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Abstract Vitamin D has long been established as an elemen-
tal factor of bone physiology. Beyondmineral metabolism, the
expression of the vitamin D receptor has been identified
throughout the cardiovascular (CV) system. Experimental
studies showed beneficial effects of vitamin D on heart and
vessels, but vitamin D intoxication in animals also led to hy-
percalcemia and vascular calcification. Our knowledge has
been extended by epidemiological studies that showed that
25-hydroxyvitamin D (25(OH)D) levels are inversely associ-
ated with an increased CV risk itself, but also with established
CV risk factors, such as arterial hypertension, endothelial dys-
function and atherosclerosis. Conversely, randomized con-
trolled trials could not document significant and consistent
effects of vitamin D supplementation on CV risk or events.
Potential explanations may lie in differences in reference
ranges or the possibility that low vitamin D in CV disease is
only an epiphenomenon. In the latter case, the key question is
why low 25(OH)D levels are such a strong predictor of health.
While we wait for new data, the current conclusion is that

vitamin D is a strong risk marker for CV risk factors and for
CV diseases itself.

Keywords VitaminD . Cardiovascular . Mortality . Vitamin
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1 Introduction

Vitamin D is a secosteroid hormone, synthesized mainly in the
skin upon ultraviolet-B (UVB) radiation [1]. Its storage form
is 25-hydroxyvitamin-D (25(OH)D) which has an approxi-
mate half-life of 2 to 3 weeks. The active metabolite, 1,25-
dihydroxy-vitamin D (1,25[OH]2D) is only active for a couple
of hours (up to 27 h maximally). The assessment of the vita-
min D status is therefore based on the measurement of
25(OH)D [1]. Recommendations for supplementation current-
ly rely on the positive effects of vitamin D on bone health
[1–3]. Dietary standards and recommendations for the general

* Martin Robert Grübler
martin.gruebler@gmx.net

1 Swiss Cardiovascular Centre Bern, Department of Cardiology,
Inselspital, Bern University Hospital, University of Bern,
Freiburgstrasse 8, 3010 Bern, Switzerland

2 Department of Internal Medicine, Division of Endocrinology and
Diabetology, Medical University of Graz, Graz, Austria

3 Vth Department of Medicine (Nephrology, Hypertensiology,
Endocrinology, Diabetology, and Rheumatology), Mannheim
Medical Faculty, University of Heidelberg, Mannheim, Germany

4 Clinical Institute of Medical and Chemical Laboratory Diagnostics,
Medical University of Graz, Graz, Austria

5 Synlab Academy, Synlab Services GmbH, and Augsburg,
Mannheim, Germany

6 Department of Epidemiology and Biostatistics, EMGO Institute for
Health and Care Research, VU University Medical Centre,
Amsterdam, Netherlands

7 Mannheim Institute of Public Health, Mannheim Medical Faculty,
University of Heidelberg, Mannheim, Germany

8 Department of Internal Medicine, Division of Cardiology, Medical
University of Graz, Graz, Austria

9 Bad Gleichenberg Clinic, Schweizereiweg 4, 8344 Bad
Gleichenberg, Austria

10 I.O.S. Coleman, Naples, Italy
11 Department of Medicine, Surgery Odontoiatrics-Scuola Medica

Salernitana, University of Salerno, Salerno, Italy

Rev Endocr Metab Disord (2017) 18:259–272
DOI 10.1007/s11154-017-9417-0

http://crossmark.crossref.org/dialog/?doi=10.1007/s11154-017-9417-0&domain=pdf


population in the EU and the USA therefore mainly apply to
the prevention of rickets, osteomalacia and fractures [4–6].
However except for children, randomized trials (RCTs) re-
garding vitamin D effects on fractures are inconsistent
[7–15]. Therefore a broadly accepted consensus neither exists
on the vitamin D dose nor on target 25(OH)D levels that
should be achieved in clinical practice for cardiovascular dis-
ease (CVD) prevention [16–19]. Nevertheless, vitamin D sup-
plementation - also in form of food fortification programs - is
increasingly implemented [1, 18, 19]. The main aim of food
fortification programs is the prevention of vitamin D deficien-
cy and its adverse consequences [1–6, 16–19]. Vitamin D
deficiency can affect up to 50% of a population depending
on the geographical region, season and definition [19–23].
The high prevalence rates of vitamin D deficiency may be
attributable to several factors including increased age, nutri-
tion and lifestyle but also ethnicity [1, 20, 21]. Independent of
latitude a higher prevalence rate of 25(OH)D has been de-
scribed in African Americans, people of Indian descent and
others with darker skin color. Likely because vitamin D3
(cholecalciferol) production is limited by melanin, but socio-
economic differences and prevalence of obesity may be con-
founding factors. Furthermore, the overall influence of ethnic
origin may be less than the influence of age [20, 21]. Children,
adolescents and elderly are at similar high risk for vitamin D
deficiency and insufficiency [1, 20, 21]. This is thought to be
partly due to inadequate exposure to sunlight, reduced dietary
intake of vitamin D and changes in the synthesis capacity in
the skin [1, 4, 9]. Pregnancy and lactation are also conditions
associated with a high risk of vitamin D deficiency [1, 4]. The
aforementioned risk groups constitute a vast proportion of the
population in developed society so that vitamin D deficiency
may represent a public health issue [1–6]. A broad range of
studies demonstrated that vitamin D deficiency is a risk mark-
er for several pathologic conditions and that it is associated
with all-cause and cardiovascular mortality [1, 10, 20–23].
The United States Institute of Medicine (IOM) has defined
vitamin D deficiency at 25(OH)D concentration lower than
≤30 nmol/L, inadequacy lies between 30 and 50 nmol/L and
sufficiency at 50–75 nmol/L. Concentrations between 75 and
125 nmol/L have been inconsistently associated with harm
whereas potential toxicity is possible to occur at concentra-
tions ≥125 nmol/L [4].

The scientific rationale to study the role vitamin D in car-
diovascular diseases is the identification of the vitamin D re-
ceptor (VDR) and vitamin D metabolizing enzymes in differ-
ent parts of the CV system [3]. It is crucial to evaluate whether
it indeed has clinically relevant effects on the CV system
[24–30]. Besides, it must be addressed whether vitamin D
supplementation with commonly used doses satisfies the safe-
ty assumptions.

In this umbrella review, we summarize the literature on
vitamin D, CV risk factors and CVD. The main focus is on

large cohort studies, meta-analyses and systematic reviews of
epidemiological studies. We begin with a short historical per-
spective and then summarize the effects of VDR activation on
cardiovascular risk factors in particular on arterial hyperten-
sion [27], on the vasculature and the heart. In the third part we
review observational studies, including Mendelian randomi-
zation studies. Finally, we discuss the ongoing research on
vitamin D and current hypotheses, excluding randomized con-
trolled trials as they are discussed extensively elsewhere [1,
10, 16, 19, 21, 24–26].

2 Historical overview

Historically Vitamin D is known to cure rickets a (childhood)
bone disease, which was [is] especially prevalent in first few
life years. Consequently, vitamin D food fortification was
installed in the 1930s and 1940s to eradicate or at least largely
decrease the incidence rate of rickets [28, 29]. A major con-
cern was the suspicion in the 1950’s that vitamin D food
fortification was leading to hypercalcemia or even
supravalvular aortic stenosis. Indeed it has to be noted that
animal studies have repeatedly shown that larger doses of
vitamin D can cause vascular calcification and hypercalcemia
[28–31]. The processes linking hypervitaminosis-D to vascu-
lar calcifications is likely to be related to deposition of calci-
um, phosphate and mineral complexes. Themechanism seems
to be the induction of an osteochondrogenic phenotype in
vascular smooth muscle cells [31]. However, clinical and ep-
idemiologic data suggest that within broad ranges, vitamin D
supplementation is safe. From a contemporary perspective, it
is more likely that the children of the original cases-series with
vitamin D intoxication actually suffered from Williams syn-
drome. This chromosomal anomaly is characterized by a dis-
turbed calcium metabolism and such individuals are prone to
adverse effects by vitamin D supplementation. Nevertheless
vitamin D food fortification was subsequently largely banned
due to fear of vitamin D overdosing and intoxication [28, 29].
After further progress in the field associations between higher
vitamin D intake and increased cardiovascular risk were pos-
tulated in the middle of the 1970s. However, the majority of
studies in the late 1970s could not detect any significant asso-
ciations between 25(OH)D concentrations and cardiovascular
events [32–35]. The view of vitamin D was radically changed
by Robert Scragg in 1981 [36]. He raised the hypothesis that
the increased incidence of CVevents in winter months might
be partly attributable to lower sunlight exposure and reduced
vitamin D synthesis in the skin [36]. In 2008 publications
from large community studies on an inverse association be-
tween 25(OH)D and CVevents triggered an enormous rise in
research activity on this topic over the last few years [4–6, 10,
16, 22–26, 28, 37–40].
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3 Vitamin D receptor and key enzymes of vitamin D
in the cardiovascular system

Experimental studies have identified the VDR and vitamin D
metabolizing enzymes (i.e. 1-alpha hydroxylase and 24-hy-
droxylase) in cells of the CV system [3, 41–44]. This supports
the hypothesis of a causal relationship between vitamin D and
CVD. However, it has to be kept in mind that the contemporary
literature is not fully consistent. There are – although in contrast
to the vast majority - some studies publishedwhich were unable
to detect VDR expression in cardiovascular tissues [41–44].

3.1 Knock out models

Mice with a systemic knock-out of the VDR or of 1-alpha
hydroxylase develop cardiovascular anomalies. CVD in
VDR knock-out animals is characterized by myocardial hy-
pertrophy, increased activity of the renin-angiotensin-
aldosterone system (RAAS), protein homeostasis, lipid me-
tabolism, cellular stress response, arterial hypertension, in-
creased thrombogenicity and changes in the vascular function
[3, 41–46]. More so, it has been shown in mice models that a
cardiomyocyte-specific knockout of the VDR causes myocar-
dial hypertrophy largely independent of the effects on the
RAAS and blood pressure [47]. An endothelial cell-specific
VDR knock-out was associatedwith altered vascular function.
This altered vascular function attended by increased sensitiv-
ity to angiotensin 2 of endothelial cells and a reduction in
endothelial NO synthase expression [48, 49]. Interestingly,
mice developed insulin resistance and glucose intolerance fol-
lowing a skeletal muscle-specific VDR knock-out [50].
Studies in LDL receptor knock-out mice found increased vas-
cular calcification and atherosclerosis in the case of additional
vitamin D deficiency. In detail the authors described for a
reduction in 25(OH)D equal or above 50% that there was an
increase by 50% in vascular calcifications [51]. Data from this
animal model suggest that vitamin D deficiency may induce
or promote a transdifferentiation of vascular cells into
osteoblast-like cells what would then explain the excessive
calcification. Interestingly, vitamin D treatment was able to
reverse the changes [51, 52]. Independent of LDL diet-
induced 25(OH)D deficiency was also associated with in-
creased vascular calcification intensity in apolipoprotein E
knockout mice [53]. In summary, the VDR knock-out models
consistently indicated a causative role between vitamin D and
vascular health.

3.2 Molecular and (patho-)physiologic effects

Based on the observations that animals with knock-outs of the
VDR or 1-alpha hydroxylase suffer from cardiovascular dis-
ease, over one-hundred studies aimed to elucidate the mecha-
nism behind this observation [29]. In view of the classic

understanding of vitamin D as a master regulator of mineral
metabolism, current evidence suggests that vitamin D affects
mainly calcium and phosphate homeostasis in cells and the
interstitial space [54]. Another additive explanation/
mechanism would be the elevation of parathyroid hormone
(PTH) occurring as a consequence of vitamin D deficiency
[16]. It is well established that vitamin D is able to
suppress PTH by direct effects on the parathyroid gland.
Epidemiological evidence has indicated that PTH itself is a
risk factor for CVD and predicts CVevents [55]. The mecha-
nism might be based on PTH-induced calcium overloading of
cardiomyocytes with subsequent proarrhythmic actions, myo-
cardial hypertrophy, but also aldosterone secretion [55–62].
This data suggests that to a certain point that both excess, as
well as deficiency of vitamin D, can induce vascular calcifi-
cation through a complex interplay with phosphate, calcium,
and lipoproteins [63–69]. High serum phosphate levels even
seem to be a prerequisite for vitamin D-induced vascular cal-
cification, at least in animal (knock-out) models [68–76].

3.3 Vitamin D and fibrosis

Other experiments have raised the hypothesis that active vita-
min D and phosphate is able to stimulate the secretion of fibro-
blast growth factor-23 (FGF-23) by osteocytes [39, 40, 44].
Though FGF-23 is an increasingly accepted marker of myocar-
dial and renal fibrosis, the clinical relevance of the interaction
between vitamin D and FGF-23 remains to be elucidated [71].

4 Observational studies

Observational studies have consistently reported an associa-
tion between 25(OH)D concentrations and increased CV risk
[39, 40]. More so, studies have described the association be-
tween 25(OH)D with traditional cardiovascular risk factors,
such as arterial hypertension, hyperlipidaemia and diabetes
mellitus (Table 1). However, even strong associations may,
despite broad adjustments in statistical models, always be sub-
ject to residual confounding, collinearity and reverse causa-
tion [78]. The most commonly incriminated confounding fac-
tors – which are hard to measure and thus hard to adjust for -
are limited physical activity, sun exposure and diet. Another
possible confounding factor is Inflammation [79], as it lowers
25(OH)D concentrations by increasing 24-hydroxlyase ex-
pression and by decreasing vitamin D binding protein (DBP)
[78, 79]. Therefore, some authors suggested that vitamin D
deficiency may be just a general marker of poor health [78].

4.1 Rickets and cardiovascular diseases

There are four case reports of nutritional rickets and severe
heart failure. Treatment of these children with vitamin D and

Rev Endocr Metab Disord (2017) 18:259–272 261



T
ab

le
1

L
ar
ge

m
et
a-
an
al
ys
es

an
d
ob
se
rv
at
io
na
ls
tu
di
es

on
as
so
ci
at
io
ns

be
tw
ee
n
25
(O

H
)D

an
d
ca
rd
io
va
sc
ul
ar

ri
sk

or
ev
en
ts

O
ut
co
m
e

F
ir
st
au
th
or

(y
ea
r;
re
fe
re
nc
e
no
.)

N
um

be
r
of

st
ud
ie
s

P
ar
tic
ip
an
ts
/

ev
en
ts

Ty
pe

of
in
cl
ud
ed

st
ud
ie
s

25
(O

H
)D

cu
t-
of
fs

Po
ol
ed

ri
sk

(9
5%

C
I)

A
cu
te
co
ro
na
ry

sy
nd
ro
m
e*

D
ro
r
Y
;2

01
3

[1
30
]

1
42
2,
82
2
/3

93
3

Si
ng
le
co
ho
rt
in
cl
ud
in
g
C
la
lit

H
ea
lth

Se
rv
ic
es

m
em

be
rs
ag
ed

>
45

be
tw
ee
n
Ju
ly

20
07

an
d

D
ec
em

be
r
20
11

24
,9
6
nm

ol
/L

24
,9
6–
49
,9
2
nm

ol
/L

>
89
,8
56

nm
ol
/L

1.
88

(9
5%

C
I,
1.
80
–1
.9
6)

1.
25

(9
5%

C
I,
1.
21
–1
.3
0)

1.
13

(9
5%

C
I,
1.
04
–1
.2
2)

Fa
ta
la
nd

no
n-
fa
ta
li
sc
he
m
ic
he
ar
t

di
se
as
e,
m
yo
ca
rd
ia
li
nf
ar
ct
io
n,

ea
rl
y
de
at
h

B
rø
nd
um

-J
ac
ob
se
n

P
;

20
12

[1
10
]

18
(1
7)

82
,9
82

/8
37
6

pe
er
-r
ev
ie
w
ed

po
pu
la
tio

n-
ba
se
d

pr
os
pe
ct
iv
e
st
ud
ie
s

H
R
(9
5%

C
I)

<
25

nm
ol
/L

1.
5
(1
.2
–2
.0
)

25
.0
–4
9.
9
nm

ol
/L

1.
2
(1
.0
–1
.6
)

49
.9
–7
4.
9
nm

ol
/L

1.
2
(0
.9
–1
.5
)

>
75
.0
nm

ol
/L

1.
0
[r
ef
er
en
ce
]

R
is
k
of

ca
rd
io
va
sc
ul
ar

di
se
as
es

W
an
g
L
;2

01
2

[1
09
]

19
65
,9
94

/6
12
3

Pr
os
pe
ct
iv
e
st
ud
y

O
bs
er
va
tio

na
ls
tu
dy

20
to

60
nm

ol
/L

25
-n
m
ol
/L

1.
03
(9
5%

C
I,
1.
00
–1
.0
6)

1.
07

(9
5%

C
I,
1.
03
–1
.1
2)
.

M
yo
ca
rd
ia
li
nf
ar
ct
io
n

G
io
va
nn
uc
ci
E
;2

00
8

[3
7]

9
18
,2
25

/4
54

Pr
os
pe
ct
iv
e
S
tu
di
es

37
,4
4
nm

ol
/L

2.
09

(9
5%

C
I,
1.
24
–3
.5
4)

D
if
fe
re
nc
e
in
sy
st
ol
ic
an
d
di
as
to
lic

bl
oo
d

pr
es
su
re

(B
P
)

B
ev
er
id
ge

L
A
[7
7]

27
45
41

/-
R
an
do
m
iz
ed

pl
ac
eb
o-
co
nt
ro
lle
d
cl
in
ic
al
tr
ia
ls

w
ith

vi
ta
m
in
D
su
pp
le
m
en
ta
tio

n
an
d
as
so
ci
at
ed

ba
se
lin

e
25
(O

H
)D

le
ve
lt
ha
tp
re
di
ct
ed

re
sp
on
se

S
ys
to
lic

B
P:

<
24
.9
6
nm

ol
/L

24
.9
6–
49
.9
2

nm
ol
/L

>
49
.9
2
nm

ol
/L

D
ia
st
ol
ic
B
P
:

<
24
.9
6
nm

ol
/L

24
.9
6–
49
.9
2

nm
ol
/L

>
49
.9
2
nm

ol
/L

-0
.4
(9
5%

C
I,

-0
.3
-2
.3
)

-0
.7
(9
5%

C
I,

-2
.0
-0
.6
)

-0
.2
(9
5%

C
I,

-1
.8
-1
.3
)

-1
.2
(9
5%

C
I,

-2
.4
-0
.0
)

-0
.2
(9
5%

C
I,
−1

.0
-0
.6
)

-0
.2
(9
5%

C
I,

-0
.5
-0
.9
)

262 Rev Endocr Metab Disord (2017) 18:259–272

https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23149428


calcium lead to a recovery of myocardial function [80, 81].
Pathologic insights come from one report of an autopsy from a
similar case. It showed a dilated hypertrophic heart, with an
increase in interstitial fibrosis in the subendocardial regions
[80]. Somehow contradicting evidence comes from patients
with hereditary 1,25(OH)2D resistant rickets who do not ex-
perience major cardiovascular problems (at least not under
adequate treatment) [82, 83].

4.2 Hypertension

The idea that vitamin D affects blood pressure (BP) has been
derived from observations that low UVB exposure is associ-
ated with increased risk of arterial hypertension [36, 84]. This
is supported by reports that BP is lower during the summer
compared to winter, although heat and UVA exposure could
be obvious confounders. Other authors demonstrated that the
prevalence of arterial hypertension increases with increasing
distance from the earth’s equator, but ethnic and genetic dif-
ferences also limit the interpretation of these results [26, 85,
86]. In the meta-analysis by Kunutsor et al. [84] comprising
283,537 participants, the relative risk (RR) for incidence of
hypertension with 95% confidence interval (95% CI) in the
top versus the bottom tertile of 25(OH)D was 0.70 (0.58 to
0.86). Although there was no significant association between
vitamin D intake and presence of hypertension [84].
Nevertheless, it is of interest that in 2006 the American
Heart Association issued a scientific statement regarding the
effects of diet and dietary supplements on high blood pressure
that did not include vitamin D as a relevant supplement to
reduce BP [87]. In the very same statement, though, dietary
calcium up to two grams per day was indicated to induce a
minimal reduction on systolic and diastolic blood pressure,
below 1 and 2 mmHg, respectively. These recommendation
are based on the current lack of proof for a causal relationship
between vitamin D alone and hypertension [20, 26].

4.3 Other cardiovascular risk factors

Several meta-analyses confirmed that 25(OH)D deficiency is
an independent risk factor for developing type 2 diabetes
mellitus, whether it is not clear if there is an association be-
tween vitamin D and metabolic syndrome [88–93]. Vitamin D
deficiency has also been discussed as a risk factor for type 1
diabetes, but the data has been inconclusive [92, 94, 95].
Obesity is strongly associated with lower vitamin D concen-
trations [96, 97]. This might be explained by the studies de-
scribing that vitamin D is sequestered in adipose tissue, but
other factors such inactivity, inflammation or simply volumet-
ric dilution may be alternative explanations [98, 99]. In regard
to the lipid profile, observational studies described a clear
association, in particular with high triglycerides and low
high-density lipoprotein (HDL) cholesterol [98, 99]. Other

cardiovascular risk factors such as inflammation and chronic
kidney disease are also associated with vitamin D deficiency
[100–107].

4.4 Cardiovascular diseases

Meta-analyses of observational studies have consistently found
that 25(OH)D deficiency (and insufficiency) is associated with
an increased risk of cardiovascular mortality (Table 2) and
cardiovascular events (i.e. myocardial infarction, heart failure
and stroke) [107–119]. One meta-analysis including 65,994
patients reported a RR of 1.03 (95%CI 1.00–1.06) per
25 nmol/L decrement in 25(OH)D levels for CVD [109]. But
specific for atherosclerotic coronary artery diseases (CAD)
there are less consistent data so far [40, 120, 121]. Degerud
et al. and Alsancak et al. did not observe any correlation of
25(OH)D and percent lumen loss as assessed with coronary
angiography, although their sample size might have been too
small [122, 123]. In 2014 Verdoia and co-workers reported an
association in 1045 patients between 25(OH)D deficiency with
CAD [124]. In line a Korean study reported an association
between obstructive coronary artery disease (as assessed by
CT angiography) and Vitamin D insufficiency [125]. In a co-
hort of typ 2 diabetic patients from Denmark Joergensen et al.
reported that severe vitamin D deficiency (defined as
25(OH)D < 12.5 nmol/L, n = 19) was associated with in-
creased coronary artery diseases, unfortunately this study suf-
fers from inconsistent application of varying imaging tech-
niques and sample size problems [126]. Even though some
authors have claimed certainty about the role of 25(OH)D in
CAD development [127], the absence of clinical trials make
such allegations currently groundless. Nevertheless, existing
evidence points to a possible role of vitamin D deficiency in
CAD, raising the necessity of a randomized controlled trial in
such a cohort of patients. In summary, the majority of studies
concluded that an increased risk of CVD exists in participants
with vitamin D deficiency (< 50 nmol/L), only a minority of
studies reported on a U-shaped association [128–132].
Zittermann et al. observed that those with the highest
25(OH)D levels had actually low 1,25(OH)2D. They hypoth-
esized that a reduced metabolism of 25(OH)D might explain
this observation and that is could be responsible for the in-
creased risk seen at high 25(OH)D concentrations [128].
Although extremely high 25(OH)D concentrations are consid-
ered toxic [132], epidemiologic studies did not detect an in-
creased cardiovascular risk at these supranormal 25(OH)D
levels. However, such high concentrations of 25(OH)D remain
of concern and should to be avoided.

4.5 Myocardial infarction and stroke:

The majority of studies has proposed an association between
25(OH)D and myocardial infarction, stroke and sudden
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cardiac death [34, 133–138]. Some studies claimed that there
is an association between low 25(OH)D and a higher risk of
atrial fibrillation and venous thromboembolism [139, 140].
Overall the data on the topic is not consistent [141, 142].
Evidence on carotid atherosclerosis and endothelial dysfunc-
tion is also sparse [143–148]. Nevertheless a recent subgroup
analysis of our own randomized controlled trial raised the
awareness of a possible improvement of endothelial function
in patients with arterial hypertension and vitamin deficiency
[149].

4.6 Heart failure

The first clinical observations raising the possibility of a link
between vitamin D and heart failure were case reports of chil-
dren with rickets and heart failure, which resolved after
Vitamin D substitution [80, 81]. This launched research into
potential CV interaction of vitamin D, but until recently only a
few studies have claimed that there is an associations between
25(OH)D and ventricular function [133–136, 150–155]. The
observational data coming from the MESA cohort showed no
association between 25(OH)D and parameters of LV function
as assessed by MRI [150]. The findings were reproduced by a
sub-study of AGES [151]. Similarly, LV mass index by echo-
cardiography was also not associated with 25(OH)D in the
Hoorn study [152]. It may be interpreted that this further re-
futes a large influence of vitamin D on blood pressure [26, 36,
84, 87]. Nevertheless all three studies confirmed an associa-
tion between PTH and parameters of systolic LV function and/
or LV mass [150, 151, 153]. In regard to interventional data,
two meta-analysis aimed to assess the existing trial evidence.
Ford and co-workers published the results of the RECORD
trial together with a meta-analyis of existing RCT’s [137]. The
overall results of meta-analysis that included 21 trials with a
total of 13,033 patients were negative, although the trial itself
found a statistically significant reduction in heart failure (ad-
justed HR: 0.75; 95% CI: 0.58, 0.97; P = 0.027) in 5292
patients [137]. The differences between included trials hamper
conclusions in regard to heart failure. Especially as dose (be-
tween 400 IU and 500,000 IU of vitamin D per dose) and
concomitant calcium supplementation vary heavily between
the included studies. Another difference is the baseline
25(OH)D values and the age, but no specific analysis was
conducted in such subgroups. A secondary analysis from the
women’s health initiative of vitamin D plus calcium effects on
heart failure incidence report a beneficial effect in the sub-
group of women without diabetes, hypertension or coronary
artery diseases [156]. In a very small (23 patients) RCT
Dalbeni et al. described an improvement of LVEF with
4000 IU/daily vitamin D [157]. The recently published
VINDICATE trial reported in 229 patients with chronic heart
failure and vitamin D deficiency (< 50 nmol/L) improvement
of LV function and dimension by vitamin D treatment

(4000 IU/day) [158]. Although the primary endpoint (6 min
walk test) was missed, the results support a causal role of
vitamin D and heart failure. In summary, epidemiologic evi-
dence did not find a consistent association of vitamin D defi-
ciency and heart failure in adults, although some trials have
indicated a possible effect.

5 Mendelian randomization studies

The inherent weakness of observational studies is their inabil-
ity to demonstrate a causal interference between two factors.
This limitation might be overcome by Mendelian randomiza-
tion studies. In a nutshell, the presence or absence of certain
genetic polymorphisms of a particular gene should be distrib-
uted randomly in the community and therefore their associa-
tion with CV phenotypes allow implicitly assumptions on
causality. A detailed discussion of advances and limitations
of Mendelian randomization studies can be found elsewhere
[159, 169]. Several genetic studies investigating single nucle-
otide polymorphisms (SNPs) of the VDR gene and cardiovas-
cular outcomes, unfortunately, failed to provide evidence for a
causal role of vitamin D for CVrisk [160–168]. Genome-wide
association studies (GWAS) identified four genetic loci that
are associated with serum 25(OH)D levels [166–168]. The
identified loci are involved in the biosynthesis of vitamin D
at all major steps, and include synthesis of the precursor 7-
dehydrocholesterol reductase (DHCR7), 25-hydroxylation of
vitamin D (25-hydroxylase), transport (DBP) and in the deg-
radation (i.e. 24-hydroxylase) [167–172]. As 25(OH)D is
largely produced in the skin by sunlight exposure and to some
degree determined by dietary intake, all known genetic poly-
morphisms explain only ~1–4% of the variation in serum
25(OH)D concentrations [167]. Results from so far published
Mendelian randomization studies refute the hypothesis of vi-
tamin D deficiency as a causal risk factor for obesity and high
C-reactive protein (CRP) concentrations [172]. Less consis-
tent data exist in regard to type 2 diabetes and lipid levels
[173–179]. Studies on blood pressure are also not settling.
The largest study in this field reported that a 10% increase in
genetically determined 25(OH)D levels was associated with a
change of < 1 mmHg in systolic and diastolic BP, and an 8.1%
decreased odds ratio of hypertension [177]. Though this
should not be mistakenly interpreted as effect size in individ-
ual patients with vitamin D deficiency, RCTs already support-
ed the assumption of small effects of vitamin D supplementa-
tion on BP [25, 26, 178].

Mendelian randomization studies were unable to uniformly
link vitamin D associated loci with coronary artery disease,
myocardial infarction, stroke or cardiovascular mortality [40,
180–182]. These results, provisionally argue against a causal
effect of vitamin D deficiency on cardiovascular diseases.
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6 Future perspective

Though some large RCTs will soon be concluded and will
expand existing knowledge, unfortunately, most of the ongo-
ing vitamin D RCTs are limited by the inclusion of partici-
pants regardless of their 25(OH)D serum levels and some
allow vitamin D supplement intake in the placebo group.
This is a major limitation because the effects of vitamin D
supplementation may be profoundly stronger in participants
with very low starting 25(OH)D levels (Fig. 1) [193]. More
so, in some trials the used immuno-assays for the determina-
tion of 25(OH)D may be of concern [183]. Some studies in-
cluding critically ill patients even reported a mortality reduc-
tion of up to 50% (relative risk) but limited to the patients with
25(OH)D level < 30 nmol/L [184]. Similar subgroup analyses
of individuals with vitamin D deficiency are expected to be
reported in upcoming trials, but have important limitations,
such as loss of power and more so they are usually not accept-
ed by regulatory agencies. From a physiological point of view,
the routine supplementation of a hormone without deficiency
is at best unlikely to exert beneficial effect (in the worst case,
harm might even be done) [15, 185–194]. Finally, we like to
point out that if at the end we have to conclude that vitamin D
is not causally responsible to CVD, we still would have to
identify the confounding factors that are responsible for the
strong association between vitamin D and CVD. This should
be then a valuable clinical-therapeutic target, given the strong
epidemiologic association.

7 Conclusions

Severe vitamin D deficiency is a major risk factor for osteo-
malacia and fractures, but might also adversely affect the car-
diovascular system. It is not completely clear whether and at
which concentrations vitamin D, as it is present in
community-dwelling adults, is relevant for cardiovascular out-
comes. In general, observational studies reported strong asso-
ciations between low 25(OH)D concentrations and increased
cardiovascular risk, arterial hypertension, dyslipidemia and
endothelial dysfunction. Some RCTs have detected effects in
patients with low (< 50 nmol/L) and very low vitamin D levels
(< 30 nmol/L) [40, 184]. Even though supported by the large
majority of cell-based models and VDR knockout animals,
data from Mendelian randomization studies and larger
RCTs, do not consistently support the assumption of a causal
relationship between vitamin D and CVD. Interestingly the
vitamin D trials often aim to focus und the hardest clinical
endpoints, such as all-cause or organ specific mortality [11,
58, 84, 188, 189]. This may be an overambitious goal. Bone
health or even small reductions in cardiovascular endpoints
ought to be enough to support the introduction of preventive
measures in the general population and high-risk subgroups.
Beside, often the increase in 25(OH)D is commonly used as
an surrogate for the successful supplementation of vitamin D.
Unfortunately there is little evidence to discuss potential other
approaches such as the reduction in PTH or time within
Bnormal range^. It is unclear if these variables would correlate

Fig. 1 Dose-response trend of hazard ratios of death from all causes by
standardized 25-hydroxyvitamin D concentrations. Colours referring to
the IOM definition of vitamin D deficiency, inadequacy and sufficiency
[4]. Hazard ratios [blue line with 95% confidence interval as the dotted

blue lines] are referring to the 25-hydroxyvitaminD concentration of 83.4
nmol/L. Reproduced with permission from reference under the Creative
Commons CC0 licensing [193].
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better with physiologic effects [24]. Therefore, before final
conclusion can be drawn, there is an unmet need for adequate-
ly powered RCTs focussing on patients with low to very low
25(OH)D levels. In the case of neutral findings in future
RCTs, the question remains which unidentified factor con-
founded the epidemiological results and if this factor would
then turn into a therapeutic target to reduce the burden of
CVD.
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