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Abstract
Summary Low vitamin D status is common in patients with heart failure and may influence bone health. A daily vitamin D dose
of 4000 IU (moderately high dose) for 3 years had however no effect on parameters of bone metabolism, even in patients with
very low vitamin D status.
Introduction Low vitamin D status is common in patients with heart failure (HF) and has been related to disturbed bone turnover.
The present study investigated the effect of a daily vitamin D3 dose of 4000 IU on bone turnover markers (BTMs) in patients with
advanced HF and 25-hydroxyvitamin D (25OHD) concentrations < 75 nmol/L.
Methods In this pre-specified secondary analysis of a randomized controlled trial, we assessed in 158 male HF patients (vitamin
D group: n = 80; placebo group: n = 78) between-group differences in calciotropic hormones (25OHD, 1,25-dihydroxyvitamin D
[1,25(OH)2D], intact parathyroid hormone [iPTH]), and BTMs (cross-linked C-telopeptide of type I collagen, bone-specific
alkaline phosphatase, undercarboxylated osteocalcin). Comparisons were performed at the end of a 3-year vitamin D supple-
mentation period with adjustments for baseline values.
Results Compared with placebo, vitamin D increased 25OHD on average by 54.3 nmol/L. At study termination, 25OHD and
1,25(OH)2D were significantly higher (P < 0.001 and P = 0.007, respectively), whereas iPTH tended to be lower in the vitamin D
group than in the placebo group (P = 0.083). BTMswere initially within their reference ranges and did not differ significantly between
groups at study termination, neither in the entire study cohort nor when data analysis was restricted to the subgroup of patients with
initial 25OHD concentrations < 30 nmol/L (n = 54) or to patients with initial hyperparathyroidism (n = 65) (all P values > 0.05).
Conclusions Adaily vitaminD3 dose of 4000 IU did not influence BTMs.Data indicate that vitaminD supplementationwill not lower
bone turnover in male patients with heart failure.
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Introduction

The development of osteoporosis is a frequent complica-
tion in heart transplant recipients, with a prevalence of
vertebral fractures between 18 and 50% [1–4]. Although
the immunosuppression that is required for graft survival
(glucocorticosteroids, calcineurin-inhibitors) is considered
to play an important role in the pathogenesis of osteopo-
rosis in these patients [4–6], heart failure (HF) per se is
already associated with an increased risk of vertebral and
hip fractures before transplantation [7, 8]. Low bone min-
eral densities have been frequently reported in HF [9, 10],
and several risk factors such as hypogonadism, specific
drugs (vitamin K antagonists, diuretics), reduced mobility,
cachexia, and vitamin D deficiency may contribute to im-
paired bone health in these patients [11].
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Low plasma levels of the vitamin D metabolites 25-
hydroxyvitamin D (25OHD, indicator of vitamin D status)
and 1,25-dihydroxyitamin D (1,25(OH)2D; active vitamin D
hormone) are frequent in HF [9, 12–14] and have been asso-
ciated with elevated concentrations of the bone resorption
markers hydroxyproline and deoxpyridinoline [9, 12].
Moreover, in a case-control study [15], levels of the bone
formation marker intact osteocalcin (OC) were lower and the
ratio of undercarboxylated OC (uOC; a biochemical marker of
fracture risk, [16]) to intact OC was higher in HF patients than
in controls. In a randomized controlled trial in advanced HF
[17], a daily vitamin D3 supplement of 2000 IU for 9 months
had, however, no effect on uOC or the bone resorption marker
cross-linked C-telopeptide of type I collagen (CTX).

At present, there still exist several knowledge gaps on the
role of vitamin D on bone turnover as both, beneficial and
detrimental effects of vitamin D on bone metabolism, have
been described [18, 19]. The present study therefore aimed
at investigating in a pre-specified secondary analysis of the
EVITA (effect of vitamin D on mortality in heart failure) trial,
whether a daily vitamin D3 dose of 4000 IU (100 μg) and a
treatment duration of 3 years are able to influence bone for-
mation and resorption markers in patients with advanced HF
and low vitamin D status.

Methods

Study design and participants

EVITA is a randomized, placebo-controlled, single-center
trial performed at the Heart and Diabetes Center North
Rhine-Westphalia, Germany (geographic latitude 52° N).
Major study results have already been published elsewhere
[20]. Briefly, 400 heart failure patients aged 18 to 79 years
(332 men and 68 women) who attended the heart failure
unit of our clinic were enrolled. Major exclusion criteria
were hypercalcemia, sarcoidosis, daily vitamin D intake >
800 IU, and baseline 25-hydroxyvitamin D levels >
75 nmol/L. Eligible participants were randomly allocated
to receive either 4000 IU vitamin D3 daily as eight drops
of an oily vitamin D preparation (Vigantol oil, Merck,
Darmstadt, Germany) or eight drops of a vitamin D-free
oil (Migliol oil; Merck) in a 1:1 ratio for 3 years. For the
present analysis, only male patients were considered be-
cause female bone turnover is significantly influenced by
monthly fluctuations in sex hormone concentrations in pre-
menopausal women [21], bone turnover differs between
premenopausal and postmenopausal women, and the num-
ber of female participants finishing our trial was insufficient
for adequately powered statistical analyses. Therefore, 68
female patients, of whom 40% were premenopausal, were
not included in the data analysis. Of the 332 male study

participants, 166 were assigned to the vitamin D group and
166 to the control group. During the study, all patients
remained on guideline-recommended medications. Notably,
our male patients do not receive medical treatment for os-
teoporosis prevention. Patient adherence was assessed by
measuring in-study levels of circulating 25OHD. The study
was registered at EudraCT as 010-020793-42 and
clinicaltrials.gov as NCT01326650. All study participants
gave written informed consent to the study procedures
before study randomization. The study protocol was
approved by the ethics committee of the Medical Council
Westphalia-Lippe, Germany (No. 2010-052-f-A).

Biochemical analyses

Blood samples were taken in the morning between 7 and 11
am after an overnight fast. All blood samples were either mea-
sured at least 4 h after blood collection or stored at − 80 °C
until analysis. The following parameters were measured at
baseline and study termination (36-month visit): creatinine,
bone-specific alkaline phosphatase (BSAP, bone formation
marker), uOC, CTX, 25OHD, 1,25(OH)2D, and intact para-
thyroid hormone (iPTH). Moreover, calcium and inorganic
phosphate values are presented at baseline. The DiaSorin
auto-analyzer (DiaSorin, Stillwater, MN, USA) was used to
measure 25OHD levels (sum of 25OHD2 and 25OHD3),
1 , 25 (OH) 2D l eve l s ( s um o f 1 , 25 (OH) 2D2 and
1,25(OH)2D3.), and iPTH. The latter parameter was measured
using a new two-step, two-site sandwich assay that uses poly-
clonal antibodies to capture and detect iPTH. Calcium, inor-
ganic phosphate, and creatinine were routinely assessed using
the Architect auto-analyzer (Abbott, Wiesbaden, Germany).
BSAP, uOC, and CTX were analyzed by ELISA test kit pro-
vided by ElabScience (BSAP, uOC: ElabScience
B io t e chno logy Co . , L t d ) and IDS (CTX: IDS
Immunodiagnostic Systems GmbH, Frankfurt/M, Germany),
respectively. We used the following cut-off values for classi-
fying 25OHD [22]: < 30 nmol/L as deficient, 30–49.9 nmol/L
as insufficient, and 50–74.9 nmol/L as borderline. With re-
spect to other biochemical parameters, the following reference
ranges were provided by the respective supplier: 1,25(OH)2D
47.8–190.3 pmol/mL; iPTH 14.5–87.1 pg/mL; CTX 115–
748 pg/mL; BSAP 80–2000 pg/mL, and uOC 13–65 ng/mL
(males) or 18–72 ng/mL (females). According to the manu-
facturers, Intra- and inter-assay coefficients of variation were
for the bone markers CTX, BSAP, and uOC as follows: 1.7
and 9.7%, 4.1 and 5.9%, and 5.6 and 5.6%, respectively. The
MDRD formula was used to calculate estimated glomerular
filtration rate (eGFR) [23]. The measurements of calciotropic
hormones and BTMs were performed in batch analyses, with
the exception of the 25OHD measurements, which were per-
formed on the day of blood sampling.

580 Osteoporos Int (2018) 29:579–586

http://clinicaltrials.gov


Outcome measure

We assessed between-group differences in bone turnover
markers (BTMs) such as CTX, BSAP, and uOC at study ter-
mination with adjustments for baseline values.

Statistics

Categorical variables are reported as a percentage of observa-
tions. Normally distributed continuous data (as checked by the
Kolmogorov-Smirnov test) are shown as mean with standard
deviation. Variables with a skewed distribution are presented
as median with interquartile ranges (IQR), unless otherwise
stated. Change from baseline data is shown as mean and 95%
confidence interval (CI). Fisher’s exact test, the unpaired t test,
and the Mann-Whitney U test, respectively, were used for
group comparison at baseline, when appropriate. The
McNemar test was used to assess differences in hyperparathy-
roidism status within groups. ANCOVAwith adjustments for
baseline values was used to test for differences in calciotropic
hormones and BTMs between the vitamin D and placebo
groups at the 36-month follow-up visit. Skewed variables
were normalized by log(e) transformation before use in
ANCOVA, but all results are shown in the original units.
The Wilcoxon test was used to test for differences within
groups between the baseline and 36-month follow-up visit.
Moreover, we used Spearman’s rank correlation coefficient
(rs) to assess the interrelationship between biochemical vari-
ables. In addition, we performed subgroup analyses to assess

the vitamin D effect on BTMs in patients with deficient initial
25OHD levels and hyperparathyroidism. Since 67 male pa-
tients died during the study, and an additional 107 patients
dropped out or were lost to follow-up, 158 male patients (vi-
tamin D group: n = 80; placebo group: n = 78) with at least
one available calciotropic hormone parameter or bone turn-
over marker at study termination were included (Fig. 1). In
detail, available values for iPTH, 1,25(OH)2D, BSAP, uOC,
and CTX were 145, 145, 145, 145, and 136 at follow-up,
respectively. No data imputation for missing values was per-
formed. P values < 0.05 (two-sided) were considered as sta-
tistically significant. Given a total number of 136 patients in
this two-treatment parallel-design study, there is a 90% prob-
ability that the study will detect a treatment difference in the
bone resorption marker CTX at a two-sided 0.05 significance
level if the true difference between treatments is 40 pg/mL.
This is based on the assumption that the standard deviation of
CTX concentrations is 70 pg/mL. We performed all analyses
using IBM SPSS Statistics version 23 (IBM Corporation,
Armonk, NY, USA).

Results

Blood samples were collected in winter (January to March,
n = 52), spring (April to June, n = 45), summer (July to
September, n = 28), and fall (October to December, n = 33).
Baseline characteristics of the patients are listed in Table 1
by study group. One fifth of the patients were already listed

Randomized

(n=400)

Considered for data analysis

(n=332)

Included in data analysis 

(n=158)

Vitamin D group (n=80) Placebo group (n=78)

▪ Female sex: (n=68)

▪ Death: (n=67)
▪ Drop-Out: (n=77)
▪ Lost-to Follow-Up (n=30)

Assessed for Eligibility

(n=892)

▪ Declined to participate (n=293)
▪ Did no meet Inclusion criteria (n=143)
▪ Other Reasons (n=56)

Fig. 1 Study flow chart
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for heart transplantation and a substantial proportion of the
patients were diagnosed as having diabetes mellitus. In both
study groups, median 25OHD levels were only slightly
above the deficiency range. Overall, 36.7% of patients had
deficient and 38.6% insufficient initial 25OHD levels. None
of the study participants were initially taking vitamin D sup-
plements and only three patients were calcium supplement
users. Compared with patients who were not included in the
data analysis, the baseline body mass index of the included
patients was slightly higher (29.2 ± 5.0 kg/m2 vs. 27.9 ±
5.1 kg/m2, P = 0.021). All other parameters listed in
Table 1 did not differ significantly between included and
excluded patients. Of the included 158 patients, clinically
relevant heart failure progression, as indicated by the need
of mechanical circulatory support, Bhigh urgent^ listing for
heart transplantation and/or heart transplantation, occurred in
seven patients assigned to vitamin D and in eight patients
assigned to placebo.

Initial 1,25(OH)2D and BTMs were, on average, within the
respective reference range, whereas average iPTH concentra-
tions exceeded the reference range, especially in the group
assigned to vitamin D (Table 2). Briefly, the prevalence of
hyperparathyroidism was in the vitamin D and placebo groups
56 and 41%, respectively. Vitamin D metabolites increased
and iPTH levels decreased significantly in the group assigned
to vitamin D. Moreover, the prevalence of hyperparathyroid-
ism decreased from 56.0 to 33.0% in the group assigned to
vitamin D (P = 0.001). There was also a slight, but significant
increase in 25OHD levels in the group assigned to placebo.
However, the prevalence of hyperparathyroidism remained
constant in this group (41.4 vs 38.3%, P = 0.824). BTMs did
not change, neither in the vitamin D nor in the placebo groups.

Compared with placebo, vitamin D increased circulating
25OHD on average by 54.3 nmol/L and 1,25(OH)2D by
17.1 pmol/L (Table 2). In the placebo and vitamin D groups,
64.6 and 14.3% of 25OHD values, respectively, were <

Table 1 Baseline characteristics
of the study groups Parameter Vitamin D group

(n = 80)
Placebo group
(n = 78)

P value

Age (years) 56 (49–62) 54 (47–59) 0.093

Body mass index (kg/m2) 28.7 (25.3–31.6) 28.0 (25.3–31.1) 0.618

Diagnosis

Dilated cardiomyopathy, number (%) 34 (42.5) 38 (48.7) 0.327

Ischemic cardiomyopathy, number (%) 43 (53.8) 34 (43.8) 0.327

Others, number (%) 3 (3.8) 6 (7.7) 0.325

New York Heart Association functional class

II, number (%) 64 (80.0) 58 (74.4) 0.451

III, number (%) 16 (20.0) 20 (25.6) 0.451

Arterial hypertension, number (%) 23 (28.7) 25 (32.1) 0.730

Listed for heart transplantation, number (%) 14 (17.5) 20 (25.6) 0.248

Diabetes mellitus, number (%) 22 (27.5) 14 (17.7) 0.185

Estimated GFR (mL/min/1.73 m2) 70.6 ± 21.8 75.1 ± 24.8 0.233

Medications

Aldosterone-antagonists, number (%) 64 (80.0) 65 (83.3) 0.682

Loop diuretics, number (%) 65 (81.3) 65 (83.3) 0.836

Thiazid-diuretics, number (%) 25 (31.3) 30 (38.5) 0.404

Beta-blockers, number (%) 76 (95.0) 77 (98.7) 0.367

ACE-inhibitors/ARB-Blockers, number (%) 77 (96.3) 77 (98.7) 0.620

Calcium-antagonists, number (%) 3 (3.8) 1 (1.3) 0.620

Antiarrhythmics, number (%) 22 (27.5) 22 (28.2) >0.999

Digoxin, number (%) 26 (32.5) 35 (44.9) 0.141

Calcium supplement use, number (%) 1 (1.9) 2 (2.6) 0.618

Vitamin D supplement use, number (%) 0 (0.0) 0 (0.0) >0.999

Biochemical parameters

Calcium (mmol/L) 2.39 ± 0.11 2.39 ± 0.11 0.870

Phosphate (mmol/L) 0.84 (0.74–1.00) 0.94 (0.81–1.07) 0.070

25-hydroxyvitamin D (nmol/L) 34.8 (24.2–51.8) 34.3 (26.5–48.4) 0.873

Abbreviations: ACE angiotensin converting enzyme, ARB angiotensin II receptor blocker
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50 nmol/L at study termination. At study termination, 25OHD
and 1,25(OH)2D were significantly higher (P < 0.001 and P =
0.007, respectively), whereas iPTH tended to be lower in the
vitamin D group than in the placebo group (P = 0.083). BTMs
did however not differ significantly between groups at study
termination, neither in the entire study cohort (Table 2) nor
when data analysis was restricted to the subgroup of patients
with initial 25OHD concentrations < 30 nmol/L (vitamin D
group: n = 29; placebo group: n = 25) or to the subgroup of
patients with initial hyperparathyroidism (vitamin D group:
n = 40; placebo group: n = 25) (Supplemental Tables 1 and
2). Moreover, results did not change substantially when pa-
tients with eGFR values < 30 mL/min/1.73 m2 (n = 15) were
excluded from data analysis (data not shown). At study termi-
nation, mean values and standard deviations of the entire vi-
tamin D and placebo groups were for CTX, BSAP, and uOC
as follows: CTX 228 ± 130 pg/mL vs 287 ± 250 pg/mL,
BSAP 1004 ± 800 pg/mL vs. 1412 ± 1157 pg/mL, and uOC
22.0 ± 48.0 ng/mL vs. 19.0 ± 40.0 ng/mL.

In correlation analyses where all available samples at baseline
and study termination were included, circulating 25OHD was
significantly related to 1,25(OH)2D and iPTH (Table 3).
1,25(OH)2D was also correlated with BMI, BSAP, and eGFR.
iPTH concentrations were interrelated with eGFR, uOC, and
CTX concentrations. Regarding the relationship between iPTH
and eGFR, a logarithmic equation was slightly superior over a
linear equation in describing the association. Nevertheless, the
significant association between iPTH and eGFR persisted in
patients with eGFR values above 30 mL/min/1.73 m2

(Supplemental Figure).

Discussion

In the present study in male patients with advanced HF, a
daily vitamin D3 supplement of 4000 IU for 3 years in-
creased circulating 25OHD and 1,25(OH)2D concentra-
tions significantly, but did not influence BTMs, neither in
the entire study group nor in the subgroup of patients with
deficient initial vitamin D status. Moreover, there was no
significant treatment effect on BTMs in patients with initial
hyperparathyroidism.

The parameters we used to measure bone turnover (CTX,
BSAP, and uOC) have been shown to be sensitive biomarkers
for monitoring preventive and therapeutic effects on bone
[24–27]. Moreover, they have been demonstrated to be pre-
dictive of future bone loss and osteoporosis [28, 29].
Therefore, our results indicate that vitamin D did not affect
bone turnover. Data concur with earlier findings in patients
with advanced HF [17] and cardiovascular disease [30]. In
these RCTs, daily supplementation with 2000 or 2800 IU vi-
tamin D3 had no significant effect on BTMs such as BSAP,
OC, CTX, uOC, or procollagen type 1 N-terminal propeptide.Ta
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Several factors may explain why there was only a tendency
for a treatment effect on PTH levels and no significant effect
on BTMs: It is a general problem with vitamin D supplemen-
tation studies that the study groups are usually also exposed to
endogeneously synthesized vitamin D, and that the placebo
group may have access to vitamin D supplements and vitamin
D blood tests [31]. The slight in-study 25OHD increase in the
placebo group, accompanied by a slight, non-significant de-
crease in PTH concentrations, is an indication of this problem.
It may have prevented a significant treatment effect on PTH
levels, despite the in-study suppression in PTH concentrations
in the vitamin D group. Although fasting PTH and
1,25(OH)2D concentrations were significantly related to both
circulating 25OHD concentrations and BTMs, the associa-
tions were obviously too small to provide a significant treat-
ment effect of vitamin D supplementation on BTMs. Notably,
all BTMs were initially lying within the reference range of the
respective assay. This may explain why no improvements in
bone turnover markers were seen at study termination. In line
with our data, season-related differences in circulating
25OHD and 1,25(OH)2D concentrations did not influence
BTMs in young healthy adults [32]. Even in trials where dif-
ferent vitamin D doses (up to 600 IU/day, 4000 IU/day,
20,000 IU/weekly) resulted in significantly lower PTH levels,
BTMs remained unaffected [33–35]. Only a tendency towards
decreased CTX levels were reported in obese subjects who
were supplemented with 7000 IU vitamin D3 daily, despite a
significant treatment effect on PTH levels [36]. Thus, even a
vitamin D-induced suppression of PTH levels does not neces-
sarily result in reduced bone turnover.

Unfortunately, no data on habitual calcium intake were
available in the present study. The effect of calcium supple-
mentation on BTMs such as CTX has been demonstrated to be
higher than the effect of improved vitamin D status [37].
However, due to the fact that all BTMs were lying within

the reference range, it seems rather unlikely that calcium sup-
plementation or combined vitamin D and calcium supplemen-
tation would have been more effective than vitamin D supple-
mentation alone.

A beneficial vitamin D effect can only be expected in pa-
tients with impaired bone turnover. In our study, however,
even the subgroups of patients with initial vitamin D deficien-
cy or hyperparathyroidism had, on average, similar BTM con-
centrations than the entire study cohort, indicating that dis-
turbed bone turnover is not a general problem in male HF
patients. Others have reported elevated bone resorption
markers only in HF patients with NYHA functional class III-
IV, but not in patients with NYHA functional class I-III [38].
In line with these findings in patients with HF, a daily vitamin
D3 supplement of 4000 IU only decreased CTX concentra-
tions in women > 49 years or postmenopausal—a group that is
well-known for increased bone turnover—but not in women
≤ 49 years or premenopausal [39]. In our study, some patients
had clinically relevant HF progression. However, the number
of patients was too small to analyze the effect of vitamin D on
BTMs in these patients with end-stage HF.

It also has to be addressed that in the present study, PTH and
the bone markers uOC and CTX were inversely related to
eGFR values, whereas 1,25(OH)2D was directly related to
eGFR values. Data suggest an association of renal insufficiency
with secondary hyperparathyroidism and bone turnover. Wu
et al. [38] reported similar associations of renal insufficiency
with secondary hyperparathyroidism and bone turnover in pa-
tients with HF. An association between impaired renal function
and increased bone resorption has also been reported in heart
transplant candidates [40]. Thus, nutritional vitamin D status
may be of minor importance regarding bone turnover in these
patients. It is also noteworthy that in our study, a high percent-
age of patients had elevated PTH levels despite median eGFR
values ≥ 70 mL/min/1.73 m2, whereas in the general

Table 3 Interrelationships between study variables according to Spearman’s rank correlation coefficient

eGFR 25OHD iPTH 1,25(OH)2D BSAP uOC CTX BMI Age

eGFR

25OHD − 0.113

iPTH − 0.212*** − 0.235**
1,25(OH)2D 0.248*** 0.134* − 0.019

BSAP 0.118 − 0.031 − 0.115 0.208*** –

uOC − 0.132* − 0.008 0.203*** − 0.019 0.133*

CTX − 0.185** − 0.098 0.234*** − 0.082 − 0.059 − 0.014
BMI − 0.034 0.025 − 0.051 − 0.214*** − 0.019 0.452*** 0.025

Age − 0.227*** 0.140* 0.046 0.137 − 0.062 0.053 0.140* − 0.077

*P < 0.05;**P < 0.01;***P < 0.001

Abbreviations: 1,25(OH)2D 1,25-dihydroxyvitamin D, 25OHD 25-hydroxyvitamin D, NTACT-PTH II second generation intact parathyroid hormone
assay, BSAP bone-specific alkaline phosphatase, uOC undercarboxylated osteocalcin,CTX cross-linked C-telopeptide of type I collagen, BMI bodymass
index
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population, PTH levels usually do not rise until chronic kidney
disease stage III is achieved [41]. Since PTH can increase heart
rate, myocardial blood flow, and cardiac output, it has been
assumed that in patients with HF, high PTH levels may be an
adaptation to the severity of the disease [42]. In this context, the
small but significant association between eGFR values and
PTH concentrations even above eGFR values of 30 mL/min/
1.73 m2 may be indication for the fact that HF is not only
associated with elevated PTH levels but can cause renal
impairment.

Importantly, our findings also underscore the safety of vi-
tamin D supplementation with regard to bone metabolism,
which is not trivial due to some reports on potential adverse
vitamin D effects on the risk of osteoporotic fractures [19, 43].

The present study has some limitations: One limitation is a
lack of bone mineral density measurements, as well as missing
data on falls and fractures. Another limitation is the relatively
low number of patients in the subgroups with vitamin D defi-
ciency and hyperparathyroidism. This may have resulted in low
statistical power to achieve significant results. A further limita-
tion is the relatively high rate of patients who died, dropped out,
or were lost-to-follow-up. In addition, the variance of the CTX
measurements at study termination was higher than assumed
for the statistical power calculation. This may at least in part be
due to the relatively large time window of blood collection (7
am to 11 am), given the circadian rhythm of CTX concentra-
tions [44]. The high variance may also be due to the broad
reference range of CTX, indicating a high degree of biological
variability. Likewise, we cannot definitively rule out that the
large number of medications, which were prescribed to our
patients, such as aldosterone antagonists, diuretics, and ß-
blockers, have caused increased variance in BTMs. Together,
the variance of CTX concentrations and other BTMs may have
been too large and the between-group difference too small to
obtain significant results. Amain strength of our work is that, to
the best of our knowledge, no other RCT has ever evaluated a
higher cumulative vitamin D dose with regard to BTMs.
Furthermore, the correlation analyses between vitamin D me-
tabolites, PTH, and BTMs confirm established relationships
thus underscoring the validity of our measurements.

In conclusion, the present study found no significant effects
of a daily vitamin D3 supplement at 4000 IU for 36 months on
BTMs in patients with advanced HF. It seems to be that vita-
min D supplementation will not lower bone turnover in male
HF patients.
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