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Abstract

Background: Vitamin D deficiency is frequently observed in heart failure patients
and it has been shown that Vitamin D exerts various effects on the heart that may be
relevant for the pathogenesis of myocardial diseases.

Aims: We aimed to elucidate the largely unknown association of -hydroxyvitamin
D ([OH]D) serum levels with echocardiographic measures of left ventricular (LV)
structure and function.

Material/Subjects and Methods: We measured (OH)D serum levels and per-
formed standardized LV echocardiograms in  persons from a population based
cohort of older men and women. Echocardiographic data were used to calculate LV
mass and LV geometry and for classification of systolic and diastolic dysfunction. To
consider the seasonal variations of (OH)D levels we categorized our study partici-
pants according to season specific (OH)D quartiles.

Results: LV systolic function, LV mass and LV geometry were not significantly asso-
ciated with (OH)D serum levels. In binary logistic regression analyses, the preva-
lence of LV diastolic dysfunction was significantly higher in the first season specific
(OH)D quartile when compared to the fourth quartile (odds ratio . [% CI:
.-.]; p=.) but significance was lost after adjustments for age (odds ratio
. [.-.]; p=. ) and established risk factors for heart failure (odds ratio .
[.-.]; p=.).

Conclusions: Serum levels of (OH)D are not significantly associated with LV struc-
ture and function but a non-significant trend towards increased risk of diastolic dys-
function in persons with vitamin D deficiency warrants further studies.



* Reprinted from Journal of Endocrinological Investigation, Vol. (), Pilz S, et al., Vitamin D
deficiency and myocardial structure and function in older men and women: the Hoorn study, Pages
No. -, Copyright (), with permission from Editrice Kurtis.



Introduction

Approximately half of the worlds population has an insufficient vitamin D status
which is mainly attributable to lifestyle and environmental factors that limit UV-B
exposure of the skin [, ]. Classifications of the vitamin D status are usually done
according to serum levels of -hydroxyvitamin D ([OH]D) which is produced by
hydroxylation of vitamin D in the liver []. (OH)D is then converted to ,-dihy-
droxyvitamin D (,[OH]D) by α–hydroxylase activity in the kidney and various
other tissues [, , ]. ,(OH)D activates the vitamin D receptor (VDR), which
regulates approximately % of the human genome []. Given this important role for
the regulation of many different genes, it has been increasingly recognized that vita-
min D effects are pathophysiologically relevant for various diseases including e.g.
bone, malignant and inflammatory diseases [, , ]. Recent studies have shown that
vitamin D deficiency is also associated with increased cardiovascular risk [, ]. Anti-
inflammatory properties of vitamin D and associations of vitamin D deficiency with
components of the metabolic syndrome and endothelial dysfunction may partially
underlie the relationship between vitamin D deficiency and cardiovascular risk [-].
However, in previous studies vitamin D deficiency remained significantly predictive
for an adverse cardiovascular outcome, even after adjustments for common and
emerging cardiovascular risk factors [-, -]. Moreover, recent studies failed to
show a significant association of (OH)D levels with carotid intima-media thickness
and coronary artery calcification, suggesting that subclinical vascular disease plays
only a minor role for the relationship of vitamin D and cardiovascular risk [, ].
Hence, the mechanisms that link vitamin D deficiency to cardiovascular diseases
remain largely unclear. Considering the extraordinary high prevalence of vitamin D
deficiency among heart failure patients it could be speculated that vitamin D defi-
ciency might directly contribute to myocardial diseases [, , , ]. This notion is
supported by the fact that cardiomyocytes express enzymes for the metabolism of
vitamin D as well as a functional VDR [, ]. Vitamin D effects were also shown to
influence calcium handling of the myocardium which is crucial for the contractility
of the heart []. Furthermore, VDR knock out mice develop cardiac hypertrophy
and dysfunction with overwhelming activation of the systemic and cardiac renin an-
giotensin system [, ]. Vitamin D treatment was also shown to improve myocardial
dysfunction and reduced myocardial hypertrophy and fibrosis in animal models of
heart failure [, -]. In humans, dilated cardiomyopathy has been repeatedly ob-
served in vitamin D deficient children who could be cured with supplementation of
vitamin D and calcium []. In view of the above mentioned evidence suggesting that
vitamin D might protect against myocardial diseases, we aimed to elucidate the lar-
gely unknown association of (OH)D levels with echocardiographic measures of
myocardial structure and function in a population based cohort of older women and
men, in which we have recently shown that vitamin D deficiency was associated with
increased risk of cardiovascular mortality [].





Materials and methods

Subjects

The Hoorn Study is a population based cohort study among older people from a
medium sized town in the Netherlands. Initial recruitment of study participants was
performed from  to . Detailed descriptions of the study concept and baseline
measurements have been published previously []. Our present study cohort con-
sists of  persons who participated in a follow-up visit between - and
whose recruitment procedures have been recently published []. All study subjects
gave written informed consent and the Hoorn Study was approved by the Ethics
Committee of the VU University Medical Centre.

Measurements

Routine anthropometric and laboratory measurements have been described in pre-
vious publications [, ]. In detail, serum (OH)D measurements were performed
by a competitive binding protein assay (DiaSorin, Stillwater, MN, USA) with an in-
terassay coefficient of variation of -%. This assay measures both, -hydroxyvita-
min D and - hydroxyvitamin D. Classifications of diabetes mellitus and impaired
glucose metabolism (persons with impaired glucose tolerance and/or impaired fast-
ing glucose) were done according to the  WHO criteria []. Arterial hyperten-
sion was diagnosed in persons with either systolic blood pressure ≥  mmHg and/
or diastolic blood pressure ≥  mmHg and/or use of antihypertensive medications.
Glomerular filtration rate (GFR) was calculated according to the abbreviated MDRD
formula []. Smoking status and physical activity were evaluated by questionnaires
as previously described []. Prior cardiovascular disease was diagnosed in persons
with Minnesota code .-., .-., .-., or . on the electrocardiogram and in
patients with previous coronary bypass operation or angioplasty, and/or peripheral
arterial bypass or amputation [].

Echocardiography

A single experienced research technician who was blinded to any clinical and labora-
tory data of the study subjects performed an echocardiogram in each participant. A
single ultrasound scanner (HP SONOS ; - Mhz transducer, Andover, Massa-
chusetts, USA) was used and D, M-mode, spectral and colour Doppler recordings
were performed according to a standardized protocol. Echocardiographic measure-
ments were done as previously described in detail []. All recordings were digitally
stored and analyzed off-line according to international guidelines. Afterwards, a
senior cardiologist inspected each echocardiogram to ensure the quality of both, re-
cordings and readings. Systolic dysfunction was defined as an ejection fraction below
% and persons with an ejection fraction of ≥ % were considered to have normal
systolic function. Diastolic dysfunction was defined according to previously pub-
lished criteria that are based on three indices of late diastolic function whose cut-off
values were derived from the th percentile of Hoorn study participants with





normal glucose tolerance []. Accordingly, diastolic dysfunction was diagnosed in
patients with at least one value above the following cut-offs: peak A velocity ≥ 

cm/s, difference between pulmonary vein flow A duration (Apv) and duration of the
A wave over the mitral valve (Amv) ≥ ms and left atrial volume ≥  ml. All other
patients that were consistently below the above mentioned cut-off values were classi-
fied as persons with normal diastolic function. LV mass and LV geometric patterns
(normal geometry, concentric remodeling, eccentric hypertrophy and concentric hy-
pertrophy) were calculated as previously described [] according to Devereux et al.
[] and Hessen et al. [].

Statistical analyses

Due to seasonal variations of (OH)D levels we formed quartiles that were calcu-
lated from the (OH)D values within each of the four seasons []. In addition, we
calculated z values of (OH)D levels within each season (spring, summer, autumn
and winter) of the year. In detail, the individual z values were calculated as the differ-
ence (expressed as standard deviations of [OH]D levels) from the mean (OH)D
level of each season. Hence, we used the formula: individual value of (OH)D minus
the mean divided by the standard deviation of (OH)D levels within each season.
Baseline characteristics and echocardiographic data are presented according to these
"season-specific" (OH)D quartiles and comparisons between groups were con-
ducted using Analysis of Variance (ANOVA) with P for trend for
continuous variables. Parameters with a significant deviation from a normal distri-

bution were logarithmically transformed before use in parametric procedures. Chi-
Square tests with P values for linear by linear test were used for group comparisons of
categorical variables. Binary logistic regression analyses with normal LV geometry,
systolic and diastolic dysfunction (absence versus presence) as the outcome variable
and "season-specific" (OH)D quartiles as the explanatory variable were performed.
In addition, we included age, sex and several established risk factors for heart failure
as covariates in the regression models. In detail, we adjusted for age (years), sex, body
mass index (kg/m²), prior cardiovascular disease (yes/no), HbAc (%), glomerular
filtration rate (ml/min/.m²) smoking status (exand active, yes/no), HDL cholester-
ol (mmol/L), systolic blood pressure (mmHg), serum albumin (g/L) and physical
activity (hours per day). In addition, we also adjusted for parathyroid hormone
(pmol/L), because secondary hyperparathyroidism may mediate some harmful effects
of vitamin D deficiency []. Furthermore, we performed linear regression analyses of
season specific z values of (OH)D levels with ejection fraction (%), E/A ratio and
LV mass (g/m²) and adjusted these analyses for possible confounders in multiple
regression analyses. A P value below . was considered statistically significant and
all statistical procedures were performed by using SPSS . statistical package (SPSS
Inc., Chicago, IL, USA).





Results

(OH)D serum levels were available in  study participants and clinical and la-
boratory baseline characteristics according to season specific (OH)D quartiles are
shown in Table .

Table  – Baseline characteristics according to season-specific (OH)D
quartiles

Variable 1st quartile 2nd quartile 3rd quartile 4th quartile P-value

n = 156 n = 151 n = 156 n = 151

(OH)D (nmol/L) 30.4 ± 6.4 45.4 ± 5.1 59.7 ± 5.2 79.5 ± 11.2 <0.001

Age (years) 73.0 ± 6.9 69.6 ± 6.4 69.3 ± 6.3 67.0 ± 5.2 <0.001

Females (%) 57.1 51.7 48.1 43.7 0.016

BMI (kg/m²) 27.7 ± 4.8 27.4 ± 3.7 27.4 ± 3.9 26.5 ± 3.4 0.017

Waist to hip ratio 0.92 ± 0.09 0.93 ± 0.09 0.94 ± 0.08 0.91 ± 0.10 0.003

Percentage body fat (%) 37.7 ± 10.0 35.4 ± 9.4 33.8 ± 8.4 32.5 ± 9.3 <0.001

SBP (mmHG) 149 ± 21 141 ± 21 140 ± 21 138 ± 18 <0.001

DBP (mmHG) 85 ± 13 82 ± 11 82 ± 11 81 ± 9 0.006

Arterial hypertension (%) 78.1 70.2 64.5 60.7 0.001

Antihypertensive drugs (%) 41.2 39.7 36.1 27.2 0.009

Fasting glucose (mmol/L) 6.23 ± 1.26 6.06 ± 1.10 6.29 ± 1.77 5.94 ± 1.06 0.079

HbAc (%) 6.0 ± 0.7 6.0 ± 0.7 6.0 ± 0.8 5.9 ± 0.6 0.099

Diabetes mellitus (%) 29.9 17.6 22.1 16.0 0.012

Impaired glucose tolerance (%) 29.9 32.4 33.8 26.7 0.633

Triglycerides (mmol/L) 1.6 ± 0.9 1.6 ± 0.8 1.4 ± 0.7 1.4 ± 0.6 0.073

LDL cholesterol (mmol/L) 3.6 ± 1.0 3.7 ± 0.9 3.7 ± 0.9 3.7 ± 0.8 0.269

HDL cholesterol (mmol/L) 1.40 ± 0.43 1.40 ± 0.39 1.39 ± 0.38 1.53 ± 0.45 0.010

Lipid-lowering drugs (%) 13.7 18.5 19.4 10.6 0.526

Serum albumin (g/L) 40.6 ± 3.3 41.6 ± 2.6 41.4 ± 2.5 41.6 ± 2.8 0.005

Smokers (ex and active) (%) 51.6 62.9 64.5 62.9 0.045

PTH (pmol/L) 6.93 ± 2.73 6.35 ± 2.58 6.14 ± 3.01 5.22 ± 1.59 <0.001

GFR (ml/min/.m²) 63.6 ± 11.0 64.1 ± 9.4 63.1 ± 12.0 63.0 ± 9.5 0.436

Prior CVD (%) 57.0 41.5 51.7 39.6 0.021

Microalbuminuria (%) 20.6 12.6 14.1 10.6 0.024

Physical activity (hours/day) 2.9 ± 2.3 3.2 ± 2.5 3.1 ± 2.3 3.6 ± 2.7 0.009

(OH)D, -hydroxyvitamin D; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pessure; HbAc, hemoglobin Ac; LDL, low density lipoprotein; HDL, high density lipoprotein;
PTH, parathyroid hormone; GFR, glomerular filtration rate; CVD, cardiovascular disease
Data are presented as percentages and as means ± standard deviations
Differences between groups were assessed by χ²-test and Analysis of Variance (ANOVA) with P for trend





Table  – Echocardiographic measures according to season-specific (OH)D
quartiles

Variable 1st quartile 2nd quartile 3rd quartile 4th quartile P-value

n = 156 n = 151 n = 156 n = 151

Parameters of LV structure

LV mass (g/m²) 91 ± 25 91 ± 24 87 ± 22 88 ± 24 0.131

Interventricular septum thickness (cm) 1.01 ± 0.26 0.99 ± 0.23 0.96 ± 0.21 0.96 ± 0.23 0.178

Posterior wall thickness (cm) 0.91 ± 0.16 0.91 ± 0.14 0.88 ± 0.15 0.89 ± 0.14 0.213

Relative wall thickness 0.39 ± 0.11 0.38 ± 0.10 0.38 ± 0.08 0.37 ± 0.09 0.178

Enddiastolic diameter (cm) 5.02 ± 0.65 5.08 ± 0.61 5.03 ± 0.55 5.02 ± 0.60 0.785

Geometric patterns

Normal geometry (%) 70.1 73.3 78.6 78.1 0.064

Concentric remodeling (%) 17.5 12.7 12.3 15.8 0.639

Eccentric hypertrophy (%) 5.8 9.3 5.8 2.7 0.148

Concentric hypertrophy (%) 6.5 4.7 3.2 3.4 0.155

Estimates of systolic function

Systolic dysfunction (%) 14.0 21.7 13.7 15.7 0.845

Ejection fraction 0.63 ± 0.09 0.62 ± 0.08 0.62 ± 0.07 0.63 ± 0.08 0.954

Fractional shortening 47.0 ± 6.6 46.3 ± 5.8 46.6 ± 5.6 46.6 ± 6.4 0.741

LV end-systolic volume (ml) 38 ± 27 39 ± 14 38 ± 15 39 ± 18 0.296

Estimates of diastolic function

Diastolic dysfunction (%) 46.5 31.2 37.8 27.3 0.004

Peak E velocity (cm/s) 65.8 ± 16.1 66.5 ± 17.5 65.4 ± 15.8 63.5 ± 15.2 0.199

Peak A velocity (cm/s) 88.4 ± 18.8 81.6 ± 20.2 82.1 ± 18.3 78.1 ± 16.9 0.002

E / A ratio 0.80 ± 0.23 0.85 ± 0.30 0.82 ± 0.22 0.83 ± 0.23 0.333

Deceleration time (ms) 248 ± 53 239 ± 55 248 ± 60 246 ± 62 0.986

Duration of Amv (ms) 126 ± 17 124 ± 17 123 ± 15 122 ± 17 0.023

Duration of Apv (ms) 140 ± 21 138 ± 21 137 ± 18 135 ± 17 0.054

Apv - Amv (ms) 14 ± 23 14 ± 23 13 ± 22 14 ± 21 0.932

Left atrium volume (ml) 46 ± 17 45 ± 14 44 ± 13 42 ± 14 0.022

LV enddiastolic volume (ml) 98 ± 32 101 ± 22 99 ± 24 101 ± 27 0.225

Isovolumetric relaxation time (ms) 134 ± 29 131 ± 24 131 ± 24 131 ± 22 0.205

(OH)D, -hydroxyvitamin D; LV, left ventricular; mv, mitral valve; pv, pulmonary vein
Unadjusted data are presented as percentages and as means ± standard deviations
Differences between groups were assessed by χ²-test and Analysis of Variance (ANOVA) with P for trend





Table  - Odds ratios for left ventricular dysfunction according to season-spe-
cific (OH)D quartiles

Normal left ventricular geometry

st quartile 2nd quartile 3rd quartile 4th quartile

Unadjusted 0.66 (0.39-1.11) 0.77 (0.45-1.32) 1.03 (0.59-1.78) 1.00 reference

Adjusted for age 0.98 (0.56-1.59) 0.92 (0.53-1.59) 1.22 (0.70-2.14) 1.00 reference

Adjusted for age and sex 0.95 (0.54-1.67) 0.90 (0.52-1.57) 1.21 (0.69-2.14) 1.00 reference

Multivariable adjusted model* 1.18 (0.65-2.15) 1.01 (0.57-1.80) 1.23 (0.69-2.21) 1.00 reference

plus PTH 1.33 (0.71-2.48) 1.16 (0.64-2.11) 1.42 (0.78-2.60) 1.00 reference

plus PTH and physical activity 1.27 (0.67-2.42) 1.18 (0.64-2.19) 1.38 (0.74-2.57) 1.00 reference

Systolic dysfunction

Unadjusted 0.87 (0.45-1.68) 1.49 (0.81-2.74) 0.85 (0.44-1.64) 1.00 reference

Adjusted for age 0.67 (0.34-1.35) 1.35 (0.73-2.50) 0.77 (0.39-1.49) 1.00 reference

Adjusted for age and sex 0.77 (0.38-1.56) 1.46 (0.78-2.74) 0.78 (0.40-1.53) 1.00 reference

Multivariable adjusted model* 0.72 (0.34-1.51) 1.40 (0.73-2.69) 0.78 (0.39-1.56) 1.00 reference

plus PTH 0.71 (0.33-1.52) 1.44 (0.74-2.81) 0.78 (0.39-1.57) 1.00 reference

plus PTH and physical activity 0.78 (0.36-1.68) 1.54 (0.78-3.05) 0.79 (0.38-1.63) 1.00 reference

Diastolic dysfunction

Unadjusted 2.32 (1.42-3.80) 1.21 (0.73-2.02) 1.62 (0.98-2.67) 1.00 reference

Adjusted for age 1.51 (0.89-2.57) 1.01 (0.60-1.72) 1.38 (0.83-2.31) 1.00 reference

Adjusted for age and sex 1.54 (0.91-2.62) 1.02 (0.60-1.73) 1.39 (0.83-2.32) 1.00 reference

Multivariable adjusted model* 1.47 (0.84-2.59) 0.98 (0.56-1.71) 1.26 (0.74-2.17) 1.00 reference

plus PTH 1.42 (0.79-2.55) 0.98 (0.55-1.72) 1.22 (0.70-2.10) 1.00 reference

plus PTH and physical activity 1.46 (0.81-2.65) 0.88 (0.49-1.59) 1.37 (0.79-2.39) 1.00 reference

Binary logistic regression analyses with odds ratios (with % confidence intervals) according to
season specific (OH)D quartiles
*Adjusted for age, sex, body mass index, prior cardiovascular disease, ex and active smokers (yes/no),
HbAc, glomerular filtration rate, systolic blood pressure, high-density lipoprotein cholesterol and serum
albumin
PTH, parathyroid hormone

Echocardiographic data about left ventricular (LV) structure and function stratified
by season specific (OH)D quartiles are presented in Table . Using ejection fraction
as the dependent variable in linear regression analyses the unadjusted and fully ad-
justed β-coefficients (adjustments as in the multivariable adjusted models in Table )
for z values of (OH)D levels were . (p=.) and . (p=.), respectively.
Accordingly, the unadjusted and fully adjusted β-coefficients for z values of (OH)D
levels were . (p=.) and -. (p=.) for E to A ratio and -.
(p=.) and -. (p=.) for LV mass. All of these latter linear regression ana-
lyses revealed similar results when PTH and physical activity were additionally in-





cluded as covariates (data not shown). Binary logistic regression analyses with
normal LV geometry, systolic and diastolic dysfunction as outcome variables and 

(OH)D status as the explanatory variable are depicted in Table . There was no sig-
nificant association of LV geometry and systolic dysfunction with (OH)D status
(see Table ). Prevalence of diastolic dysfunction was significantly increased in pa-
tients within the first season specific (OH)D quartile when compared to patients in
the fourth quartile (odds ratio . [% CI: .-.]; p=.) but significance was
lost after adjustment for age (odds ratio . [.-.]; p=.) and after further
adjustments for established risk factors for heart failure (odds ratio . [.-.];
p=.) (see multivariable adjusted model in Table ). Additional adjustments for
PTH and physical activity resulted in an odds ratio of . (.-.; p=.) in the
fourth versus the first quartile. Using quartiles of "absolute" (OH)D levels we ob-
tained similar non-significant results as for our season-specific (OH)D quartiles. In
the multivariable adjusted model (same adjustments as in Table ) the HR (with %
CI) in the first versus the fourth (OH)D quartile was . (.-.) for normal left
ventricular geometry, . (.-.) for systolic dysfunction and . (.-.) for
diastolic dysfunction.
The results of all statistical analyses did not materially change, when males and

females were analyzed separately and when we performed additional adjustments for
use of lipid-lowering and antihypertensive drugs (data not shown).

Discussion

Our present work is the first to address the association of (OH)D levels with echo-
cardiographic measures of LV structure and function in a population based study.
We did not observe significant associations of (OH)D levels with echocardio-
graphic measures of LV geometry and systolic function. Prevalence of diastolic dys-
function was significantly higher in the first versus the fourth season specific (OH)
D quartile but this association was attenuated towards a non-significant trend after
adjustments for age and cardiovascular risk factors.

Several studies have shown that vitamin D deficiency is associated with the preva-
lence and severity of heart failure [, , , ]. Adjustments for common cardiovas-
cular risk factors was performed in most of these latter studies but it cannot be ex-
cluded that their results were mainly driven by the fact that vitamin D deficiency in
heart failure patients is simply a consequence of either reduced sun exposure due to
limited mobility or other factors (e.g. malnutrition) that contribute to or are asso-
ciated with both, heart failure and vitamin D deficiency. In contrast to previous stud-
ies in this field, which were largely performed among patients suffering from severe
cardiovascular disease, our study encompassed a population based cohort, that may
therefore be less likely to be biased by underlying diseases. A main finding of our
work is that (OH)D status is not significantly associated with measures of LV geo-
metry and systolic function, which is a clear negative finding. This is in line with the
results of a randomized, placebo-controlled trial by Schleithoff et al. who found no
significant improvement of LV systolic function after  months of treatment with a
daily intake of  IU vitamin D []. The missing association of vitamin D defi-





ciency and LV systolic function contrasts, however, the results from the LUdwigshfen
RIsk and Cardiovascular Health (LURIC) study, a cohort study of over  patients
undergoing coronary angiography, in which low (OH)D levels as well as low ,
(OH)D levels were independent of other cardiovascular risk factors associated with
LV systolic dysfunction assessed by contrast ventriculography []. Underlying differ-
ences in the study populations may be responsible for these divergent results (Hoorn
versus LURIC) but it might also be speculated that vitamin D deficiency is less im-
portant for the initiation of LV dysfunction than for the progression and prognosis of
heart failure patients because in the LURIC study vitamin D deficiency was an inde-
pendent predictor for future deaths due to heart failure []. Beyond direct effects on
LV function vitamin D might improve prognosis of heart failure patients by reducing
intramyocardial inflammatory processes, which are initiated in response to myocar-
dial insults (e.g. ischemia) and are associated with an adverse cardiovascular outcome
[-]. Towards this, it is noteworthy that vitamin D supplementation increased
levels of interleukin-, an anti-inflammatory cytokine that exerts cardioprotective
effects []. We acknowledge that (OH)D levels were also not independent of
other cardiovascular risk factors associated with LV diastolic dysfunction. There was,
however, a moderate nonsignificant trend towards increased prevalence of diastolic
dysfunction in individuals within the lowest season-specific (OH)D quartile that
warrants further in depth investigations in view of the increasing pathophysiological
evidence linking vitamin D deficiency to diastolic dysfunction. In this context, it has
been shown that vitamin D regulates calcium flux within cardiomyocytes and in
animal models it has been demonstrated that acute ,(OH)D effects on the heart
primarily accelerate relaxation thereby suggesting an important role of vitamin D for
the maintenance of diastolic function [, ]. It is important to point out that these
effects were shown for ,(OH)D administration and not for (OH)D, the best
parameter for assessment of vitamin D status, which we measured in our study.
Although it has recently been shown that the myocardium expresses α-hydroxylase
which converts (OH)D to ,(OH)D it remains to be elucidated whether circulat-
ing (OH)D levels are a main determinant of intramyocardial ,(OH)D levels
[]. This latter research question is of particular importance for the interpretation of
our results because the correlation of serum levels of (OH)D and ,(OH)D is
relatively weak and most cell culture and clinical studies about vitamin D effects and
myocardial function have been performed with either ,(OH)D or active vitamin
D compounds like paricalcitol. Towards this, a recent retrospective pilot study
among hemodialysis patients showed an improvement of diastolic function in pa-
tients treated for  months with paracalcitol []. Other studies among patients with
renal failure also observed improvements of diastolic and/or systolic function as well
as reductions of myocardial hypertrophy in response to ,(OH)D treatment, but
these results are limited by relatively low numbers of individuals and are missing
adequately matched placebo groups [-]. Apart from this, vitamin D might also
be important for health outcome of heart failure patients because sudden cardiac
death as well as infections, both of which are commonly observed in heart failure
patients were significantly increased in subjects with vitamin D deficiency [, ].
Although we failed to demonstrate significant and independent associations of 
(OH)D levels and myocardial structure and function we recommend further studies





in this field for which our data concerning (OH)D levels and diastolic dysfunction
provide, in our opinion, a reasonable rationale. Importantly, even minor health ben-
efits of vitamin D could significantly improve public health by considering the world-
wide high prevalence of vitamin D deficiency and the easy, safe, and inexpensive way
by which vitamin D could be supplemented [].
Our results are limited due to the observational and cross-sectional study design.

The relatively low proportion of myocardial pathologies among our population based
cohort may limit our ability to detect associations of (OH)D status with pathologic
LV geometry and myocardial dysfunction. We cannot rule out that significantly
lower or higher (OH)D levels as in the Hoorn Study might be differentially asso-
ciated with myocardial structure and function. It should also be mentioned that the
coefficients of variation of our (OH)D measurements were relatively high. Further-
more, our echocardiographic evaluation did not include tissue Doppler examination
that may be more accurate to diagnose diastolic dysfunction than our approach and
we do not have detailed data on the precision of our echocardiographic measure-
ments []. Our statistical analyses may also be limited because we adjusted for
some risk factors for heart failure which may hypothetically lie in the causal pathway
of deleterious effects of vitamin D deficiency. In conclusion, we could not demon-
strate any significant and independent association of (OH)D status with LV struc-
ture and function. We noticed, however, a moderate nonsignificant trend towards an
increased prevalence of diastolic dysfunction in persons with vitamin D deficiency
that should be further studied in detail.
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