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Abstract: In recent years, a growing body of evidence supports that vitamin D plays a crucial role in various cardiovascular diseases. Cardiac muscle cells have vitamin D receptors as well as calcitriol-dependent Ca2+ binding
protein. Therefore, the vitamin D may have an effect on cardiac function. In this research, we investigated the association between vitamin D status and dilated cardiomyopathy (DCMP). We compared serum 25-hydroxy-vitamin
D3 (25OHD3) concentrations in 39 patients (mean age 50.4 ± 11.7 years, 15 women) with DCMP and in 35 healthy
controls (mean age 54.6 ± 13.2 years, 17 women). Parathyroid hormone (PTH), calcium (Ca++), phosphorus, lipid
profile, albumin and echocardiographic parameters (left-ventricular (LV) ejection fraction, LV fractional shortening,
LV-end-diastolic and end-systolic dimensions) were measured in all study participants. The mean serum 25OHD3
concentrations in patients with the DCMP were significantly lower in compared to healthy controls (24.1 ± 10.4 ng/
mL versus 41.4 ± 20.9 ng/mL, P < 0.0001). PTH concentrations were significantly higher in patients with DCMP in
comparison with healthy controls (90.6 ± 29.8 pg/mL versus 49.1 ± 18 pg/mL, P < 0.0001). Additionally, we observed a significant negative correlation between 25OHD3 concentrations and PTH concentrations, LV end-diastolic
dimensions, LV end-systolic dimensions (r = -0.66; P < 0.0001, r = -0.49; P < 0.0001, r = -0.50; P < 0.0001, respectively). Moreover, 25OHD3 was positively correlated with LV ejection fraction, LV fractional shortening, stroke
volume, cardiac output, cardiac index (r = 0.46; P < 0.001, r = 0.44; P < 0.001, r = 0.25; P = 0.03, r = 0.37; P <
0.001, r = 0.25; P = 0.03; respectively). Our findings support that vitamin D has a potential role both in the development of DCMP and LV remodeling.
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Introduction
The cases of vitamin D insufficiency are common both in the North American and in the
European countries [1]. Vitamin D, a steroid
hormone, is also well known for its necessary
role in calcium balance and musculoskeletal
metabolism. However, there is a growing body
of evidence indicating that there may be a relationship between vitamin D deficiency and cardiovascular diseases [2, 3]. Vitamin D receptors present wide distribution throughout the
cardiovascular system including vascular
smooth muscle, endothelium, and cardiomyocytes [1, 2]. Recent studies reported that low
vitamin D level is very common in the patients
with heart failure and it is linked with poor prognosis among these patients [4, 5]. Chen and
colleagues have also demonstrated that vitamin D-vitamin D receptor signaling system has

a direct antihypertrophic effect on cardiomyocytes [6]. Additionally, previous studies indicate
that there is a relationship between vitamin D
and left ventricular geometry [7, 8].
Hypocalcemia due to vitamin D deficiency is an
occasional and reversible cause of the DCMP,
especially in the pediatric population. Calcium
has an essential role in myocardial contraction
and hypocalcemia that lead to congestive heart
failure by reducing myocardial contractility.
Hypocalcemic cardiomyopathy responds only to
treatment with calcium and vitamin D [9, 10].
Zittermann et al. suggested that the low vitamin
D level may play a role in the pathogenesis of
the congestive heart failure. Cardiac muscle
cells have vitamin D receptors as well as calcitriol-dependent Ca2+ binding protein [11].
Moreover, 1,25(OH)2-vitamin D3 stimulates the
L-type voltage-dependent Ca2+ channels in the

Vitamin D and dilated cardiomyopathy
Table 1. Baseline demographic, clinical, and biochemical data of the
study population
DCMP Group
(n = 39)
Age (years), mean (SD)
50.4 ± 11.7
Gender (Female/male)
15/24
Diabetes mellitus, %
30.8
Hypertension, %
35.9
Smoking, %
33.3
Postmenopausal women, %
53.3
Systolic BP (mmHg), mean (SD)
123.6 ± 13.5
Diastolic BP (mmHg), mean (SD)
71.4 ± 6.8
2
BMI (kg/m ), mean (SD)
23.6 ± 2.8
BSA (m2), mean (SD)
1.7 ± 0.1
Fasting glucose (mg/dl), mean (SD) 103.3 ± 23.6
Total cholesterol (mg/dl), mean (SD) 185.9 ± 31.7
hs-CRP (mg/L), mean (SD)
2.3 ± 1.1
Calcium (mg/dl), mean (SD)
8.3 ± 0.6
Phosphorus (mg/dl), mean (SD)
3.6 ± 0.3
Albumin (mg/dl), mean (SD)
4.0 ± 0.3
25OHD3 (ng/mL), mean (SD)
24.1 ± 10.4
PTH (pg/mL), mean (SD)
90.6 ± 29.8
ACE inhibitors/ARB, %
66.7
Beta blocker, %
51.3
Adosterone antagonist, %
33.3
Variable

Control Group
(n = 35)
54.6 ± 13.2
17/18
40
42.9
22.9
51.4
124 ± 15.7
71.7 ± 15.8
23.9 ± 2
1.8 ± 0.1
107.2 ± 32.7
208.1 ± 33.4
1.3 ± 0.6
9.1 ± 0.3
3.2 ± 0.4
4.0 ± 0.4
41.4 ± 20.9
49.1 ± 18
34.3
31.4
17. 1

P value
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.004
< 0.0001
< 0.0001
NS
NS
< 0.0001
< 0.0001
0.005
NS
NS

NS refers to non-significant; DCMP: dilated cardiomyopathy; BP: blood pressure; BMI:
body mass index; BSA: body surface area; hs-CRP: high-sensitive C-reactive protein;
25OHD3: 25-hydroxy-vitamin D3; PTH: parathyroid hormone; ACEI: angiotensin-converting enzyme; ARB: angiotensin II receptor blocker. Values are express as mean ± SD or
otherwise identified.

Health Organization criteria
[13] from the Cardiology
Department of Bakirkoy Dr.
Sadi Konuk Education and
Research Hospital between
August
2011-February
2014. The 35 healthy participants (mean age 54.6 ±
13.2 years, 17 women)
were enrolled the study as a
control group. All study participants underwent physical examinations, blood
analysis, and echocardiographic evaluation.
We did not enroll the
patients with primary hyperparathyroidism, hypercalcaemia, osteoporosis, chronic renal insufficiency
(estimated creatinine clearance < 30 ml/min), chronic
liver disease, malignancy,
coronary artery disease,
nephrolithiasis, drug and
alcohol addiction, under
estrogen, androgen, parathyroid hormone, corticosteroid, and vitamin D therapy, systemic inflammatory
diseases.

cardiac muscle cells through guanine nucleotide binding protein-mediated stimulation of
the adenylate cyclase/cAMP/protein kinase A
messenger system [12]. Therefore, vitamin D
may have an effect on cardiac function, and
vitamin D deficiency may play a role in the
pathogenesis of the DCMP.

The local Ethics Committee approved the study
and written informed consent was obtained
from all participants. The study was performed
apropos the principles of the Declaration of
Helsinki.

In this trial, we intended to investigate an association between vitamin D status and the
DCMP. Additionally, we examined the relationship between serum 25OHD3 concentrations
and the LV dimensions and function in patients
with DCMP.

Venous blood samples were collected in the
morning after an overnight fast (10 to 12 hours).
Afterwards, the serum was separated via centrifugation and immediately transported to the
laboratory for biochemical analysis. Serum
total cholesterol, hs-CRP, glucose, phosphorus,
calcium and albumin concentrations were measured by standard laboratory methods. The
serum concentration of 25OHD3 was measured by radioimmunoassay on the Architect
i2000 (Abbott Laboratories). The serum PTH
concentration was assessed by immunoassay
method (Siemens Immulite, Siemens Healthcare Diagnostics, Deerfield, IL).

Materials and methods
Study population
We enrolled 39 consecutive patients (mean
age 50.4 ± 11.7 years, 15 women) with the
diagnosis of the DCMP according to the World
1357
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Table 2. Baseline echocardiographic data of the study
participants
DCMP Group Control Group
(n = 39)
(n = 35)
LVEF (%)
27.6 ± 5.7
61.4 ± 5.6
LVFS (%)
13.1 ± 2.9
33 ± 4
Stroke Volume (ml) 48.4 ± 7.8
65.1 ± 17.7
LVEDD (mm)
71.1 ± 7.9
46.2 ± 6.8
LVESD (mm)
61.6 ± 8.3
30.8 ± 5.2
2
CI (L/min/m )
1.9 ± 0.5
2.7 ± 0.7
CO (L/min)
3.2 ± 0.8
4.4 ± 1.1
Variable

P value
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

DCMP refers to dilated cardiomyopathy; LVEF: left ventricular ejection fraction; LVFS: left ventricular fractional shortening; LVEDD:
left ventricular end-diastolic diameter; LVESD: left ventricular endsystolic diameter; CI: cardiac index; CO: cardiac output.

Echocardiographic evaluation
All study population underwent transthoracic
Doppler echocardiographic examination (Vivid
S5 Cardiovascular Ultrasound Systems, GE
Healthcare, WI, U S A) and they were connected
to an electrocardiogram monitor for recording
their heart rate throughout the echocardiographic examination. The same cardiologist,
who was blinded to the patient data, established complete echocardiographic evaluation
of the patients. Standard apical four-chamber,
parasternal short and long axis views of the LV
were taken to determine echocardiographic
parameters. The aortic annulus, LV end-diastolic and LV end-systolic diameters were assessed
in the parasternal long axis view, using 2-dimensional guided M-mode echocardiography in
accordance with the recommendations of the
chamber quantification [14].
The maximum instantaneous aortic flow velocity was measured in the ascending aorta with
continuous wave Doppler directed from the
suprasternal window, when the patients were
in supine position. The time-velocity integral
values of 10 consecutive cardiac cycles were
averaged to calculate the mean time-velocity
integral. The time-velocity integral values were
calculated during the held expiration. Stroke
volume (SV) was calculated from the product of
the mean time-velocity integral and the crosssectional area of the aortic annulus orifice.
Cardiac output (CO) was estimated from the
product of SV and heart rate [15]. Cardiac index
(CI) was determined as cardiac output divided
by the body surface area. Left ventricular frac-
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tional shortening (LVFS) was computed in all
study subjects. The left ventricular ejection
fraction (LVEF) was assessed by the
Simpson’s method. Endocardial borders of
the left ventricle were traced from apical
four-chamber view during end-diastole and
end-systole. Then, the software automatically estimated the LVEF [14].
Statistical analysis
Descriptive statistics are expressed as mean
± standard deviation (SD) for continuous
variables and proportion (%) or frequency for
categorical variables. The KolmogorowSmirnov test was used to determine the normality of distribution of the variables. The
independent samples t-test and the MannWhitney U test were used to compare continuous variables. The chi-squared test was used to
analyze categorical data. Correlations between
the variables were assessed by the Spearman
and the Pearson coefficient analyses. A P value
< 0.05 was considered as statistically significant. All statistical analyses were carried out
with the Statistical Package for Social Science
for Windows version 21.0 (SPSS Inc., Chicago,
IL).
Results
The baseline demographic, clinical, and biochemical data including serum 25OHD3 and
PTH concentrations of the study population are
shown in Table 1. Additionally, Table 2 shows
the baseline echocardiographic data of the
study participants. The mean serum 25OHD3
concentrations in patients with the DCMP were
significantly lower in compared to healthy controls (24.1 ± 10.4 ng/mL versus 41.4 ± 20.9
ng/mL, P < 0.0001). PTH concentrations were
significantly higher in patients with DCMP in
comparison with healthy controls (90.6 ± 29.8
pg/mL versus 49.1 ± 18 pg/mL, P < 0.0001).
Age, gender, smoking, hypertension, diabetes
mellitus, systolic and diastolic blood pressures,
BMI, BSA, mean serum fasting glucose, phosphorus and albumin concentrations were similar in both groups. Study groups were comparable in terms of medication usage, except for
ACE inhibitors/ARB, which the use of ACE inhibitors/ARB was more frequent in the DCMP
group. Additionally, mean serum total cholesterol and calcium concentrations were significantly lower in patients with DCMP than in the
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Table 3. Correlation between serum 25OHD3
concentrations and echocardiographic parameters
Parameter Correlation coefficient (r)
LVEF
0.46
LVFS
0.44
LVEDD
-0.49
LVESD
-0.50
SV
0.25
CO
0.37
CI
0.25

P
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.03
0.001
0.03

LVEF refers to left ventricular ejection fraction; LVFS: left
ventricular fractional shortening; LVEDD: left ventricular
end-diastolic diameter; LVESD: left ventricular endsystolic diameter; SV: stroke volume; CO: cardiac output;
CI: cardiac index.

healthy controls. While mean hs-CRP concentration was significantly higher in patients with
DCMP compared to control group (Table 1).
Stroke volume, cardiac output, cardiac index,
LV fractional shortening, LVEF were significantly
lower; otherwise left ventricular end-diastolic
and end-systolic diameters were significantly
higher in patients with DCMP compared to the
healthy controls (Table 2). There was a significantly negative correlation between 25OHD3
concentrations and PTH concentrations, LV
end-diastolic dimensions, LV end-systolic
dimensions (r = -0.66; P < 0.001, r = -0.49; P <
0.001, r = -0.50; P < 0.001, respectively; Table
3). Moreover, 25OHD3 was positively correlated with LVEF, LVFS, SV, CO, CI (r = 0.46; P <
0.001, r = 0.44; P < 0.001, r = 0.25; P = 0.03, r
= 0.37; P < 0.001, r = 0.25; P = 0.03 respectively; Table 3).
Discussion
In this study, we observed significantly lower
concentrations of 25OHD3 among patients
with DCMP as compared to healthy controls.
Moreover, according to the mean concentrations of 25OHD3, vitamin D status of patients
with DCMP was insufficient according to the
current guidelines (the recommended threshold for sufficiency is ≥ 30 ng per milliliter) [16].
Vitamin D exerts direct and indirect effects on
the cardiovascular (CV) system. Direct effects
of vitamin D on the myocardium can be listed
as anti-hypertrophic effects on cardiomyocytes
via diminishing the expression of relevant
genes [17, 18], inhibition of the cardiac renin1359

angiotensin system [19, 20], regulation of the
myocardial extracellular matrix turnover [21],
nongenomic and genomic actions on the cardiac contractility and intracellular calcium handling, regulation of myosin expression and regulation of heart energy metabolism [22]. Vitamin
D also indirectly prevents myocardium with its
antihypertensive, anti-atherosclerotic, anti-diabetic, anti-autoimmunological properties and
its effect on immune system that increasing
resistance against the infectious disease [22].
A deficiency of vitamin D can also stimulate
PTH secretion in response to hypocalcemia.
According to recent reports, elevated PTH levels are associated with increased CV risk factors, CV diseases, as well as CV mortality.
Furthermore, this deleterious impact of the PTH
on the CV system still persists after the adjustment for 25OHD3, renal function and standard
risk factors [23, 24]. Therefore, another indirect
preventive effect of vitamin D on myocardium is
preclusion of excessive secretion of the PTH.
Coherently, we found that DCMP patients had
significantly higher serum PTH concentrations
compared to controls and we observed a significant inverse relationship between 25OHD3
and PTH concentrations. More recently, it was
reported that increased PTH level was independently associated with subclinical LV systolic
dysfunction in patients with severe psoriasis
[25]. Additionally, Wannamethee et al. just
reported that elevated PTH, but not 25OHD3 or
other biomarkers of mineral metabolism, is
related with increased risk of incident heart failure in older men with and without CV disease
[26]. In the light of these findings, PTH may contribute independently to myocardial dysfunction in patients with DCMP.
DCMP is the third most common cause of heart
failure with a wide range of etiologies such as
genetic, infectious, autoimmune, toxic, metabolic, nutritional, endocrine, mitrochondrial.
However, in some cases the exact etiology
remains unclear [27]. Hypocalcaemia is one of
the infrequent and reversible causes of the
DCMP. Some case reports indicated that the
DCMP can be associated with hypocalcaemia
and vitamin D deficiency in the pediatric population. Mostly, these cases were successfully
treated with calcium and vitamin D replacement therapy, then cardiac dysfunction and
dilatation completely resolve within months [9,
28, 29]. Conversely, hypocalcaemic DCMP is
generally due to hypoparathyroidism rather
Int J Clin Exp Med 2015;8(1):1356-1362
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than vitamin D deficiency in the adult population [30, 31]. However, hypocalcaemic cardiac
dysfunction secondary to severe vitamin D deficiency in adults has been reported in only a few
cases to date [32, 33]. Calcium directly affects
the strength of myocardial contraction via excitation-contraction coupling. Low calcium levels
decrease the myocardial contractility and lead
to hypocalcaemic cardiomyopathy, which is
usually unresponsive to conventional therapy
for heart failure, only improves with the restoration of normal calcium levels [10]. In our study,
serum calcium concentrations were significantly lower in patients with DCMP. Exclusively,
lower serum calcium concentrations could be a
reason for myocardial dysfunction in patients
with DCMP. Nevertheless, we observed significantly lower 25OHD3 concentrations accompanied by elevated PTH concentrations in the
DCMP patients, which indicates that vitamin D
deficiency underlies the hypocalcaemia. Thus,
hypocalcaemia is another indirect deleterious
effect of vitamin D deficiency on cardiac
function.
Our results are not sufficient to prove a causal
relationship between vitamin D deficiency and
DCMP. It is uncertain whether vitamin D deficiency is a cause or consequence of the heart
failure in patients with DCMP. Lack of sunlight
exposure due to limited functional capacity and
avoiding outdoor activities especially during the
summer time may also contribute to low
25OHD3 concentrations in patients with DCMP
[7, 34]. Also, reduced dietary vitamin D intake
and absorption are other possible causes of
low vitamin D status in patients with DCMP
[35].
To our knowledge, the present study demonstrates for the first time that there is an inverse
relationship between 25OHD3 and LV dimensions in adult DCMP patients. Previously, Ameri
et al. reported that 25OHD3 was negatively correlated with LVESD and LV volume in patients
with heart failure [36]. Ameri et al. indicated a
significant nonlinear relation between 25OHD3
and LV concentric remodelling in communitydwelling subjects without heart disease [7].
Moreover, higher circulating vitamin D concentrations were associated with favorable LV
geometry and LV systolic function among older
adults without cardiovascular disease [7, 8].
Taken together with our current findings, we
can suggest that vitamin D may play a key role
1360

in the LV remodeling. We also found a positive
association between 25OHD3 and LVEF, LV
fractional shortening, stroke volume, cardiac
output, and cardiac index in the DCMP patients.
It has been shown that treatment with calcitriol, an active form of vitamin D, regresses cardiac hypertrophy in patients on hemodialysis
[37]. More recent clinical studies have demonstrated that vitamin D supplementation
improves survival and the NYHA functional
class, and it also lowers serum pro-brain natriuretic peptide, plasma renin activity and plasma renin concentration in vitamin D-deficient
heart failure patients [20, 34, 38]. Recently,
Dalbeni et al reported that vitamin D supplementation for 6 months achieves a substantial
improvement in the EF values of elderly patients
with heart failure and vitamin D deficiency [39].
Severe vitamin D deficiency can be the underlying cause of some DCMP cases in which supplementation therapy completely reverses cardiac dysfunction and dilatation. Therefore, vitamin D deficiency must be considered as an
underlying reason of myocardial dysfunction in
patients with DCMP because it is one of the
rare reversible causes of the DCMP. The exact
prevalence of vitamin D deficiency-induced
DCMP, however, is unknown especially in the
adult population. Future larger communitybased studies are needed to elucidate the frequency of vitamin D deficiency-induced DCMP.
Several potential limitations are present in our
study. Firstly, the sample size of the present
study is small to generalize to all patients with
DCMP. Secondly, current study is an observational study and it fails to prove a causal relationship between vitamin D deficiency and the
DCMP. It also fails to determine precise role of
vitamin D in the pathogenesis of DCMP. Thirdly,
only one measurement of 25OHD3 may be limited to reveal the exact long-standing status of
the vitamin D in patients with DCMP.
In conclusion, in this study we suggest that vitamin D deficiency is more common in patients
with DCMP than it has been previously supposed. Although the current study does not
establish the exact causal relationship between
vitamin D deficiency and DCMP, vitamin D deficiency-induced DCMP should not be disregarded in adult patients. According to our findings,
we strongly recommend vitamin D screening
especially in adult patients with DCMP. DCMP
Int J Clin Exp Med 2015;8(1):1356-1362
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patients, who have vitamin D deficiency, should
be promptly treated with vitamin D supplementation and patients should be monitored for the
restoration of cardiac function and dimensions.
Future investigations are needed to shed light
on the possible causal linkage between vitamin
D and DCMP and the precise role of vitamin D
in the pathogenesis of the DCMP and/or heart
failure. Lastly, further larger randomized placebo-controlled trials are also required to assess
the effectiveness of vitamin D supplementation therapy in patients with DCMP who are
vitamin D deficient.
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