosis) of SBP elevation was performed
by means of the ROC analysis (Receiver Operator Char-
acteristic analysis). The space below the ROC curve built
according to the 25(OH)D level and SBP values (Figure
2) was equal to 0.611 (95% confidential interval 0.512—
0.711; p < 0.05). The optimal cut point which allowed us
in 90 % cases to make a true positive conclusion (sensitiv-
ity) that the patients’ SBP value exceeded 140 mmHg cor-
responded to the 25(OH)D serum level of 17 nmol/I (and
lower). When 25(OH)D plasma level was 72 nmol/I (and
higher) the rate of truly negative cases (1-specificity) also
amounted 90 %, that is we could reliably exclude the in-
crease of SBP in our patients.

Using multivariate analysis of variance ANOVA (Figure
3) we determined that BMI and DBP values jointly make
significant contribution to the variance of the standardized
25(0OH)D serum level (F =4.94; p < 0.03): if DBP level is
elevated (higher than 90 mmHg) the 25(OH)D serum le-
vel does not depend on the BMI, but if DBP level does not
exceed the upper limit of normal (lower than 90 mmHg)
with normal BMI the 25(OH)D serum level is consider-
ably higher than in those with BMI > 29.0 kg/m?.

Patients suffering from AH (53 individuals) differed sig-
nificantly from those with IHD (82 individuals) by such
parameters as age (53.77 £ 6.91 and 63.45 % 6.50 years;
p = 0.00001), serum LDL level (2.77 £ 0.79 and 3.63 =
+ 1.20 mmol/I; p = 0.0093), and TG level (1.06 + 0.42
and 1.67 £ 0.73 mmol/I; p = 0.005) respectively. There
were no frequency differences in 25(OH)D plasma defi-
ciency/insufficiency either between the whole sample and
the groups or between the groups themselves. We estab-
lished a direct correlation relationship between standard-
ized 25(OH)D plasma level and EDV indices — Adz/dt

coto Tina (r = —0,21), crangaptuzoBaHuM piBHeMm 25(OH)D i
IMT (r=—-0,19), crannaptuzoBanHum pisHem 25(OH)D i HCC
(r = —0,19). HeratuBHMi1 KOpEJSILiHUI 3B’I30K MiX CTaH-
naptuzoBaHuM piBHeMm 25(OH)D i AT (r = —0,17; p < 0,05)
OYB CHJIBHIIIMM y Tpy1i 4oa0BikiB (r = —0,378; p < 0,05). Bi-
porinHux Kopesiiit Mixk piBHeMm 25(OH)D Ta inmmmu gocti-
JOKYBaHUMM TTOKa3HUKAaMK He BCTAHOBJIEHO.

Owninka 3Hauymoro piBHsa 25(OH)D y mna3mi KpoBi ajst
nporHo3y (miarHoctuku) miasuineHoro CAT npoBomwiacs
3a jonomoro ROC-ananizy. ITinoma nig ROC-kpusoro, 110
Oysia moOynoBaHa Ha MiacTaBi naHux npo piBeHb 25(OH)D
i Bemnunny CAT (puc. 2), nopiBHioBana 0,611 (95% nosipunii
intepsan 0,512—0,711; p < 0,05). OnTumanbHa ToUKa MOy,
o 103BoJjisie B 90 % BUMAAKiB 3p0OUTH BipOTiMHUN BUCHO-
BOK (UyTIMBIiCTh) mpo Te, 1o BeanunHa CAT y mamieHTa 1mo-
Han 140 MM pT.cT. Bignosimana pisHio 25(0OH)D 17 umonb/n
(i Huxue). Ipu piBHi 25(OH)D y mnasmi KpoBi 72 HMOIb/IT
(i BMIE) yacTKa iCTMHHO HEraTMBHUX BUMANKiB (CIELM-
diunicTp) Takox nocsirae 90 %, ToGTO 3 TaKolO BipoTimHic-
TIO MOXHA BUKJIIOYUTH y MAL[IEHTIB HAsIBHICTb MiIBULIEHOTO
CAT.

3a moromorolo 6araroakTOpHOTO AMCIEPCIiTHOTO aHaji3y
ANOVA (puc. 3) BctaHOBIIEHO, 1110 TTokazHuku IMT i IAT criinb-
HO BHOCSITD BipOTiTHWI BHECOK Y BEJIMIMHY AUCTIEPCii CTaHIAPTU-
30BaHOrO nokasHuka piBHs 25(0OH)D y masmi kposi (F = 4,94,
p < 0,03): npu nigBuieHux 3HaueHHsX JAT (Buiie 90 mm pr.cT.)
piBenb 25(0OH)D y mna3mu KpoBi He 3anexxkuts Bin IMT, ane sk-
o BenmuunHa JIAT He nepeBUIlye BEpXHIO MeXXY HOPMU (HIDKYe
90 MM pT.cT.), TO Ipu HopMabHOMY IMT piBenb 25(OH)D y rias-
Mi KPOBI iCTOTHO Bu11Ie, HixX B 0ci0 3 IMT > 29 kr/m2.

I'pyna nmauienTis i3 AI' (53 4osi.) icTOTHO Bifpi3Hsiiacs
Bix rpynu xBopux Ha IXC (82 4oi.) 3a TakuMu mmapameTpa-
mu, gk Bik (53,77 £ 6,91 i 63,45 £ 6,50 poky BigmosinHO,
p = 0,00001), piBens JIITHIIL y cupoBatui kpoBi (2,77 =
+0,791 3,63 £ 1,20 mmounn/n Bigmosigno, p = 0,009) i mo-
kaszuuku TT (1,06 £ 0,421 1,67 = 0,73 mMoab/n Bigmosin-
Ho, p = 0,005). BinminHoCTeit y yacToTi aediuurty/Hemno-
cratHocTi 25(OH)D y nnasmi kpoBi Hi B yciit Bubipui, Hi
MixX TpynmamMu He oTpuMaHo. Y maiieHTtiB 3 IXC (n = 55)
BCTaHOBJIEHA MpsiMa KOpeJsiliiiHa 3aJeXHIiCTb MiX CTaH-
naptuzoBaHuM piBHeM 25(OH)D y nmnasmi kpoBi Ta mo-

4,5%
m7% = (. 0
|:|78%
O<50 nM/I  E51-75nM/I B> 75nM/I

1,0
n
5987 -
m
2 0,6 -~
5 /
J
>0,4 -
= e
20,2 e
A ~
0,0 T T T T 1
0,0 0,2 0,4 0,6 0,8 1,0
Specificity / CneundivHicTb

Figure 1. The incidence of vitamin D deficiency, insufficiency
and sufficiency in the studied residents of the Western Region
of Belarus
PucyHok 1. Yacmoma degpiyumy i HedocmamHocmi eimaminy
D ceped o6cmexeHo20 HaceneHHA 3axiOHoz20 pezioHy binopyci
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Figure 2. ROC curve built according to the 25(0OH)D level and
SBP values
PucyHok 2. ROC-Kkpuea, nobydoeaHa Ha 0CHO8i 0aHUX Npo pi-
8eHb 25(0OH)D y nna3mi kposi ma eenuyuHy CAT
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(r=10.33; p = 0.014) in the
IHD group (n = 55) which
proves the influence of vita-
min D on the endothelium
of vascular wall and may ev-
idence the role of 25(OH)D

Current effect / OcHoOBHWI epekT
F (1,118) =4,9448, p = 0,02807
Effective hypothesis decomposition /
AHanis epekTMBHOI rinoTesun
Vertical bars denote 95 % confidence interval /
BepTukanbHi niHii BkadyoTb Ha 95% [oBipunii iHTepBan

kazHukom E3BJ] — Adz/dt
(R =0,33; p=0,014), mo
OiOTBEPIKYy€E BIUIMB BiTa-
Miny D Ha cTaH eHmoTeni0
CYOAMHHOI CTiHKU # MOXe
CBiIUMUTU MPO pOJb HEI0-
cratHocti 25(OH)D y na-

ToreHesi IXC.

Takum 4yuHOM, Ha IIifA-

CTaBi OTPUMAHUX JAaHUX

MOXHa 3pOOUTU TakKi BU-

CHOBKMU:

T 1. Iommpenicts nedi-

Uty Bitaminy D y ocib 3a-
XxigHoro perioHy binopyci 3

KapaioBacKyJ/JsSpHOIO TMaTo-

4 JIOTi€l0 oyxXe BHcoKa. Bmict

25(OH)D y mnnasmi Kpo-

insufficiency in pathogene- 1,2

sis of THD. 1,0 _
Thus, on the basis of 0,8

the obtained data the fol- 06

lowing conclusions can be ’

made: = 0.4
The prevalence of low a 02

vitamin D concentration 0,0

in residents of the West- -0,2

ern Region of Belarus with ~0,4

cardiovascular pathology 06 -

is very high. The level of —0’8

25(OH)D in blood plas- 1
ma lower than 17 nmol/l

OAT rp

) Bi HuXk4e 17 HMOJB/I aco-
HilloBaHWN i3 MigBUIIEH-
HaMm CAT. BcraHoBieHO

is associated with elevated
[=BMigr1/IMTrp1

EBMIng/IMTrp2|

SBP. Inverse correlations

HeTaTUBHUI KOpeJISIiii-

were established between
the 25(OH)D plasma le-
vel and body mass, BMI,
DBP. In the IHD group
there was a direct correla-
tion relationship between
the 25(OH)D plasma level and the index of endotheli-
um dependent vasodilatation.

Figure 3. Contribution of BMI and DBP into value of variance of
25(OH)D standardized
PucyHok 3. Bhecok IMT i JAT y 3Ha4eHHA ducnepcii cmaHoap-
mu308aHo020 nokasHuka 25(0H)D

HUI 3B’SI30K MiX piBHEM
25(OH)D y mna3mi KpoBi i
macor Ttina, IMT, JAT. ¥
rpymi ocio 3 IXC BcraHOB-
JIeHa TIpsMa  KOpeJsiiiii-
Ha 3aJIeXKHICTh MiX BMiCTOM

25(OH)D y nna3mi KpoBi Ta BEJIMYMHOIO €HIOTENiA3a1ekKHOT
Ba3oaujIaTailii.
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