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Abstract

Objective. Chronic heart failure (CHF) is the most common complication of cardiovascular system
diseases associated with unfavorable prognosis. Vitamin D deficiency is an additional factor contributing
to the development of cardiovascular pathology. Current evidence on the relationship between vitamin
D and the state of the myocardium in patients with CHF is insufficient. The aim of the study was to
assess the plasma level of vitamin D in CHF patients and to evaluate its impact on the morphological and
functional state of the myocardium. Design and methods. The study involved 124 patients with CHF -1
functional class and 16 control subjects without CHF. In all patients, vitamin D level was assessed
(25(OH)D total by ELISA) and echocardiography on the apparatus Logiq P5 (USA) was performed.
Results. The average plasma level of 25(OH)D in CHF patients was 16,6 (10.9; 23.7) ng/mL that was
significantly lower (p = 0.01) than in the control group 42,1 (27.8; 49.6) ng/mL. All patients with CHF
were divided by the plasma level of 25(OH)D according to centile distribution into group I (LQ~UQ,;,)
with level of 25(OH)D 10.9 ng/ml, group II (LQ,,~UQ,,) with level 25(OH)D 10.9-23.7 ng/ml, and
group III (LQ_~UQ, ) with level of 25(OH)D 23.7 ng/ml and above. Systolic blood pressure (SBP)
was significantly higher in group I than in group III (p = 0.04), and in the control group this value was
significantly lower than in all groups of CHF patients (p <0.05). Dimensions of the aorta and its sections,
left atrium, parameters of end-systolic volume, end-diastolic volume (EDV), thickness of the anterior and
posterior left ventricle wall during systole were significantly higher in group I as compared to group I,
[T and the control group. There is a negative correlation between the plasma level of 25(OH)D and EDV
(R=-0.24; p=0.03), systolic output (R =-0.28; p=0.01), dimensions of the aorta at aortal valve (AV)
(R=-0.39; p=10.0002), ascending aorta (R =—0.31; p = 0.02) and aortic arch (R =-0.41; p=0.002),
parameters of anterior (R =—0.36; p=0.004) and posterior left ventricular wall thickness during systole
(R=-0.27; p = 0.01) in all patients with CHF. Also, there is a positive correlation between SBP and
aorta dimensions at the AV level (R = 0.44; p = 0.00003) and ascending aorta (R = 0.36; p = 0.006).
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Conclusions. Found association of vitamin D plasma levels with structural and functional state of the
myocardium indicates the negative impact of vitamin D deficiency on myocardial contractile function,
dimensions of the aorta and anterior and posterior walls of the left ventricle.
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Pe3rome

XpoHuueckas cepaeunas HepoctarodyHocTh (XCH) siBisieTcst Hanbosee pacipocTpaHEeHHBIM U IIPO-
THOCTHUYECKH HeOIaronpusTHHIM OCJIOKHEHHEM BCeX 3a00JIeBaHHM CepeYHO-COCYIUCTON CUCTEMBI.
JlonoaHUTENbHBIM (DaKTOPOM, BHOCSIIMM BKJIaJ B PAa3BUTHE MATOJIOTUU COCYIOB U CEPILA, CIIY>KUT
neduuuT BUTaMHHA D; B TO e BpeMs JaHHBIX O B3aWMOCBSI3U YPOBHS BUTaMuHa D ¢ cocTosHueM
muokapa y nauueHtoB ¢ XCH nenoctarouno. Llenbio ncciaegoBanus OblIO OLIEHUTH YPOBEHb BUTA-
muHa D B mutazme kposu y mun ¢ XCH, n3yunTs ero BiusHue Ha MOp(hoQyHKIIMOHAIBHOE COCTOSIHUE
muokapaa. MarepuaJjibl u MeToabl. O6cnenoano 124 nanuenta ¢ XCH I-11 ¢pyHkimonansHoro kiacca
u 16 mun rpynmsl KoHTposist 6e3 XCH. Beem narpenTaM mpoBoAnIIach OLIEHKA YPOBHSI 001IeT0 BATAMUHA
D (25(OH)D total meTogom nMMyHO(EpPMEHTHOTO aHalu3a) U 3XoKapauorpadus Ha annapare Logiq
P5 (CIA). Pesyabrarbl. Cpeanuii ypoenb 25(OH)D B mtazme kpoBu nanuentoB ¢ XCH cocraBun
16,6 (10,9; 23,7) ur/mna u 611 HUXE (p = 0,01), yem B rpynmne korTpons — 42,1 (27,8; 49,6) Hr/mi.
Bce nammentsl ¢ XCH 66111 pa3nenenst no yposHio 25(OH)D B miia3me KpoBH COITIACHO LIEHTHIIEHOMY
pacnpenenenuto Ha rpynmy I (LQ,~UQ,,) ¢ yposuem 25(OH)D no 10,9 ur/ma, rpynmy II (LQ,.~UQ,,)
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¢ yponem 25(OH)D 10,9-23,7 ur/mn u rpynmy III (LQ.~UQ, ) ¢ yporem 25(OH)D 23,7 nr/mn
U BBIIIE. YPOBEHb CUCTOINYECKOT0 apTepraibHoro nasienus (CAJl) B rpynme [ 6611 BbIlIe, yeM B TpyI-
nie I1I (p = 0,04), a B rpynme KOHTPOJISI — HUXKE, YeM Bo Beex rpymmnax nanueHToB ¢ XCH (p < 0,05).
PazmMepbl a0pThI U €€ OT/IEN0B, JIEBOTO MPECepAns, IOKa3aTeIn KOHEUHOTO CUCTOIMYECKOro o0beMa,
KOHE4HOro fuacronndeckoro oorema (K/10), Tonmumna nepeaneit u 3aJHei CTEHOK JIEBOT'0 JKeTyI0UKa
(JIX) B cuctony 01 60mb1ie B rpymnne I, mo cpaBuenuto ¢ rpynmnoii 11 u 111 u ¢ KoHTposIbHOM IrpyTIOH.
YcTaHOBIEHBI OTPHUIIATENIbHBIC KOPPESIMU Mex 1y ypoBHeM 25 (OH)D B mtazme KpoBH ¢ moka3aresisi-
mu KJ1O (R =-0,24; p = 0,03), ynapuoro oosema (R =—-0,28; p = 0,01), pasmepom aopThl Ha ypOBHE
aopranbHoro knanana (AK) (R =-0,39; p=0,0002), Bocxoasmiero otaena aoptsl (R =-0,31; p =0,02)
u nyru aoptel (R =-0,41; p=0,002), a Taxxke c TonmuHoi nepenneit crenku JOK (R =-0,36; p=0,004)
u 3agHei crenku JOK B cuctony (R =-0,27; p=0,01) Bo Bceii rpynme nanuentos ¢ XCH. Takxe Hamu
yCTaHOBJICHA MOJIOKUTENbHAs Koppesiius Mexay ypoBHeM CAJl u pasmepom aopTsl Ha ypoBHe AK
(R=0,44; p=0,00003) u Bocxoasiiero oraena aopTsl (R =0,36; p=0,006). BbiBoabI. YcTaHOBIEHHBIC
HaMH accolMaluy ypoBHs BUTaMuHa D B riazme KpoBu ¢ MOp(hOPyHKIIMOHAIBHBIM COCTOSTHUEM MUO-
KapJla yKa3bIBalOT Ha OTPULIATEIbHOE BIMSHUE CHUKEHHOTO YPOBHS BUTaMuHa D Ha COKpaTUTENbHYIO
(GYHKLMIO MHOKap/a, pa3Mepbl aOpPThl U pa3Mepbl nepenHeit u 3aaneit crenok JDK.
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Introduction

Despite obvious recent achievements in the
pathogenesis and therapeutic approaches, chronic
heart failure (CHF) remains the most common
and prognostically unfavorable cardiovascular
complication. Just one year after CHF development,
as little as 50-70 % of patients survive, and within
the period of 5 years the minority is alive [1]. In the
Framingham study, mortality within 5 years after
CHF development was 62 % in men and 42 % in
women [2].

Today, vitamin D deficiency is considered an
additional factor contributing to cardiovascular
diseases. Vitamin D receptors (VDR) are present
in more than 40 target tissues including cardio-
myocytes, vascular smooth muscle and endothelial
cells [3, 4]. Interactions between vitamin D and the
cardiovascular system (CVS) include the impact
of vitamin D on myocardial contractile function,
blood pressure regulation, cardiac remodeling,
and reduction of left ventricular (LV) hypertrophy
[5-7]. Available experimental data show that
correction of vitamin D deficiency decreases
myocardial hypertrophy and improves the course
of arterial hypertension (HTN) [7].

The role of vitamin D in atherosclerosis
prevention is of particular importance in the

context of the effect on the CVS. Inflammatory
process that is usually associated with low vitamin
D level is currently considered to be one of
mechanisms of atherosclerosis [8]. In addition,
low vitamin D levels increase the risk of severe
coronary heart disease: in patients with vitamin D
deficiency the prevalence of CHF is almost twice
as great as in patients with sufficient vitamin D
level [9].

Currently, there are very limited data regarding
the interaction between vitamin D blood level and
myocardial state in patients with CHF.

Objective of our study was to assess vitamin
D plasma levels in CHF patients and its association
with morphological and functional characteristics
of myocardium.

Design and methods

In Grodno and Volkovysk cities, we included
124 patients (43.5% men, 56.5% women) with
CHF of functional class (FC) I-II secondary to
the coronary heart disease and/or HTN. Mean age
was 63.5 £ 8.9 years. The control group consisted
of 16 subjects without CHF (31.2% men, 68.8 %
women, mean age 59.5 = 7.4 years). Exclusion
criteria were as follows: chronic obstructive
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pulmonary disease, bronchial asthma, intake of
hormonal drugs, diabetes mellitus, oncological
diseases.

All patients underwent a routine physical
examination with anthropometry. To confirm the
FC of the CHF according to NYHA classification
[10] and national recommendations of the Republic
of Belarus [11] all patients underwent the 6-minute
walk test. During the test, the patient has to
walk as far as possible at a comfortable pace in
6 minutes in a corridor with 1-meter markers. The
distance > 551 m covered in 6 minutes corresponds
to CHF FC 0, 426-550 m — to CHF FC I, 301—
425 m — to CHF FC 11, 151-300 m — to CHF
FC 111, < 150 m — to CHF FC IV. At baseline
all the patients received complex pathogenetic
therapy for CHF in accordance with the national
recommendations of the Republic of Belarus
[11].

The participants answered to survey concerning
consumption of exogenous vitamin D with
food rich in vitamin D (cod liver oil, omega-3
polyunsaturated fatty acids, fish oil) as well as
with vitamin D-containing medications.

The assessment of the total vitamin D plasma
level was carried out by enzyme immunoassay
with the determination of total 25-hydroxy-
cholecalciferol (25(OH)D total = 25(OH)D, +
25(OH)D,) level. Blood plasma level of 25(OH)
D > 30 ng/ml was considered as optimum, 20—
29 ng/ml — as insufficient, less than 20 ng/ml —
as deficiency, less than 10 ng/ml — as marked
deficiency [12, 13]. For the assessment of 25(OH)D
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blood was collected over the period from October
to December.

Echocardiography (echo-CG) (Logiq P5, USA)
with a cardiac transducer 3 mHz was carried out in
all patients. In the M- and B-mode the following
parameters were assessed: aortic size at the levels
of the aortic valve (AV), ascending aorta, aortic
arch, descending aorta, left atrium anteroposterior
diameter, LV end-systolic volume (ESV) and
end-diastolic volume (EDV), LV systolic output
(SO), LV ejection fraction, interventricular septum
thickness in systole and diastole, LV anterior wall
thickness, LV posterior wall thickness in systole
and diastole, LV mass and LV mass index.

Statistical analysis was carried out with the
help of “STATISTICA 10.0” (SN AXAR207F
394425FA-Q).The findings are presented as
mean values with standard deviations (M + SD), in
case of non-normal distribution — as median values
(Me) and interquartile ranges [LQ-UQ]. The
relations among variables were assessed by
Spearman correlation analysis (R). Differences
were considered to be significant at p-level < 0.05.

Results

Average level of 25(OH)D in blood plasma in
patients with CHF made 16.6 (10.9; 23.7) ng/ml vs
42.1 (27.8; 49.6) ng/ml (p = 0.01) in the control
group.

All CHF patients were divided into 3 groups
according to 25(OH)D blood plasma level with
reference to centile distribution. Group I consisted
of 31 patients (48.4 % men, 51.6 % women, mean

Table 1
ANTHROPOMETRIC DATA, FINDINGS OF THE 6-MINUTE WALK TEST, SYSTOLIC
AND DIASTOLIC BLOOD PRESSURE IN THE GROUPS DIVIDED ACCORDING
TO CENTILE DISTRIBUTION OF 25(OH)D IN BLOOD PLASMA

Parameter Group I Group II Group III Control Group
25(OH)D, ng/ml <109 10.9-23.7 >23.7 42.1(27.8; 49.6)
Height, cm 168.4 £ 10.6 167.6 £9.5 166.0£9.8 166.1 +£10.0
Weight, kg 81.2+16.3 82.4+10.6 79.5+13.5 77.0+11.1
BMI, kg/m? 28.5+4.0 28.7+39 28.8+4.0 277 +4.7
SBP, mm Hg 142.0+ 17.7% 138.0 + 16.0* 134.2 + 14.3* 1265+ 154
DBP, mm Hg 882+ 11.5 87.6+11.0 85.0+£09.1 86.7+11.1
6-minute walk test, m 427.8 £48.5 430.4 +£52.2 416.3 +£48.7

Note: BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; # — significant
differences with control group (p < 0.05); 3 — significant differences with group III (p < 0.05).
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Table 2
JAHHBIE DXOKAPANOT' PA®UH B I'PYIIIIAX,
PA3JIEJIEHHBIX ITO HEHTUJIBHOMY PACITPEAEJEHUIO 25(OH)D B IIVIASME KPOBU
I'pynna

IToka3arein I'pynna I I'pynna II I'pynna IIT KOHTPOISE
Aortic sizes at the level of the ) 4a3 PP ) )
AV, mm 34 (29.5; 37.5) 32.5(29; 35) 30 (29; 32) 28 (28;29)
Ascending aorta, mm 32.5(31; 39)* 31.5(30; 34) 30.5 (30; 32) 29 (28; 30)
Aortic arch, mm 26 (25; 28)"23 25 (24; 26) 24 (24; 25) 24 (24; 25)
Descending aorta, mm 23 (23;24) 23 (22; 24) 23 (23;24) 23 (23;24)
Anteroposterior LA diameter, | 39 5 3. 49 5023 | 37.5(34:42) | 37(32:41) | 34 (31;37)

mm

thickness, mm

LVEDV, mL 136 (104; 191)*23 | 119 (103; 134)* | 107 (100; 126) | 103 (97; 126)
LVESV, mL 43 (37, 76)*2 42 (37; 50) 42 (37; 54) 42 (31; 49)
SV, mL 8160%) (56)?253’ 73.5 (67; 81)" 67 (64; 76) 65 (64;77)
EF, % 63 (58.5; 66) 63.5 (60; 65) 62 (61; 64) 64 (62; 65)
IVS (diastolic), mm 12 (11; 14) 13 (12; 13) 12 (12; 13) 11 (10; 14)
IVS (systolic), mm 16 (14.5; 18.5) 16 (15;17) 16 (15;17) 15(14;17)
Anterior wall thicknesses, mm 4 (3;4)" 3.35(3; 4)*3 3(3;3) 3(3;2.75)
Posterior wall end-diastolic
thickness, mm 12 (11; 12) 12 (11; 13) 12 (11; 13) 11 (11;13)
Posterior wall end-systolic

17 (16; 18) 16 (15; 18) 16 (15;17) 15(13;17)
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LV mass, g 216 (169; 262)

244 (209; 274) | 247 (220;279) | 210 (180; 226)

LVMI, g/m? 110.5 (92; 137.5)

119 (105; 136) | 126 (110; 139) | 109 (96; 114)

Note: AV — aortic valve; LA — left atrium; EDV — end-diastolic volume; ESV — end-systolic volume; SV — stroke
volume; EF — ejection fraction; IVS — interventricular septum; LV — left ventricular; LVMI — LV mass index; # —
significant differences with control group (p < 0.05); 2 —significant differences with group II (p < 0.05); * — significant

differences with group III (p < 0.05).

age 61.4 £ 8.9 years) with 25(OH)D corresponding
to the 25" centile up to 10.9 ng/ml, mean level
8.6 (7.5; 8.9) ng/ml which corresponded to the
marked vitamin D deficiency. Group II consisted of
62 patients (40.3 % men, 59.7 % women, mean age
62.8 £ 6.8 years) with 25(OH)D level corresponding
to the 25—75th centile: 10.9-23.7 ng/ml, mean level
16.6 (13.6; 19.3) ng/ml. Group III consisted of
31 patients (41.9 % men, 58.1 % women, mean age
65+ 8.4) with 25(OH)D level corresponding to the
75-100" centile: 23.7 ng/ml and more, mean level
29.1 (26.0; 35.1) ng/ml.

The groups were comparable by anthro-
pometric values (Table 1). However, systolic blood
pressure (SBP) that in the group with marked
25(OH)D deficiency was higher than in group III

(p=0.04), and in the control group was significantly
lower than in all CHF groups (p < 0.05). Groups
were also comparable by the intake of angiotensin-
converting enzyme inhibitors, beta-blockers,
diuretics, acetylsalicylic acid, and statins. The
survey showed that none of the subjects consumed
food rich in vitamin D as well as none of
them used vitamin-D containing medications
regularly.

The sizes of aorta and its parts, left ventricular
dimensions, ESV and EDV, thickness of the anterior
and posterior LV walls in systole were significantly
higher in the group with marked vitamin D
deficiency (group I) as compared to the groups
with higher levels of vitamin D (group II and III)
and the control group (Table 2). We found a
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negative correlation between 25(OH)D blood
plasma level and EDV (R =-0.24; p = 0.03), SO
(R =-0.28; p = 0.01), aortic sizes at the level of
the AV (R = -0.39; p = 0.0002), ascending aorta
(R=-0.31; p=0.02), and aortic arch (R =—-0.41;
p =0.002) as well as the thickness of LV anterior
wall (R =-0.36; p = 0.004) and posterior wall in
systole (R=-0.27; p=0.01) in the whole group of
CHF patients. We also found a positive correlation
between SBP level and aortic diameters at the level
of the AV (R = 0.44; p = 0.00003) and ascending
aorta (R =10.36; p =0.006).

Discussion

Vitamin D deficiency was suggested as a
factor influencing the progress of such pathologies
as HTN, CHF, aortic dilation, and peripheral
artery diseases [14—18]. A number of studies
demonstrated an inverse relationship between
blood pressure and vitamin D level [18, 19].
Vitamin D facilitates blood pressure regulation and
prevents cardiac hypertrophy through inhibition of
renin activation, prevents vascular calcification and
acts as a cardioprotective agent due to secondary
hyperparathyroidism prevention [18]. VDR
activation in cardiomyocytes has a positive effect
on cardiac function and myocardial contractile
function in animals [20, 21]. In human studies,
vitamin D deficiency was associated with heart
failure [22]. However, only few studies examined
the effect of vitamin D levels on myocardial
morphology and functions.

The findings of our study are indicative of
a relationship between low blood plasma levels
of 25(OH)D and several echo-CG values in
patients with CHF. For example, in the group of
patients with marked vitamin D deficiency, EDV,
ESYV, and SO were increased, and also 25(OH)D
blood plasma levels negatively correlated with
EDV and SO, which is indicative for a possible
unfavorable effect of decreased vitamin D level
on myocardial systolic function and predisposition
to the cardiac volume overload. Similar results
were obtained by R. Mohammed et al. (2015)
who showed the association of low vitamin D
levels in blood with the deterioration of ESV and
LV end-systolic wall diameter [23]. At the same
time, the PIVUS study demonstrated that higher
concentrations of circulating vitamin D were
associated with the improvement of LV systolic
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function and smaller LV end-systolic diameter
[24].

We found a negative correlation between
25(OH)D blood plasma level and the thoracic
aorta diameter; as well as an increase of aortic
diameters at the level of AV and aortic arch in
patients with CHF and marked vitamin D
deficiency. These results are consistent with
the findings of M. Demir et al. (2012) who also
demonstrated an association of vitamin D levels
with an increase of aortic diameters in patients
with dilated thoracic aorta [17]. In addition,
correlation between 25(OH)D blood plasma level
and LV diastolic dysfunction in subjects with
stable angina was found [25].

Aortic root dilation is considered to be a
marker of subclinical left ventricular diastolic
dysfunction [26]. The correlation between SBP and
the dimensions of thoracic aorta in our groups, as
well as an increased SBP level in the group with
the marked vitamin D deficiency, may contribute to
the development of aortic dilation. The relationship
between high blood pressure and low vitamin D
level was mentioned in a number of studies [27—
30]. At the same time HTN and atherosclerosis are
well-known risk factors for aortic dilation [31].

Taking into account VDR found in cardio-
myocytes, a direct influence of vitamin D on
myocardium was revealed [32]. For example,
in experimental studies in animals with vitamin
D deficiency, HTN and myocardial hypertrophy
developed [33]. Animal studies also showed
that 1,25 (OH),D, slows down the aging of
cardiomyocytes, regulates their proliferation
and inhibits hypertrophy [34, 35]. The negative
correlation of 25(OH)D blood plasma level with
the thickness of LV anterior and posterior walls in
systole in our study confirms possible unfavorable
effect of vitamin D deficiency on the development
of myocardial hypertrophy. Similar correlation was
shown in some studies [36, 37], but the data are
still controversial [38].

Conclusions

Therefore, our findings are indicative of an
association between reduced vitamin D level and
myocardial contractile function, aorta diameters,
and dimensions of the LV anterior and posterior
walls.
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