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Abstract

Calcium and phosphorus metabolism are regulated by vitamin D in skeletal health. Nonskeletal tissues also produce vitamin D metabolites, which influence
regulatory pathways via paracrine and autocrine mechanisms. One of vitamin D’s active metabolites, 1,25-dihydroxyvitamin D (1,25(OH),D), binds to the vitamin
D receptor and regulates numerous genes that may play a role in heart disease, including cell proliferation, differentiation, apoptosis, oxidative stress, membrane
transport, matrix homeostasis, and adhesion. It has been discovered that all kinds of cardiovascular cells, such as cardiomyocytes, arterial wall cells, and immune cells,
contain vitamin D receptors (VDRs). Inflammation, thrombosis, and the renin-angiotensin system are all affected by vitamin D metabolites, according to experimental
studies. Various manifestations of degenerative cardiovascular disease (CVD), such as vascular calcification, have been associated with vitamin D deficiency in
clinical studies. However, vitamin D supplementation has yet to be proven as a means of managing CVD. The purpose of this review is to summarize clinical studies

that show associations between vitamin D status and CVD as well as experimental studies exploring the mechanisms underlying these associations.
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Introduction

Calcium and phosphate are physiologically absorbed more
efficiently by the intestinal tract due to vitamin D. Cholecalciferol
(vitamin D3) and ergocalciferol (vitamin D2) are the most important
components of vitamin D. Among people suffering from CVD, there
was a seasonality associated with vitamin D. It has been shown that heart
disease is more common during winter, possibly because vitamin D
levels are low. With food, you can take cholecalciferol and ergocalciferol.
There are two distinct metabolic processes that occur after vitamin D2
is consumed through food. As a result of liver metabolism, vitamin
D2 becomes 25-hydroxyvitamin D (25(OH)D), which is converted in
the kidney to 1,25(OH),D (calcitriol) by CYP27B1. Several feedback
mechanisms regulate calcitriol production in the endocrine system. A
reduction in calcium plasma levels results in the release of parathyroid
hormone (PTH), which stimulates calcium calcitriol production. As a
result, calcium increases serum calcium levels by directly suppressing
PTH gene transcription and subsequent hormone production.
Moreover, calcium-sensing receptor gene transcription and protein
expression are also upregulated by calcitriol. In addition, vitamin D
inhibits CYP27B1 from regulating its own production. Furthermore,
cholecalciferol is synthesized by the skin under sunlight exposure.
Several factors affect how much sunlight is required to satisfy our
vitamin D requirements, including skin pigmentation, age, latitude,
season of the year, or time of day. Vitamin D deficiency can contribute
to several diseases. Vitamin D deficiency has long been associated
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with rickets. Moreover, low vitamin D levels can contribute to chronic
diseases such as atherosclerosis, heart disease, high blood pressure,
heart failure, type 2 diabetes, cancer, and immunological conditions.
The results of randomized clinical trials (RCTs) designed to prove
vitamin D supplementation’s therapeutic effects have been inconclusive
despite the pathogenic link between vitamin D deficiency and these
diseases. Although the role of vitamin D in CVD pathogenesis is quite
complex, it should be noted. Furthermore, vitamin D locally activates
autocrine/paracrine pathways in atherosclerotic plaques, which play a
supportive role within this context. Human carotid plaques expressing
VDRs were associated with less major adverse cardiovascular events
(MACESs) [1, 2].

The Role of Vitamin D in Signaling

VDR, a cytosolic receptor protein that activates transcription
of targeted genes in response to ligand binding, mediates vitamin D’s
biological effects. The VDR gene is located on chromosome 12q and
belongs to the nuclear receptor transcription factor family. Vitamin
D and retinoid X receptors bind to the VDR, activating it. This results
in the activated heterodimeric receptor complex translocating into
the nucleus where it engages specific nucleotide sequences called
vitamin D response elements (VDREs). Within hours or days, the
latter regulate vitamin D-sensitive gene transcription. The VDR is also
localized at the level of cell membrane, so vitamin D can also affect gene
expression quickly through this classical signaling pathway [3]. Histone
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modification and other epigenetic mechanisms are likely to trigger these
rapid effects. There have been many studies, but the tissue distribution
of VDR has not yet been clearly defined. The receptor is certainly
expressed in cells of the skeleton, bowel, heart, and endothelium. There
are several studies showing the presence of CYP27B1, which allows us
to gain a better understanding of how vitamin D affects endothelial and
cardiomyocyte functions locally. Atherosclerotic plaques may develop
as a result of local deficiency of vitamin D in tissues [4].

A Deficiency of Vitamin D and an Excess of It

The definition of vitamin D deficiency (also known as
hypovitaminosis D), levels of 25(OH)D that are appropriate for health,
and requirements for vitamin D in the diet have all been the subject
of controversy. Vitamin D deficiency is defined as levels of 25(OH)
D below 50 nmol/L (20 ng/ml) and insufficiency as levels of 52.5 to
72.5 nmol/L, according to the Endocrine Society Clinical Practice
Guidelines. A 25(OH)D deficiency is defined as a level of 25 nmol/L,
an insufficiency as 50 nmol/L, and a target level of 75 nmol/L according
to the International Osteoporosis Foundation. For bone health, a target
level of 50 nmol/L is recommended by the Institute of Medicine [5].
Vitamin D status and CVD are complicated by this lack of consensus,
as well as seasonal fluctuations and dietary changes. In addition to the
lack of consensus between guidelines, the variability of serum 25(OH)D
measurements exacerbates the problem. As a result, local concentrations
of vitamin D metabolites within the arterial wall may differ from
circulating levels due to the presence of CYP27B1, which produces
1,25(0OH),D from 25(OH)D in smooth muscle cells, endothelial cells,
macrophages, and dendritic cells [6].

Several genes in the biosynthetic and activation pathways of
vitamin D have been identified as being associated with variation in
serum levels through twin and genetic studies (estimated to be 23% -
77%). Recent genome wide association studies have also highlighted the
heritability of circulating 25(OH)D levels. VDR genetic variability was
also evaluated in these studies. CVD is not yet understood to be caused
by these variants [7].

The most common cause of vitamin D deficiency is reduced skin
synthesis due to aging and environmental factors. As with CVD, vitamin
D deficiency is highly prevalent in many subgroups, especially the
elderly, although prevalence varies with sex, age, latitude, ethnicity, and
culture. CVD sufferers are more likely to be vitamin D deficient. Among
whites, 88% of Hispanics, and 97% of blacks with CVD in the National
Health and Nutrition Examination Survey 2001 - 2004, approximately
68% had 25(OH)D levels of 75 nmol/L (less than the recommended
concentration of the International Osteoporosis Foundation) [8].

Vitamin D deficiency has been a major concern in recent decades.
In view of epidemiological evidence that deficiency is a significant
public health issue, this is appropriate [9]. A high intake of vitamin D,
however, can cause kidney stones, renal impairment, malignancy, and
possibly some cardiovascular manifestations.

The VDR

VDREs are found in the promoters of many genes regulated by
VDR, which belongs to the nuclear receptor superfamily. In addition
to proliferating and diffusing cells, these genes are involved in growing,
dividing, apoptosing, oxidative stress, membrane transport, matrix
homeostasis, tissue mineralization, and adhesion. Cardiomyocytes,
VSMCs, ECs, and most immune cells, along with platelets, contain
VDRs [5, 10].

With high affinity and specificity, VDR binds 1,25(OH),D and
heterodimerizes mainly with retinoid X receptors. An N-terminal
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domain of VDR contains two zinc fingers which confer specificity for
VDREs and provide a site for heterodimerization before the DNA-
binding domain. At the C-terminal, a lipophilic 1,25(OH),D-binding
domain is found, and the rest of the molecule contains the lipophilic
1,25(0OH),D-binding domain. A tissue-specific coactivator, including
the steroid receptor coactivator, and the silencing of corepressors that
modify chromatin structure are necessary for gene expression; the
DNA-binding domain is small, and contact with the open DNA groove
is limited to 6 nucleotides. In CVD, these protein complexes may have
relevance, for example, mothers against decapentaplegic homolog 3
coactivates transducin causing transcription. Parathyroid hormone and
CYP27B1 genes are downregulated by VDR (Figure 1) [5].
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Figure 1: VDR effects on the cell membrane and genome [5].

Vitamin D metabolites may have epigenetic effects, with evidence
emerging that VDR activation can generate microRNAs that can
influence post-translational events. The VDR displays nongenomic
effects that involve transmembrane calcium transport and the release
of various second messengers, which can modulate gene expression in a
similar way to certain other nuclear receptors. CVD signaling is poorly
understood regarding its importance.

Vitamin D and Renin-Angiotensin-Aldosterone System
(RAAS)

Blood pressure is greatly influenced by the RAAS, and several
antihypertensive drugs work on this system. Feedback pathways in this
system regulate fluid volume homeostasis, electrolyte plasma levels, and
vascular resistance. Various conditions, such as hypoperfusion of the
kidneys and the activation of the sympathetic nervous system, induce
the synthesis of renin in nephrons [6, 7]. Angiotensinogen produced
in the liver is converted into angiotensin I by renin, which in turn is
converted into angiotensin II by angiotensin-converting enzyme
expressed in the lungs. This molecule binds to its receptor, exerting
several biological effects in multiple areas, such as the brain, the heart,
the kidney, the adrenal glands, and the peripheral vessels. Several
studies were conducted to measure possible changes in the activity of
RAAS by disrupting vitamin D pathways in vivo and in vitro, with the
goal of demonstrating the relationship between vitamin D and RAAS.
RAAS is currently thought to be negatively regulated by vitamin D.
Compared with wild-type mice, the levels of renin and angiotensin
IT are elevated in genetic models of VDR null mice. In addition, VDR
null mice had higher systolic and diastolic blood pressures than wild-
type mice. A hypertrophied heart also resulted in increased weight in
null mice. As a result of overexpression of renin and angiotensin II in
arterial hypertension, both null mice and wild-type animals exhibited
similar decreases in blood pressure when treated with captopril.
Furthermore, angiotensin II regulates thirst and salt craving, as well
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as water and salt absorption in the intestinal tract. Under normal
electrolyte plasma levels, VDR null mice drank twice as much as wild-
type mice. In terms of food intake, no difference was observed. There
was a 39% higher sodium excretion in the urine of VDR null mice
compared to normal mice, as well as a 19% higher potassium excretion;
thus, null mice seem to have angiotensin II overexpression, which leads
to a greater water and salt absorption. Strontium, a substance capable
of blocking vitamin D production, was used as an experimental dietary
model of vitamin D suppression. When mice fed with a normal diet
were subjected to strontium ingestion, renin levels were increased.
Furthermore, 4.1 cells were used in vitro models to study the effects of
SV40T antigen transgenic mice on kidney tumors. Vitamin D has the
ability to negatively regulate renin levels by reducing renin messenger
RNA expression. Experimental models of vitamin D deficiency exhibit
cardiac hypertrophy and hypertension as well-known consequences
of excessive RAAS activation. In nongenetic vitamin D deficiency
models, similar results have been observed [2, 8]. An experiment using
vitamin D-free diet mice and vitamin D-included diet mice induced
hypovitaminosis D through dietary deprivation was carried out. As
compared to the subgroup fed with vitamin D, the subgroup of rats on
vitamin D-free diet had higher systolic blood pressure and myocardial/
vascular contractility. During a vitamin D3-deficient diet, where calcium
and phosphate levels were normal, a group of rats was tested to exclude
hypocalcemia caused by hypovitaminosis D [9]. The blood pressure and
heart/vasculature contractility were found to be similar under these
experimental conditions. In a study of normo-glycemic individuals
with newly diagnosed hypertension, hypovitaminosis D was found to
have a strong inverse relationship with 1 h post-load glucose. Multiple
subclinical organ damage was seen in patients with hypovitaminosis
D and glucose levels >155 mg/dl at 1 h post-load glucose. Vitamin D
supplementation and ultraviolet radiation have not been exhaustively
studied for their effects on blood pressure. In hypertensive patients with
low vitamin D levels, vitamin D supplementation lowers blood pressure,
according to two RCTs. Vitamin D supplementation may lower blood
pressure in hypertensive patients with vitamin D deficiency, unlike
normal subjects with physiologic vitamin D levels. In order to gain a
deeper understanding of the issue, additional studies will be required.
In addition to RAAS hyperactivation, vitamin D deficiency could
contribute to arterial hypertension through endothelial dysfunction
and atherosclerosis [10-12].

Defining Matrix Homeostasis

The role of vitamin D metabolites in matrix homeostasis is
supported by various lines of evidence. The role of inflammation, matrix
destruction, and proteolysis in aneurysmal disease may be significant.
Various cell types have shown that 1,25(OH),D inhibits matrix-
metalloproteinase (MMP) production in vitro, and it has been shown
that VDR knockout mice have lowered expressions of MMP-1 and
MMP-3, whereas expressions of MMP-2 and MMP-9 are upregulated.
MMP-2 and MMP-9 circulating levels are associated with vitamin D
insufficiency in some clinical studies [13-17].

Marfan syndrome patients showed decreased expression of VDR
gene in cultured skin fibroblasts. In view of the fact that the VDR acts
as a negative regulator of transforming growth factor-f transcriptional
activation, this could contribute to aneurysmal phenotype. A post-
transcriptional mechanism is also known to repress elastin gene
expression by vitamin D metabolites. It has been hypothesized that
excessive vitamin D exposure during fetal life could influence the
elastin deposition in the developing aorta, which would lead to
aneurysm formation later in life, since most aortic elastin is synthesized
during the fetal and early postnatal period [18]. Aortic aneurysms are
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associated with low vitamin D levels in adults. Currently, humans are
not exposed to excessive vitamin D. As a result, it is uncertain whether
this hypothesis holds true [19].

Aneurysmal disease and vitamin D deficiency are associated with
some epidemiological evidence, as with occlusive arterial disease. The
level of 25(OH)D correlated with aneurysmal diameter in a dose-
response manner in a large population-based study of older men (n =
4233). Patients with abdominal and thoracic aneurysms (n = 236) also
demonstrated a similar finding [5, 20].

Vitamin D and Endothelial Dysfunction

VDR+ endothelial and smooth muscle cells in the vascular system
respond to vitamin D. In this respect, vitamin D plays a significant role
in vascular contractility and the development of vascular calcifications.
Vascular structure and function can be affected by vitamin D in
different ways. In addition to vitamin D and its receptor, nitric oxide
is well known for its potent vasodilating and vasoprotective properties.
Nitric oxide synthesis may be regulated by vitamin D and its receptor,
according to some studies. Vitamin D deficiencies are associated
with increased oxidative stress, or a decrease in antioxidant capacity.
In a study of chronic kidney disease patients receiving conservative
treatment, serum 25(OH)D levels were found to be inversely correlated
with artery dilation, measured by assessing brachial artery flow.
Vitamin D circulating levels are thus inversely correlated with arterial
size. Furthermore, hypovitaminosis D patients have higher plasma
levels of pro-atherosclerosis cytokines. When compared to subjects
with normal vitamin D levels, soluble vascular cell adhesion molecule-1
and soluble E-selectin levels were higher in vitamin D deficient
subjects [21-24]. In a similar study, acetylcholine vasodilator response
deteriorated when VDR expression was absent. Both endothelial cells
and cells derived from activated vitamin D may also participate in this
process. Vasodilatory and antithrombotic gene programs are activated
by vitamin D. In fact, 1,25(0H),D decreases thrombogenic gene
expression while increasing fibrinolytic gene expression in coronary
vascular smooth muscle cells. Hypercoagulability is also associated with
genetic models of VDR mice. According to a study, VDR null mice with
normal levels of calcium plasma were able to increase ADP-induced
platelet aggregation. Hemostasis was affected by changes in a variety
of substances in this model. Antithrombin and thrombomodulin gene
expression was downregulated, whereas prothrombotic tissue factor
gene expression was upregulated. Under normal and low plasma calcium
levels, the same study evaluated the differences between wild-type mice
and VDR null mice after a prothrombotic insult. In spite of the plasma
calcium levels, exogenous lipopolysaccharide caused an exacerbation
of multiorgan thrombosis, associated with elevated tissue factor levels
and decreased antithrombin and thrombomodulin levels. Through its
receptor, vitamin D influences the endothelial system by modifying
pro- and anti-thrombotic substances produced by endothelial cells [25].

The Relationship Between Vitamin D, Inflammation,
and Atherosclerosis

There is currently evidence that vitamin D is related to
atherosclerotic plaque development, perhaps through modulation of
immune responses. VDR and CYP27A1 and CYP27B1 hydroxylases
are expressed within immune system cells, explaining these
interactions. They play an autocrine/paracrine role in the pathobiology
of atherosclerotic plaques by activating vitamin D. Active vitamin
D acts on macrophages and other immune cells, including dendritic
cells. Vitamin D, in particular, drives cellular commitment to the M1
phenotype by promoting monocyte to macrophage transition. Toll-like
receptors (TLR) TLR2, TLR4 and TLR-9 are inhibited by this receptor,
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along with the production of immunosuppressant cytokines such as
prostaglandin E2 [26]. Due to the downregulation of MHC class two
antigens at the cell surface, the synthesis of inflammatory cytokines is
decreased. Vitamin D inhibits the proliferation of B lymphocytes, their
maturation into plasma cells, and their production of immunoglobulins
in addition to regulating adaptive immune cells. T lymphocytes are
suppressed by vitamin D from undergoing Thl or Th17-dependent
proinflammatory responses, and their immunomodulatory activity
is also enhanced by vitamin D [27, 28]. Using vitamin D and VDR
together, diabetics were able to downregulate the expression of
scavenger receptors on macrophage surfaces, which prevented LDL
cholesterol from passing into foam cells and preventing atherosclerosis.
An additional anti-atherosclerotic mechanism is mediated by VDR
activation, leading to the inhibition of the nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB) gene expression, associated

with the downregulation of pro-inflammatory and pro-thrombogenic
cytokines such as interleukin-6, as well as with the upregulation of
thrombomodulin and interleukin-10. By inhibiting foam cell formation,
this endothelial modulation suppresses vascular calcification and
prevents atherosclerotic plaque formation. NF-B expression can be
downregulated by adequate levels of vitamin D in pigs by inhibiting
kariopherin-A4 (KPNA4), a protein that promotes it. These autocrine/
paracrine pathways are characterized by their independence from
calcium, PTH, and 1,25(OH),D levels in the body [29]. Thus,
vitamin D supplementation’s inconclusive results may be explained
by disengagement from these classical regulatory mechanisms. There
are several reasons why VDR expression can be correlated with the in
vivo burden of atherosclerotic plaques. The presence of atherosclerotic
lesions was detected in transgenic rats overexpressing 24-hydroxylase,
which inactivates 1,25(OH),D. Furthermore, endarterectomy patients

Table 1: Autocrine and paracrine 1,25(OH),D signaling in cardiovascular cells [2].

| TF, 1 T™

Cell type Effect on gene expression and cell metabolism Functional outcome Cardiovascular significance
. | Endothelial inflammation, improved .
NFKB, |IL-6 S . o Atheroscl S
| , 4 expression fow-mediated dilation | erosclerosis
EC | Ca?" influx, 1 NO production - R
. . Endothelium-dependent contraction; optimal .
| All-induced ROS generation { Endothelium-dependent contraction; optima | Hypertension
blood pressure
| Cyclin-dependent kinase | Proliferation, T monocyte adhesion Unclear relevance to atherosclerosis
p38 MAP kinase, p21, p38, Cdk2 Modulation of proliferation and migration | Atherosclerosis and intimal hyperplasia
Altered expression of osteoblastic genes (alk phos, MGA, OP, Altered tissue mineralization Variable dose-dependent influence of
ON, PTH-rP, Msx2, BMP2, Runx2, OC, Osterix) vascular calcification
1 1 t 1
| Elastin expression Aortic elastin content Unclear relevance to ancurysma
phenotype
Physiological balance of thrombosis and -
SMC | TF, |PAI-1, | THSPI, 1 TM) hemostasis | Thrombogenicity
| TGF-p expression Matrix homeostasis | Aneurysmal phenotype
| Oxytocin receptor, 1 type-B endothelin receptor expression NO release, physiological vascular tone | Hypertension
1 VEGF expression Improved endothelial repair | Atherosclerotic plaque initiation
Auty lation of local 1,25(0OH),D - . -
1 CYP24A1 toreguiation o otci‘;n 25(OH),Dproduc- | ention of local 1,25(0H),D toxicity
| bic expression and microRNA-155 production 1 SOCS | Inflammation
1 1L-4, IL-10 1 Anti-inflammatory | Atherosclerosis
| IL-6, IL-1, IL-23, TLR, TNFa, IFN-y | Proinflammatory gene expression
Macrophage Physiological balance of thrombosis and

i Thromb icit
hemostasis | Thrombogenicity

| RAS activation, | ER stress

| Cholesterol uptake and foam cell formation | Atherosclerosis

1T CYP24Al1

Autoregulation of local 1,25(OH),D produc-

tion Prevention of local 1,25(OH),D toxicity

| Proliferation and maturation

Induction of tolerogenic phenotype | Vulnerable atherosclerotic plaque

Dendritic cell JIL-12, 11L-10

| T cell stimulation -

| Inflammatory response Effect on aneurysmal phenotype

LANP, 1 type 1 natiuretic peptide receptor A

T eell LT LT LT, 0 1T, 2 Tolerogenic adaptive immune response | Atherosclerosis
1IL-5, 1 IL-10 | Inflammatory response -
+TIMP-1 and -2, [MMP-2 and -9 Physiological matrix tu@ovcr and cardiac | Cardiac hypertrophy
remodeling
lc-myc expression, |[RAS activation - | Heart failure
Cardiomyocyte | RAS,

| Proliferation/ventricular hypertrophy

Myosin expression, sarcomere function

Cardiac contractility Optimal diastolic coronary perfusion

Aortic valve fibroblast Osteogenic factors |BMP2

| Matrix calcification | Valve calcification

Note: ANP: Atrial natriuretic peptide; BMP2: Bone morphogenetic protein 2; Cdk2: Cyclin-dependent kinase 2; CYP24A1: 24-hydroxylase; EC: Endothelial cell; IFN-y, Interferon-y;
IL: Interleukin; MAP: Mitogen-activated protein; MGA: Matrix gla protein; MMP: Matrix-metalloproteinase; NFxB: Nuclear factor kB; OC: Osteocalcin; ON: Osteonectin; PAI-1:
Plasminogen activator inhibitor-1; PTH-rP: Parathyroid-related protein; RAS: Renin—angiotensin system; ROS: Reactive oxygen species; SMC: Smooth muscle cell; SOCS: Suppressors
of cytokine signaling; TF: Tissue factor; TGF-B: Transforming growth factor-B; TIMP-1: Tissue inhibitor of matrix metalloproteinase-1; TLR: Toll-like receptor; TM: Thrombomodulin;
TNF-a: Tumor necrosis factor-o; and VEGF: Vascular endothelial growth factor.
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with carotid stenosis have undergone interesting studies on human
plaques. Observations showed a correlation between intraplaque VDR
levels and M1 macrophage phenotype expression. Carotid plaques
with low VDR levels are more likely to cause MACE than those with
high plasma vitamin D levels. Similarly, vitamin D may contribute
to cardiometabolic dysfunction by regulating visceral and ectopic fat
deposition. According to some clinical trials, vitamin D and calcium
supplementation may decrease fat deposition and reduce the risk of
cardiovascular and metabolic disorders [30].

Vitamin D Supplementations and Cardiovascular
Health

In a recent RCT, the Vitamin D and Omega-3 Trial (VITAL)
investigates the effects of omega-3 or vitamin D supplements on
cardiovascular outcomes in the general population. Twenty-five
thousand eight hundred seventy-one participants were recruited
throughout the United States, getting either a placebo or a daily dose
of 2.000 IU of vitamin D. A median of 5.3 years was used to monitor
reductions in myocardial infarctions, strokes, and cardiovascular death.
A significant benefit on cardiovascular outcomes was not found in
the VITAL trial [31, 32]. Compared to the placebo group, vitamin D
treatment only had a minor impact on cardiovascular events. Vitamin
D supplementation did not result in any cardiovascular benefits in the
Women’s Health Initiative Calcium and Vitamin D Trial (WHI CaD).
In the DIMENSION trial, cholecalciferol supplementation for 16
weeks was evaluated for its potential impact on endothelial function.
A particular focus was on the improvement of vascular biomarkers and
the reactive hyperemia index. The treatment arm showed significant
increases in vitamin D levels [33]. A multivariate regression analysis,
however, revealed no effect on endothelial function. In addition,
cholecalciferol administered before a percutaneous coronary procedure
did not result in any change in MACE compared to a control arm in
a study that examined the possible protective effects of vitamin D
on markers of heart disease. As part of the BEST-D trial, the authors
studied the effects of cholecalciferol supplementation in healthy subjects
over a 1-year period. This trial also had fewer encouraging results than
the above-mentioned trials. There was an increase in serum 25(OH)
D concentrations when vitamin D supplementation was administered,
but no significant changes were found in CVD risk factors, blood
pressure, arterial stiffness, or blood lipid levels [34]. Over 21,000
subjects participated in the D-Health Trial, which assessed vitamin
D supplementation’s effectiveness in preventing cancer and mortality.
Based on access to health records and death records, this RCT assessed
the effects of either placebo or cholecalciferol administrations for a
5-year period followed by passive monitoring for another 5 years.
There was no clear evidence that vitamin D supplementation reduced
cancer and mortality risk in this study, and the authors concluded that
observational data do not support the utilization of vitamin D as a
protective agent in healthy individuals [35, 36]. Supplementation with
cholecalciferol did not reduce the risk of CVD. In another double-
blind, placebo-controlled trial in healthy subjects, cholecalciferol
supplementation was explored to see if it could lower blood pressure,
heart rate, and CVD risk markers for 12 weeks. The CVD risk did not
improve despite an increase in serum 25(OH)D levels. CVD incidence
and serum 25(OH)D levels were correlated in a recent meta-analysis.
In spite of low vitamin D levels being linked to a significant increase in
CVD (incidence and mortality combined), and an increased mortality
associated with CVD, no significant relationship was found. In another
meta-analysis, 21 RCTs were included to assess whether vitamin D
supplements are beneficial to heart health over a one-year period,
regardless of whether calcium is taken [5, 37]. In this study, MACEs
were combined as the primary endpoint. In addition to endpoints
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related to myocardial infarction, strokes, and cerebrovascular accidents,
secondary endpoints included cardiovascular mortality and mortality
from all causes. MACE, stroke, cardiovascular mortality, or all-cause
mortality were not significantly affected by vitamin D supplementation,
based on this meta-analysis. Studies like the ones above confirm the
evidence that vitamin D supplementation does not affect cardiovascular
health in a meaningful way. Supplemental vitamin D may cause acute
toxic effects, but only at very high doses can vitamin D toxicity occur
[2, 38-41]. Hypercalcemia is one of vitamin D’s toxic effects, which can
cause cardiac arrhythmias caused by shortened QT intervals.

Vitamin D and Heart Failure

Cardiomyocytes express both VDR and hydroxylases necessary for
forming active vitamin D. As a result of the loss of activity of the vitamin
D signaling pathway, cardiomyocytes and the extracellular matrix are
remodeled in vivo [42-44]. In addition to acled on the anatomical,
functional, molecular, and genetic aspects of cardiac hypertrophy
and dysfunction that lead to heart failure with preserved ejection
fraction (HFpEF), vitamin D can reduce or prevent this remodeling
by administrating the active form of vitamin D. Heart failure with
preserved ejection fraction (HFpEF) is characterized by an increased
filling pressure, cardiac hypertrophy, and diastolic dysfunction [45, 46].
Researchers found that PC reduced left ventricular hypertrophy in a
mice model of hypertension and left ventricular hypertrophy, induced
by high-salt diets. Additionally, the interventional group demonstrated
a reduction in the interventricular septum, posterior wall, and mass
of the left ventricle [47]. Also, in this setting, PC was found to reduce
the signs of cardiac hypertrophy in patients with end-stage renal
disease. For seven consecutive days, continuous wireless telemetry
was performed to exclude the possibility that these findings were due
to a different pressure overload between the two groups [48]. As well
as reducing BNP and ANE, PC also decreased a variety of molecular
markers of heart failure. Vitamin D appears to improve cardiac function
by activating intracellular pathways that lead to altered gene expression,
but its mechanism is not fully understood. Using microarray gene
analysis, it was found that mice in the PC-group had reduced levels
of those genes related to hypertrophy. As a result of transverse aortic
constriction induced cardiac hypertrophy in mice, gene expression was
shown to change by PC or losartan treatment [49]. The expression of
collagen III, fibronectin, and tissue inhibitor-1 of MMPs were reduced.
Activation of the vitamin D pathway appears to stimulate calcium
uptake in wild type mice, increase contractility in VDR knockout mice,
and improve diastolic function in VDR knockout mice. Hypertrophy
and cardiomegaly are observed in VDR knockout animal models.
Researchers found that hypovitaminosis D was a significant predictor of
increased left ventricular mass index in newly diagnosed hypertensive
patients. Extracellular matrix can also be affected by vitamin D by
interfering with collagen and metalloproteinase production [50]. In
mice lacking vitamin D, extracellular space and collagen increase,
resulting in cardiomegaly. In addition, VDR knockout mice display
high MMP levels and low tissue inhibitors of metalloproteinases
concentrations, as well as increased fibrosis.

Cardiovascular Risks Associated with Calcium and
Phosphate

It is quite natural that changes in the levels of calcium/phosphate
metabolites and the overall cardiovascular risk could be correlated due
to vitamin D’s role in regulating calcium/phosphate absorption and
metabolism. The pathogenesis of CVDs may be influenced by calcium,
phosphate, and vitamin D, according to a number of experimental
and clinical studies [2, 51]. In light of the close connections between
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calcium, phosphate, and vitamin D, they constitute a biological axis
that should be considered with regard to all three components. It is
still unclear how their coordinated functions affect cardiovascular
disorders’ development and progression. Clinical trials designed to
unravel the real effects of calcium/phosphate/vitamin D deficiencies
or supplementation have been unable to do so in the very complex
scenario of the global cardiovascular risk [52, 53].

Conclusion

Secosteroids such as vitamin D are involved in calcium and
phosphate metabolism. To reach sufficient levels of vitamin D,
adequate food intake and sunlight exposure are needed. It is not just
bone and calcium metabolism diseases that are associated with low
vitamin D levels. Current evidence suggests that hypovitaminosis
D directly contributes to CVD. Atherosclerotic plaque development
was favored by vitamin D deficiency both in vitro and in vivo in
animal models. The reintegration of vitamin D restored or improved
cardiovascular impairment in animal reversible models by restoring
endothelial dysfunction and RAAS modulation. Animal models of
vitamin D deficiency also display biochemical and echocardiographic
changes similar to those observed in patients with HFpEF due to heart
hypertrophic remodeling. It is well established in animal models that
hypovitaminosis D is associated with cardiovascular disease, but a
number of trials and meta-analyses have failed to confirm that vitamin
D supplementation will improve cardiovascular health in humans, thus
never reaching significant results regarding MACE. Therefore, vitamin
D supplementation needs to be further investigated before the supposed
benefits can be proven.
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