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Association between vitamin D and
cardiovascular health: Myth or Fact?
A narrative review of the evidence

Hala Ahmadieh'?? and Asma Arabi*

Abstract

Vitamin D deficiency is prevalent worldwide. Since the discovery of the expression of vitamin D receptor in ventricular
cardiomyocytes, fibroblasts, and blood vessels, there has been a growing body of literature assessing the link between
vitamin D status and cardiovascular health from one side, and the effect of vitamin D supplementation on prevention
of cardiovascular diseases from the other side. In this review, we summarized studies highlighting the role of vitamin
D on cardiovascular health, namely atherosclerosis, hypertension, heart failure, and metabolic syndrome, a recognized
significant risk factor for cardiovascular diseases. Studies showed discrepancies between findings from cross-sectional and
longitudinal cohorts and those from interventional trials, but also between one outcome and another. Cross-sectional
studies found a strong association between low 25 hydroxyvitamin D (25(OH)D3) and acute coronary syndrome, and
heart failure. These findings encouraged the promotion for vitamin D supplementation as a preventive measure for
cardiovascular diseases in the elderly, namely in women. This fact, however, turned out into a myth with the results of
large interventional trials that did not show any benefit from vitamin D supplementation in reducing ischemic events,
heart failure or its outcomes, or hypertension. Although some clinical studies showed beneficial effect of vitamin D
supplementation on insulin sensitivity and metabolic syndrome, this effect was not consistent across all studies.
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and the one alpha-hydroxylase in extraosseous tissues
indicated possible physiological roles of vitamin D in other
systems.> The action of 1,25 dihydroxy-vitamin D
(1,25(0H)2D3) in these tissues has been associated with a

Introduction

The 20th century was rich in scientific achievements that
changed the world. Among these achievements was the
discovery of vitamins. Vitamin D was the fourth vitamin to
be discovered, hence its nomination “D.” Since its dis-

covery, this fat-soluble vitamin has evolved from being
considered as a simple vitamin to a steroid prohormone.
Because the first and pivotal potent role of vitamin D in
human health was discovered by linking its deficiency to
the development of rickets in children,' and because the
vitamin D receptor (VDR) was originally discovered in
the organs involved in Ca+2 homeostasis, including the
intestine, bone, kidney, and parathyroid glands,® it was
thought for decades that the role of vitamin D is limited to
musculoskeletal health. However, the discovery of VDR
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diverse range of biological roles such as modulation of
immune function, inhibition of cell growth, and induction
of cell differentiation.> Over the last decade, vitamin D
deficiency has emerged as a potential risk factor for cardio-
vascular diseases. There is strong evidence of the expres-
sion of VDR in ventricular cardiomyocytes and fibroblasts
and in blood vessels.*® Cardiomyocytes and cardiac fibro-
blasts also express la-hydroxylase at messenger RNA
(mRNA) and protein levels.” Moreover, local production of
1,25(0H)2D3 from labeled 25 hydroxyvitamin D (25(OH)
D3) substrate was observed in both endothelial and vascu-
lar smooth muscle cells in vitro. Animal studies provided a
compelling evidence of the important role of vitamin D
signaling in the cardiovascular system.® The first animal
studies showing association between vitamin D and cardio-
vascular system date back to more than 15 years ago and
showed that VDR knockout mouse displays hypertension,
cardiac hypertrophy, and high expression in the atrial
natriuretic peptide (ANP).® Subsequently, epidemiological
studies in human showed evidence of association between
25(0OH)D3 deficiency and cardiovascular diseases namely
arterial stiffness, hypertension, left ventricular hypertrophy
(LVH), and endothelial dysfunction in population with nor-
mal kidney function.” However, findings from interven-
tional trials were not consistent.

In this article, we will review studies highlighting the
role of vitamin D in cardiovascular health, namely athero-
sclerosis, hypertension, heart failure (HF), and metabolic
syndrome (MS), a recognized significant risk factor for
cardiovascular diseases.

Methodology

A thorough and comprehensive literature search was done
on Medline and PubMed using the following keywords:
vitamin D, cardiovascular risk, acute coronary syndrome
(ACS), heart failure (HF), diabetes, Metabolic syndrome
(MS), hypertension, and ventricular hypertrophy. The
titles and abstracts of the papers were screened by the
authors. Articles including cross-sectional and prospective
cohort studies, randomized trials, review articles, case
series, and meta-analysis published between 1975 and
June 2022 were considered. Search was limited to articles
using English language. In studies testing vitamin D sup-
plementation, we only included studies whereby the dose
was specified. Findings of the main studies are summa-
rized in (Table 1) for observational studies and (Table 2)
for interventional studies.

Vitamin D and Acute Coronary
Syndrome

ACS is the leading cause of morbidity and mortality in the
world, and according to a world health organization report
in December 2020, ischemic heart disease is responsible
for 16% of the world’s total death. Epidemiological data

showed an association between low 25(OH)D3 levels and
myocardial infarction (MI), and this was demonstrated in
both cross-sectional and large prospective cohorts. In a
study of 982 patients including 394 women from Northern
Argentina, Naesgaard et al.” showed that serum 25(OH)D3
is a 2-year predictor of all-cause mortality, cardiac death,
and sudden cardiac death in ACS patients, especially in
women. In addition, in their prospective observational
study, they addressed the prognostic utility of 25(OH)D3
and other markers such as B-type natriuretic peptide (BNP)
and high-sensitivity C-reactive protein (hsCRP) during a
S-year follow-up in patients from coastal Norway present-
ing with chest pain and suspected ACS. They found
25(OH)D3 to be independently related to the risk of death
in females but not in males, with a significant increase in
predictive value by a factor of two from the first to second
quartile and from the second to third quartile.' The authors
explained this gender difference by the lower levels of
baseline 25(OH)D3 in women compared with men, spe-
cially that they did not find the same increase in risk from
the third to the fourth quartile in women. This indicated
that the protective effect of vitamin D depends on the
25(0OH)D3 level and is only observed among those with
lower baseline levels. Similarly, in the Framingham
Offspring Study, another longitudinal observational cohort
of 1739 study participants, without prior cardiovascular
disease, and followed up for a mean of 5.4 years, low
25(0OH)D3 was associated with increased rate of incident
ML" Suggested underlying mechanism linking low
25(0OH)D3 to ACS included secondary hyperparathy-
roidism (HPTH). Indeed, HPTH has been associated with
increased risk of cardiovascular diseases, and parathyroid
hormone (PTH) level is a predictor of survival in the gen-
eral aged population.'? Other suggested mechanisms link-
ing low vitamin D to ACS is inflammation. MI healing
process involves inflammatory mechanisms triggered by
local ischemia; however, it has been reported that an exu-
berant inflammatory reaction may paradoxically increase
the extent of damage in MI. This acute repairing process is
mediated by cytokines in the ischemic myocardium. In a
small prospective randomized open-label single-center
trial on 50 patients admitted with ACS, Arnson et al.'
showed that vitamin D supplementation at a dose of 4000
IU daily for 5 days effectively attenuated the increase in
circulating levels of inflammatory markers including inter-
leukin (IL)-6, vascular cell adhesion protein 1 (VCAM-1)
levels, and C-reactive protein (CRP). This suggested an
anti-inflammatory effect of vitamin D on the vascular
system mediating its possible cardio-protective properties
after acute coronary event.'* On the contrary, 1,25(0OH)2D3
regulates cytokine expression by different mechanisms,
either directly by targeting expression initiation or indirectly
by interfering with other signaling cellular pathways.
However, findings from intervention trials did not show
beneficial effect of vitamin D supplementation on cardio-
vascular risk."*!'7 In the RECORD trial, 5292 participants
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Table |I. Observational studies assessing the relationship between vitamin D and cardiovascular risk.

Author, Study design Study population Outcomes Results
publication year
Naesgaard Prospective 588 men and 394 women, aged 2-year all-cause mortality  Significant association seen
etal’ observational ~ >18 years with suspected acute  and cardiac mortality between low 25(OH)D and
coronary syndrome 2-year total mortality and
cardiac mortality
Naesgaard Prospective 531 men and 340 women, aged All-cause mortality at 2- 40% reduction in all-cause
etal.'® observational =~ >18 years, with suspected acute and 7-year follow-up and mortality in highest compared
coronary syndrome cardiac death and sudden  with lowest quartile of
cardiac death at 2-year 25(OH)D at 2 years and 34%
follow-up reduction at 7-year follow-up
Wang et al." Prospective Framingham Offspring Study Incident cardiovascular Individuals with 25(OH)D
observational  participants (1739, 55% women,  events <15 ng/mL had a HR of 1.62
all white), without prior CV for incident cardiovascular
disease events
Kim et al.” Cross- 8351 adults including 753 Relationship between and  Stroke and peripheral arterial
sectional women from the NHANES coronary artery disease, disease were increased among
2001 to 2004 heart failure, stroke, lower 25(OH)D categories
peripheral vascular disease
Shane et al.? Cross- 79 men and 22 women with Relationship between Patients with more severe
sectional severe CHF (New York Heart mineral homeostasis and CHEF had significantly lower
Association functional class Il severity of CHF 25(OH)D and 1,25(0OH)2D
or V) levels
Anderson Prospective 41,504 adults (31,086 women Incident CV risk factors Low 25(OH)D levels were
et al.?® longitudinal and 10,418 men) and diseases, and significantly and highly
mortality associated with incident
coronary artery disease,
myocardial infarction, heart
failure, stroke, and death
Hyppénen Cross- 6810 white subjects (3297 men Metabolic syndrome, Serum 25(OH)D is inversely
etal* sectional and 3513 women), aged >45 abdominal obesity; associated with metabolic
years HbAIc, blood pressure, syndrome
lipid profile
Alagacone Cross- 520 adults (337 men and 183 Relationship between Severe vitamin D deficiency
et al.” sectional women) between age 20 and 60  vitamin D deficiency and was significantly and highly

Forman et al.>

Song and Park®*

Karatas et al.?

Prospective
observational

Prospective
observational

Observational

attending tertiary care center

613 men from the Health
Professionals’ Follow-Up Study
and | 198 women from the
Nurses’ Health Study

778 postmenopausal women,
aged 45-75 years, without
established cardiovascular
disease

191 women and 96 men
including 94 overweight/obese
with metabolic syndrome, 120
overweight/obese without
metabolic syndrome, and 73
nonobese healthy subjects

hypertension

Incident hypertension

Risk factors for Metabolic
syndrome

Metabolic syndrome

prevalent in people with
hypertension compared those
without hypertension

Plasma 25(OH)D levels were
inversely associated with risk
of incident hypertension

Vitamin D deficiency was
associated with higher
prevalence of Metabolic
syndrome and its components
Vitamin D deficiency was
more common in overweight/
obese adults than in healthy
controls.

HR: hazard ratio; CV: cardiovascular ; CHF: congestive heart failure.

(85% women) with mean £ SD age of 77.5* 5.6 years
were randomly assigned to receive vitamin D or placebo
and were followed up for 3 years. Although the risk of first
cardiac failure was lower in the vitamin D group than in

the placebo group (adjusted hazard ratio (HR): 0.75; 95%
confidence interval (CI): 0.58-0.97), there was no differ-
ence in risk of MI (HR: 0.97; 95% CI: 0.75-1.26) between
groups.'” In their meta-analyses of randomized trials
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including 13 studies in women, the investigators did not
find an effect of vitamin D supplementation on incidence
of MI events.!” This conclusion was consistent with the
findings of a more recent meta-analyses of 21 randomized
clinical trials including 83,291 patients, of whom 74.4%
were women, with a mean age of 65.8 = 8.4 years.'® The
lack of benefit of vitamin D supplementation for MI pre-
vention was further confirmed by the largest randomized
controlled trial (RCT) assessing the effect of vitamin D
supplementation on cardiovascular risk: the VITamin D
and OmegA-3 TrialL (VITAL), a randomized, placebo-
controlled 2 X 2 factorial trial of vitamin D3 (cholecalcif-
erol, 2000 IU/day) and marine omega-3 fatty acids (1 g/day)
for the prevention of cancer and cardiovascular disease in
over 25,000 US men aged =50 and women aged =55 and
that showed no beneficial effect of vitamin D on the inci-
dence of MI after a median follow-up of 5.3 years. The
treatment effect did not vary by baseline serum 25(0OH)D3
levels."

Vitamin D and Heart Failure

HF represents a growing social and economic burden and is
the most common cause of hospitalization in elderly.?’ The
increased incidence of HF in the elderly may be in part due
to the aging-associated increased incidence of diabetes
mellitus, hypertension, and coronary disease. Theories
linking vitamin D deficiency to HF prognosis have been
hypothesized. Vitamin D regulates gene expression of
many genes that have a pivotal role in the progression of
HEF, such as cytokines genes. Indeed, vitamin D deficiency
was associated with increased levels of pro-inflammatory
cytokines such as IL-8 and tumor necrosis factor-o. (TNF-
o) and with reduced levels of anti-inflammatory cytokines,
which in turn affects cardiac function and precipitates HF.?!
Furthermore, some studies showed that low vitamin D lev-
els correlate with N-terminal pro-b-type and N-terminal
pro-ANP levels, which in turn causes HF.?2 On the contrary,
overloading of myocardial cells by Ca?*ions due to low
vitamin D levels causes impairment of contraction and
relaxation of myocardial muscle, leading to inflammatory
reaction and fibrosis of myocardial cells, and resulting in
further dysfunction.”> Rodman and Baker** showed that a
depletion of endogenous vitamin D in rats resulted in pro-
found alterations in cardiac and vascular muscle contractile
function. In addition, Weishaar et al.>> showed that these
changes in cardiac and vascular muscle contractile function
observed in vitamin D—deficient rats are not prevented by
correction of induced hypocalcemia, and therefore, they
represent a direct response to vitamin D depletion. Multiple
cross-sectional studies showed an association between HF
and 25(OH)D3 levels. In a small cross-sectional study of
101 subjects, 26% of subjects with HF had 25(OH)D3
levels below 15 ng/mL, with 17% of them having levels
below 9 ng/mL.2° Similarly, the large National Health and
Nutrition Examination Survey (NHANES) including data

from 8531 participants showed that hypovitaminosis D was
present in almost 90% of patients with concomitant coro-
nary heart disease and HF (odds ratio (OR): 3.52; 95% CI:
1.58-7.84).27 Anderson et al.?® prospectively analyzed a
large electronic medical records database of 41,504 patient
records, of which 63.6% had 25(OH)D3 levels below 30
ng/mL, and found that vitamin D deficiency was associated
with significant increase in the prevalence of HF, as well as
with incident HF (1.3 HR, p<<0.0001) for new HF devel-
opment in patients with low and very low 25(OH)D3 lev-
els). Studies assessing the role of vitamin D supplementation
in reducing the incidence of HF are scarce. In the Women’s
Health Initiative, 35,983 postmenopausal women were ran-
domized to receive 1000 mg/day of calcium plus 400 U/
day of vitamin D3 or placebo and were followed up for 7.1
years. Calcium and vitamin D supplementation did not
reduce HF risk compared with placebo in the overall popu-
lation (HR: 0.95; 95% CI: 0.82—1.09). However, subgroup
analyses showed that calcium and vitamin D supplementa-
tion was associated with lower risk of HF (HR: 0.63; 95%
CI: 0.4-0.8 in the low-tisk subgroup).? In another study of
5108 adult subjects with mean baseline 25(OH)D3 concen-
tration of 25.3 ng/mL, randomized to monthly vitamin D
supplementation or placebo, and followed up for a median
of 3.3 years, no significant difference was observed in the
incidence of HF between the placebo and the calcium with
vitamin D groups.!” Few RCTs assessed the effect of vita-
min D supplementation on the functional outcome of
patients with HF. Witham et al showed vitamin D supple-
mentation did not improve functional capacity or quality of
life in older patients with systolic HF who had baseline
25(0OH)D3 less than 20 ng/mL and who were randomized
to receive 100,000 IU of oral vitamin D2 or placebo at
baseline and at 10 weeks, and who were followed up for 20
weeks.3? Similarly, the VITAL-HF, an ancillary study of the
parent VITAL trial, including 25,000 subjects (59.6%
women), with mean age of 67 = 7 years, no significant dif-
ference in the rates of first and recurrent rates of HF hospi-
talization between vitamin D intervention and placebo after
a median follow-up of 5.3 years was shown.’! Rodriguez
et al.*? performed a systematic review and meta-analysis to
determine whether vitamin D supplementation reduces
inflammatory markers and improves health outcomes for
patients with HF. Data were available for pooling from six
studies (n=1012). Vitamin D-supplemented groups had
lower concentrations of TNF-a at follow-up compared
with controls, but they found no differences in CRP, IL-10,
or IL-6 between the vitamin D—supplemented group and
the control group. However, the sample size in most studies
included in this meta-analyses was small, did not report
sunlight exposure, and did not take into consideration the
seasonal variability, body composition, or smoking status,
all of which can affect inflammatory status and/or 25(OH)
D3 levels in humans. Moreover, only one study included
vitamin D-deficient patients at baseline. The authors con-
cluded that vitamin D supplementation may have specific,
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but modest effects on inflammatory markers in HF but fur-
ther large-scale, well-designed trials including vitamin
D-deficient participants and measuring inflammatory
markers and long-term clinical HF endpoints are needed.*

Vitamin D deficiency and Hypertension
and Left ventricular Hypertrophy

VDR are expressed in the heart, vascular smooth muscle,
and T cells. It has been known for a long time that vitamin
D deficiency is linked with renin—angiotensin—aldosterone
system (RAAS),*** where in vitro and animal studies
found that vitamin D suppresses RAAS which is known to
contribute to high blood pressure (BP).*> This was also
found in human study among 61 individuals conducted by
Resnick et al.,*® who found that plasma renin activity is
inversely related to 1,25(OH)2D3 (r=-0.65) and the same
was reported by Burgess et al.’” and Tomaschitz et al.’
Another study in individuals with balanced dietary sodium
intake showed that those who were vitamin D insufficient
(25(OH)D3 levels: 15.0-29.9 ng/mL) or deficient (25(OH)
D3 levels <15.0 ng/mL) had significantly higher levels of
angiotensin II levels when compared with those with ade-
quate levels.?* These animal and human data suggest that
vitamin D has an inhibitory effects on RAAS system.
However, vitamin D seems to play a role in increasing the
influx of Ca+?2 into the vascular smooth muscles resul-
ting in increased contractility, which in turn elevates BP,
but at the same time increase influx of Ca+? in the
juxtaglomerular cells, which in turn inhibits renin secre-
tion. It is unclear whether vitamin D role on BP was prohy-
pertensive or antihypertensive.*’ Some in vitro studies
showed that 1,25(OH)2D3 decreases the negative effect of
advanced glycation end products on the endothelium,
increases nitric oxide, and hence has a beneficial anti-
atherosclerotic effect on endothelium.*! Different cross-
sectional studies tried to investigate the association
between vitamin D and BP, majority of which showed that
lower 25(OH)D3 levels were associated with higher BP
and higher hypertension prevalence.*”** A meta-analyses
investigated association between vitamin D level and
hypertension, including 55,816 participants, and found
that, in individuals who are not known to be hypertensive,
incident hypertension was reduced by 12% for every 10
ng/mL increase of 25(OH)D3. The individuals with the
highest 25(OH)D3 levels had a 30% lower risk of devel-
oping hypertension compared with individuals with the
lowest levels.* In the large NHANES, including 15,088
participants, the OR for hypertension was 1.3 for those
with 25(OH)D3 levels below 21 ng/mL compared with
those with levels of 37 ng/mL or higher.*® Another
NHANES study of 2953 hypertensive subjects, 12% of
which who had resistant hypertension, showed that the
prevalence of vitamin D deficiency was significantly
higher in resistant hypertension (61%) than controlled
hypertension groups (46%).4

Data on the effect of vitamin D supplementation on BP in
hypertensive individuals were inconsistent. A meta-analyses
including 11 randomized controlled trials (RCTs) showed
that vitamin D supplementation in hypertensive individuals
may lower BP with a small, statistically significant decrease
in diastolic blood pressure (DBP) (-3.1 mmHg; 95% CI:
—5.5 to —0.6) but not in systolic blood pressure (SBP). In
addition, vitamin D supplementation had no effect on BP in
normotensive individuals.*® Another meta-analysis includ-
ing 28 studies, two-third of which were cross-sectional and
one study was prospective, looked at the effect of vitamin D
exposure on hypertension and found that pooled OR of
hypertension was 0.73 (95% CI: 0.63-0.84).* However, a
more recent systematic review of 46 trials including 4500
participants, vitamin D supplementation was found to be
ineffective in lowering both SBP and DBP.* Similarly, a
recent meta-analyses including 17 RCTs showed that vita-
min D supplementation had no significant effect on BP in
general but deceased SBP in those above 50 years of age
and reduced both SBP and DBP in patients who have both
vitamin D deficiency and hypertension.”! A recent RCT
included 208 participants with essential hypertension and
vitamin D insufficiency or deficiency, who were rand-
omized to vitamin D supplementation versus placebo and
whose BP was monitored before and 1 and 2 months after
supplementation. It demonstrated that vitamin D supple-
mentation was significantly effective in reducing SBP 1 and
2 months after supplementation, and it was effective on
DBP only 1 month after supplementation.” In a review of
seven studies by Zittermann,” four found lower BP in
healthy individuals treated with vitamin D3 supplementa-
tion and three found no effect.

The effect of vitamin D supplementation on the risk of
developing hypertension was looked at in 250 African
Americans who had normal BP at baseline, where partici-
pants were given either 1000 IU daily, 2000 IU e daily,
4000 IU daily, or placebo for 3 months. They found out that
with higher doses of vitamin D supplementation, SBP was
mildly reduced although DBP was unaffected.** A similar
reduction in BP was noted in hypertensive individuals who
received for 30 weeks 3000 IU daily of vitamin D.3* In con-
clusion, lower vitamin D levels may be linked with high BP
and higher risk of developing hypertension. However, dif-
ferent trials failed to show that vitamin D supplementation
may lower BP, although additional larger randomized con-
trolled trials are needed to better evaluate this.

Patients with end-stage renal disease frequently have
abnormalities in left ventricular size and function, which
usually start early in the course of chronic kidney disease
and progress further as renal function deteriorates. BP and
anemia contribute to this process in patients with renal fail-
ure, along with decreased 1,25(OH)2D3 leading to second-
ary HPTH, which in turn tends to promote hypertrophy
through increased intracellular Ca*? and through activation
of protein kinase C which increases LVH independent of BP
and may even lead to irreversible interstitial fibrosis with
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collagen deposition.>® Recent observational studies have
shown that vitamin D supplementation could reduce cardio-
vascular death among patients on dialysis and leads to
reduction in LVH.*® Vitamin D supplementation may help in
decreasing LVH through its effect on RAAS. In a small
study done in patients on hemodialysis, intravenous admin-
istration of calcitriol led to significant decrease in renin and
angiotensin-II levels, and a significant improvement in
LVH.’7 Vitamin D deficiency may induce LVH through
increasing c-myc protein involved in increasing extracellu-
lar matrix deposition.?’ In another study, it was found that
low vitamin D was associated with high plasma metallopro-
teinase which leads to left ventricular dilation and hypertro-
phy and treatment with vitamin D helps to decrease plasma
metalloproteinase.®® Vitamin D also seems to have anti-
inflammatory effects through reduction in inflammatory
cytokines.® In one study, participants with chronic kidney
disease who had 25(0OH)D3 levels below 30 ng/mL were
found to have 60% increase in the inflammatory marker, the
hsCRP level, indicating subclinical inflammation, and this
was reduced after 1 month of treatment with calcitriol.®° On
the contrary, other studies showed that excess vitamin D
supplementation could lead to vascular calcification and
increase mortality.®' Also, excess vitamin D overdosing was
found to stimulate vascular smooth muscle proliferation in
another study.®? Therefore, vitamin D supplementation may
have a beneficial effect on LVH, through negatively regulat-
ing the RAAS, modulating inflammatory response to blood
vessel injury, and decreasing cardiomyocyte hypertrophy
and proliferation. However, vitamin D excess is often better
to be avoided.

Vitamin D deficiency and Insulin
Resistance

Insulin resistance (IR) is one of the main players in the
pathophysiology of type 2 diabetes mellitus (T2D), and
inflammation is one of the major contributors for IR,%
where some inflammatory markers such as tumor necro-
sis factor, ILs, and others often lead to IR and affect islet
beta cell function.®* Since the discovery that vitamin D
helps modulate inflammation and immune response and
helps to reduce inflammation,®> and VDRs are present on
pancreatic beta cells, a link between vitamin D deficiency
and insulin deficiency and resistance was proposed.
Vitamin D deficiency was associated with decreased
peripheral glucose uptake, IR, and decreased insulin
secretion.®® In addition, different studies showed that
type 1 diabetes mellitus (T1D)%” and T2D are linked with
vitamin D deficiency.®®7°

The contribution of vitamin D deficiency to IR is multi-
factorial. Preclinical studies conducted in rats showed that
vitamin D is one of the regulators of insulin secretion and
promotes pancreatic B cells survival, and its deficiency
led to decreasing glucose-mediated insulin secretion in
pancreatic B-cells.®"” In addition, studies in rats showed

that vitamin D supplementation helped to improve glucose-
mediated insulin secretion.®"""”> The effect of vitamin D
on insulin secretion is induced directly by the presence of
VDRs in pancreatic B cells as promoter of insulin gene.”
In addition, vitamin D helps to increase cytoplasmic Ca™?
level in pancreatic B cells leading to insulin secretion.”
Vitamin D does not only affect pancreatic B-cell function
but also affects insulin sensitivity at the level of adipose
tissue, liver, and skeletal muscle. Indeed, vitamin D defi-
ciency was shown to be associated with down-expression
of insulin receptor,’” and vitamin D supplementation
improves increased expression of this receptor.’
1,25(0OH)2D3 might improve insulin sensitivity through
the activation of Peroxisome proliferator-activated recep-
tor delta (PPAR-3) which is involved in the metabolism
and mobilization of fatty acids in adipose tissue and skel-
etal muscle.” In addition, vitamin D in skeletal muscle
increases Ca’*concentration which leads to translocation
of glucose transporter type 4 (GLUT4) to cell membrane
and improves glucose uptake.”” Vitamin D supplementa-
tion may improve insulin sensitivity via inhibition of
RAAS.” Vitamin D deficiency, which often leads to sec-
ondary increase in PTH level, is also associated with IR
through decreasing the number of glucose transporters
(GLUTI and GLUT4).” In addition, it was interesting to
find that vitamin D deficiency leads to decline in mito-
chondrial respiration, resulting in increasing reactive oxygen
species (ROS) production, which in turn leads to decreased
insulin signaling pathways and decreased GLUT4 gene
transcription, leading to IR as well.%

Whereas some clinical studies showed beneficial effect
of vitamin D supplementation on improvement in insulin
sensitivity,®!%? other trials and a meta-analysis did not
reveal any significant effect on glucose and insulin meta-
bolism in obese®*® or overweight nondiabetic elderly
subjects.¢

Vitamin D deficiency and Metabolic
Syndrome

Extensive research suggests that vitamin D deficiency is
associated with MS, a metabolic disorder which includes
abdominal obesity, hyperglycemia, hypertension, and
dyslipidemia. Obesity is one of the most important modi-
fiable risk factor for cardiovascular diseases. When look-
ing at relationship between vitamin D levels and adiposity,
a bidirectional association exists but the nature of rela-
tionship is not clear. Indeed, although it has been sug-
gested that the possible lack of anti-inflammatory effects
and a consequent chronic low-grade inflammation status
could lead to an enhanced risk of obesity-related meta-
bolic disorders in vitamin D deficiency, higher body mass
index (BMI) has also been shown to cause deficient vita-
min D status.®” This effect was seen across different age
groups and in both men and women.?’
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Several studies found an inverse association between
25(OH)D3 levels and MS.3# In a systematic review of
nine studies that looked at the association between vitamin
D deficiency and MS in 6124 women with mean = SD
BMI of 26.9 = 4.4 kg/m? (57.8% of them had vitamin D
deficiency and 42.2% had normal 25(OH)D3 levels), the
prevalence of MS was significantly higher among partici-
pants with vitamin D deficiency compared with those with
adequate vitamin D status (34.5% vs 30.2%).%® In addition,
the prevalence of abdominal obesity, high BP, hypertri-
glyceridemia, and high-density lipoprotein (HDL) defi-
ciency was higher in vitamin D-deficient women.®¥°! In
another meta-analysis including 28 studies, a higher serum
25(0OH)D3 levels were associated with a 51% lower risk
of MS, 55% reduction in diabetes, and 33% lower risk of
cardiovascular disease.’? In a recent systematic review and
meta-analyses of a total of 23 observational studies (19
cross-sectional studies and four cohort studies), Lee and
Kim®3 showed that 25 nmol/L (10 ng/mL) increment in the
serum 25(OH)D3 concentration was associated with 20%
and 15% lower risks of MS in cross-sectional studies and
cohort studies, respectively. In a study conducted in 778
Korean postmenopausal women, OR for MS was 2.4 in the
lowest quartile (4.2-9.7 ng/mL), and OR was 2.2 in the
lower level group (9.8-14.1 ng/mL) and 1.8 in the inter-
mediate level group (14.3—19.8 ng/mL). In addition, the
adjusted ORs for high BP and for high triglycerides in the
lowest level group were 1.8 (95% CI: 1.1-2.8) and 2.7
(95% CI: 1.6-4.5), respectively.”* A prospective study
looked at incident cases of MS in 4164 adults of whom 528
(12.7%) patients developed MS; they showed that the risk
of developing MS was higher in patients in the first quin-
tile (25(OH)D3 <18 ng/mL) and second quintile (25(OH)
D3: 18-23 ng/mL).” However, in a study by Karatas et al,
an inverse association was observed between serum
25(0OH)D3 concentration and triglyceride levels but no
significant relationship existed with HDL-C, hyperten-
sion, and IR.%®

Limitations

This review has some limitations. It is not a systematic
review; however, a thorough literature search was per-
formed to include the most relevant observational studies
and large interventional trials. Because of the very large
number of studies assessing the relationship of vitamin D
status and cardiovascular risk, we did not cite all small
observational studies that showed similar results. We also
did not include nonpublished abstracts, and we did not
search for non-English literature publications.

Conclusion

In vivo and in vitro studies showed evidence for possible
biological role of vitamin D deficiency in the development

of cardiovascular diseases, and findings from cross-sec-
tional studies were in line with these conclusions. These
exciting findings encouraged the promotion for vitamin D
supplementation as a preventive measure for cardiovascu-
lar diseases, namely in women. This fact turned out to be a
myth with the results of large interventional randomized
trials that did not confirm the role of vitamin D supple-
mentation in reducing ischemic events, HF or its outcomes,
or hypertension. The beneficial effect of vitamin D sup-
plementation on insulin sensitivity and MS was not con-
sistent across all studies. In conclusion, current evidence is
insufficient to recommend vitamin D supplementation for
prevention of cardiovascular diseases or related risk
factors.
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