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 Vitamin D, a fat-soluble prohormone, has wide-ranging roles in the 

regulation of many physiological processes through their interactions 

with the vitamin D receptors (VDR). It plays a major role in bones and 

calcium metabolism. Vitamin D deficiency is not uncommon and it has 

been associated with many health-related issues, including skeletal and 

non-skeletal complications. The association of low vitamin D and 

cardiovascular diseases and risk factors has been explored in both animal 

and human studies. However, studies and trials on the effect of vitamin 

D supplementation on cardiovascular risk factors and hypertension are 

conflicting with inconsistent results. However, studies and trials on the 

effect of vitamin D supplementation on cardiovascular risk factors and 

hypertension are conflicting with inconsistent results. Therefore, large, 

well-powered randomized controlled trials are warranted. If successful, 

supplementation with easy and low-cost vitamin D can impact our health 

positively. Here, we summarized the evidence for the association of 

vitamin D, cardiovascular diseases and risk factors, including coronary 

artery diseases, stroke, and hypertension, and mortality, with special 

consideration to resistant hypertension. 
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1. Introduction 

The active form of vitamin D, calcitriol, is produced by the hepatic 25-hydroxylase and renal 1a-

hydroxylase, and it acts on the vitamin D receptor (VDR) in almost 30 distinct organs. Vitamin D is mostly 

obtained from cutaneous solar UV radiation (80–100%) and to a lesser degree through foods that are 

naturally fortified or contain vitamin D. The amount of vitamin D's metabolite 25-hydroxyvitamin D 

(25[OH]D) is the most accurate indicator of health [1]. 

 

Lack of vitamin D has been associated with both musculoskeletal (such as rickets, bone fractures, 

osteomalacia, osteopenia, and muscular weakness) and non-skeletal problems. Cardiovascular conditions 

and risk factors include congestive heart failure, diminished systolic and diastolic function, myocardial 

infarction, peripheral vascular disease, abdominal aortic aneurysm in older men, nonvalvular AF, and 

hypertension are examples of non-skeletal consequences. In addition, it was linked to metabolic syndrome, 

type 1 diabetes, type 2 diabetes, insulin resistance, cystic fibrosis, rheumatoid arthritis, multiple sclerosis, 
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inflammatory bowel diseases, cancers, schizophrenia, depression, cognitive deficits, common obesity, non-

alcoholic fatty liver disease, and burn injuries [2]. 

 

2. Function of vitamin D 

When exposed to ultraviolet-B (UVB) rays from the sun, vitamin D may be generated in the skin as vitamin 

D3 or consumed as vitamin D2 or vitamin D3 in the food. After entering the body, vitamin D circulates 

attached to vitamin D-binding protein, where it is quickly changed by the liver into its main circulating 

form, 25-hydroxyvitamin D (25(OH)D). The 1-alpha hydroxylase (1-OHase) in the kidney metabolises 

25(OH)D under the action of PTH to produce 1,25(OH)2D, the hormonal form of vitamin D. Other bodily 

tissues that contain 1-OHase are able to convert 25(OH)D to 1,25(OH)2D. However, the only enzyme that 

appreciably raises blood levels of 1,25(OH)2D is the renal 1-OHase. It is hypothesised that the extrarenal 1-

OHases enable the conversion of 25(OH)D into 1,25(OH)2D, which functions as a paracrine or autocrine 

hormone [3]. 

 

Circulating 1,25(OH)2D, either in its free form or aided by megalin, penetrates the target cell, attaches to 

the VDR in the cytoplasm, moves to the nucleus, and heterodimerizes with the retinoic receptor. Then, to 

promote the transcription of genes controlled by vitamin D, the 1,25(OH)2D-VDR-retinoic receptor 

complex attaches to vitamin D response regions on DNA. Genes essential for bone mineralization and 

calcium transport in the gut are only two examples of traditional processes controlled by vitamin D. Genes 

crucial for innate immunity, cancer growth, muscle function (both skeletal and smooth), and endothelial cell 

proliferation are among the non-classical or new actions of vitamin D that are now being studied [4]. 

 

For several reasons, including (1) its long half-life in circulation (3 weeks versus 8 hours), (2) the 

concentration of 25(OH)D is 1000 times higher in circulation than that of 1,25(OH)2D (ng/mL versus 

pg/mL), and (3) the production of 1,25(OH)2D is primarily controlled by PTH, which closely controls 

calcium levels, serum 25(OH)D is preferable to 1,25(OH)2D. In order to maintain normal blood calcium 

levels in those with severe vitamin D insufficiency, 1,25(OH)2D levels may need to be increased. Although 

it has not been confirmed, it is thought that 25(OH)D is the best biomarker to define vitamin D status as a 

CVD mediator [5]. 

 

The traditional role of vitamin D is to improve intestinal calcium absorption for healthy bone 

mineralization. The body's numerous cells, including cardiomyocytes, vascular smooth muscle, and 

endothelium, all have the vitamin D receptor (VDR), which the active form of vitamin D, 1,25-

dihydroxyvitamin D (1,25(OH)2D), binds to in order to exert its steroid hormone-like effects [6]. 

 

According to recent research, those who are vitamin D deficient are more likely to have cardiovascular 

disease (CVD) or are at risk of getting CVD incidentally. The exact method through which vitamin D may 

protect people from CVD is not yet completely understood. Several theories have been put forward, 

including lowering parathyroid hormone (PTH) levels, increasing vascular compliance, negatively 

regulating renin to reduce blood pressure, and enhancing glycemic management [7]. 

 

3. Epidemiology 

Older women, those living at greater latitude, during the winter, with less sun exposure, darker skin, a poor 

diet, and a lack of vitamin D fortified foods were identified as the primary risk factors. Vitamin D 

deficiency is widespread; the lowest vitamin D levels are frequently found in regions like the Middle East 

and South Asia. In the general population, vitamin D insufficiency is thought to affect between 30 and 50 

percent of people. Furthermore, vitamin D insufficiency is still widespread in nations with plenty of 
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sunlight. In significant Middle Eastern research of 60,979 patients from 136 nations with year-round 

sunshine, it was discovered that vitamin D deficiency affects 82.5% of the patients [8]. 

 

Worldwide vitamin D insufficiency is pandemic, and because it is a key contributing factor in many chronic 

illnesses, some writers have recommended yearly vitamin D assessment along with proper consumption and 

increased knowledge of its effects. Between 1988 and 1994, a sample of 18,158 people in the United States 

had a prevalence of vitamin D insufficiency that increased to 20,289 people between 2000 and 2004, with a 

5 to 9 nmol/l drop in vitamin D levels [9]. 

 

Blacks had the lowest amounts of vitamin D, followed by Hispanics and Chinese, while Whites had 

acceptable levels (Multi-Ethnic Study of Atherosclerosis MESA). Yetley conducted another research in 

2008 that showed non-Hispanic Mexican Americans and non-Hispanic Blacks tend to have lower levels of 

vitamin D than non-Hispanic Whites. Additionally, he discovered that vitamin D levels were much lower 

among people who were fat, had a college education, suffered from hypertension, had low levels of high-

density lipoprotein, and consumed less milk. In addition, a research of British people discovered that the 

degree of vitamin D insufficiency was dangerously lower in the winter and spring [2]. 

 

4. Diseases of the heart and vitamin D 

Numerous cardiovascular risk factors have been linked to vitamin D deficiency. Through increased renin 

and angiotensin II synthesis, vitamin D deprivation may enhance the production of reactive oxygen species 

and G protein RhoA. Insulin resistance and the metabolic syndrome are caused by the inhibition of 

intracellular glucose transporter pathways. Furthermore, vitamin D's effects on the proliferation and 

calcification of smooth muscle may be a factor in how they affect cardiovascular health. In the 6784-person 

Inter99 study, high vitamin D levels were associated with a favourable lipid profile and a lower risk of 

metabolic syndrome [10]. 

 

Furthermore, an NHANES III research conducted between 1988 and 1994 found a connection between low 

vitamin D levels and cardiovascular disease (CVD) and a number of CVD risk factors, including obesity, 

hypertriglyceridemia, and diabetes mellitus (DM). A prospective nested case-control study of 18,225 US 

men between 1993 and 1999 indicated that deficient vitamin D was associated with a higher risk of 

myocardial infarction than sufficient 25(OH)D after controlling for other variables. Kim and colleagues 

found that, after correcting for age, race, and gender, persons with cardiovascular diseases, such as coronary 

heart disease and heart failure, had a significantly higher prevalence of hypovitaminosis D [3]. 

 

Additional prospective research has connected vitamin D deficiency to an increase in the prevalence of 

diabetes, hypertension, hyperlipidemia, and peripheral vascular disease (PVD) (P 0.0001) as well as 

incident death, heart failure, coronary artery disease/myocardial infarction, stroke, and their composite. This 

research was conducted on the database of 41,504 patients from the Integrated Intermountain Healthcare 

system. Low serum 25(OH)D was also shown to be incidentally associated with an increased risk for CVD 

using Hill's criteria for causation in a biological system. In a meta-analysis of 19 prospective studies 

including 65,994 people, Wang et al. found a linear and negative connection between plasma vitamin D 

level and risk of cardiovascular diseases [11]. 

 

5. Vitamin D deficiency and coronary artery disease 

Numerous studies have examined the connection between vitamin D deficiencies and diseases of the 

coronary arteries (CADs). A 1978 Danish study found a substantial correlation between low vitamin D 

levels and myocardial infarction and angina. Insufficient vitamin D levels were seen in over 95% of 
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participants in a multicenter US cohort study looking at individuals hospitalised with acute coronary 

syndrome (ACS) [12]. 

 

In a study by Dziedzie et al., low vitamin D levels were discovered in those with a history of myocardial 

infarction. In a case-control study (n = 240), Roy et al. discovered that severe vitamin D deficiency was 

associated with an increased risk of acute myocardial infarction after adjusting for risk factors [4]. 

 

Similar findings from the 18,225-participant Health Professionals Follow-up Study were also reported. 

After a 10-year follow-up, participants in this research who had normal vitamin D levels had a roughly 50% 

decreased risk of myocardial infarction. A significant prospective study (n = 10,170) found a correlation 

between low vitamin D levels and an increased risk of ischemic heart disease, myocardial infarction, and 

early death during a 9-year period. According to a meta-analysis of 18 studies, low vitamin D levels have 

also been associated with an elevated risk of ischemic heart disease and early death [13]. 

 

6. Blood pressure and vitamin D 

In industrialised countries, individuals most often see primary care physicians with hypertension as a 

chronic health problem. The incidence of hypertension in adults is above 29%, with 1.6 billion instances of 

hypertension estimated by 2025 [6]. 

 

7. Pathophysiology 

It is thought that the renin-angiotensin system, which increases blood pressure, is brought on by a 

deficiency in vitamin D. According to prior animal studies, angiotensin II production and renin expression 

are doubled in vitamin D receptor-null (VDR-null) mice, resulting in hypertension, cardiac hypertrophy, 

and increased water intake. Additionally, wild-type mice exhibited renin suppression after receiving 

1,25(OH)2D3 injections. This led to the designation of 1,25(OH)2D3 as a novel negative endocrine 

regulator of the renin-angiotensin axis [1]. 

 

Later studies showed that animals missing the vitamin D receptor (VDR-KO) had significant cardiac 

hypertrophy, proving that calcitriol directly suppresses the formation of cardiomyocytes. Through a central 

antioxidative mechanism, 1,25(OH)2D3 has normalisedoveractivation of the central renin-angiotensin 

system in 1-alpha-hydroxylase mutant mice. Additionally, it was shown using mouse models that removing 

VDR from vascular endothelial cells decreased endothelial nitric oxide synthase production and prevented 

endothelial relaxation [13]. 

 

In male rats, vitamin D deficiency increases systolic blood pressure, superoxide anion production, 

angiotensin II production, atrial natriuretic peptide production, and changes in 51 cardiac genes that are 

essential for regulating oxidative stress and myocardial hypertrophy, according to a 2011 study by Argacha 

et al. A different study on mice found that they excreted less sodium in the urine, had higher systolic and 

diastolic blood pressure, high plasma renin-angiotensin activity, and increased plasma renin-angiotensin 

activity. However, these effects were all reversed after 6 weeks on a vitamin D-sufficient chow diet. The 

same study found that high-fat diet-fed mice with low vitamin D consumption had increased aortic 

atherosclerosis, which was associated by an increase in fat deposition, macrophage infiltration, and 

endoplasmic reticulum stress activation. These results demonstrate a connection between high blood 

pressure and accelerated atherosclerosis and low vitamin D levels [8]. 

 

Another study utilising double-transgenic rats found that vitamin D deprivation exacerbated hypertension 

(HTN) and had an impact on the renin-angiotensin system, potentially leading to end-organ damage [3]. 
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For the first time in humans, the Ludwigshafen Risk and Cardiovascular Health (LURIC) Study showed a 

steady rise in plasma renin concentration with declining levels of 25(OH)D and 1,25(OH)2D as well as a 

parallel rise in angiotensin 2 in a prospective cohort study of 3316 patients conducted in southwest 

Ludwigshafen from 1997 to 2000. Another study discovered that the renin-angiotensin system was more 

active in obese, hypertensive individuals with low 25(OH)D. Further studies with 375 hypertensive and 146 

normotensive individuals showed a relationship between plasma renin activity in hypertension and the 

25(OH)D level and genetic variation at the Fok1 polymorphism of the vitamin D receptor gene. This 

discovery confirms the function of the vitamin D-VDR complex in humans as a renin regulator. In order to 

aid patients with metabolic syndrome and/or hypertension, it has been suggested that vitamin D analogues 

be used as renin inhibitors for those with hyperreninemia, comparable to ACE inhibitors and ARBs. In 

addition to hypertension, vitamin D deficient people may also have arterial stiffness, endothelial 

dysfunction, and hyperparathyroidism as a consequence of hypertension [14]. 

 

8. CVD Risk and Vitamin D Status: Epidemiologic Evidence 

Early 1980s and 1990s data prompted the hypothesis that differences in ischemic heart disease mortality 

may be explained by an environmental factor, such as vitamin D. (IHD). Fleck noted that mortality rates 

increased with increasing equatorial distance [15]. 

 

According to Grimes et al., there is a link between less sunlight hours and a lower likelihood of dying from 

IHD in the United Kingdom. He claimed that vitamin D functions as a preventative element by either 

inhibiting Chlamydia pneumoniae, which was formerly thought to be the cause of coronary heart disease, or 

by modifying serum cholesterol levels. According to Douglas et al., there was a definite seasonal pattern in 

the incidence and mortality rates of coronary heart disease, with greater rates during the winter months 

when vitamin D levels are at their lowest. Rostand claimed that blood pressure increased with increasing 

distance from the equator and that cutaneously generated vitamin D may play a role in blood pressure 

regulation [7]. 

 

Investigations of the cross-sectional relationships between vitamin D levels and CVD have been made 

feasible by the National Health and Nutritional Examination Surveys (NHANES) of the United States, 

which were conducted from 1988 to 1994 and again from 2000 to 2004. According to Kendrick et al., 

persons with vitamin D insufficiency (25(OH)D 20 ng/mL) had a higher incidence of self-reported angina, 

myocardial infarction, and heart failure [OR (95% CI) 1.20 (1.01, 1.36)] than those with higher levels of 

vitamin D [1]. 

 

In the most recent NHANES 2000-2004 research, vitamin D insufficiency (25(OH)D 20 ng/mL) was 

associated with a greater incidence of self-reported coronary heart disease, heart failure, and peripheral 

vascular disease. The NHANES 1988–1994 research found a correlation between low vitamin D status and 

a number of cardiovascular risk factors, including hypertension, diabetes, a high body mass index (>30), an 

increased triglyceride level, and microalbuminuria. The prevalence of peripheral arterial disease increases 

when comparing the lowest quartile of 25(OH)D to the highest quartile of 25(OH)D. In non-hypertensive 

individuals from the NHANES 1988-1994, Judd et al. discovered that having an adequate vitamin D level 

(>32 ng/mL) provided a 20% reduction in the rate of blood pressure rise with ageing. However, in Germany 

and the Netherlands, smaller cross-sectional studies have not been able to show a relationship between older 

people's blood pressure and vitamin D levels [5]. 

 

In their analysis of all-cause mortality by 25(OH)D quartile, Melamed et al. found that individuals in the 

bottom quartile had adjusted mortality rate ratios (95% CI) of 1.28 (1.11-1.48) that were significantly 
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higher than those in the top quartile. Although this did not statistically reach significance, cardiovascular 

mortality did seem to increase the mortality rate in the lowest quartile of 25(OH)D [mortality rate ratios 

(95% CI) 1.22 (0.90-1.65)]. Accordingly, it seems from a number of epidemiological findings that low 

vitamin D levels are associated with subpar cardiovascular outcomes [9]. 

 

9. Proposed Mechanisms of Vitamin D Protection in CVD 

Although vitamin D may protect against CVD, the precise mechanism is yet unclear. Some of the 

postulated mechanisms include calcium deposition in vascular smooth muscle, the renin-angiotensin 

system, glucose control, inflammatory cytokines, direct effects on the vasculature, modulation of PTH 

levels, and direct effects on the blood vessels. Clinical trials have produced very few results, and the 

majority of the research into these pathways has been conducted in preclinical studies [4]. 

 

10. As a Renin Negative Regulator, vitamin D 

Yan Chun Li, a researcher at the University of Chicago, has reignited interest in vitamin D's potential as an 

antihypertensive. Angiotensin-converting enzyme inhibitors may be used to treat the blood pressure 

elevation, cardiac hypertrophy, and enhanced RAAS activation seen in VDR deletion rats, which his team 

successfully proved. Furthermore, 1,25(OH)2D3 injections given to wild-type animals revealed decreased 

renin mRNA expression [1]. 

 

The development of particular cardioselective vitamin D compounds for the treatment of hypertension 

without calcemic side effects may be facilitated by the in vitro suppression of renin expression by a variety 

of novel vitamin D analogues. Li et al. demonstrated in a similar study that 1,25(OH)2D prevents the 

binding of cyclic adenosine monophosphate response elements, which is necessary for the transcription of 

renin mRNA. In reliable randomised controlled research, the effects of vitamin D or its equivalents on 

hypertension and RAAS signalling have not yet been shown [11]. 

 

11. Vitamin D Enhances Insulin Sensitivity 

The VDR and 1-OHase are found in the pancreas, which implies it possesses the vitamin D processing 

equipment required to change circulating 25(OH)D into 1,25(OH)2D, a hormone that may have paracrine or 

autocrine effects. According to preliminary study, mice with vitamin D deficiencies produce insulin at a 

lower rate than their vitamin D-sufficient counterparts. Numerous modest observational and case-control 

studies have shown a connection between a vitamin D deficiency and insulin resistance or reduced insulin 

production. Numerous studies, including one by Scragg et al., shown that having low levels of vitamin D 

increased the risk of diabetes and enhanced insulin sensitivity [12]. 

 

Those with baseline 25(OH)D levels higher than 28 ng/mL had a 40% decreased likelihood of developing 

type 2 diabetes after 17 years of follow-up, according to a lengthy study of Finnish men and women. It was 

found that subjects with impaired fasting glucose at baseline experienced less of a rise in fasting glucose 

levels over the course of three years than those who were randomly assigned to placebo. This was in a 

prospective study that looked at the effect of vitamin D supplementation (400 IU daily) on fasting glucose. 

These early results suggest that vitamin D may have a substantial role in controlling blood sugar levels, 

which may assist to improve cardiovascular outcomes [10]. 

 

12. Vitamin D's Direct Effects on Cardiac Tissues and Vasculature 

Several in vitro and in vivo investigations have looked at the effects of vitamin D acting directly on heart 

tissue, especially in response to damage. Rahman et al. demonstrated that matrix metalloproteinases, a 

family of proteins implicated in abnormal cardiomyocyteremodelling in response to injury and 
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atherosclerosis, were increased in the VDR null animals. Mice lacking the VDR develop left ventricular 

hypertrophy and have poor cardiac relaxation and contractility [2]. 

 

Clinical studies have evaluated how vitamin D directly impacts the vasculature. A cross-sectional study 

involving 52 patients with end-stage kidney disease discovered a significant positive correlation between 

vitamin D status and arterial compliance as assessed by flow-mediated dilation of the brachial artery and a 

significant negative correlation between aortic pulse wave velocity, both of which suggested decreased 

vascular compliance. Vitamin D (1,25-dihydroxyvitamin D) may also directly influence the vasculature in 

response to injury by suppressing profibrotic markers in vitro using mesenchymalmultipotent cells. Patients 

with diabetes received a large dose of vitamin D (100,000 IU), which dramatically enhanced endothelial 

function as seen by flow-mediated dilation and lower blood pressure. Last but not least, a recent randomised 

controlled research of vitamin D therapy in patients with heart failure revealed considerable reductions in 

inflammatory cytokines linked to the aetiology of heart failure [1]. 
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