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Abstract

Cardiovascular disease (CVD), which includes coronary artery disease and stroke, is the leading
cause of mortality in the nation. Excess CVD morbidity and premature mortality in the African
American community is one of the most striking examples of racial/ethnic disparities in health
outcomes. African Americans also suffer from increased rates of hypovitaminosis D, which has
emerged as an independent risk factor for all-cause and cardiovascular mortality. This overview
examines the potential role of hypovitaminosis D as a contributor to racial and ethnic disparities in
cardiovascular disease (CVD). We review the epidemiology of vitamin D and CVD in African
Americans and the emerging biological roles of vitamin D in key CVD signaling pathways that
may contribute to the epidemiological findings and provide the foundation for future therapeutic
strategies for reducing health disparities.
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Cardiovascular disease (CVD), including coronary artery disease and stroke, is the leading
cause of death in the African American community.! It also affects 80 million people in the
U.S. and is the leading cause of death for the entire U.S. population.? Excess CVD
morbidity and mortality in the African American community is a striking example of a
racial/ethnic disparity in health outcomes. The term health disparities is often used to denote
adverse health outcomes suffered by racial or ethnic minorities that occur in the context of
historic and contemporary social and economic inequality.234 In addition to health care
system factors and social determinants of health, biological factors are also associated with
distinct racial and ethnic clinical profiles.

Hypovitaminosis D has emerged as a key biologic predictor of increased rates of CVD risk
factors (hypertension, obesity, diabetes mellitus and the metabolic syndrome)?34 and
progression factors (e.g., inflammation and fibrosis).2=% While it is established that
hypovitaminosis D is more common and more severe in racial/ethnic minorities, the
pathological mechanisms through which vitamin D may modulate CVD risk factors and
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progression factors, and if these differ across racial/ethnic groups are not well known. For
instance, while the parathyroid (PTH)/Vitamin D axis differs across groups, with African
Americans having the highest PTH levels,” it is not clear that this is due to racial/ethnic
differences in vitamin D levels or some other trait of calcium metabolism. Racial/ethnic
variations in vitamin D mediated cellular activation/metabolism such as the vitamin D
receptor (VDR), vitamin D binding globulin or other related factors could contribute to
observed differences. Given the importance of Calcium/PTH/Vitamin D in the regulation of
blood pressure, vascular tone and vascular calcification, a pursuit for a more detailed
exploration of Vitamin D as a potential CV modifier is warranted. This review will examine
the potential role of hypovitaminosis D as a CVD risk factor and a contributor to racial/
ethnic disparities in CVD outcomes. Specifically, this review will provide a brief overview
of the biology of vitamin D followed by the epidemiology of vitamin D and CVD in African
Americans, and then focus on the emerging biologic role of vitamin D in key CVD-related
signaling pathways. This information may provide new targets to ameliorate cardiovascular
disease as well as practical recommendations for vitamin D repletion that may eliminate the
epidemic of hypovitaminosis D in the African American community and reduce health
disparities.

Review Criteria

We searched PubMed terms “vitamin D,” “health disparities,” “race,” “ethnicity,” and
“cardiovascular disease.” We mainly selected publications from the past five years available
in English, but we did not exclude commaonly referenced and highly regarded older
publications. We also searched the reference lists of articles identified by these strategies
and selected those we judged relevant. Relevant review articles and book chapters were also
included.

Biochemistry

Vitamin D is a fat soluble pro-hormone obtained from dietary sources or produced from UV
activation in the skin. As illustrated in Figure 1, synthesis begins in skin keratinocytes with
UV conversion of 7-dehydrocholesterol to pre-vitamin D3, followed by metabolism of pre-
vitamin D3 to 25(OH)Dg in the liver. In the kidney, 25(OH)D3 is converted to 1a.,
25(0H),D3 which is transported to distal target organs. 1a,25(OH),D3 binds to the vitamin
D receptor in the nucleus, ultimately affecting gene transcription for cell growth and
function. In dark-skinned individuals, increased melanin reduces light-induced skin
synthesis of 7-dehydrocholesterol to pre-vitamin D3 for a given degree of light exposure.®
African Americans, like other at-risk groups with high rates of established or even perceived
lactose intolerance, have lower intake of vitamin D fortified dairy products contributing to
bone disorders and lower serum vitamin D levels.® Religious or cultural influences, such as
the Islamic tradition of women wearing burgas, may further contribute to reduce skin
exposure to the sun and lesser UV conversion of pre-vitamin D.10

Epidemiology

The optimal plasma level of vitamin D (25D) is commonly said to be 30 ng/ml or above,
while levels of 21-29 ng/ml are generally considered insufficient, and levels below 20 ng/ml
considered deficient.11 The term severe deficiency is commonly used in settings when
serum vitamin D levels are less than 10 ng/ml.11 Recent epidemiologic studies have
correlated low levels of vitamin D with increased rates of CV disease,11:1213 endstage renal
disease,1* and even death, 1516 suggesting hypovitaminosis D (<10-18 ng/ml) may be an
underappreciated non-classical risk factor for CVD. Indeed, the increased rates of CV and
related diseases among African Americans may be related in part to more frequent
hypovitaminosis D and more overt 25D deficiency.8 Data from the 2001-04 NHANES
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revealed that the prevalence of sufficient 25D was present in only 30% of Whites, 10% of
Hispanics and 5% of African Americans, while severe 25D deficiency (<10 ng/ml) was
present in 3% of Whites, 7% of Hispanics and 30% of African Americans.1* The high rates
of hypovitaminosis D as well as severe 25D deficiency (<10 ng/ml), well below the at-risk
level for CV events of 10-18 ng/ml, may contribute to the excess rates of CVD and related
diseases in African Americans.1” In a prospective nested case-controlled study of 18,225
men in the Health Professionals Follow-Up Study, there was a 2.4 fold adjusted increased
risk for myocardial infarction for men with 25D levels <15 ng/mL.18 Although association
studies point to a strong link between CVD and hypovitaminosis D, the increased rate of CV
mortality for African Americans in NHANES |11 was attenuated by adjustment for 25D
levels and fully eliminated with further adjustment for income. This suggests that the effect
of 25D on mortality did not significantly differ by race/ethnicity and that racial/ethnic
differences are primarily mediated by increased frequency and severity of 25D deficiency in
African Americans, but not by a unique biologic response.19-20.21 However, this has yet to
be confirmed.

An informative review by Pilz et al. in 201022 compiled the direct and indirect effects of
vitamin D on myocardial structure and function. The same authors pointed out that the
indirect vitamin D effects are mostly related to disturbances of calcium homeostasis, classic
cardiovascular risk factors, atherosclerosis, infections or auto immunological processes.?2
Figure 2 summarizes these effects. Finally, Fiscella et al. examined the association of 25D
levels and CV mortality to elevated risk among African Americans using baseline data from
NHANES 111 and cause-specific mortality. They found the statistically significant 38%
higher age- and sex-adjusted CV mortality observed in African Americans vs. Whites was
attenuated to a non significant 14% higher relative risk after adjustment for 25D levels and
fully eliminated with further adjustment for income, suggesting vitamin D and
socioeconomic factors could account for racial/ethnic disparities in CV mortality.1?

Effects of Vitamin D on Cardiovascular Disease

Current evidence suggests that in the CV system the genomic mechanisms responsible for
vitamin D’s non-classical effects are mediated primarily by the active form of vitamin D
(1a,25(0H),Dj3 or 1,25D) interacting with the intracellular VDR.23:24.25 1 25D may
modulate key processes involved in the pathogenesis of CVD including, but not limited to,
vascular inflammation, 28 platelet aggregation/thrombogenesis,2” vascular smooth muscle
cell proliferation,2® the renin-angiotensin system,2%:30 and cardiomyocyte proliferation,
vascular calcification, myocardial fibrosis and proliferation.13:31 Multiple genes and
signaling pathways mediate the above processes, and reflect the pleiotropic action of 1,25D
in different cellular processes including emerging roles in cell-cycle progression, apoptosis,
cellular adhesion, and oxidative stress.32:33 A few of these 1,25D modulated CV pathways
are highlighted below.

Inflammatory response

Heightened inflammatory responses may underlie the excess rates of atherosclerotic heart
disease and stroke in African Americans. A key potential modifiable factor could be
hypovitaminosis D, which has recently been linked to excess inflammation. Critical phases
of CVD involve the initial formation of the atherosclerotic plaque followed by plaque
rupture or erosion, then subsequent arterial thrombosis.3* Inflammation is a key factor
driving the processes of plaque formation, progression and rupture.3> An inflammatory
subset of monocytes and macrophages have been reported to selectively concentrate in the
atherosclerotic plaque and produce pro-inflammatory cytokines, which include interleukin
(IL)-1, IL-4, IL-6, interferon (INF)-y, and tumor necrosis factor (TNF)-a..3%:36:37 T-
lymphocytes also enhance thrombosis by driving the production of collagen-degrading
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proteinases, such as matrix metalloproteinases38 and pro-coagulant tissue factor.3® 1,25D
and VDR activators may be effective for future interventions in this clinical arena. 1,25D
has long been shown to possess immunoregulatory properties3® and may inhibit key steps in
the inflammatory process3’ (Figure 3).

The biologic mechanism by which 1,25D exerts its effect on cardiovascular inflammation
appears to be via VDRs in the heart and vascular wall, as well as in immune cells.3940
1,25D may reduce inflammation by down-regulating nuclear factor-kp (NF-kp) gene
expression, activating anti-inflammatory cytokines such as IL-10, and inhibiting pro-
inflammatory cytokines IL-6, IL-12, IFN-y, and TNF-a (39). 1,25D also regulates
expression of the collagen-degrading proteinases, which contribute to plaque rupture and
thrombosis.3438:41.42 Among these are matrix metalloproteinases produced by macrophages,
which are responsible for vascular wall and myocardium remodeling.37+42:43:44

Platelet aggregation and thrombogenesis

Excess rates of hypovitaminosis D in African Americans could also exert an effect on
disparities in CV outcomes from its role in platelet aggregation and thrombogenesis. 1,25D
reduces platelet aggregation and thrombogenesis, likely through activation of the VDR.2745
1,25D also appears to modulate plasminogen-activator-inhibitor (PAI) expression in
endothelial cells. Incubation of mesenchymal multipotent cells with 1,25D demonstrated
decreased expression of plasminogen-activator-inhibitor,42 while down-regulated expression
of tissue factor, another potent coagulation factor, was reported in monocytic cell cultures
incubated with 1,25D.46

Vascular smooth muscle cell proliferation

Proliferation of vascular smooth muscle cells is a key event during plaque formation.46
Plaque formation is an important contributor to the excess rates of CVD in African
Americans. Incubation of a mesenchymal multipotent cell line with 1,25D showed a
reduction in cell numbers suggesting an anti-proliferative effect.3! In addition, 1,25D
inhibited G1 to S phase progression by down-regulating the expression of the F-box protein
Skp2 (p45) that induces cell growth inhibition via G1 arrest. The anti-proliferative effect of
1,25D may also be mediated through the Rho and Rho/Wrch-1 pathways. The Wrch-1 gene
and Rho, a member of the GTPase family were demonstrated to be activated concomitant
with decreased cellular proliferation in the presence of 1,25D.31 Recognition of 1,25D as a
modulator of vascular smooth muscle cells proliferation reinforces its potential role as a
health disparities mediator and a potential CV therapeutic.

Myocyte effects

Congestive heart failure (CHF) is another key CV disparity affecting young African
Americans at rates of CHF related death as much as 20 times that of young Whites.#’ In the
absence of expression, VDR knockout mice develop cardiomyocyte hypertrophy and display
notable effects on the systemic and myocardial renin-angiotensin system (RAS). These also
have an increased expression of matrix metalloproteinases and reduced expression of the
tissue inhibitors of metalloproteinases. 4842 Artaza et al. recently presented preliminary data
suggesting that 1,25D promotes cardiac differentiation through negative modulation of the
non-canonical Wnt signaling pathway, supporting the hypothesis that vitamin D repletion
might attenuate CVD not only by down regulating excess cell proliferation but by promoting
cardiac cellular differentiation.?9 These key pathways may play an important role in cardiac
remodeling and the subsequent development of CHF and associated mortality risk.
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Fibrosis is another important pathway contributing to the morbidity and mortality of CVD.
Indeed, hyperinflammatory and hyperfibrotic states may underlie the high rates and severity
of multiple chronic disorders including CVD and related conditions in the African American
community. Incubation of multipotent mesenchymal cells with 1,25D reduced expression of
different collagen isoforms (the ultimate marker of fibrosis).1342 1,25D exposure also
induced an antifibrotic phenotype characterized by increase expression of BMP7 (TGFB
antagonist), and Follistatin, which blocks activin signaling®! and the pro-fibrotic factor
myostatin®2 and matrix metalloproteinase 8 (Figure 4). The role of 1,25D repletion as a
powerful antifibrotic agent may have important clinical implications for CVD in African
Americans.

Vascular calcification

Vascular calcification is a common manifestation of vascular disease, especially in patients
with chronic kidney disease (CKD). The underlying causes of the more rapid progression of
CKD in African Americans are not well known, but vascular calcification is considered a
key risk factor for CVD and CKD progression. Serum 1,25D levels were reported by
Watson and colleagues to inversely correlate with vascular calcification.>3 A three-year
follow-up of patients without baseline coronary artery calcification from the Multi-Ethnic
Study of Atherosclerosis revealed that low 1,25D levels were independently associated with
an increased risk for coronary artery calcification.>* Artaza and colleagues recently
presented preliminary data demonstrating that 1,25D promotes osteogenic cell
differentiation by down-regulating key family members of the Wnt signaling pathway and
may decrease osteoblast differentiation and bone formation by inhibiting expression of the
Nuclear factor of activated T-cells, cytoplasmic 1 (NFATc1) gene.>0 These findings support
the delicate balance whereby excess or insufficient vitamin D may both be associated with
increased vascular calcifications. 5556 Thus, optimizing serum vitamin D levels could play
an important role in attenuating vascular calcification and the associated risk for CVD and
CKD progression.

Renin-angiotensin system

High blood pressure is a prominent risk factor for CVD. African Americans suffer from the
highest incidence of hypertension in the nation. Multiple causes have been postulated, but
our understanding of hypertension remains poorly defined. African Americans tend to suffer
from hypertension characterized by salt sensitivity and low circulating renin levels.>”
Although low renin levels would be expected to be associated with less severe target organ
damage, African Americans still experience more severe hypertension-related end-organ
complications (e.g., proteinuria, cardio-renal disease). This is likely due to a dissociation of
circulating RAS from the intrarenal RAS commonly seen in the type of hypertension
characterized by salt sensitivity and low circulating renin levels.?® Thus, the renin-
angiotensin system (RAS) is not only a key regulator of blood pressure, but also an
important mediator of the pathophysiology of the vascular system, including coronary artery
disease, cardiac hypertrophy, and congestive heart failure.>® Renin synthesis, the first and
rate-limiting component of the RAS cascade, rose significantly in the juxtaglomerular cells
of vitamin D receptor (VDR) knockout mice with concomitant plasma RAS activation; and
this was independent of calcium and PTH.80-61 Cumulative data from animal and clinical
studies suggest that 1,25D or activated Vitamin D, via the VDR receptor, suppresses renin
gene expression.29:36.62 As a result, 1,25D or novel VDR activators are emerging as
potential independent negative RAS regulators (Figure 5) and may have a role in treatment
of RAS-related pathologies similar to other agents that induce RAS blockade. RAS blockade
has been reported to reverse endothelial dysfunction, attenuate proteinuria and reduce renal
injury independent of blood pressure changes in animals,53 and improve clinical outcomes
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in humans.%4 Thus, vitamin D repletion could contribute to the amelioration of intrarenal
RAS activity and improved CV outcomes for African Americans.

Vitamin D treatment and cardiovascular disease

A systematic review of 17 prospective studies and randomized trials that examined vitamin
D supplementation, calcium supplementation, or both, and subsequent cardiovascular
events. This review found that vitamin D supplements at moderate to high doses had a trend
of reducing CVD risk (pooled relative risk, 0.90 [95% CI, 0.77 to 1.05] with vitamin D
supplementation at approximately 1000 1U/d), whereas calcium supplements seemed to have
minimal cardiovascular effects.5%> Autier and Gandini examined all cause mortality risk in
subjects who participated in 18 randomized trials. They tested the effect of vitamin D
supplementation (mean daily vitamin D dose was 528 U of either 25D2 or 25D3) and found
a reduced relative risk for mortality of 0.93 (95% confidence interval, 0.87-0.99)%6,
Exogenous administration of calcitriol (synthetic 1,25-D3) or paricalcitol (synthetic 1,25-
D2, a VDR activator) in two different /n vivo models of cardiac hypertrophy have shown
improvements in left ventricular structure and function, myocardial collagen, and cardiac
output compared with the control.7.:68 In patients with advanced CKD, who are known to be
deficient in both 25D and 1,25D, treatment with active vitamin D or a VDR agonist was
associated with improved parameters of CV health such as reduced pulse wave velocity and
arterial stiffness along with reduced LVH and cardiovascular mortality®® (Figure 6). In a
multivariate analyses of over 9,000 incident hemodialysis patients treated with activated
vitamin D, African Americans had reduced mortality compared with Whites (HR 0.84; 95%
Cl10.72, 0.99) whereas among the untreated, African Americans had increased mortality
(HR 1.34; 95% CI 1.07, 1.69).79 These data support the potential contribution of activated
vitamin D on the well recognized but poorly understood survival benefit of African
Americans on hemodialysis and reinforce the need to better explore the potential role of
vitamin D as a modulator of outcomes and disparities in the general population. Although
few of the above studies found differential racial/ethnic effects of vitamin D, the fact that
African Americans are more likely to suffer from both low vitamin D levels and CVD
require further evaluation using randomized prospective trials. Repletion of vitamin D levels
could provide a potentially easily modifiable, natural, low cost intervention, which would be
extremely relevant as a possible strategy for improving CV outcomes overall, and reducing
racial/ethnic health disparities, in particular.”!

Conclusion and Recommendations

Hypovitaminosis D has emerged as an independent risk factor for all-cause and
cardiovascular mortality. An improved understanding of the epidemiologic associations and
biologic pathways through which vitamin D may affect cardiovascular health can inform
future clinical trials and ultimately evidenced-based therapeutic recommendations. A recent
IOM report, reinforced attaining a baseline vitamin D serum level of 230 ng/mL but also
recommending a supplemental dose of only 600 1U of 25D daily although noting that an
upper level intake can be as high as 4,000 1U for persons age 9 and above.2? Interestingly, a
report from Bischoff-Ferrari et al. estimates that 1,000 1U daily is required to bring 50% of
younger and older adults to 25(OH)D levels above 30 ng/mL.72 However, to bring 85% to
90% of younger and older adults to 25(OH)D levels above 30 ng/mL, 2,000 IU daily are
needed.”2 Thus, a practical recommendation for achieving levels at or above 30 ng/mL in
the African American community will require at least 1,000-2,000 1U/day of vitamin D.
This should be directed for addressing daily needs, while it remains premature to make such
recommendations for the purpose of preventing cardiovascular disease or death or
improving quality of life.”3 While prospective clinical interventions to define the
cardioprotective effects of nutritional vitamin D repletion or VDR activators are still needed,
the recognition of biochemical and transcriptional effects of 1,25D and VDR activators
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within the CV system may reveal new targets to treat CVD and ultimately reduce health
disparities. Since African Americans are at high risk for hypovitaminosis D they should be
assessed more frequently and treated when necessary to achieve a serum level of =230 ng/
mL, recognizing that this may require doses in the upper range of the IOM
recommendations. In summary, hypovitaminosis is a major epidemic with important CV
implications. Vitamin D repletion is an affordable, natural and easily modifiable intervention
that holds tremendous potential as a public health solution for reducing CV related health
disparities, as does potential new vitamin D-related cellular targets.
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Vitamin D is a fat soluble pro-hormone obtained from dietary sources or produced from UV
activation in the skin. In the liver vitamin D is converted by the vitamin 1,25D hydroxylase

(25-OHase) to 25-D3 (25-hydroxivitamin D3). 25-D3 is biologically inactive and is
converted primarily in the kidney by the 25-hydroxyvitamin D-1a-hydroxylase (1-OHase)
to its biologically active form 1,25-dihydroxyvitamin D (1,25-D3) or calcitriol.
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Figure2.

Direct and indirect effects of vitamin D on Myocardium structure and function.
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Figure 3.

Vitamin D, lymphocyte, and macrophage involvement in atherosclerosis. Recent studies
suggest that lymphocytes and macrophages play the initial role in the generation of
atheromas. It is hypothesized that Th1 cells start producing excess IFN+y, which is a potent
stimulator of macrophage activity. Activated macrophages secrete IL-1, IL-6, and TNF-c.
These cytokines recruit additional monocytes, increase LDL oxidation, and generate
production of MMPs that can destabilize the plaque to cause rupture and thrombosis. In
contrast, the TH2 lymphocyte subset is called the antiatherogenic phenotype, because these
cells produce IL-10, an anti-inflamatory cytokine that suppresses macrophage activation and
Th1 proliferation.
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Figure4.

Vitamin D reverts the fibrotic process induced by 5’-azacytidine (AZCT) in mesenchymal
multipotent cells. (A) In the absence of vitamin D, an injury triggers the inflammatory
cascade, which can lead to a fibrotic process (progressive scarring). (B) 1,25D (the active
form of vitamin D) induces a VDR-mediated antifibrotic signaling phenotype in multipotent
mesenchymal cells.
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Figureb5.

Vitamin D and the renin-angiotensin system. Vitamin D or novel VDR activators have

emerged as potential independent negative RAS regulators.
AT-R = Angiotensin Receptor

EP = Endopeptidases

EC = Endothelial Cells
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Figure®6.

Impact of vitamin D receptor activators on cardiovascular endpoints and patient outcome.
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