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Abstract

This article examines the role of vitamin D in chronic heart failure and its effect
on the cardiovascular system. It has been established that vitamin D deficiency
negatively affects the contractile activity of the heart muscle, the activity of the
renin-angiotensin-aldosterone system, and inflammatory processes. As a result of
the studies, it was shown that a sufficient level of vitamin D can improve heart
function, slow down the development of the disease, and serve to improve the quality

of life of patients.
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Chronic heart failure is one of the most pressing problems of the cardiovascular
system and is characterized by high morbidity and mortality rates worldwide. This
disease occurs as a result of a decrease in the heart's ability to adequately supply the
body's tissues with blood. In recent years, the role of metabolic factors, including
vitamins and trace elements, in the pathogenesis of chronic heart failure has been
widely studied. Vitamin D is considered not only a regulator of calcium-phosphorus
metabolism, but also a biologically active hormone that affects the activity of the
heart muscle. It has been established that its deficiency increases the risk of
developing arterial hypertension, ischemic heart disease, and chronic heart failure.
Vitamin D affects the cardiovascular system through several mechanisms. One of

the most important mechanisms is the regulation of the renin-angiotensin-
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aldosterone system (RAAS). Scientific research shows that vitamin D deficiency
leads to excessive activation of the renin-angiotensin-aldosterone system, which is
one of the main links in the pathogenesis of heart failure. According to experimental
data, vitamin D can suppress the expression of the renin gene. As a result, the level
of angiotensin II decreases, arterial pressure increases, and the load on the heart
decreases. Vitamin D deficiency is observed in most patients with chronic heart
failure. According to the results of randomized clinical trials, the intake of vitamin
D supplement in such patients led to a decrease in the level of aldosterone in blood
plasma. This helps to slow down the processes of structural restructuring of the heart
muscle. In addition, some meta-analyses have shown that vitamin D intake leads to
an improvement in left ventricular function and a decrease in ventricular remodeling.
It 1s assumed that this effect can be realized through a decrease in the activity of the
system. Additionally, vitamin D has anti-inflammatory effects, reduces oxidative
stress, and improves endothelial function. This leads to an increase in the contractile

ability of the heart muscle and the general health of patients.

Chronic heart failure is a complex clinical syndrome characterized by the
inability of the heart to pump sufficient blood to meet metabolic demands. Despite
advances in pharmacological and device therapies, prognosis remains poor.
Recently, attention has focused on modifiable metabolic and hormonal factors

contributing to CHF progression, including vitamin D deficiency.

Vitamin D deficiency affects more than one billion individuals worldwide and
is particularly common in elderly patients and those with chronic diseases, including

heart failure.
Vitamin D Metabolism and Cardiovascular System

Vitamin D is obtained through skin synthesis following sunlight exposure and

from dietary sources. It undergoes hepatic conversion to 25-hydroxyvitamin D and
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renal activation to 1,25-dihydroxyvitamin D (calcitriol), the biologically active

form.

Vitamin D receptors (VDRs) are expressed in multiple cardiovascular tissues,

including:
« Cardiomyocytes
« Vascular smooth muscle cells
« Endothelial cells
« Immune cells

This widespread distribution suggests an important regulatory role beyond

skeletal health.
Pathophysiological Links Between Vitamin D and Chronic Heart Failure
1. Regulation of the Renin—Angiotensin—Aldosterone System (RAAS)

Vitamin D suppresses renin gene expression. Deficiency leads to activation of

the RAAS, resulting in:
« Increased vasoconstriction
« Sodium retention
« Ventricular hypertrophy
« Cardiac remodeling
These mechanisms contribute directly to heart failure progression.
2. Anti-Inflammatory Effects

Chronic heart failure is associated with systemic inflammation. Vitamin D

modulates immune responses by reducing pro-inflammatory cytokines such as:
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« Tumor necrosis factor-a (TNF-a)

o Interleukin-6 (IL-6)
Reduced inflammation may help prevent myocardial damage and fibrosis.
3. Effects on Myocardial Structure and Function
Vitamin D influences:

« Cardiomyocyte proliferation

o Calcium handling

« Myocardial contractility

Deficiency has been associated with left ventricular hypertrophy and impaired

systolic function.
4. Endothelial Function and Vascular Health

Vitamin D improves endothelial function by enhancing nitric oxide production
and reducing oxidative stress, thereby improving vascular compliance and

peripheral circulation.
Vitamin D Deficiency in Patients with Chronic Heart Failure

Studies report vitamin D deficiency in up to 70-90% of CHF patients.

Contributing factors include:
« Reduced sunlight exposure
« Advanced age
« Renal dysfunction
« Malnutrition

o Limited physical activity
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Clinical Evidence on Vitamin D Supplementation

Clinical trials evaluating vitamin D supplementation in CHF patients have

produced mixed results.
Some studies demonstrate:

« Improved inflammatory markers
« Enhanced left ventricular function
« Improved quality of life

However, large randomized controlled trials show inconsistent improvement in
mortality or hospitalization outcomes. Differences in dosage, patient selection,

baseline deficiency, and study duration may explain these discrepancies.

Current evidence suggests supplementation may be most beneficial in patients

with confirmed deficiency rather than as universal therapy.
Conclusion

Vitamin D plays an important modulatory role in the pathophysiology of
chronic heart failure through its effects on neurohormonal activation, inflammation,
myocardial function, and vascular health. Although vitamin D deficiency is strongly
associated with worse outcomes in CHF patients, evidence supporting routine
supplementation for all patients remains inconclusive. Screening and targeted
correction of deficiency may represent a promising supportive strategy in

comprehensive heart failure management.
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