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Abstract Background and aim: Low plasma vitamin D levels have been associated with heart
failure (HF). This research attempts to explain the role of vitamin D supplementation on myocar-
dial function in elderly patients with HF.
Methods and results: Twenty-three chronic HF patients were randomized in a small parallel
group, double-blind, placebo-controlled trial. All patients, with a mean age of 74 years and
vitamin D levels <30 ng/mL, received 800,000 IU (4000 IU/daily) of cholecalciferol or placebo
for 6 months. The outcomes measured at baseline and after 6 months were ejection fraction
(EF) and other echocardiography parameters, carboxyterminal propeptide of procollagen type I
(PIP), natriuretic peptides, lipid profile, renin, parathyroid hormone, blood pressure, and body
mass index (BMI).

In 13 patients under active treatment for 6 months, mean plasma 25-hydroxy vitamin D con-
centrations (15.51 vs. �1.40 ng/mL, p < 0.001) and plasma calcium (from 9.3 to 9.6 mmol/L,
p < 0.05) increased significantly. However, other biomarkers of bone metabolism did not differ
between the treatment and placebo groups. EF increased significantly in the intervention group
(6.71 vs. �4.3%; p < 0.001), and the serum concentration of PIP increased only in the placebo
group after 6 months (1140.98 vs. �145 mcg/L; p < 0.05). Systolic blood pressure was lower after
6 months of cholecalciferol treatment (from 129.6 to 122.7 mm Hg, p < 0.05).

No significant variations were observed for other parameters.
Conclusions: Six months of vitamin D supplementation significantly improves EF in elderly pa-
tients with HF and vitamin D deficiency.
ª 2014 Elsevier B.V. All rights reserved.
Introduction

Heart failure (HF), characterized by a reduced cardiac
ejection fraction (EF), is one of the major medical problems
in the Western world, and the incidence and prevalence
are increasing. In fact, recent data show that approxi-
mately 1e2% of the adult population in developed coun-
tries has HF, with the prevalence rising to �10% among
those over 70 years of age [1] and in the obese [2].
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Low vitamin D levels also (<30 ng/mL) are more com-
mon in elderly patients in developed countries or in pa-
tients with an increased body mass index (BMI kg/m2).

In fact, epidemiological data show that vitamin D levels
are substantially decreased in patients with HF, compared
with controls [3,4]. In different cohorts, it was confirmed
that higher vitamin D levels are associated with more
favorable outcomes in patients with HF [5].

These epidemiological data are supported by experi-
mental data showing that nuclear vitamin D receptor
(nVDR) is expressed in vascular smooth muscle cells, renal
juxtaglomerular cells, and cardiac myocytes [6].

In laboratory experiments, VDR�/� mice (with genetic
disruption of the VDR) showed the development of
pital of Verona from ClinicalKey.com by Elsevier on October 26, 2020.
on. Copyright ©2020. Elsevier Inc. All rights reserved.



862 A. Dalbeni et al.
hypertension, cardiac fibrosis, and remodeling [7]. More-
over, vitamin D may also act rapidly through non-nuclear
receptors via a putative membrane vitamin D receptor
(mVDR) that modulate a complex signaling system
involving the rapid opening of Ca2þ channels, which can
increase cardiac contractility.

In mice models, the correction of vitamin D deficiency
is associated with a reduction in ventricular hypertrophy,
decreases in atrial natriuretic peptide, and the attenuation
of hypertension [8,9].

These data, together with a few controlled randomized
trials, prompted us to evaluate the role of vitamin D in
elderly patients with HF.

Thus far, limited data exist with regard to vitamin D
levels in HF patients and its association with clinical out-
comes, especially functional parameters. Indeed, few
studies [15,16], only two of which are randomized, double-
blind trials, have tested vitamin D supplementation in
humans, showing mixed results. In particular, no study has
been designed to demonstrate a direct improvement in
cardiac performance by echocardiography.

Therefore, we designed a randomized, double-blind
trial to demonstrate in vivo that vitamin D supplements
can produce benefits on heart functionality in elderly pa-
tients with HF. Additionally, we sought to study the main
pathways involved in the mechanisms linking vitamin D to
heart health.

Methods

Study design and population

The study was a double-blind, randomized, placebo-
controlled trial. Thirty-six HF patients were recruited at
Verona University Hospital between July 2011 and June
2012.

The inclusion criteria were the following: patients older
than 40 years with a recorded clinical diagnosis of chronic
HF (according to Framingham criteria) in the last 5 years,
documentation of left ventricular (LV) systolic dysfunction
by echocardiography (EF < 55%) and a New York Heart
Association (NYHA) class > II. The heart disease etiology
was hypertensive, ischemic hypertensive, and valvular
hypertensive. All patients were required to have a 25(OH)D
level screening <30 ng/mL to be eligible for inclusion.
Exclusion criteria were hypercalcemia, osteomalacia or
fracture history, recent intake of Vitamin D supplements,
serum creatinine >2 mg/dL, acute heart insufficiency, and
no active smoking. All drugs for HF were permitted, but no
addiction to drugs or dose changes were permitted during
the follow-up period. All patients provided written
informed consent for the study, which was approved by
the Ethics Committee of the Verona University Hospital
according to the principles of the Declaration of Helsinki.
The study was registered with the EU Clinical Trials Reg-
ister (AIFA-EudraCT 2011-002823-16), and the outcomes
were prespecified.

At the time of study enrollment, all patients had clini-
cally compensated HF and were receiving a stable dose of a
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medical regimen that included diuretics, an angiotensin-
converting enzyme inhibitor or angiotensin receptor
blocker, aldosterone receptor, and beta-adrenergic recep-
tor antagonists (Tables 1a and 1b). According to the pro-
tocol, the patients were examined at a baseline visit and
after 25 weeks. No change in therapy was made during
follow-up, and no revascularization events or infarction
appeared during follow-up.

Randomization was performed using a computer-
generated random number table. An oral dose of
600,000 IU cholecalciferol or placebo was administered
after baseline measurements were performed, and another
oral dose of 100,000 IU cholecalciferol or placebo was
administered at weeks 10 and 20. All the doses of placebo
or active treatment (identic in size, color, and markings)
were dispensed by physicians, who monitored the intake.

Thirty-six patients were randomized using 1:1
randomization; however, a total of 13 patients (eight pla-
cebo/five vitamin D group) were excluded by the analysis
(eight refused to complete the study, two were lost during
follow-up, and three violated the protocol) (Fig. 1). No
patients died within the 25 weeks of the study.

Twenty-three patients completed the study; 10 subjects
consumed a placebo (control group) and 13 consumed the
vitamin D supplements (case or treated group).

The outcomes described in the per-protocol principle
were measured at baseline and 25 weeks. The primary
outcome measure was the EF% according to Simpson’s
method. All the echocardiographic measurements were
performed by the same blinded operator.

Secondary outcomes were other echocardiographic
parameters, including M Mode left ventricular end dia-
stolic diameter (LVEDD) and end systolic diameter
(LVESD), septal (IVS), and posterior wall (PW) thickness.
Doppler studies on the mitral valve were used to deter-
mine the peak early (E) and atrial (A) velocities. The ratio
of E and A waves (E/A) is a commonly used index of dia-
stolic function. LV mass and LV mass indexed to body
surface area estimated by LV cavity dimension and end-
diastole wall thickness by applying the formula LV
mass Z 0.8 {1.04 [([LVEDD þ IVSd þ PWd]3 � LVEDD
[3])]} þ 0.6 [10]. Other laboratory outcomes were cardio-
vascular and inflammatory markers and the measure of
carboxyterminal propeptide of procollagen type I (PIP) as a
marker of collagen type I-dependent myocardial fibrosis
[11]. Serum vitamin D was measured using a radioimmu-
noassay test kit supplied by DiaSorin (Stillwater, MN, USA).
Intact parathyroid hormone (PTH) was examined using the
DSL-8000 ACTIVE Intact PTH immunoradiometric Kit
(Diagnostic Systems Laboratories, Webster, TX, USA). Cal-
cium and phosphate were analyzed using flame atomic
absorption spectrometry (ca; AAS 3030, PerkineElmer,
Ueberlingen, Germany) and colorimetric test kits (phos-
phate, Wako Chemicals, Neuss, Germany, and BioMerieux).
Brain natriuretic peptide (BNP) was measured in batches
using a radioimmunoassay (Becham, St Helens, UK); the
intra-assay coefficient of variation was 13.2%. Aldosterone
was measured using a radioimmunoassay (Dia-Sorin Ltd,
Bracknell, UK); the intra-assay coefficient of variation was
f Verona from ClinicalKey.com by Elsevier on October 26, 2020.
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Table 1a Baseline characteristics of 36 patients enrolled in the study.

Group parameter Vitamin D group
(18)

Placebo group
(18)

p

Mean age (CI 95%) 74.2 (66.6e81.9) 74.3 (62.7e85.0) n.s
Gender (M/F) 12/6 10/8 n.s.
Heart failure causes
Ischemic heart disease 16 17 n.s
Hypertension 17 18 n.s

Current medication (n/%)
On ACE inhibitors/angiotensin blocker 15/85 16/90 n.s.
On B-blocker 15/85 14/75 n.s.
On spironolactone 12/69 11/60 n.s.
On digoxin 3/16 1/9 n.s.
On Ivabradine 0/0 0/0 n.s.
On statin 15/85 11/60 0.04
On aspirin 9/50 11/60 n.s.
Loop diuretic 17/94 16/89 n.s.

Mean body mass index Kg/m2 (CI 95%) 29.0 (27.4e32.8) 28.2 (27.0e34.5) n.s.
Mean SBP mmHg (CI 95%) 130.0 (119.6e140.2) 136.1 (122.5e152.8) n.s
Mean DBP mmHg (CI 95%) 72.3 (67.6e77.0) 77.9 (69.9e86.0) n.s
NYHA class (%)
I and II 14 (77.8)a 12 (28.2)a n.s
III and IV 4 (22.2)a 6 (77.8)a

Mean plasma vitamin D ng/mL (CI 95%) 17.2 (10.1e26.3) 17.6 (11.2e27.0) n.s
Mean plasma PTH pg/mL (CI 95%) 46.7 (17.6e82.6) 48.2 (26.2e59.6) n.s
Mean plasma Calcium mmol/L (CI 95%) 9.3 (9.0e9.6) 9.3 (9.0e9.8) n.s
Mean plasma Cholesterol mg/dL (CI 95%) 146.0 (123.0e172.4) 154.6 (120.5e180.3) n.s
Mean plasma proBNP ng/L (CI 95%) 5242 (1799e5998) 2623 (2320e3980) n.s
Mean plasma Renin pg/mL (C 95%) 41.9 (13.4e81.7) 60.1 (30.8e192.6) n.s
Mean plasma Aldosterone pg/mL (CI 95%) 123.0 (80.8e170.5) 174.2 (98.7e249.8) n.s.
Mean IVS cm (CI 95%) 1.24 (1.09e1.38) 1.16 (0.99e1.35) n.s
Mean PW cm (CI 95%) 1.20 (1.00e1.36) 1.15 (0.96e1.37) n.s
Mean EF% (CI 95%) 42.3 (35.0e50.1) 44.3 (36.7e51.0) n.s

SBP, systolic blood pressure; DBP, diastolic blood pressure; NYHA, New York Heart Association class; PIP, carboxyterminal propeptide of pro-
collagen type I; IVS, interventricular septum; PW, posterior wall; LVD, left ventricular diameter.
a Percentage by row.
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5.5%. Renin was measured using a radioimmunoassay (Dia-
Sorin Ltd, Bracknell, UK) and the intra-assay coefficient of
variation was 4.8%. Serum PIP was determined using the
enzyme-linked immunosorbent assay (ELISA) kit (Merck
Millipore, Germany) and the inter-assay and intra-assay
variations were 4.8e3.4.

We also collected baseline data on age, medical history,
current drug use, BMI, and metabolic profile using an ELISA
kit (Mercordia, Sweden). Bloodpressurewasmeasuredwith
the oscillometric method (median of two measures).

Statistical analysis

Based on our pilot study (data not published) of 18 HF pa-
tients (eight treated patients versus eight placebo), we
planned a study of a continuous response variable from
independent control and experimental subjects with one
control per experimental subject. In our previous study, the
response within each subject group was normally distrib-
utedwith a standard deviation (SD) of 5.5%. Thus, if the true
difference in the experimental and control means is 8%, we
would need to examine eight experimental subjects and
eight control subjects to be able to reject the null hypothesis
that the population means of the experimental and control
groups are equalwith a probability (power) of 0.8. The type I
error probability associated with this null hypothesis test is
Downloaded for Anonymous User (n/a) at Integrated University Hospit
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0.05. Accordingly, we aimed to recruit 36 participants in
anticipation of a 50%dropout rate at 25weeks toyield afinal
valuable sample of 18 participants.

Because of the sample’s low number, the statistical
analysis was performed using a non-parametric test. Cat-
egorical variables were compared by a bivariate statistical
analysis with Fisher’s exact test. All continuous variables
were expressed as the mean � SD or 95% confidence in-
terval (CI 95%). The ManneWhitney U test was used to
compare continuous variables between cases and controls.
The Wilcoxon signed-rank test was used in both the
vitamin D and placebo groups to compare the continuous
variable at 0 and 25 weeks.

The Spearman non-parametric test was performed to
explore correlations between the variables studied. Alpha
was set at 0.05 for all the statistical analyses, which were
performed using the SPSS 11.5 statistical software package
(SPSS 11.5, SPSS Inc., Chicago, IL, USA).
Results

Analysis at baseline (enrollment time or time 0)

The characteristics of the 36 enrolled patients and the 23
study patients who completed the study are shown in
al of Verona from ClinicalKey.com by Elsevier on October 26, 2020.
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Table 1b 23 Patients’ baseline characteristics.

Group parameter Vitamin D group
(13)

Placebo group
(10)

p

Mean age (CI 95%) 71.2 (67.0e75.4) 73.4 (64.1e82.7) n.s
Gender (M/F) 11/2 6/4 n.s.
Heart failure causes
Ischemic heart disease 10 9 n.s
Hypertension 13 10 n.s

Current medication (n/%)
On ACE inhibitors/angiotensin blocker 11/85 9/90 n.s.
On B-blocker 11/85 7/70 n.s.
On spironolactone 9/69 6/60 n.s.
On digoxin 2/15 1/10 n.s.
On Ivabradine 0/0 0/0 n.s.
On statin 11/85 6/60 0.04
On aspirin 7/54 6/60 n.s.
Loop diuretic 12//92 8/80 n.s.

Mean body mass index Kg/m2 (CI 95%) 30.1 (27.6e32.7) 30.9 (27.2e34.5) n.s.
Mean SBP mmHg (CI 95%) 129.6 (119.4e139.8) 138.6 (122.5e154.7) n.s
Mean DBP mmHg (CI 95%) 72.3 (67.6e77.0) 77.9 (69.9e86.0) n.s
NYHA class (%)
I and II 10 (58.8)a 7 (41.2)a n.s
III and IV 3 (50.0)a 3 (50.0)a

Mean plasma vitamin D ng/mL (CI 95%) 16.2 (11.8e20.7) 16.0 (11.9e20.2) n.s
Mean plasma PTH pg/mL (CI 95%) 51.1 (19.6e82.6) 40.4 (26.2e54.6) n.s
Mean plasma Calcium mmol/L (CI 95%) 9.3 (9.0e9.5) 9.4 (9.0e9.8) n.s
Mean plasma Potassium mmol/L (CI 95%) 3.2 (2.9e3.5) 3.3 (2.8e3.7) n.s
Mean plasma Glucose mg/dL (CI 95%) 112.6 (97.1e128.2) 111.9 (84.1e139.7) n.s
Mean plasma Cholesterol mg/dL (CI 95%) 146.9 (124.3e169.6) 149.5 (121.9e177.1) n.s
Mean plasma proBNP ng/L (CI 95%) 3867 (1773e5961) 1962 (229e4154) n.s
Mean plasma Renin pg/mL (C 95%) 47.2 (13.4e81.1) 79.8 (�31.7 to �191.3) n.s
Mean plasma Aldosterone pg/mL (CI 95%) 125.7 (80.8e170.5) 174.2 (98.7e249.8) n.s.
Mean plasma PIP mcg/L (CI 95%) 3413.1 (1682.2e5144.1) 2373.02 (1833.4e2912.5) n.s.
Mean IVS cm (CI 95%) 1.23 (1.09e1.38) 1.17 (1.00e1.34) n.s
Mean PW cm (CI 95%) 1.19 (1.04e1.33) 1.18 (0.99e1.37) n.s
Mean LVD cm (CI 95%) 5.39 (4.93e5.85) 5.06 (4.58e5.53) n.s
Mean Max index g/m2 (CI 95%) 137.1 (104.9e169.3) 125.7 (93.0e158.4) n.s
Mean EF% (CI 95%) 39.08 (35.1e45.9) 43.6 (38.5e48.8) n.s

SBP, systolic blood pressure; DBP, diastolic blood pressure; NYHA, New York Heart Association class; PIP, carboxyterminal propeptide of pro-
collagen type I; IVS, interventricular septum; PW, posterior wall, LVD, left ventricular diameter.
a Percentage by row.

864 A. Dalbeni et al.
Tables 1a and 1b The treatment and placebo groups were
not significantly different with regard to the distribution of
gender, age, BMI, and other variables listed in Table 1.

In particular, the mean and distribution of low vitamin
D plasma levels did not differ statistically between the two
groups (mean plasma vitamin D ng/mL of 16.2 (CI 95%
11.8e20.7) versus 16.0 (CI 95% 11.9e20.2).

The echocardiographically determined EF (%) ob-
tained at the time of enrollment was 39.08 � 7.48 in the
vitamin D group and 42.19 � 6.74 in the placebo group
and thus not significantly different. Additionally, the
mean levels of PIP and systolic blood pressure (SBP) at
baseline were not significantly different between the
two groups.
Analysis at 25 weeks

After 6 months, the mean vitamin D levels increased in the
treatment group to 31.7 ng/mL (CI 95% 27.4e36.1); as ex-
pected, the mean vitamin D plasma levels in the placebo
group did not show any significant change (14.6 ng/mL (CI
Downloaded for Anonymous User (n/a) at Integrated University Hospital o
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95% 6.2e23.0)). This difference between the groups was
statistically significant (p < 0.001) (Table 2 and Fig. 2).

Other biochemical variables, including PTH concentra-
tions, calcium and phosphorus levels, and natriuretic
peptides, were not significantly affected by vitamin D
supplementation (Table 2).

At 25 weeks, the mean EF (%) in the treated group was
47.2 (CI 95% 41.6e52.9) and was 39.4 (CI 95% 33.5e45.2) in
the placebo group, with a statistically significant difference
(p Z 0.047).

Figure 3 shows the EF (%) variation from baseline to 6
months (delta) in the treatment group versus the placebo
group; a statistically significant increase of 6.7 (CI 95%
0.8e12.6) in the vitamin D group compared to the EF
variation of �4.3 in the placebo group (CI 95%�9.5 to �0.9)
(p Z 0.007) was observed.

Furthermore, the Spearman test showed a statistically
significant positive correlation between the increase in
vitamin D plasma levels and EF increase (in total group:
r Z 0.428; p Z 0.041). There were no any statistically
significant variations in any of the other echocardiographic
parameters.
f Verona from ClinicalKey.com by Elsevier on October 26, 2020.
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Table 2 Characteristics at 25 weeks.

Group parameter Vitamin D group
(13)

Placebo group
(10)

p

Mean Body mass Index Kg/m2 (CI 95%) 29.1 (26.1e32.1) 30.1 (25.9e34.4) n.s
Mean SBP mmHg (CI 95%) 122.7 (113.2e132.1) 134.5 (118.5e150.5) n.s
Mean DBP mmHg (CI 95%) 72.3 (67.3e77.3) 74.5 (66.4e82.6) n.s
NYHA class (%)
I and II 12 (63.2)a 7 (36.8)a n.s
III and IV 1 (25.0)a 3 (75.0)a

Mean plasma vitamin D ng/mL (CI 95%) 31.7 (27.4e36.0) 14.6 (6.2e23.0) <0.001b

Mean plasma PTH ng/mL (CI 95%) 33.1 (24.4e41.8) 46.2 (29.8e62.6) n.s
Mean plasma Calcium mmol/L (CI 95%) 9.6 (9.3e9.9) 9.5 (9.1e9.9) n.s
Mean plasma Potassium mmol/L (CI 95%) 3.3 (2.9e3.7) 3.3 (2.9e3.7) n.s
Mean plasma Glucose mg/dL (CI 95%) 130.8 (107.0e154.6) 139.6 (99.4e179.8) n.s
Mean plasma Cholesterol mg/dL (CI 95%) 156.6 (132.6e180.6) 154.9 (124.1e185.7) n.s
Mean plasma proBNP pg/L (CI 95%) 4096 (�1621 to �9812) 2376 (�820 to �5573) n.s
Mean plasma PIP mcg/L (CI 95%) 3268.1 (2001.3e4534.8) 3514.9 (2648.4e4381.5) 0.003b

Mean plasma Renin pg/mL (CI 95%) 76.2 (21.8e130.6) 112.0 (�7.2 to �231.3) n.s
Mean IVS cm (CI 95%) 1.16 (0.99e1.32) 1.19 (1.01e1.37) n.s
Mean PW cm (CI 95%) 1.24 (1.12e1.37) 1.16 (0.95e1.37) n.s
Mean LVD cm (CI 95%) 5.22 (4.70e5.75) 4.89 (4.39e5.39) n.s
Mean Max index g/m2 (CI 95%) 126.6 (109.2e144.0) 116.4 (90.3e142.5) n.s
Mean EF% (CI 95%) 47.2 (41.6e52.9) 39.3 (33.5e45.2) 0.018b

Delta EF% (CI 95%) 6.7 (0.8e12.6) �4.3 (�9.5 to �0.9) 0.007b

SBP, systolic blood pressure; DBP, diastolic blood pressure; NYHA, New York Heart Association class; PIP, carboxyterminal propeptide of pro-
collagen type I; IVS, interventricular septum; PW, posterior wall; LVD, left ventricular diameter carboxyterminal propeptide of procollagen type I;
IVS, interventricular septum; PW, posterior wall; LVD, left ventricular diameter.
a Percentage by row.
b ManneWhitney U Test.

Figure 1 Flow chart showing the numbers of included, excluded, and analyzed patients.
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Figure 2 Differences in Vitamin D level after 25 weeks treatment in
the two groups.

Table 3 The subgroup vitamin D analysis: rank test for the
continuous variable at time 0 and 25 weeks.

Group parameter Baseline 25 weeks p

Mean plasma vitamin
D ng/mL (CI 95%)

16.2
(11.8e20.7)

31.7
(27.4e36.1)

0.001a

Mean EF% (CI 95%) 40.5
(35.1e45.9)

47.2
(41.6e52.9)

0.042a

Mean plasma Calcium
mmol/L (CI 95%)

9.3 (9.0e9.5) 9.6 (9.3e9.9) 0.030a

Mean SBP mmHg
(CI 95%)

129.6
(119.4e139.8)

122.7
(113e132.1)

0.043a

a Wilcoxon-signed rank test.

866 A. Dalbeni et al.
The serum PIP concentration was higher (p < 0.05) in
the placebo group after 6 months, from 2373.0 mg/L (CI 95%
1833.4e2912.2) at baseline to 3514.9 mg/L (CI 95%
2648.4e4381.5), whereas there were no significant change
in the vitamin D group after 6 months of therapy.

When we analyzed the only placebo subgroup, the
ranks test for the continuous variable at time 0 and 25
weeks did not show any significant change. However, the
plasma vitamin D level, calcium level, and EF significantly
increased in the analysis of the vitamin D subgroup (as
shown in Table 3).

Additionally, SBP exhibited a statistically significant
decrease in the vitamin D subgroup after 6 months of
supplementation, changing from 129.6 (CI 95%
119.4e139.8) to 122.7 mm Hg (CI 95% 113.2e132.1).
Figure 3 The EF (%) variation (delta) from baseline to 6 months in
treated group versus placebo group.
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All the other bioumoral parameters, such as choles-
terol, renin, aldosterone and glycemia, and clinical pa-
rameters, such as diastolic blood pressure (DBP) and BMI,
remained unchanged in the two groups after intervention
(Table 2).
Discussion

Our small group of HF patients was characterized by an
inadequate vitamin D status. We showed that a supple-
ment of 800,000 IU vitamin D over 25 weeks (repletion
dose, 600,000; IU, plus 1600 IU/daily) is capable of
achieving the normal range of plasma vitamin D level, as
established by the WHO [12]. Although a consensus has
not been reached regarding the concentration of vitamin D
needed to define the normal range, recent committees
have decided that it is approximately 30 ng/mL [12]. The
Institute of Medicine (IOM) supports vitamin D concen-
trations above 20 ng/mL. These recommendations are
based upon evidence related to bone health. Other experts
(Endocrine Society, National Osteoporosis Foundation, In-
ternational Osteoporosis Foundation, and American Geri-
atric Society) suggest that a minimum level of 30 ng/ml is
necessary in older adults to minimize the risk from falls
and fractures. A systematic review by the IOM also
concluded that there are insufficient data to determine the
safe upper limit of serum vitamin D [13]. The supplement
dose can range from 50,000 UI of vitamin D orally per
week for 8 weeks, followed by the dose needed to main-
tain the target vitamin D level, often at least 800 IU daily
[14]. Due to an absence of safety data, the Endocrine So-
ciety guidelines suggest a maintenance dose of vitamin D
(1500e2000 IU daily) to maintain a serum level concen-
tration above 30 ng/mL.

However, this level was not achieved in most studies
published to date [15,16], likely due to the low doses used.
Nonetheless, the majority of treated patients in our study
achieved the normal range, without collateral effects.

Furthermore, we are able to demonstrate for the first
time that this normalization is paralleled by a significantly
improved EF, as measured by echocardiography (%).

Our results confirm experimental data showing that the
correction of vitamin D deficiency is able to reduce ven-
tricular hypertrophy and most likely attenuates hyper-
tension [8,9].
f Verona from ClinicalKey.com by Elsevier on October 26, 2020.
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There is only one study in the literature that can be
compared with ours. In a 2006 double-blind, randomized
study by Schleithoff et al. [15], patients with HF (NYHA
class IeIV) received either a daily dose of vitamin D, 2000
IU plus 500 mg Ca/d or a placebo plus 500 mg Ca/d for 9
months. In that study, the group of patients actively
treated with vitamin D (540,000 IU in 9 months) showed
increased plasma vitamin D levels but no significant
change in echocardiographic parameters. However, it is
important to note that the patients in that study were
severely ill (high number of NYHA 3e4), and the re-
searchers observed a high number of dropouts (37%).

Another double-blind, randomized study by Witte et al.
[16] tested elderly patients with HF for an improvement in
EF using multivitamin supplements, including vitamin D.
Due to the study’s design, the contribution of 400 IU
vitamin D administered daily to the described improve-
ments is not discernable from the potentially synergistic
components of the benefits of the multivitamin prepara-
tion. Furthermore, vitamin D levels were not investigated.

Another recent study by Zia et al. [17] involved a small
group of 14 African-American patients with HF and
vitamin D deficiency (<20 ng/mL). That open study, which
was not randomized and had no control group, demon-
strated an improvement in EF (24.3 � 1.7% to 31.3 � 4.3%)
after 50,000 IU vitamin D given orally for 8 weeks and
2.000 IU given per day for 6 additional weeks.

In a double-blind controlled study in 2012, Shedeed
[18] reported a significant improvement in HF score, LV
end diastolic, systolic diameter, and EF in infants with
chronic congestive HF after 12 weeks of vitamin D
supplementation.

The present study is the first double-blind, small ran-
domized study able to achieve a normal vitamin D range
by analyzing echocardiographic parameters and able to
demonstrate, as already demonstrated in animals models,
that the normalized vitamin D plasma levels in the treat-
ment group were linked to increased EF.

In patients with HF, characterized by LV systolic
dysfunction, the maladaptive changes occurring in surviv-
ing myocytes and extracellular matrix after myocardial
injury (e.g., myocardial infarction) lead to the pathological
“remodeling” of the ventricle, with dilatation and impaired
contractility, which ismirrored by a reduction in the ejected
fraction (EF). This might be caused by at least two mecha-
nisms: the occurrence of further events leading to addi-
tional myocyte death (e.g., recurrent myocardial infarction)
and the systemic response induced by the decline in systolic
function, particularly neurohumoral activation.

The two key neurohumoral systems activated in HF are
the renineangiotensinealdosterone (RAA) system and the
sympathetic nervous system [19,20]. The interruption of
these two key processes is the basis of the most effective
treatments for HF.

Through its genomic pathway (binding to VDR) and its
non-genomic pathway, vitamin D can have anti-
hypertrophic effects [6e21], modulating the differentia-
tion and proliferation of cardiomyocytes. Vitamin D also
can have an effect on neurohumoral systems.
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Therefore, the main potential mechanism that could
explain a direct protective effect of vitamin D in HF in-
cludes effects on myocardial contractile function, regula-
tion of natriuretic hormone secretion [14], regulation of
the RAA system [19], regulation of blood pressure effects
[22], and heart remodeling and reduced left ventricular
(LV) hypertrophy (17-18-22 3-24-30) [24,30]. Vitamin D
can also indirectly affect cardiac function by altering PTH
[25] and serum calcium levels [26].

Among the above-mentioned mechanisms, we may
exclude the role of PTH, NT-pro-BNP, renin or aldosterone,
as we did not measure any statistically significant variation
in these variables in the treatment group. However, we did
document variations in SBP though not in DBP.

We also measured the levels of PIP, which is considered
a biomarker of myocardial type I collagen synthesis [10].
Previous studies have demonstrated that collagen syn-
thesis is increased in hypertensive patients [28] and pa-
tients with HF compared to controls, and there is a direct
correlation between PIP levels and myocardial collagen
concentration, as measured by cardiac biopsies [11e29].

In our study, we found increased PIP levels in the pla-
cebo group after 6 months, yet no variations in the pa-
tients taking the vitamin D supplement. This may support
the hypothesis that collagen synthesis increased only in
the placebo group, which may represent a mirror of car-
diac remodeling, though this detrimental effect on cardiac
function appears to be prevented in patients with to
vitamin D supplementation. We could hypothesize that, in
the placebo group, the increase in PIP is linked to the
natural history of HF disease, leading to cardiac fibrosis,
whereas the absence of any increase in PIP levels dem-
onstrates that the treatment group’s outcome may be
caused by vitamin D supplementation.

Procollagen type 1 N pro-peptide (P1NP), which is
derived from PIP, is known as a marker of bone turnover
and is linked with bone parameters, including vitamin D
levels. However, no significant correlation has been re-
ported between P1NP concentrations and vitamin D con-
centrations in the literature [27].

Even though we are far from uncovering the inner
mechanisms of the protective effect of normalizing
vitamin D plasma levels on the heart of HF patients, we
here propose that an antifibrotic mechanism could be
involved.

Our study has some limitations. First, the population
recruited using a sufficient statistical power was rather
limited in size. Second, follow up was limited to 6 months.
Third, the results were analyzed according to the per-
protocol principle, which can also create a limitation.
Fourth, the number of dropout was high, probably due to
the advanced age of enrolled patients. As far as this last
point, we must emphasize that this is also a surprisingly
short period of time for producing such an increase of EF.

Although decreases in SBP have been reported, it is
necessary to conduct other studies to confirm these data.

In conclusion, 800,000 IU of vitamin D taken for 25
weeks improves EF in older patients with HF. If confirmed
with larger trials, this finding could represent a safe and
al of Verona from ClinicalKey.com by Elsevier on October 26, 2020.
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cost-effective additional therapy for HF in elderly patients
with vitamin D deficiency.

Conflict of interest

There are no financial issues or other relationships that
could cause a conflict of interest.

Acknowledgments

We thank the SIMI (Italian Society of Internal Medicine) for
economic support to conduct this project.

References

[1] Mosterd A, Hoes AW. Clinical epidemiology of heart failure. Heart
2007;93:1137e46.

[2] Peeters A, Barendregt JJ, Willekens F, Mackenbach JP, Al Mamun A,
Bonneux L. Obesity in adulthood and its consequences for the
expectancy: a life-table analysis. Ann Intern Med 2003;138:
24e32.

[3] Lee JH, O’Keefe JH, Bell D, Hensrud DD, Holick MF. Vitamin D
deficiency an important, common, and easily treatable cardio-
vascular risk factor? J Am Coll Cardiol 2008;52:1949e56.

[4] Zittermann A, Iodice S, Pilz S, Grant WB, Bagnardi V, Gandini S.
Vitamin D deficiency and mortality risk in the general population:
a meta-analysis of prospective cohort studies. Am J Clin Nutr 2012;
95:91e100.

[5] Melamed ML, Michos ED, Post W, Astor B. 25-hydroxyvitamin D
levels and the risk of mortality in the general population. Arch
Intern Med 2008;168:1629e37.

[6] Tishkoff DX, Nibbelink KA, Holmberg KH, Dandu L, Simpson RU.
Functional vitamin D receptor (VDR) in the t-tubules of cardiac
myocytes: VDR knockout cardiomyocytes contractility. Endocri-
nology 2008;149:558e64.

[7] Rahman A, Hershey S, Ahmed S, Nibbelink K, Simpson RU. Heart
extracellular matrix gene expression profile in the vitamin D re-
ceptor knockout mice. J Steroid Biochem Mol Biol 2007;103:
416e9.

[8] O’Connell TD, Simpson RU. Immunochemical identification of the
1,25-dihydroxyvitamin D3 receptor protein in human heart. Cell
Biol Int 1996;20:621e4.

[9] Gupta GK, Agrawal T, DelCore M, Mohiuddin SM, Agrawal DK.
Vitamin D deficiency induces cardiac hypertrophy and inflam-
mation in epicardial adipose tissue in hypercholesterolemic swine.
Exp Mol Pathol 2012;93:82e90.

[10] Lang Roberto M, Bierig Michelle, Devereux Richard B, et al.,
American Society of Echocardiography’s Nomenclature and Stan-
dards Committee, Task Force on Chamber Quantification, Amer-
ican College of Cardiology Echocardiography Committee,
American Heart Association, European Association of Echocardi-
ography, European Society of Cardiology. Recommendations for
chamber quantification. Eur J Echocardiogr 2006;7(2):79e108.

[11] López B, González A, Díez J. Circulating biomarkers of collagen
metabolism in cardiac diseases. Circulation 2010;121:1645e54.

[12] WHO scientific Group on the Prevention and management of
osteoporosis: report of a WHO scientific group. Geneva: World
Health Organization; 2003. pp. 1e164.
Downloaded for Anonymous User (n/a) at Integrated University Hospital o
For personal use only. No other uses without permission. C
[13] Holick MF, Binkley NC, Bischoff-Ferrari HA. Evaluation, treatment
and prevention of vitamin D deficiency: an Endocrine Society
clinical practice guide. J Clin Endocrinol Metab 2011;96:1911.

[14] Dawson-Hughes B, Heaney RP, Holick MF. Estimates of optimal
vitamin D statu. Osteoporos Int 2005;16:713.

[15] Schleithoff SS, Zittermann A, Tenderich G, Berthold HK, Stehle P,
Koerfer R. Vitamin D supplementation improves cytokine profiles
in patients with congestive heart failure: a double-blind, ran-
domized, placebo-controlled trial. Am J Clin Nutr 2006;83:754e9.

[16] Witte KK, Nikitin NP, Parker AC, et al. The effect of micronutrient
supplementation on quality-of-life and left ventricular function in
elderly patients with chronic heart failure. Eur Heart J 2005;26:
2238e44.

[17] Zia AA, Komolafe BO, Moten M, et al. Supplemental vitamin D and
calcium in the management of African Americans with heart
failure having hypovitaminosis D. Am J Med Sci 2011;341:113e8.

[18] Shedeed SA. Vitamin D supplementation in infants with chronic
congestive heart failure. Pediatr Cardiol 2012;33:713e9.

[19] Witham MD, Crighton LJ, Gillespie ND, Struthers AD,
McMurdo MET. The effects of vitamin D supplementation on
physical function and quality of life in older patients with heart
failure. A randomized controlled trial. Circ Heart Fail 2010;3:
195e201.

[20] Gotsman I, Shauer A, Zwas DR, et al. Vitamin D deficiency is a
predictor of reduced survival in patients with heart failure;
vitamin D supplementation improves outcome. Eur J Heart Fail
2012;14:357e66.

[21] Resnick LM, Muller FB, Laragh JH. Calcium regulating hormones in
essential hypertension. Relation to plasma renin activity and so-
dium metabolism. Ann Intern Med 1986;110:649e54.

[22] Li YC, Kong J, Wei M, Chen ZF, Liu SQ, Cao LP. 1,25-
Dihydroxyvitamin D (3) is a negative endocrine regulator of the
renin-angiotensin system. J Clin Invest 2002;110:229e38.

[23] Chen S, Glenn DJ, Ni W, et al. Expression of the vitamin D receptor
is increased in the hypertrophic heart. Hypertension 2008;52:
1106e12.

[24] Krause R, Buhring M, Hopfenmuller W, Holick MF, Sharma AM.
Ultraviolet B and blood pressure. Lancet 1998;352:709e10.

[25] Rauchhaus M, Doehner W, Francis DP. Plasma cytochine parame-
ters and mortality in patients with chronic heart failure. Circula-
tion 2000;102:3060e7.

[26] Zhu Y, Mahon BD, Froicu M, Cantorna MT. Calcium and 1 alpha,
25-dihydroxyvitamin D3 target the TNF-alpha pathway to sup-
press experimental inflammatory bowel disease. Eur J Immunol
2005;35:217e24.

[27] Santillán GE, Vazquez G, Boland RL. Activation of a beta-
adrenergic-sensitive signal transduction pathway by the secoste-
roid hormone 1,25-(OH) 2-vitamin D3 in chick heart. J Mol Cell
Cardiol 1999;31:1095e104.

[28] Delva P, Lechi A, Pastori C, et al. Collagen I and III mRNA gene
expression and cell growth potential of skin fibroblasts in patients
with essential hypertension. J Hypertens 2002;20:1393e9.

[29] Ho CY, Lopez B, Coelho-Filho OR, et al. Myocardial fibrosis as an
early manifestation of hypertrophic cardiomyopathy. NEJM 2010;
363:552e63.

[30] Zittermann A, Schleithoff SS, Tenderich G, Berthold HK, Körfer R,
Stehle P. Low vitamin D status: a contributing factor in the path-
ogenesis of congestive heart failure? J Am Coll Cardiol 2003;41(1):
105e12.
f Verona from ClinicalKey.com by Elsevier on October 26, 2020.
opyright ©2020. Elsevier Inc. All rights reserved.


