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Diabetic CVD – Focus on Vitamin D
Shokoufeh Bonakdaran* and Haleh Rokni
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Abstract: Cardiovascular disease (CVD) is the leading cause of mortality and morbidity among diabetics. Vitamin D
deficiency is very common all over the world. Over last few years, vitamin D has been considered as an important
regulating factor for cardiovascular health. Metabolic syndrome and obesity are highly prevalent in vitamin D deficient
people. In fact all components of metabolic syndrome are affected by vitamin D. Vitamin D regulates insulin secretion
and its action. It has also some controlling effect on Renin-Angiotensin system, which influences cardiomyocytes
positively. Vitamin D plays a role in vascular system too. This vitamin reduces vascular calcification and inflammatory
processes. Given the important role of Vitamin D in cardiovascular health, this review focuses on the impacts of vitamin
D on the various CVD risk factors.
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INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of
mortality and morbidity among diabetics. Diabetes has
a strong association with cardiovascular diseases and
is considered equivalent to coronary ischemic disease
[1]. Several well-known cardiovascular risk factors are
simultaneously present in diabetes patients. These include
hypertension, hyperglycemia, hyperlipidemia, obesity,
insulin resistance and coagulation disorders. A considerable
number of clinical and epidemiologic researches have
indicated that there may be an association between vitamin D
deficiency and diabetes, metabolic syndrome, insulin
resistance, and hypertension. Vitamin D deficiency is very
common in the world. Different epidemiologic studies
implied that 30-50% of adult populations are at risk for
vitamin D deficiency [2]. The aim of this article is to review
the role of vitamin D deficiency as a possible risk factor for
cardiovascular diseases (CVD) in diabetic patients.
VITAMIN D METABOLISM
In human, sun exposure is the main source for vitamin D
synthesis. Only a little amount of vitamin D is absorbed from
food intake [3-5]. Ultra violet exposure triggers vitamin D
synthesis in skin by converting 7- dehydrocholestrol to
cholecalciferol (vitamin D3). Season, daytime length,
geographical altitude and skin color are the principal factors
predicting vitamin D synthesis by sun exposure. However
even with strong and long-term sun exposure, the maximum
serum vitamin D concentration will be 60 ng/ml. It defines
that there is a protective regulatory mechanism which
prevents unusual high vitamin D concentration after strong
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and long-term sun exposure [5-7]. Bound to carrier proteins,
vitamin D3 is transmitted to the liver. In liver vitamin D
transforms to 25-hydroxy vitamin D (25(OH) D) by Hepatic
25- hydroxylase enzyme. 25(OH) D is the best indicator of
the body vitamin D status.
In kidneys 1-alpha-hydroxylase transforms 25(OH) D to
1, 25-dihydroxy Vitamin D3 (1,25(OH)2D3). This product is
the active form of vitamin D. Presence of 1 “alpha”
hydroxylase enzyme in many organs and tissues including
skin, colon, brain, osteoclasts, cardiomyocytes, macrophages
and endothelial cells signifies its wide spectrum role in body
performance. Fig. (1) demonstrates metabolism pathway for
vitamin D.
Furthermore the vitamin D receptor (VDR) exists in
many tissues including endothelial cells, vascular smooth
muscle cells and cardiomyocytes [8]. Detection of VDR in
these tissues led scientists to the idea that vitamin D has
important functions beyond its effect on calcium and
phosphorus metabolism in many organs like cardiovascular
system.
DEFINITION OF VITAMIN D DEFICIENCY
Definition of vitamin D deficiency is varied between
different studies. However most studies considered 25(OH)
D concentration < 10 ng/ml as vitamin D deficiency. This
level of vitamin D is associated with calcium malabsorption,
osteomalacia, rickets and myopathy.
A 25(OH) D level of 10-30ng/ml is described as vitamin
D insufficiency or inadequacy. This level of Vitamin D is
also associated with negative impacts on body health.
Although the optimal serum concentration for 25(OH) D is
higher than 30-32ng/ml, this cut point varies in different
societies. Variation in vitamin D degradation due to different
24-hydroxylase capacities can rationally explain this
diversity [9]. If we consider serum level more than 3032ng/ml as the optimal concentration for vitamin D, vitamin
© 2012 Bentham Science Publishers
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Fig. (1). vitamin D metabolism in the human body. DHC, 7- Dehydrocholestrol; UVB, Ultraviolet B radiation(290-315 nm); 25(OH)ase,
25- hydroxylase; 1-OHase, 1-alpha-hydroxylase, 25(OH)D3, 25-hydroxy vitamin D3; 1,25(OH)2D3, 1, 25-dihydroxy Vitamin D3.

D deficiency will be very common in the world. In some
cohort studies, 52-77% of population has vitamin D
deficiency. Even if someone decreases the vitamin D
deficiency cut point to< 20ng/ml, still 18-38% of world
population will lay in the deficiency range [10].
EFFECTS OF VITAMIN D DEFICIENCY ON THE
CVD RISK FACTORS
Effects of Vitamin D on Vascular System
Vascular calcification is assumed to be a cardiovascular
mortality predictor. Several human studies have shown
reverse association between vitamin D level and existence of
vascular calcification and its severity [11, 12]. Furthermore
some studies found a significant correlation between vascular calcification and osteoporosis which both conditions
are explained by vitamin D deficiency [13].

The effect of vitamin D on the different parts of vessels is
varied. Vascular smooth muscle and endothelial cells have
VDR and are able to transform 25(OH)D to 1,25(OH)2D3
[14]. One of the important effects of vitamin D on the
vascular system is its impact on inflammatory factors.
Inflammation has been considered as a crucial pathology for
atherosclerosis induction. T cells and macrophages release
cytokines including IL1, IL4, IL6 and IFN and TNF.
These cytokines stimulate smooth muscle cell proliferation
and increase synthesis of acute phase proteins such as CRP
which have important effect on initiation and outcome of
cardiovascular diseases [15]. Vitamin D has immunosuppressive effects. It decreases lymphocyte proliferation
and cytokine production. Vitamin D seems to down regulate
NF (nuclear factor)-K activity and increase IL10 [16].
These changes lead to a cytokine profile, which is less
inflammatory.
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Vitamin D decreases production of tissue matrix
metalloproteinase (MMPs). MMPs are a group of connective
tissue enzymes secreted from activated macrophages during
inflammatory processes. MMPs cause the collagens within
the atherogenic plaque to break and this cause plaque rupture
and thrombosis. In some studies there have been negative
correlation between serum MMPs and CRP levels, and the
vitamin D concentration [17]. Vitamin D seems to decrease
the MMPs activity and reduce vessel- wall calcification.
Vitamin D also decreases vascular smooth muscle
cells replication. It reduces vascular mitogenic response
to stimulatory factors like thrombin and platelet-derived
growth factor (PDGF). In diabetics, vitamin D even prevents
negative effects of advanced-glycosylation-end (AGE)
products on endothelial cells [18]. Vitamin D shows some
anticoagulation action by increasing thrombomodulin
production [19]. Genetic studies have shown that vitamin D
regulates genes involved in the cell cycle in the vessels. It
inhibits cellular proliferation, increases fibrinolysis, induces
vascular relaxation and endothelial regeneration [20].
In addition, vitamin D deficiency causes secondary
hyperparathyroidism. Excess parathyroid hormone (PTH)
has pro-inflammatory actions and stimulates cytokine release
from smooth muscle cells. The result is vascular wall
calcification. Vitamin D increases endothelial progenitor
cells release from the bone marrow. These cells have cardio
protective actions [18].
Effects of Vitamin D on Cardiomyocytes
VDR is expressed on cardiomyocytes. Preliminary
studies have revealed that low level of vitamin D increases
cardiac contractility which in long term will result in cardiac
hypertrophy.
Myotrophin has been connected to cardiac hypertrophy.
It regulates normal cardiomyocyte development and seems
to induce compensatory mechanism for congestive heart
failure (CHF). Active vitamin D increases myotrophin
production which consequently cause normal cardiomyocyte
development and heart failure prevention [21].
The concentration of the N terminal proatrial natriuretic
peptide (NT-proANP), which is a CHF predictor, has
negative correlation with the serum vitamin D level [22]. CMYC is a proto-oncogene that stimulates cellular growth. A
few studies demonstrated that 1,25(OH)2D3 reduces the CMYC level [21].
In chronic kidney patients, low serum vitamin D levels
and simultaneous secondary hyperparathyroidism reduce
cardiac inothropy and increase the heart weight and collagen
content [23]. Vitamin D deficiency also influences the
distribution of both V1 and V3 myosin chains with
predominant V1 isotype. This change in myosin isotypes
alters myocyte contractility, indicating the role of vitamin D
deficiency in CHF pathogenesis [24].
Effects of Vitamin D on Renin-angiotensin System and
Blood Pressure
Owing to its regulatory effects on the peripheral vascular
system, heart, brain, kidney and adrenals, angiotensin II has
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an important contribution on vascular resistance and
extracellular fluid homeostasis. Renin secretion is basically
stimulated by volume reduction, salt depletion, sympathetic
nervous system activation and low renovascular perfusion.
Preliminary animal studies have demonstrated that VDR
null mice show increase in their renin level without
previously mentioned stimulatory factors. Elevated renin,
consequently causes thirst sensation and through angiotensin
II effects on brain’s thirst center and kidney sodium reabsorption, increase water consumption. Since Angiotensin
II has important role in inducing hypertension and
ventricular hypertrophy, VDR null mice have increased risk
for these disorders [25]. On the other hand, vitamin D
deficiency results in renin increment independent of ionized
sodium level. Active form of vitamin D disrupts cAMP
signaling pathway, which contributes in renin biosynthesis,
and decreases renin gene expression.
Activated T cells increase oxidative stress followed by
accelerated angiotensin II secretion [26]. Vitamin D as an
anti inflammatory factor can eventually reduce angiotensin II
concentration [26, 27]. A study on patients with chronic
kidney disease reported that treatment with intravenous
calcitriol can cause left ventricle hypertrophy regression,
plasma rennin activity reduction and angiotensin II
level decline [28]. Vitamin D is a negative regulator
of rennin biosynthesis. Active form of vitamin D3 directly
and independently reduces rennin synthesis. This effect
has beneficial impacts on blood pressure control and
cardiovascular health.
Vitamin D blunts cardiomyocyte hypertrophy, improves
insulin sensitivity, reduces free fatty acid concentration and
has regulatory effects on natriuretic peptide receptor [29].
All of these actions contribute to blood pressure control.
However several meta-analyses failed to prove a long term
association between serum vitamin D level and blood
pressure control [30]. Also using vitamin D supplementation
for treatment or prevention of hypertension has been the
subject of debate. On the other hand, several studies have
revealed that vitamin D deficiency results in hypertension
[31-33]. One study proved that 25(OH)D levels less than
15ng/ml will result in future hypertension [34]. Powerful
randomized clinical trials should be designed to detect
effects of vitamin D on blood pressure control.
Effects of Vitamin D on Insulin Resistance
Insulin resistance is an independent risk factor for CVD.
It induces and accelerates dyslipidemia. Insulin resistance
reduces the lipoprotein lipase level and causes increased free
fatty acid production. Free fatty acids produce VLDL in
liver, increase triglyceride production, increase HDL catabolism and ultimately decrease HDL, and reduce apoprotein
A production [35]. Association of insulin resistance and
hypertension double fold the risk of cardiovascular disease.
Insulin resistance impairs vasodilatation and alters blood
flow due to inability of insulin to increase the production of
nitric oxide by endothelial cells. In patients with insulin
resistance, insulin activates sympathetic nervous system and
increases salt and water reabsorption, which both contribute
to hypertension [36, 37]. It also plays an important role in
clot formation due to increasing fibrinogen, factor VII and
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plasminogen activator inhibitor -1(PAI-1) concentration.
There is a proven and close relationship between elevated
PAI-1 and CVD [38, 39]. Finally, insulin resistance results
in central obesity, which is a crucial cardiovascular risk
factor.
There are strong evidences that an optimal amount of
vitamin D concentration is necessary for efficient insulin
function [40-44]. Vitamin D regulates calcium pool which is
essential for insulin action. Vitamin D is able to stimulate
insulin receptor independently and modulate cytokines
actions which both are essential for improving insulin
function in peripheral tissues [3, 45].
Systemic inflammation can increase insulin resistance
[42]. On the contrary, vitamin D is an anti inflammatory and
immune modulator, which improves inflammation. Vitamin
D deficiency induces hyperparathyroidism and elevated
PTH decrease insulin sensitivity [46]. "Calcium paradox"
phenomenon is the probable mechanism by which PTH
increases insulin resistance. An optimal amount of intracellular calcium (140-370 nM) is necessary for insulin action
in peripheral tissue. Higher amounts of intracellular calcium
may diminish insulin response in peripheral tissues [47].
Moreover, vitamin D deficiency can indirectly increase
insulin resistance by obesity induction.
Studies that evaluated independent role of vitamin D
supplement on improving insulin resistance have shown
conflicting results. Most studies which were done on chronic
renal failure (CRF) patients, demonstrated that with vitamin
D supplement, insulin resistance decreases independent of
serum PTH and calcium levels [42].
Effect of Vitamin D Deficiency on Blood Sugar in
Diabetes
Apart from vitamin D effects on insulin sensitivity, there
are evidences that vitamin D also influences insulin
secretion. Pancreatic islets have VDRs. Vitamin D increases
insulin response to glucose stimulation. This effect can be
due to changes in intracellular calcium or may be an
independent phenomenon. Vitamin D deficiency and
consequential changes in intracellular and extracellular
calcium balance lead to impaired synthesis and secretion of
insulin by pancreatic cells. Hyperparathyroidism on the other
hand increases intracellular calcium which prevents calcium
to induce glucose stimulated insulin secretion, again due to
the "calcium paradox" phenomenon.
Several cross-sectional studies have shown correlation
between diabetes risk factors including insulin secretion
impairment and increased insulin resistance, and vitamin D
deficiency [48-51]. Prospective studies have shown that the
vitamin D level is a predictor of future glycemic status in
type 2 diabetes [52, 53]. The results of 5-year follow-up of
patients in this study showed that each 25 nmol/l increase in
25(OH) D from baseline is associated with at least
0.05mmo/l decrease in fasting blood sugar and 0.25 mmol/l
decrease in postprandial glucose.
Studies on vitamin D effects on blood sugar control in
diabetics and non diabetics did not show similar results.
However, most of these studies have limitations for example
they were not randomized clinical trials (RCT), the studies
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period were short or their sample sizes were small. Yet most
RCTs have shown an improved glucose tolerance test, better
insulin function and increase insulin secretion in the vitamin
D treated groups [54-56]. Some studies on the other hand
revealed no effect of vitamin D on glycemic indexes [57,
58]. This diversity in results may be due to differences in
prescribed vitamin D doses, treatment duration and subjects’
race among various studies and it certainly demands
conducting powerful RCT studies.
Vitamin D deficiency may be even associated with type 1
diabetes. There is a relationship between season or
geographic latitude and prevalence of type 1 diabetes which
implies an association between type one diabetes and
vitamin D deficiency [59, 60]. The immune modifying
effects of vitamin D which stops pathologic immune process
is the possible mechanism by which vitamin D protects
pancreatic beta cells from destruction [61-63].
Effects of Vitamin D on Obesity and Metabolic
Syndrome
Obesity is associated with increased risk of coronary
heart disease (CHD). A Meta analysis showed that for each
5-unit increase in body mass index (BMI), CHD risk
accelerates by 29% [64]. Obesity seems to be an independent
CHD risk factor. Usually several risk factors coexist in obese
patients which simultaneously increase CHD risk. Insulin
resistance, type2 diabetes, lipid disorder, hypertension,
sympathetic system dysfunction and obstructive sleep apnea
are related risk factors exist in obese people and each one
increase the risk of CHD.
Considerable numbers of studies have illustrated a close
relationship between vitamin D deficiency and metabolic
syndrome. There seems to be a mutual relationship between
them. In obese people less physical activity, less sun
exposure and also deposition of vitamin D in body fat result
in less bioavailable vitamin D [65]. Moreover vitamin D
deficiency itself induces obesity [66, 67].
Oxidative stresses and systemic inflammation are present
in obesity and metabolic syndrome. The immune modulator
effects of vitamin D are the means by that vitamin D
improves obesity and metabolic syndrome. Some studies
showed that increased PTH level secondary to vitamin
D deficiency, can predict obesity and metabolic syndrome
[68-71].
Effects of Vitamin D on Albuminuria
Albuminuria is a known predictor of the cardiovascular
disorders progression. Its mechanism is not well known.
However impairment in vasodilatation and increased VWF
“von willebrand” level which are associated with obstructive
thrombosis may be factors that make diabetics patients
with albuminuria, vulnerable to cardiovascular accidents.
Animal and cell-culture studies have demonstrated that
vitamin D suppresses renin transcription, angiotensin 2
production, podocyte loss, glumerulosclerosis and eventually
albuminuria [72-75]. Human studies have also shown reverse
association between serum vitamin D level and albuminuria
[76-80]. Vitamin D improves albuminuria by several
mechanisms:
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1) Decreased renin transcription: the over activity of
renin angiotensin system is an important factor in
pathophysiology of kidney diseases and albuminuria
progression. Vitamin D treatment reduces renin and
angiotensin II level.
2) Vitamin D improves blood pressure and this reduces
albuminuria.
3) The effect of vitamin D on pancreas results in correct
beta cell function and reduces insulin resistance. Diabetes
and insulin resistance are both well known risk factors for
albuminuria.
4) Vitamin D exerts a direct effect on mesangial cell
proliferation, differentiation and apoptosis [81, 82),
which all reduce renal interstitial fibrosis. Vitamin D
may also decrease the TGF- concentration and prevent
serious renal cellular injury.
Some researches proved that with vitamin D treatment
alone or in combination with angiotensin converting enzyme
inhibitors (ACEI) or Angiotensin receptor blockers, can
reduce albuminuria in diabetic patients or in patients with
chronic kidney diseases [83-85]. These studies demonstrated
that active form of vitamin D induces vasodilatation by
increasing both nitric oxide and cyclooxygenase synthesis. It
also blocks oxytocin receptors that have a vasoconstrictor
effect. The previously mentioned effects of vitamin D on
blood pressure can also decrease albuminuria. Effects of
vitamin D on modifying albuminuria have important clinical
impact on cardiac health.
Hypothetical effects of vitamin D in cardiovascular
system listed in Table 1.
Table 1.
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Early studies, available since 1978, showed that
Coronary Heart Diseases (CHD) were more common in
patients with low 25(OH)D level [86]. However, continuous
studies over time, have shown conflicting results.
Cardiomyocytes have VDR, 1-hydroxylase and 24hydroxylase enzymes. These enzymes are required for
25(OH)D transformation to its active form or for its
breakdown. In 2006 a study found that there are 170 vitamin
D responsive genes in coronary artery smooth muscle
cells. Low vitamin D level cause dysfunction of these genes,
and thereby increased risk of coronary vascular disorder
[20].
Since vitamin D interferes with many of cardiovascular
risk factors (mentioned above), several studies have been
done to investigate it.
Data from NHANESIII on 13000 cases, showed that
lower levels of 25(OH)D is associated with 45% increase in
the risk of cardiovascular disorders. By surprise this
relationship was stronger in women than men [87]. Another
prospective study which was conducted between 1978 and
1980 on Finish adults with mean follow-up time of 27.1
years showed that cardiovascular mortality has a negative,
statistically significant, correlation with serum vitamin D
level. In the highest quartile of blood vitamin D levels,
CVD mortality is decreased by 24% [88]. The Framingham
offspring study confirmed that the risk of first CVD events
increase to 80%, if the serum level of 25(OH)D was in
the lowest quartile <10 [34]. This risk decreased to 35%
when the 25(OH)D level was between 10-15ng/ml and it

Possible mechanisms of action of vitamin D in cardiovascular system.

Possible Mechanism

Key Evidence

References

Antiatherosclerosis, protection
against vascular injury

Immunosuppressive effects, inhibition of lymphocyte proliferation and inflammatory cytokine
production, down regulation of NF (nuclear factor)-K activity and expression of the tissue
matrix metalloproteinase (MMPs), stimulation of IL10 as an anti-inflammatory cytokine, reduces
vascular smooth muscle cells replication, up regulates thrombomodulin expression, increases
fibrinolysis and vascular relaxation

[15-18]

Prevention of cardiac hypertrophy

Increases myotrophin expression, inhibition of the N terminal proatrial natriuretic peptide and
c-myc level, Vitamin D deficiency influences the distribution of both V1 and V3 myosin chains
with predominant V1 isotype and reduces cardiac inothropy and increases the heart weight and
collagen content

[19-21]

Regulation of renin-angiotensin
system and blood pressure

(VDR) null mice have increased renin gene expression, Active form of vitamin D disrupts the
cAMP signaling pathway that involved in rennin biosynthesis, regression of left ventricle
hypertrophy and reduces plasma renin activity and the angiotensin II level, has regulatory effects
on natriuretic peptide receptor

[22-27]

Reduction in Insulin resistance and
improvement of insulin secretion

Vitamin D regulates calcium pool that is essential for insulin action; stimulate insulin receptor
expression, improvement of insulin action in peripheral tissues, anti-inflammatory
effects.Increases insulin response to glucose stimulation

[37-42, 45-48]

Effects of vitamin D on obesity
and metabolic syndrome

D deficiency induces obesity through activation of Oxidative stresses and systemic inflammation
and increase in PTH level

[63-68]

Reduction of albuminuria

Suppression of renin transcription, angiotensin 2 production, podocyte loss, glumerulosclerosis
and albuminuria, improvement of blood pressure

[73-77]
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Human studies evaluating vitamin D supplementation and cardiovascular health.

References

Study Design

Results

Wang L et al., [106]

17 prospective studies and randomized trials that examined
vitamin D supplementation, calcium supplementation, or both
and subsequent cardiovascular events.

a slight but statistically nonsignificant reduction in CVD risk
with vitamin D supplementation

Hsia J et al., [108]

Randomized clinical trial in 38282 postmenopousal women
that compared vitamin D (200 IU) and calcium (500) mg daily
supplementation with placebo over a 7- years use period

No decreased in coronary and cerebrovascular risk

Autier et al., [109]

18 randomized controlled trial including 57311 participants

no significant difference in cardiovascular events after daily
vitamin D supplementation (300-2000) unit but showed that
vitamin D decreases all cause mortality

Sun et al., [110]

2 large cohorts, consisting of 74272 women and 44592 men

higher intake of vitamin D is associated with a lower risk of
cardiovascular events in men but not in women

reduced dramatically when 25(OH)D level was more than 20
ng /ml.
A study on 7161 individuals with 11.7 years follow-up
showed that there was a 32% increase in all cause mortality
when the serum vitamin D level was at its lowest quartile.
However CVD mortality did not increase at this level [89]. It
is concluded from other prospective studies that the lower
the vitamin D level, the higher the CVD risk and the higher
its mortality rate will be [90-92]. These observations lead to
the idea that 25(OH)D levels < 25ng/ml is persistently
associated with increased risk of CVD [93].
Several cross-sectional studies have also shown
conflicting results for vitamin D deficiency effects on
cardiovascular risk factors. However, majority of them
agreed that cardio metabolic risks decreased with increase in
25(OH) D levels [94-99].
Considering the Vitamin D influences on insulin
resistance, obesity and hyperglycemia, diabetic patients are
more prone to cardiometabolic complications of vitamin D
deficiency. Many cross-sectional studies in diabetic patients
indicated that cardiovascular disorders are more prevalent
with low vitamin D levels [88, 100-104]
According to a recent Meta analysis, high levels of
vitamin D is linked with reduction in all the cardiometabolic
diseases including 55% reduction in diabetes, 33% reduction
in coronary vascular diseases and 51% reduction in
metabolic syndrome [105].
EFFECTS OF VITAMIN D SUPPLEMENTATION ON
CARDIOVASCULAR DISEASE
Considering the possible effects of vitamin D on
cardiometabolic risk factors, the question is whether
treatment with vitamin D supplements reduces cardiovascular events? Information available from randomized
clinical trials are (Table 2): a recent systemic review demonstrated that moderate to high doses of vitamin D (about 1000
units daily) may diminish CVD risk insignificantly (pooled
relative risk=0.95, 95% CI, 0.77 to 1.05) [106].
In a large clinical trial in the UK researchers prescribed
daily vitamin D(83 units) or placebo to 2686 patients (about

100.000 units every 4 months) and followed them for 5
years. They found an insignificant decrease in cardiovascular
events and CVD mortality [107].
The largest available RCT was the women health
initiative (WHI) study, performed on 36282 postmenopausal
women. It revealed no decrease in cardiovascular events
after calcium and vitamin D supplementation [108]. The
main problem of this study was inappropriately low dose
of vitamin D (400units daily).A meta-analysis of 18
randomized trials revealed no significant difference in
cardiovascular events after vitamin D supplementation [109].
However it showed that vitamin D decreases all cause
mortality. All other conducted studies had also limitations
like technical problems, small sample size, low power of
the study, and short duration of follow-up. Sun et al.,
prospectively examined the association between vitamin D
intake and CVD in participants of two cohort studies,
consisting of 74272 women and 44592 men [110]. They
suggested that a higher intake of vitamin D is associated
with a lower risk of cardiovascular events in men but not
in women. Thus, available evidences are inconsistent,
inconclusive and not sufficient to inform vitamin D
requirement [111]. Large Placebo- controlled, populationbased RCTs should be designed for confirming effects of
vitamin D supplementation on cardiovascular risk and its
mortality.
CONCLUSIONS
Despite the growing body of evidence that demonstrate a
role of vitamin D in cardiovascular health, no clear data exist
about the effects of supplementation of vitamin D on
improvement in cardiovascular disease outcomes. Three
randomized trials (NCT01169259, NCT00736632, and
NCT01145703) are in progress for evaluating of the effects
of vitamin D supplementation in cardiovascular disease and
may demonstrate clear benefits of vitamin D.
Powerful placebo-controlled, population-based RCTs
should be designed for detecting and confirming effects of
vitamin D supplementation on cardiovascular risk and its
mortality.
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ABBREVIATIONS
1, 25(OH) 2D3 = 1, 25-dihydroxy Vitamin D3
25(OH) D

= 25-hydroxy vitamin D

ACEI

= Angiotensin converting enzyme inhibitors

BMI

= Body Mass Index

cAMP

= Cyclic AMP

CHD

= Coronary heart disease

CHF

= Congestive heart failure

CRF

= Chronic renal failure

CRP

= C reactive protein

CVD

= Cardiovascular diseases

HDL

= High density lipoprotein

IFN

= Interferon gamma

IL1

= Interleukin 1

IL4

= Interleukin 4

IL6

= Interleukin 6

MMPs

= Matrix metalloproteinase

NT-proANP

= N terminal proatrial natriuretic peptide

PAI-1

= Plasminogen activator inhibitor -1

PDGF

= Platelet-derived growth factor

PTH

= Parathyroid Hormone

RCT

= Randomized clinical trials

TNF

= Tumor necrosis factor alpha

VDR

= Vitamin D receptor

VLDL

= Very low density lipoprotein

VWF

= Von willebrand factor

WHI

= Women health initiative

[6]

[7]
[8]

[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

CONFLICT OF INTEREST
The author(s) confirm that this article content has no
conflicts of interest.
ACKNOWLEDGEMENT

[20]

[21]

Declared none.
REFERENCES
[1]
[2]

[3]
[4]
[5]

Bell, D.S. Diabetes: a cardiac condition manifesting as hyperglycemia. Endocr. Pract., 2008. 14(7), 924-932.
Lee, J.H.; O'Keefe, J.H.; Bell, D.; Hensrud, D.D.; Holick, M.F.
Vitamin D deficiency an important, common, and easily treatable
cardiovascular risk factor? J. Am. Coll. Cardiol., 2008, 52(24),
1949-1956.
Holick, M.F. Vitamin D deficiency. N. Engl. J. Med., 2007, 357(3),
266-81.
Rosen, C.J. Clinical practice. Vitamin D insufficiency. N. Engl. J.
Med., 2011, 364(3), 248-254.
Binkley, N.; Novotny, R.; Krueger, D.; Kawahara, T.; Daida, Y.G.;
Lensmeyer, G.; Hollis, B.W.; Drezner, M.K. Low vitamin D status

[22]

[23]

[24]

[25]

247

despite abundant sun exposure. J. Clin. Endocrinol. Metab., 2007,
92(6), 2130-2135.
Binkley, N.; Krueger, D.; Lensmeyer, G. 25-hydroxyvitamin D
measurement, 2009: a review for clinicians. J. Clin. Densitom,
2009, 12(4), 417-427.
Thacher, T.D.; Clarke, B.L. Vitamin D insufficiency. Mayo Clin.
Proc., 2011, 86(1), 50-60.
Miller, P.D. Vitamin d, calcium, and cardiovascular mortality: a
perspective from a plenary lecture given at the annual meeting of
the american association of clinical endocrinologists. Endocr.
Pract., 2011, 17(5), 798-806.
Awumey, E.M.K.; Mitra, D.A.; Hollis, B.W.; Kumar, R.; Bell,
N.H. Vitamin D metabolism is altered in Asian Indians in the
southern United States: a clinical research center study. J. Clin.
Endocrinol. Metab., 1998, 83(1), 169.
Binkley, N.; Ramamurthy, R.; Krueger, D. Low vitamin D status:
definition, prevalence, consequences, and correction. Endocrinol.
Metab. Clin. North Am., 2010, 39(2), 287-301, table of contents.
Watson, K.E.; Abrolat, M.L.; Malone, L.L.; Hoeg, J.M.; Doherty,
T.; Detrano, R.; Demer, L.L. Active serum vitamin D levels are
inversely correlated with coronary calcification. Circulation, 1997,
96(6), 1755-1760.
Young, K.A.; Snell-Bergeon, J.K.; Naik, R.G.; Hokanson, J.E.;
Tarullo, D.; Gottlieb, P.A.; Garg, S.K.; Rewers, M. Vitamin D
deficiency and coronary artery calcification in subjects with type 1
diabetes. Diabetes Care, 2011, 34(2), 454-458.
Barengolts, E.I.; Berman, M.; Kukreja, S.C.; Kouznetsova, T.; Lin,
C.; Chomka, E.V. Osteoporosis and coronary atherosclerosis in
asymptomatic postmenopausal women. Calcif. Tissue Int., 1998,
62(3), 209-213.
Merke, J.; Milde, P.; Lewicka, S.; Hugel, U.; Klaus, G.;
Mangelsdorf, D.J.; Haussler, M.R.; Rauterberg, E.W.; Ritz, E.
Identification and regulation of 1,25-dihydroxyvitamin D3 receptor
activity and biosynthesis of 1,25-dihydroxyvitamin D3. Studies in
cultured bovine aortic endothelial cells and human dermal
capillaries. J. Clinc. Invest., 1989, 83(6),1903-15.
Pearson, T.A.; Mensah, G.A.; Alexander, R.W.; Anderson, J.L.;
Cannon, R.O.; Criqui, M.; Fadl, Y.Y.; Fortmann, S.P.; Hong, Y.;
Myers, G.L. Markers of inflammation and cardiovascular disease.
Circulation, 2003, 107(3), 499.
Mathieu, C.; Adorini, L. The coming of age of 1,25dihydroxyvitamin D(3) analogs as immunomodulatory agents.
Trends Mol. Med., 2002, 8(4), 174-179.
Timms, P.; Mannan, N.; Hitman, G.; Noonan, K.; Mills, P.
Circulating MMP9, vitamin D and variation in the TIMP 1
response with VDR genotype: mechanisms for inflammatory
damage in chronic disorders? QJM, 2002, 95(12), 787-796.
Talmor, Y.; Bernheim, J.; Klein, O.; Green, J.; Rashid, G. Calcitriol
blunts pro atherosclerotic parameters through NF B and p38 in
vitro. Eur. J. Clin. Invest., 2008, 38(8), 548-554.
Zittermann, A.; Koerfer, R. Protective and toxic effects of vitamin
D on vascular calcification: Clinical implications. Mol. Aspects
Med., 2008, 29(6), 423-432.
Wu-Wong, J.R.; Nakane, M.; Ma, J.; Ruan, X.; Kroeger, P.E.
Effects of Vitamin D analogs on gene expression profiling in
human coronary artery smooth muscle cells. Atherosclerosis, 2006,
186(1), 20-28.
Nibbelink, K.A.; Tishkoff, D.X.; Hershey, S.D.; Rahman, A.;
Simpson, R.U. 1, 25 (OH) 2-vitamin D3 actions on cell
proliferation, size, gene expression, and receptor localization, in the
HL-1 cardiac myocyte. J. Steroid Biochem. Mol. Biol., 2007,
103(3-5), 533-537.
Zittermann, A.; Schleithoff, S.S.; Tenderich, G.; Berthold, H.K.;
Körfer, R.; Stehle, P. Low vitamin D status: a contributing factor in
the pathogenesis of congestive heart failure?* 1. J. Am. Coll.
Cardiol., 2003, 41(1), 105-112.
Achinger, S.G.; Ayus, J.C. The role of vitamin D in left ventricular
hypertrophy and cardiac function. Kidney Int. Suppl., 2005, (95),
S37-42.
O'Connell, T.D.; Berry, J.E.; Jarvis, A.; Somerman, M.; Simpson,
R. 1, 25-Dihydroxyvitamin D3 regulation of cardiac myocyte
proliferation and hypertrophy. Am. J. Physiol. Heart Circ. Physiol.,
1997, 272(4), H1751- H1758.
Li, Y.C.; Kong, J.; Wei, M.; Chen, Z.F.; Liu, S.Q.; Cao, L.P. 1, 25Dihydroxyvitamin D3 is a negative endocrine regulator of the
renin-angiotensin system. J. Clin. Invest., 2002, 110(2), 229-238.

248 Cardiovascular & Hematological Agents in Medicinal Chemistry, 2012, Vol. 10, No. 3
[26]
[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]
[39]

[40]

[41]
[42]
[43]
[44]

[45]
[46]

Judd, S.E.; Tangpricha, V. Vitamin d therapy and cardiovascular
health. Curr. Hypertens. Rep., 2011, 13(3), 187-191.
Doughan, A.K.; Harrison, D.G.; Dikalov, S.I. Molecular
mechanisms of angiotensin II-mediated mitochondrial dysfunction:
linking mitochondrial oxidative damage and vascular endothelial
dysfunction. Circ. Res., 2008, 102(4), 488-496.
Park, C.W.; Oh, Y.S.; Shin, Y.S.; Kim, C.M.; Kim, Y.S.; Kim,
S.Y.; Choi, E.J.; Chang, Y.S.; Bang, B.K. Intravenous calcitriol
regresses myocardial hypertrophy in hemodialysis patients with
secondary hyperparathyroidism. Am. J. Kidney Dis., 1999, 33(1),
73-81.
Cosenso-Martin, L.N.; Vilela-Martin, J.F. Is there an association
between vitamin D and hypertension? Recent Pat. Cardiovasc.
Drug. Discov., 2011, 6(2), 140-147.
Witham, M.D.; Nadir, M.A.; Struthers, A.D. Effect of vitamin D on
blood pressure: a systematic review and meta-analysis. J.
Hypertens., 2009, 27(10), 1948-54.
Judd, S.E.; Nanes, M.S.; Ziegler, T.R.; Wilson, P.W.; Tangpricha,
V. Optimal vitamin D status attenuates the age-associated increase
in systolic blood pressure in white Americans: results from the
third National Health and Nutrition Examination Survey. Am. J.
Clin. Nutr., 2008, 87(1), 136-41.
Forman, J.P.; Bischoff-Ferrari, H.A.; Willett, W.C.; Stampfer,
M.J.; Curhan, G.C. Vitamin D intake and risk of incident
hypertension: results from three large prospective cohort studies.
Hypertension, 2005, 46(4), 676-682
Forman, J.P.; Giovannucci, E.; Holmes, M.D.; Bischoff-Ferrari,
H.A.; Tworoger, S.S.; Willett, W.C.; Curhan, G.C. Plasma 25hydroxyvitamin D levels and risk of incident hypertension.
Hypertension, 2007, 49(5), 1063-1069.
Wang, T.J.; Pencina, M.J.; Booth, S.L.; Jacques, P.F.; Ingelsson,
E.; Lanier, K.; Benjamin, E.J.; D'Agostino, R.B.; Wolf, M.; Vasan,
R.S. Vitamin D deficiency and risk of cardiovascular disease.
Circulation, 2008, 117(4), 503-511.
Stewart, M.W.; Laker, M.F.; Dyer, R.G.; Game, F.; Mitcheson,
J.; Winocour, P.H.; Alberti, K.G. Lipoprotein compositional
abnormalities and insulin resistance in type II diabetic patients
with mild hyperlipidemia. Arterioscler. Thromb., 1993, 13(7),
1046-1052.
Steinberg, H.O.; Paradisi, G.; Hook, G.; Crowder, K.; Cronin, J.;
Baron, A.D. Free fatty acid elevation impairs insulin-mediated
vasodilation and nitric oxide production. Diabetes, 2000, 49(7),
1231-1238.
Masuo, K.; Mikami, H.; Itoh, M.; Ogihara, T.; Tuck, M.L.
Sympathetic activity and body mass index contribute to blood
pressure levels. Hypertens. Res., 2000, 23(4), 303-310.
Hess, K.; Grant, P.J. Inflammation and thrombosis in diabetes.
Thromb. Haemost., 2011, 105(Suppl. 1), S43-54.
Kaye, S.M.; Pietiläinen, K.H.; Kotronen, A.; Joutsi-Korhonen, L.;
Kaprio, J.; Yki-Järvinen, H.; Silveira, A.; Hamsten, A.; Lassila, R.;
Rissanen, A. Obesity-Related Derangements of Coagulation and
Fibrinolysis&colon; A Study of Obesity-Discordant Monozygotic
Twin Pairs. Obesity, 2011. [Epub ahead of print]
Pittas, A.G.; Lau, J.; HU, F.; Dawson-Hughes, B. The role of
vitamin D and calcium in type 2 diabetes. A systematic review
and meta-analysis. J. Clin. Endocrinol. Metabol. 2007, 92(6),
2017-2029.
Ozfirat, Z.; Chowdhury, T.A. Vitamin D deficiency and type 2
diabetes. Postgrad. Med. J., 2010, 86(1011), 18-25.
Danescu, L.G.; Levy, S.; Levy, J. Vitamin D and diabetes mellitus.
Endocrine, 2009, 35(1), 11-17.
Kulie, T.; Groff, A.; Redmer, J.; Hounshell, J.; Schrager, S.
Vitamin D: an evidence-based review. J. Am. Board. Fam. Med.,
2009, 22(6), 698-706.
Kayaniyil, S.; Vieth, R.; Retnakaran, R.; Knight, J.A.; Qi, Y.;
Gerstein, H. C.; Perkins, B.A.; Harris, S.B.; Zinman, B.; Hanley,
A.J. Association of vitamin D with insulin resistance and beta-cell
dysfunction in subjects at risk for type 2 diabetes. Diabetes Care,
2010, 33(6), 1379-1381
Norman, A.W. From vitamin D to hormone D: fundamentals of the
vitamin D endocrine system essential for good health. Am. J. Clin.
Nutr., 2008, 88(2), 491S-499S
Procopio, M.; Magro, G.; Cesario, F.; Piovesan, A.; Pia, A.;
Molineri, N.; Borretta, G. The oral glucose tolerance test reveals a
high frequency of both impaired glucose tolerance and undiagnosed

[47]

[48]

[49]
[50]
[51]
[52]

[53]

[54]

[55]

[56]
[57]

[58]

[59]

[60]

[61]
[62]

[63]

[64]

[65]

Bonakdaran and Rokni

Type 2 diabetes mellitus in primary hyperparathyroidism. Diabet.
Med., 2002, 19(11), 958-961.
Draznin, B.; Lewis, D.; Houlder, N.; Sherman, N.; Adamo, M.;
Garvey, W.T.; LeRoith, D.; Sussman, K. Mechanism of insulin
resistance induced by sustained levels of cytosolic free calcium in
rat adipocytes. Endocrinology, 1989, 125(5), 2341-2349.
Cavalier, E.; Delanaye, P.; Souberbielle, J.C.; Radermecker, R.P.
Vitamin D and type 2 diabetes mellitus: Where do we stand?
Diabetes Metab., 2011, 37(4), 265-272.
Mathieu, C.; Gysemans, C.; Giulietti, A.; Bouillon, R. Vitamin D
and diabetes. Diabetologia, 2005, 48(7), 1247-1257.
Mitri, J.; Muraru, M.D.; Pittas, A.G. Vitamin D and type 2
diabetes: a systematic review. Eur. J. Clin. Nutr., 2011, 65(9),
1005-1015.
Maxwell, C.S.; Wood, R.J. Update on vitamin D and type 2
diabetes. Nutr. Rev., 2011, 69(5), 291-295.
Mattila, C.; Knekt, P.; Mannisto, S.; Rissanen, H.; Laaksonen,
M.A.; Montonen, J.; Reunanen, A. Serum 25-hydroxyvitamin D
concentration and subsequent risk of type 2 diabetes. Diabetes
Care, 2007, 30(10), 2569-2570.
Forouhi, N.G.; Luan, J.; Cooper, A.; Boucher, B.J.; Wareham, N.J.
Baseline serum 25-hydroxy vitamin d is predictive of future
glycemic status and insulin resistance: the Medical Research
Council Ely Prospective Study 1990-2000. Diabetes, 2008, 57(10),
2619-2625
Nagpal, J.; Pande, J.N.; Bhartia, A. A double-blind, randomized,
placebo-controlled trial of the short-term effect of vitamin D3
supplementation on insulin sensitivity in apparently healthy, middleaged, centrally obese men. Diabet. Med., 2009, 26(1), 19-27.
Pittas, A.G.; Harris, S.S.; Stark, P.C.; Dawson-Hughes, B. The
effects of calcium and vitamin D supplementation on blood glucose
and markers of inflammation in nondiabetic adults. Diabetes Care,
2007, 30(4), 980-986.
Palomer, X.; Gonzalez-Clemente, J.M.; Blanco-Vaca, F.; Mauricio,
D. Role of vitamin D in the pathogenesis of type 2 diabetes
mellitus. Diabetes Obes. Metab., 2008, 10(3), 185-197.
Fliser, D.; Stefanski, A.; Franek, E.; Fode, P.; Gudarzi, A.; Ritz, E.
No effect of calcitriol on insulin-mediated glucose uptake in
healthy subjects. Eur. J. Clin. Invest., 1997, 27(7), 629-633.
Zittermann, A.; Frisch, S.; Berthold, H.K.; Gotting, C.; Kuhn, J.;
Kleesiek, K.; Stehle, P.; Koertke, H.; Koerfer, R. Vitamin D
supplementation enhances the beneficial effects of weight loss on
cardiovascular disease risk markers. Am. J. Clin. Nutr., 2009,
89(5), 1321-1327.
Webb, A.R.; Kline, L.; Holick, M.F. Influence of season and
latitude on the cutaneous synthesis of vitamin D3: exposure to
winter sunlight in Boston and Edmonton will not promote vitamin
D3 synthesis in human skin. J. Clin. Endocrinol. Metab., 1988,
67(2), 373-378.
Karvonen, M.; Jantti, V.; Muntoni, S.; Stabilini, M.; Stabilini, L.;
Tuomilehto, J. Comparison of the seasonal pattern in the clinical
onset of IDDM in Finland and Sardinia. Diabetes Care, 1998,
21(7), 1101-1109.
Zipitis, C.S.; Akobeng, A.K. Vitamin D supplementation in early
childhood and risk of type 1 diabetes: a systematic review and
meta-analysis. Arch. Dis. Child., 2008, 93(6), 512-517.
Fronczak, C.M.; Baron, A.E.; Chase, H.P.; Ross, C.; Brady, H.L.;
Hoffman, M.; Eisenbarth, G. S.; Rewers, M.; Norris, J.M. In utero
dietary exposures and risk of islet autoimmunity in children.
Diabetes Care, 2003, 26(12), 3237-3242.
Hypponen, E. Vitamin D and increasing incidence of type 1
diabetes-evidence for an association? Diabetes Obes. Metab., 2010,
12(9), 737-743.
Bogers, R.P.; Bemelmans, W.J.; Hoogenveen, R.T.; Boshuizen,
H.C.; Woodward, M.; Knekt, P.; van Dam, R.M.; Hu, F.B.;
Visscher, T.L.; Menotti, A.; Thorpe, R.J. Jr.; Jamrozik, K.; Calling,
S.; Strand, B.H.; Shipley, M.J. Association of overweight with
increased risk of coronary heart disease partly independent of blood
pressure and cholesterol levels: a meta-analysis of 21 cohort studies
including more than 300 000 persons. Arch. Intern. Med., 2007,
167(16), 1720-1728.
McGill, A.T.; Stewart, J.M.; Lithander, F.E.; Strik, C.M.; Poppitt,
S.D. Relationships of low serum vitamin D3 with anthropometry
and markers of the metabolic syndrome and diabetes in overweight
and obesity. Nutr J 2008, 7, 4.

Vitamin D and Cardiovascular Disease
[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]
[75]

[76]

[77]

[78]

[79]

[80]

[81]
[82]
[83]

[84]

Cardiovascular & Hematological Agents in Medicinal Chemistry, 2012, Vol. 10, No. 3

Ford, E.S.; Zhao, G.; Li, C.; Pearson, W.S. Serum concentrations of
vitamin D and parathyroid hormone and prevalent metabolic
syndrome among adults in the United States. J. Diabetes, 2009,
1(4), 296-303.
Grethen, E.; McClintock, R.; Gupta, C.E.; Jones, R.; Cacucci,
B.M.; Diaz, D.; Fulford, A.D.; Perkins, S.M.; Considine, R.V.;
Peacock, M. Vitamin D and hyperparathyroidism in obesity. J.
Clin. Endocrinol. Metab., 2011, 96(5), 1320-1326.
Adam, M.A.; Untch, B.R.; Danko, M.E.; Stinnett, S.; Dixit, D.;
Koh, J.; Marks, J.R.; Olson, J.A. Jr. Severe obesity is associated
with symptomatic presentation, higher parathyroid hormone levels,
and increased gland weight in primary hyperparathyroidism. J.
Clin. Endocrinol. Metab., 2010, 95(11), 4917-4924.
Reis, J.P.; von Muhlen, D.; Miller, E.R. 3rd. Relation of 25hydroxyvitamin D and parathyroid hormone levels with metabolic
syndrome among US adults. Eur. J. Endocrinol., 2008, 159(1),
41-48.
Reis, J.P.; von Muhlen, D.; Kritz-Silverstein, D.; Wingard, D.L.;
Barrett-Connor, E. Vitamin D, parathyroid hormone levels, and the
prevalence of metabolic syndrome in community-dwelling older
adults. Diabetes Care, 2007, 30(6), 1549-1555.
Hjelmesaeth, J.; Hofso, D.; Aasheim, E.T.; Jenssen, T.; Moan, J.;
Hager, H.; Roislien, J.; Bollerslev, J. Parathyroid hormone, but not
vitamin D, is associated with the metabolic syndrome in morbidly
obese women and men: a cross-sectional study. Cardiovasc.
Diabetol., 2009, 8, 7.
Schwarz, U.; Amann, K.; Orth, S.R.; Simonaviciene, A.; Wessels,
S.; Ritz, E. Effect of 1,25 (OH)2 vitamin D3 on glomerulosclerosis
in subtotally nephrectomized rats. Kidney Int., 1998, 53(6), 16961705.
Kuhlmann, A.; Haas, C.S.; Gross, M.L.; Reulbach, U.; Holzinger,
M.; Schwarz, U.; Ritz, E.; Amann, K. 1, 25-Dihydroxyvitamin D3
decreases podocyte loss and podocyte hypertrophy in the subtotally
nephrectomized rat. Am. J. Physiol. Renal Physiol., 2004, 286(3),
F526-533.
Tan, X.; Li, Y.; Liu, Y. Therapeutic role and potential mechanisms
of active Vitamin D in renal interstitial fibrosis. J. Steroid Biochem.
Mol. Biol., 2007, 103(3-5), 491-496.
Tian, J.; Liu, Y.; Williams, L.A.; de Zeeuw, D. Potential role of
active vitamin D in retarding the progression of chronic kidney
disease. Nephrol. Dial. Transplant., 2007, 22(2), 321-328.
de Boer, I.H.; Ioannou, G.N.; Kestenbaum, B.; Brunzell, J.D.;
Weiss, N.S. 25-Hydroxyvitamin D levels and albuminuria in the
Third National Health and Nutrition Examination Survey
(NHANES III). Am. J. Kidney Dis., 2007, 50(1), 69-77.
Alborzi, P.; Patel, N.A.; Peterson, C.; Bills, J.E.; Bekele, D.M.;
Bunaye, Z.; Light, R.P.; Agarwal, R. Paricalcitol reduces
albuminuria and inflammation in chronic kidney disease: a
randomized double-blind pilot trial. Hypertension, 2008, 52(2),
249-255.
Fiscella, K.A.; Winters, P.C.; Ogedegbe, G. Vitamin D and Racial
Disparity in Albuminuria: NHANES 2001-2006. Am. J. Hypertens.,
2011, 24(10), 1114-1120.
Isakova, T.; Gutiérrez, O.M.; Patel, N.M.; Andress, D.L.; Wolf, M.;
Levin, A. Vitamin D deficiency, inflammation, and albuminuria in
chronic kidney disease: complex interactions. J. Ren. Nutr., 2011,
21(4), 295-302.
Agarwal, R.; Acharya, M.; Tian, J.; Hippensteel, R.L.; Melnick,
J.Z.; Qiu, P.; Williams, L.; Batlle, D. Antiproteinuric effect of oral
paricalcitol in chronic kidney disease. Kidney Int., 2005, 68(6),
2823-2828.
Masuda, S.; Jones, G. Promise of vitamin D analogues in the
treatment of hyperproliferative conditions. Mol. Cancer Therap.,
2006, 5(4), 797-808.
Dusso, A.S.; Brown, A.J.; Slatopolsky, E. Vitamin D. Am. J.
Physiol. Renal Physiol., 2005, 289(1), F8-28.
Lambers Heerspink, H.J.; Agarwal, R.; Coyne, D.W.; Parving,
H.H.; Ritz, E.; Remuzzi, G.; Audhya, P.; Amdahl, M.J.; Andress,
D.L.; de Zeeuw, D. The selective vitamin D receptor activator for
albuminuria lowering (VITAL) study: study design and baseline
characteristics. Am. J. Nephrol. 2009, 30(3), 280-286.
de Zeeuw, D.; Agarwal, R.; Amdahl, M.; Audhya, P.; Coyne, D.;
Garimella, T.; Parving, H.H.; Pritchett, Y.; Remuzzi, G.; Ritz, E.;
Andress, D. Selective vitamin D receptor activation with
paricalcitol for reduction of albuminuria in patients with type 2

[85]

[86]
[87]
[88]

[89]

[90]

[91]

[92]

[93]
[94]

[95]

[96]

[97]
[98]

[99]

[100]

[101]

[102]

[103]

249

diabetes (VITAL study): a randomised controlled trial. Lancet,
2010, 376(9752), 1543-1551.
Zhang, Z.; Zhang, Y.; Ning, G.; Deb, D.K.; Kong, J.; Li, Y.C.
Combination therapy with AT1 blocker and vitamin D analog
markedly ameliorates diabetic nephropathy: blockade of
compensatory renin increase. Proc. Natl. Acad. Sci. USA, 2008,
105(41), 15896-15901.
Lund, B.; Badskjaer, J.; Soerensen, O.H. Vitamin D and ischaemic
heart disease. Horm. Metab. Res., 1978, 10(6), 553-556.
Anonymous plan and operation of third national health and
nutrition examination survey, -.s.o.p.a.c.p. vital and health
statistics. vital health stat 1, 1994, 32.
Kilkkinen, A.; Knekt, P.; Aro, A.; Rissanen, H.; Marniemi, J.;
Heliövaara, M.; Impivaara, O.; Reunanen, A. Vitamin D status and
the risk of cardiovascular disease death. Am. J. Epidemiol., 2009,
170(8), 1032-1039.
Hutchinson, M.S.; Grimnes, G.; Joakimsen, R.M.; Figenschau, Y.;
Jorde, R. Low serum 25-hydroxyvitamin D levels are associated
with increased all-cause mortality risk in a general population: the
Tromsø study. Eur. J. Endocrinol., 2010, 162(5), 935-942.
Dobnig, H.; Pilz, S.; Scharnagl, H.; Renner, W.; Seelhorst, U.;
Wellnitz, B.; Kinkeldei, J.; Boehm, B.O.; Weihrauch, G.; Maerz,
W. Independent association of low serum 25-hydroxyvitamin d and
1,25-dihydroxyvitamin d levels with all-cause and cardiovascular
mortality. Arch. Intern. Med., 2008, 168(12), 1340-1349.
Pilz, S.; Marz, W.; Wellnitz, B.; Seelhorst, U.; Fahrleitner-Pammer,
A.; Dimai, H.P.; Boehm, B.O.; Dobnig, H. Association of vitamin
D deficiency with heart failure and sudden cardiac death in a large
cross-sectional study of patients referred for coronary angiography.
J. Clin. Endocrinol. Metab., 2008, 93(10), 3927-3935.
Michaelsson, K.; Baron, J.A.; Snellman, G.; Gedeborg, R.; Byberg,
L.; Sundstrom, J.; Berglund, L.; Arnlov, J.; Hellman, P.; Blomhoff,
R.; Wolk, A.; Garmo, H.; Holmberg, L.; Melhus, H. Plasma
vitamin D and mortality in older men: a community-based
prospective cohort study. Am. J. Clin. Nutr., 2010, 92(4), 841-848.
Leu, M.; Giovannucci, E. Vitamin D: epidemiology of cardiovascular risks and events. Best Pract. Res. Clin. Endocrinol.
Metab., 2011, 25(4), 633-646.
Marniemi, J.; Alanen, E.; Impivaara, O.; Seppanen, R.; Hakala, P.;
Rajala, T.; Ronnemaa, T. Dietary and serum vitamins and minerals
as predictors of myocardial infarction and stroke in elderly
subjects. Nutr. Metab. Cardiovasc. Dis., 2005, 15(3), 188-197.
Melamed, M.L.; Muntner, P.; Michos, E.D.; Uribarri, J.; Weber,
C.; Sharma, J.; Raggi, P. Serum 25-hydroxyvitamin D levels
and the prevalence of peripheral arterial disease: results from
NHANES 2001 to 2004. Arterioscler. Thromb. Vasc. Biol., 2008,
28(6), 1179-1185.
Kendrick, J.; Targher, G.; Smits, G.; Chonchol, M. 25Hydroxyvitamin D deficiency is independently associated with
cardiovascular disease in the Third National Health and Nutrition
Examination Survey. Atherosclerosis, 2009, 205(1), 255-260.
Zittermann, A.; Schleithoff, S.S.; Koerfer, R. Putting cardiovascular disease and vitamin D insufficiency into perspective. Br.
J. Nutr., 2005, 94(4), 483-492.
Levin, A.; Li, Y.C. Vitamin D and its analogues: do they protect
against cardiovascular disease in patients with kidney disease?
Kidney Int., 2005, 68(5), 1973-1981.
Cawthon, P.M.; Parimi, N.; Barrett-Connor, E.; Laughlin, G.A.;
Ensrud, K.E.; Hoffman, A.R.; Shikany, J.M.; Cauley, J.A.; Lane,
N.E.; Bauer, D.C.; Orwoll, E.S.; Cummings, S.R. Serum 25hydroxyvitamin D, parathyroid hormone, and mortality in older
men. J. Clin. Endocrinol. Metab., 2010, 95(10), 4625-4634.
Bonakdaran, S.; Varasteh, A.R. Correlation between serum 25
hydroxy vitamin D3 and laboratory risk markers of cardiovascular
diseases in type 2 diabetic patients. Saudi Med. J., 2009, 30(4),
509-514.
Pilz, S.; Dobnig, H.; Fischer, J.E.; Wellnitz, B.; Seelhorst, U.;
Boehm, B.O.; März, W. Low vitamin D levels predict stroke in
patients referred to coronary angiography. Stroke, 2008, 39(9),
2611-2613.
Giovannucci, E.; Liu, Y.; Hollis, B.W.; Rimm, E.B. 25hydroxyvitamin D and risk of myocardial infarction in men: a
prospective study. Arch. Intern. Med., 2008, 168(11), 1174-1180.
Chonchol, M.; Cigolini, M.; Targher, G. Association between 25hydroxyvitamin D deficiency and cardiovascular disease in type 2

250 Cardiovascular & Hematological Agents in Medicinal Chemistry, 2012, Vol. 10, No. 3

[104]

[105]

[106]

[107]

diabetic patients with mild kidney dysfunction. Nephrol. Dial.
Transplant., 2008, 23(1), 269-274.
Targher, G.; Bertolini, L.; Padovani, R.; Zenari, L.; Scala, L.;
Cigolini, M.; Arcaro, G. Serum 25 hydroxyvitamin D3
concentrations and carotid artery intima media thickness among
type 2 diabetic patients. Clinl. Endocrinol., 2006, 65(5), 593-597.
Parker, J.; Hashmi, O.; Dutton, D.; Mavrodaris, A.; Stranges, S.;
Kandala, N.B.; Clarke, A.; Franco, O.H. Levels of vitamin D and
cardiometabolic disorders: systematic review and meta-analysis.
Maturitas, 2010, 65(3), 225-236.
Wang, L.; Manson, J.E.; Song, Y.; Sesso, H.D. Systematic review:
Vitamin D and calcium supplementation in prevention of
cardiovascular events. Ann. Intern. Med., 2010, 152(5), 315-323.
Trivedi, D.P.; Doll, R.; Khaw, K.T. Effect of four monthly oral
vitamin D3 (cholecalciferol) supplementation on fractures and

Received: October 17, 2011

[108]

[109]

[110]

[111]

Bonakdaran and Rokni

mortality in men and women living in the community: randomised
double blind controlled trial. BMJ, 2003, 326(7387), 469.
Hsia, J.; Heiss, G.; Ren, H.; Allison, M.; Dolan, N.C.; Greenland,
P.; Heckbert, S.R.; Johnson, K.C.; Manson, J.E.; Sidney, S.;
Trevisan, M. Calcium/vitamin D supplementation and cardiovascular events. Circulation, 2007, 115(7), 846-854.
Autier, P.; Gandini, S. Vitamin D supplementation and total
mortality: a meta-analysis of randomized controlled trials. Arch.
Intern. Med., 2007, 167(16), 1730-1737.
Sun, Q.; Shi, L.; Rimm, E.B.; Giovannucci, E.L.; Hu, F.B.;
Manson, J.E.; Rexrode, K.M. Vitamin D intake and risk of
cardiovascular disease in US men and women. Am. J. Clin. Nutr.,
2011, 94(2), 534-542.
Shapses, S.A.; Manson, J.E. Vitamin D and prevention of
cardiovascular disease and diabetes: why the evidence falls short.
JAMA, 2011, 305(24), 2565-2566.

Revised: December 08, 2011

Accepted: December 14, 2011

