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Lower serum 25-hydroxyvitamin D level is associated with impaired
myocardial performance and left ventricle hypertrophy in newly
diagnosed hypertensive patients
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ABSTRACT

Objective: Vitamin D deficiency is an independent risk factor for cardiovascular mortality. The relationship between vitamin D level and left
ventricle (LV) myocardial performance index (MPI=Tei index), which incorporates both LV systolic function and diastolic function, was not
investigated in previous studies. We hypothesized that vitamin D level may be associated with LV function and geometry. We aimed to investi-
gate the association between serum 25-hydroxyvitamin D (25 [OH] D) levels and MPI and LV hypertrophy in hypertensive patients with newly
diagnosed and preserved ejection fraction.

Methods: We studied 151 sequential newly diagnosed hypertensive subjects who lived in the Cukurova region without known cardiovascular
risk factors or overt heart disease (mean age: 62.8+10.4 years). Serum 25 (OH) D was measured using a direct competitive chemiluminescent
immunoassay. The patients were divided into two groups according to serum 25 (OH) D level: vitamin D-non-deficient group (vitamin D> 20.00
ng/mL, n=53) and vitamin D-deficient group (vitamin D< 20.00 ng/mL, n=98). MPI was defined as the sum of isovolumic contraction and relaxation
times divided by the ejection time. LV mass index (LVMI) was calculated by using the Devereux formula and body surface area.

Results: MPI and LVMI values were lower and low-density lipoprotein (LDL) levels were higher in patients who were vitamin D-non-deficient
than patients who were vitamin D-deficient (p<0.05 for all). Multivariate linear regression analysis showed that serum 25 (OH) D was indepen-
dently associated with MPI (3=-0.426, p<0.001), LVMI (B=-0.345, p=<0.001), and LDL ((3=0.140, p<0.026).

Conclusion: Lower serum 25 (OH) D levels are significantly associated with impaired myocardial performance and LVMI.

(Anatol J Cardiol 2015; 15: 744-50)
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Introduction by increasing left ventricle mass and myocardial contractility by
affecting calcium flux and calcium homeostasis (9). Left ventri-
Hypertension is an established major independent risk factor for cle (LV) myocardial performance index (MPI) combines the

cardiovascular disease (1). Serum 25 (OH) D deficiencies or insuf- indicz_as of contract ion and rel_axation in an o_veraII index of LV
ficiency is a substantially prevalent condition in the general popula- function (10, 11). We hypothesized that vitamin D level may be

tion (2). Furthermore, vitamin D deficiency is independently associ- a§SOC|atgd Wlth LV function and -geometry. In present study, we
. : . L aimed to investigate the association between 25 (OH) D and MPI
ated with cardiovascular morbidity and mortality in the general

. . i and LV hypertrophy in newly diagnosed hypertensive patients.
population and hypertensive patients (3, 4). Lower serum 25 (OH) D

levels are associated with a higher prevalence of hypertension (5, Methods
6). Moreover, vitamin D suppresses the renin-angiotensin-aldoste-
rone system (RAAS), which has an effect on blood pressure (7). Study population
Vitamin D receptors are found in many cells of the cardio- Between January 2013 and July 2013, 151 sequential patients

vascular system (8). Vitamin D affects left ventricular structure  (mean age: 62.8+10.4 years) who were admitted to the Adana
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Numune Training and Research Hospital Cardiology Department
outpatient clinic with newly diagnosed essential hypertension
(without evidence of secondary causes of hypertension) were
included the study. All patients in this study lived in the Cukurova
region (average latitude 23 meters), located in the southern part
of Turkey. Hypertensive patients had three clinic blood pressure
measurements (>140/90 mm Hg) taken at 1-week intervals in the
absence of any previous antihypertensive treatment to exclude
the pharmacological effects on hemodynamic or ventricular
hypertrophy and function. None of the patients was taking cal-
cium or vitamin D supplements. The patients were divided into
two groups according to serum 25 (OH) D level: vitamin D-non-
deficient group (vitamin D>20.00 ng/mL, n=53) and vitamin
D-deficient group (vitamin D<20.00 ng/mL, n=98). Exclusion crite-
ria were malignant HT (high blood pressure with acute impair-
ment of one or more organ systems), evidence of secondary HT
(diabetic nephropathy, polycystic kidney disease, renovascular
hypertension, Cushing syndrome, thyroid diseases, hyperpara-
thyroidism, coarctation of the aorta, obesity etc.), diabetes mel-
litus, systolic heart failure (left ventricle ejection fraction (LVEF)
<55%), positive history or clinical signs of ischemic heart dis-
ease, cerebrovascular disease, valve disease, atrial fibrillation,
smoking, receiving any drugs (lithium, NSAID, prednisolone,
etc.), moderate and severe renal insufficiency (eGFR formulated
by MDRD <60 mL/min/1.73 m?), evidence of hypercalcemia (nor-
mal range: 9-10.5 mg/dL or 2.2-2.6 mmol/L), severe hepatic dys-
function, and major non-cardiovascular diseases, such as auto-
immune disease, cancer, and systemic inflammatory conditions.
The institutional Ethics Committee approved the study, and
written informed consent for participation in the study was
obtained from all individuals.

Blood pressure measurements used in this study were taken
with a mercury sphygmomanometer. Body mass index (BMI)
was computed as weight divided by height squared (kg/m?). The
body surface area of all subjects was computed [BSA (m?) =
[height (cm) x weight (kg)]/ 3600]".

Blood samples

Blood samples were drawn in the morning after a 20-min
rest following a fasting period of 12 hours. Blood samples and
echocardiographic examinations were performed on the same
day in all patients. Glucose, creatinine, triglyceride, and total and
high-density lipoprotein (HDL)-cholesterol levels were mea-
sured for each patient. The low-density lipoprotein (LDL) value
was calculated with Friedewald's formula. High-sensitivity
C-reactive protein (hs-CRP) was measured using a BN2 nephe-
lometer (Scil Diagnostics GmbH, Viernheim, Germany). Serum
calcium (8.2-10.2 mg/dL) and parathyroid hormone levels (15-65
pg/mL) were measured on a Cobas c¢501 analyzer (Roche
Diagnostics, Japan). Serum and plasma from EDTA and citrate
blood were separated by centrifugation and stored as aliquots at
-40°C. The level of serum 25 (OH) D was measured by using a
direct competitive chemiluminescent immunoassay (Elecsys;
Roche Diagnostics, Mannheim, Germany). We measured vit-D
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level two times and averaged them in all patients. Intra- and
inter-assay coefficients of variation (CVs) were below 4.3% and
7.2%, respectively. We also recorded the dates of the
25-hydroxyvitamin D measurements and categorized them into 2
seasons: winter (Jan-Mar) and spring-summer (April-July). In
this study, 20 ng/mL 25-hydroxyvitamin D was used as a cut-off
for vitamin D sufficiency according to the recommendations
from the WHO and, more recently, the Institute of Medicine
(12, 13).

Echocardiography

Transthoracic echocardiographic examination was per-
formed in the left lateral position. Standard 2-dimensional and
Doppler echocardiographies were performed using a commer-
cially available echocardiography machine (Vivid 7R GE Medical
System, Horten, Norway). LV end-diastolic diameter (LVDd), LV
end-systolic diameter, and left atrial (LA) diameter were mea-
sured according to established standards of the American
Society of Echocardiography (14). LVEF was calculated by
Simpson’s method (14). All measurements were calculated from
an average of 5 consecutive cardiac cycles.

LV mass (LVM) was calculated according to the Devereux
formula (15): LVM=1:04 [(LVDd+IVSth+PWT):>-(LVDd):]-13.6.
Thereafter, LV mass index (LVMI) was obtained by the following
formula: LVM/body surface area (g/m?) (13). Intra- and inter-
assay CV were below 4.8% and 6.5%, respectively. Relative wall
thickness (RWT) was measured at end-diastole as the ratio of
(2xPWT)/LVEDD.

Tissue Doppler measurements and calculation of the tissue

Doppler-derived myocardial performance index

The tissue Doppler (TD) of the mitral annulus movement was
obtained from the apical 4-chamber view. A 2-mm sample vol-
ume was placed sequentially at the lateral and septal annular
sites.

Pulse wave tissue Doppler was performed with a 2-mm
sample volume placed at the lateral and septal corner of the
mitral annulus from the apical 4-chamber view. Filters were set
to exclude high-frequency signals and gain minimized. Doppler
ultrasound scanning intervals were measured from the mitral
annular velocity intervals. The isovolumetric relaxation time
(IVRT) was measured from the onset of closure of the aortic
valve until the onset of opening of the mitral valve. The isovolu-
metric contraction time (ICT) was measured from the onset of
closure of the mitral valve until the onset of the opening of the
aortic. The ejection time (ET) was calculated from the opening
until the closure of the aortic valve (10). All parameters were
measured from the same cardiac cycle. Tissue Doppler mea-
surements were calculated from an average of 5 consecutive
cardiac cycles.

The TD-derived MPI value was calculated by adding ICT and
IVRT and dividing the sum by the ET: (ICT + IVRT)/ET (10). We
used the averages of the septal and lateral annulus of the mitral
ICT, IVRT, and ET for calculating the MPI. The method of MPI is
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Figure 1. Representation of measurements of Doppler time intervals for
the calculation of MPI (according to Tei et al.16). MPI is calculated by
the formula [(ICT + IRT)/ET]

ET - ejection time; ICT - isovolumic contraction time; IRT - isovolumic relaxation time

\

shown in Figure 1. The intra-assay CV was less than 5%, and the
inter-assay CV less than 6% for measurements of the MPI.

Statistical analyses

All analyses were conducted using SPSS 17.0 (SPSS for
Windows 17.0, Chicago, IL, USA). Continuous variables were
expressed as mean+SD, and categorical variables were
expressed as percentages. Analysis of normality was per-
formed with the Kolmogorov-Smirnov test. Comparison of cat-
egorical variables between the groups was performed using
the chi-square (x? test. Independent- samples t-test was used
in the analysis of continuous variables. Non-normally distrib-
uted variables (hs-CRP and triglyceride) were compared with
Mann-Whitney U test. The correlations between 25 (OH) D and
laboratory, hemodynamic, and echocardiographic parameters
were assessed by Pearson correlation analysis. Multivariate,
stepwise linear regression analysis was performed to identify
the independent associations of serum 25 (OH) D. All signifi-
cant parameters in the univariate analysis were selected in
the multivariate analysis. To avoid overfitting and collinearity in
assessing the multivariate model, independent variables were
tested for intercorrelation. Collinearity between variables was
excluded before modeling. Finally, MPI, LDL, LVMI, LVID, Cr,
and parathyroid hormone levels were selected in the multi-
variate model. A p <0.05 was considered statistically signifi-
cant.

Results

Comparison of baseline characteristics

The median serum 25 (OH) D value was 14.35 ng/mL. The
vitamin D concentrations measured in winter were similar to in
spring-summer (13.91+£5.9 ng/mL vs. 14.79+7.4 ng/mL, p=0.132) in
patients.

The comparison of baseline characteristics of patients is
shown in Table 1. Age, gender, BMI, SBP,. DBP, heart rate, fasting
blood glucose, triglyceride, HDL, hs-CRP, and calcium were simi-
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Table 1. Comparison of baseline characteristics of patients

Vitamin D- Vitamin D-

non-deficient | deficient
Variables (n=53) (n=98) P
Age, years 60.9+9.7 63.9£10.7 0.09
Gender, male? 28 (52.8%) 48 (49.0%) | 0.734
BMI, kg/m? 30.5+4.4 29.0+4.7 0.07
SBP. mm Hg 147.8+18.5 145.9£12.6 | 0.509
DBP. mm Hg 92.0+9.8 91.5+8.4 0.721
Heart rate, beats/minute 76.3+14.3 76.4£12.3 0.978
Glucose, mg/dL 93.1£12.5 94.9+13.8 0.424
Total cholesterol, mg/dL 205.94+42.64 | 187.87+41.18 | 0.012
TRG, mg/dL median 168 (123-228) | 148 (102-202) | 0.325
(25th_75th)
HDL, mg/dL 42.9+9.3 42.2+11.5 0.657
LDL, mg/dL 136.3£32.7 117.4£34.6 | 0.001
hs-CRP mg/dL median (25"-75")| 0.4 (0.2-0.8) | 0.4(0.2-1.1) 0.1
Creatinine, mg/dL 0.74+0.18 0.79+0.19 0.044
MDRD, mL/min/1.73 m? 108.1+28.8 97.8+26.7 0.034
Vitamin D, ng/mL 25.9+4.3 11.8£3.9 | <0.001
Parathyroid hormone, pg/mL | 40.2+15.7 49.4+25.4 0.006
Calcium, mg/dL 9.3:0.6 9.2:0.5 0.439
2Chi-square
BMI - body mass index; DBP - diastolic blood pressure; HDL - high-density lipoprotein
cholesterol; hs-CRP - high-sensitivity C-reactive protein; LDL - low-density lipoprotein
cholesterol; SBP - systolic blood pressure; TRG - triglyceride; Vit D - vitamin D
Data are n (%) for categorical variables, means=SD for continuous variables, or
median (25% and 75% interquartiles) for non-normally distributed variables

lar between groups (p>0.05 for all). However, total cholesterol
and LDL level were significantly higher and creatinine and para-
thyroid hormone levels were significantly lower in patients who
were vitamin D-non-deficient compared with patients who were
vitamin D-deficient (p<0.05).

Comparison of echocardiographic parameters

The comparison of echocardiographic parameters of patients
is demonstrated in Table 2. LVEF and LA diameter were similar
between groups (p>0.05). However, patients who were vitamin
D-deficient had higher values of IVSth, PWT, LVMI, TD-IVRT,
TD-IVCT, TD-ET, and MPI values compared with patients who
were vitamin D-non-deficient (p<0.05 for all).

Bivariate and multivariate relationships of vitamin D

On Pearson’s correlation analysis, serum 25 (OH) D level was
significantly positively associated with LDL-cholesterol (r=0.234,
p=0.004) and significantly negatively associated with LVMI
(r=-0.500, p<0.001), MPI (r=-0.562, p<0.001), and LVID (r=-0.282,
p<0.001). The relationships between 25 (OH) D with MPI and
LVMI are shown in Figures 2 and 3.

Multivariate relationships of vitamin D are shown in Table 3.
Multivariate linear regression analysis showed that 25 (OH) D



Anatol ) Cardiol 2015; 15: 744-50

Table 2. Comparison of echocardiographic parameters

Vitamin D- Vitamin D-
non-deficient deficient
Variables (n=53) (n=98) P
LVID, cm 4.31+0.63 4.55+0.53 0.020
LA, cm 3.55+0.32 3.61+0.33 0.212
LVEF, % 64.7+3.6 63.25.1 0.501
IVSth, cm 0.98+0.20 1.130.19 <0.001
PWth, cm 1.00+0.15 1.12+0.20 <0.001
LVMI, g/m? 89.1+32.9 125.9+46.9 <0.001
TD-IVRT, msec 84.3+9.5 95.8+15.8 <0.001
TD-IVCT, msec 45.9+6.3 55.0£10.4 <0.001
TD-ET, msec 258.1+25.6 266.3+37.9 <0.045
TD-MPI 0.47+0.11 0.63+0.16 <0.001

Values are means+SD.

ET - ejection time; IVCT - isovolumic contraction time; IVRT - isovolumic relaxation
time; IVSth - interventricular septal thickness; LA - left atrial diameter; LVEF - left
ventricular ejection fraction; LVID - left ventricle internal diameter; LVMI - left ventricle
mass index; MPI - myocardial performance index; PWth - posterior wall thickness;

TD - tissue Doppler

Table 3. Multivariate Relationships of Vit D

Standardized
Variables B-regression coefficients P
MPI -0.426 <0.001
LDL, mg/dL 0.140 0.026
LVMI, g/m? -0.345 <0.001

LDL - low-density lipoprotein cholesterol; LVMI - left ventricle mass index;
MPI - myocardial performance index

was independently associated with MPI (p=-0.426, p<0.001),
LVMI (B=-0.345, p=<0.001), and LDL (B=0.140, p<0.026).

Discussion

The main findings of our study were as follows: (1) patients
who were vitamin D-deficient had higher creatinine value, para-
thyroid hormone level, MPI, and LVMI and lower total choles-
terol and LDL compared with patients who were vitamin D-non-
deficient and (2) serum 25 (OH) D level was independently
associated with MPI, LVMI, and LDL values. The study findings
confirmed our hypothesis.

Recent clinical studies showed that low levels of vitamin D are
associated with hypertension and cardiovascular diseases, such
as myocardial infarction and congestive heart failure (5, 6, 16-19).
The antihypertensive effects of vitamin D include suppression of
renin and parathyroid hormone levels and renoprotective, anti-
inflammatory, and vasculoprotective properties (20, 21).

Low vitamin D and high PTH level have been associated with
clinical cardiovascular disease (CVD) outcomes, including inci-
dent hypertension, myocardial hypertrophy, heart failure, and
CVD death (22, 23). Left ventricular mass and LVEF are both
important predictors of heart function decline and mortality (24).
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Figure 2. Scattergraph showing strong inverse correlation between
25-hydroxyvitamin D (ng/mL) and myocardial performance index
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Figure 3. Scattergraph showing relationship between 25-
hydroxyvitamin D (ng/mL) and left ventricle mass index (g/m?)
Improvements in LVEF have been associated with improved
prognosis, and this may point to a potential role for PTH as a
determinant of cardiac remodeling (24). According to the
ICELAND-MI substudy of AGES-Reykjavik, PTH was associated
with measures of cardiac structure and function by using car-
diac MRI (25). In our study, PTH level was significantly higher in
patients with vitamin D deficiency but was not independently
associated with MPI. We think that one of the most important
reasons of the difference between our results and the previous
study results is the technical difference of evaluating left ven-
tricle function.

Vitamin D deficiency is prevalentin chronic heart failure and
is associated with poor outcomes (16). However, the effect of
vitamin D on myocardial performance in patients with preserved
left ventricular systolic function (LVEF>50%) has not been stud-
ied previously. Our results showed that 25 (OH) D levels were
independently associated with impaired MPI. The MPI has been
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widely used to quantitatively assess myocardial performance
(26). MPI is more reflective of overall cardiac function than sys-
tolic or diastolic function alone and predicts both worsened
morbidity and mortality (10, 27, 28). There are limited numbers of
studies investigating the association between vitamin D and LV
systolic and diastolic functions. But, these studies have contro-
versial results (29-33). Fall et al. (29) found that higher circulating
vitamin D concentrations are associated with better LV systolic
function and smaller LV diameter. Ameri et al. (30) reported that
congestive heart failure patients with 25 (OH) D <25 nmol/L LV
have significantly higher end-diastolic and end-systolic diame-
ters, larger LV end-diastolic and end-systolic volumes, and
lower fractional shortening than patients with 25 (OH) D >25
nmol/L. Pilz et al. (33) reported that serum levels of vitamin D
were not significantly associated with LV structure and function.
In the studies mentioned above, the relation between 25 (OH) D
and MPI was not investigated. It has been well known that the
MPI value is more reflective of overall cardiac function than
systolic or diastolic function alone (10, 26-28). In the present
study, we showed that a lower level of 25 (OH) D was indepen-
dently associated with impaired MPI.

The pathophysiology related to impaired myocardial perfor-
mance in patients with lower vitamin D is not yet fully clear.
Calcitriol (1, 25-dihydroxyvitamin D3) may modulate key pro-
cesses involved in the pathogenesis of left ventricle dysfunction,
including calcium flux and calcium homeostasis, the renin-
angiotensin system, cardiomyocyte proliferation, myocardial
fibrosis and proliferation, and arterial stiffness (7, 9, 34, 35).
Calcium flux and calcium homeostasis are crucial for the electro-
physiology and contractility of the heart (9). Calcitriol has been
shown to increase the Ca* uptake in cardiac ventricular cells.
The effects of calcitriol on cardiac contractility and intracellular
calcium handling were studied in an experimental study (34). The
relationship between lower vitamin D and increased arterial stiff-
ness is well known (36). Increased arterial stiffness affects both
LV systolic and diastolic functions (36). Therefore, a lower vitamin
D level may be effective on impaired myocardial performance via
increased arterial stiffness. On the other hand, a lower vitamin D
level is associated with increased activation of the renin-angio-
tensin-aldosterone system (RAAS) (6). Therefore, increased
RAAS activation may stimulate myocardial fibrosis and hypertro-
phy, leading to LV systolic and diastolic dysfunction (37).

The present study demonstrated that lower 25 (OH) D levels
were also independently associated with left ventricle hypertro-
phy. The association of low 25 (OH) D and LVMI seen in our study
is consistent with prior studies (31). Prior studies have shown a
relationship between vitamin D deficiency and adverse cardiac
changes, especially left ventricular hypertrophy in patients with
chronic kidney disease (31). Vitamin D-mediated regulation of
the RAAS is one of the postulated mechanisms responsible for
left ventricular hypertrophy (7-31). Moreover, nutritional supple-
mentation with vitamin D has been shown to reverse left ven-
tricular hypertrophy in chronic kidney disease patients receiving
hemodialysis (38).
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Vitamin D supplementation is significantly associated with
better survival, specifically in patients with documented vita-
min D deficiency (39). Moreover, vitamin D supplementation
regresses both LV hypertrophy and LV dysfunction (38-42). In
our study, we found an inverse relationship between 25 (OH) D
and MPI. Vitamin D supplementation is simple, safe, and inex-
pensive. However, larger trials are needed to confirm our
results and to determine whether vitamin D interventions pre-
vent the development of impaired myocardial performance in
hypertensive patients with newly diagnosed and preserved
LVEF

Study limitations

The present study has some limitations. Firstly, our study is a
cross-sectional design and does not provide any insight into the
mechanisms that are responsible for the observed associations.
Secondly, it has been known that serum vitamin D levels vary
with region, seasonality, and altitude due to possible effects of
sunlight. Thirdly, the half-life of vitamin D is approximately 3
weeks, but serum vitamin D levels may change throughout the
day and season of the year. So, a single measurement may not
reflect the actual vitamin D status. Lastly, the Tei index is depen-
dent on heart rate (43). In our study, the heart rates of the groups
were similar.

Conclusion

The present study showed that lower serum 25 (OH) D levels
were significantly associated with impaired myocardial perfor-
mance, as well as LV hypertrophy and LDL level, in hypertensive
patients with newly diagnosed and preserved EF. Lower 25 (OH)
D levels may play a role in the pathogenesis of myocardial dys-
function, even if EF is normal.
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