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For decades, Vitamin D has been viewed
primarily as the “bone vitamin” essential for
calcium-phosphate homeostasis and skeletal
health. While its role in preventing rickets and
osteomalacia is undisputed, a growing body of
evidence suggests that Vitamin D has
far-reaching effects extending into metabolic
and cardiovascular systems. This evolving
understanding necessitates a paradigm shift:
Vitamin D is not merely a nutrient for bones
but a pleiotropic hormone influencing multiple
organ systems (1).

Vitamin D as a Hormone: Biological
Basis for Expanded Roles

Vitamin D functions more like a steroid
hormone than a conventional vitamin. Upon
activation, it binds to the Vitamin D Receptor
(VDR), which is expressed in more than 30
tissues, including pancreatic B-cells, skeletal
muscle, vascular smooth muscle, and
cardiomyocytes (2). Through genomic and
non-genomic actions, Vitamin D regulates
over 200 genes involved in inflammation, cell
growth, and metabolic regulation. This
widespread distribution of VDRs provides a
biological rationale for the diverse systemic
effects  observed in  clinical  and
epidemiological studies (3).

Vitamin D and Metabolic Health:
Diabetes and Insulin Resistance

One of the most consistent areas of research
links Vitamin D with glucose metabolism.
Experimental studies have shown that Vitamin
D directly influences insulin secretion by
binding to VDRs in pancreatic B-cells. It also
improves insulin sensitivity in peripheral
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tissues by enhancing expression of insulin
receptors and modulating intracellular calcium
(4).

Epidemiological studies reveal that Vitamin D
deficiency is associated with  higher
prevalence of type 2 diabetes and metabolic
syndrome (5). While some randomized
controlled  trials  demonstrate ~ modest
improvements in insulin resistance after
Vitamin D supplementation, others fail to
show significant benefit (6). These mixed
results may be explained by variations in
baseline deficiency status, genetic differences
in VDR polymorphisms, and heterogeneity in
dosage and duration of supplementation.

Obesity and Adipose Tissue Function

Obesity is both a cause and consequence of
Vitamin D deficiency. Adipose tissue
sequesters  Vitamin D, reducing its
bioavailability. Conversely, deficiency
exacerbates obesity-related metabolic
dysfunction by  increasing  systemic
inflammation and impairing lipid metabolism
(7). Emerging research suggests that Vitamin
D may regulate adipokines such as leptin and
adiponectin, thereby influencing energy
balance and fat distribution (8).

Vitamin D and Cardiovascular
Health:Hypertension and Vascular
Function

The renin-angiotensin—aldosterone system
(RAAS) plays a pivotal role in hypertension
and cardiovascular disease. Vitamin D has
been shown to suppress renin expression, thus
attenuating RAAS  overactivity  (9).
Observational studies consistently
demonstrate an inverse relationship between
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serum Vitamin D levels and blood pressure
(10). However, supplementation trials yield
conflicting outcomes—some report modest
blood pressure reduction, while others show
no effect (11).

Atherosclerosis and Coronary
Artery Disease

Vitamin D deficiency is strongly associated
with  endothelial  dysfunction, vascular
stiffness, and increased inflammatory
burden—all key contributors to
atherosclerosis (12). Experimental studies
indicate  that Vitamin D  modulates
macrophage activity, reduces foam cell
formation, and inhibits vascular smooth
muscle proliferation (13). These
anti-atherosclerotic ~ effects  provide a
mechanistic link to observational findings that
low Vitamin D status correlates with higher
incidence of coronary artery disease,
myocardial infarction, and stroke (14).

Heart Failure and Arrhythmias

The presence of VDRs in cardiomyocytes
suggests a direct role for Vitamin D in cardiac
remodeling and contractility (15). Deficiency
is linked with left ventricular hypertrophy and
increased risk of heart failure (16).
Furthermore,  disturbances in  calcium
homeostasis caused by inadequate Vitamin D
may predispose to arrhythmias (17). While
supplementation has not yet emerged as a
definitive therapy for heart failure, ongoing
trials are exploring its potential in adjunctive
management (18).

Controversies and Challenges

Despite promising associations, translating
Vitamin D  research  into  clinical
recommendations remains fraught with
challenges. Several large randomized
controlled trials, such as the VITAL study,
reported neutral results regarding

cardiovascular
questions about causality. Critics argue that
the benefits of Vitamin D may be confined to

and community-level
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outcomes  (19), raising

individuals with frank deficiency, while

supplementation in those with sufficient
baseline levels offers little advantage (20).

Another complexity lies in determining the
optimal threshold for sufficiency. While most
guidelines define deficiency as serum

25(0OH)D levels below 20 ng/mL, some

experts advocate for higher cut-offs (>30

ng/mL) for optimal cardiometabolic protection
(21). The debate underscores the need for
individualized approaches considering

genetics, lifestyle, and comorbidities.

Public Health and Clinical
Implications

Vitamin D deficiency is highly prevalent

worldwide, particularly in South Asia, the

Middle East, and parts of Africa, where sun
exposure is limited by lifestyle and cultural
practices (22). In Bangladesh, recent surveys
indicate deficiency rates exceeding 60% in
certain  populations.  This  widespread
deficiency presents both a challenge and an
opportunity.

From a clinical standpoint, screening for

Vitamin D deficiency in patients with
diabetes, obesity, or cardiovascular disease

may help identify those at risk. From a public
health perspective, fortification of staple foods
supplementation
programs could serve as cost-effective

strategies to mitigate the burden of
cardiometabolic diseases (23).

Future Directions

To fully elucidate the role of Vitamin D in

metabolic and cardiovascular health, future
research must address several gaps:

® Precision medicine approaches: Genetic
studies on VDR polymorphisms may help
identify subgroups that derive the greatest
benefit from supplementation (24).
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L4 Long-term interventional trials: Large,
well-designed trials with adequate dosing
and longer follow-up are needed to
establish causality (25).

L Integration with digital health: Wearables
and Al-based prediction models could
track sun exposure, dietary intake, and
serum levels, personalizing Vitamin D
recommendations (26).

e  Combination therapies: Studying Vitamin
D supplementation alongside other
interventions—such as statins,
antihypertensives, or antidiabetic
agents—may reveal synergistic effects
(27).

Conclusion

The journey of Vitamin D research has
evolved from rickets prevention to exploring
its potential in reducing the global burden of
chronic diseases. While definitive evidence
remains elusive, the expanding role of Vitamin
D in metabolic and cardiovascular health is
undeniable. For clinicians, the message is
clear: ensure sufficiency, particularly in
high-risk groups, while awaiting further
evidence to refine therapeutic strategies. For
researchers, the challenge is to untangle
causality from association and move from
observational promise to clinical impact.

Vitamin D, once considered merely the
guardian of bone health, is now emerging as a
silent modulator of the heart, vessels, and
metabolism. Its story is still being
written—Dbut the chapters ahead may redefine
preventive medicine in the 21st century.
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