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Introduction

The significance of  vitamin D in promoting bone health has 
been acknowledged for nearly a century, primarily due to its 
efficacy in curing rickets in infants and toddlers.[1] However, 
in the early 1920s, it was recognized that the administration 
of  vitamin D was linked to soft tissue calcification in some 
children, suggesting that the positive effects of  vitamin 
D on bone health might have adverse implications for the 
cardiovascular system.[1] A well‑established concept is the 
biphasic effect of  vitamin D on tissue calcification. However, 
a paradigm shift occurred with the observation that ultraviolet 
B radiation, through vitamin D formation, may protect against 
cardiovascular diseases (CVD).[2]

Maintaining an optimal vitamin D serum level is considered 
crucial not only for calcium homeostasis but also for reducing 
cardiovascular risk and achieving optimal blood pressure 
control. Although the precise mechanisms have not been fully 
established, some studies have proven the association between 
hypovitaminosis D and CVD, while others deny any such link.

CVD, encompassing myocardial infarction and coronary 
artery disease, remains the leading cause of  death worldwide 
despite significant progress in primary prevention and 
treatment strategies.[3] Despite improvements in the treatment 
of  traditional cardiovascular risk factors, the residual 
non‑traditional cardiovascular risk is estimated in about 50% of  
individuals who are fully treated.[4] Impaired nutritional status, 
especially for vitamin D, could be a contributory factor. Low 
25‑Hydroxyvitamin D [25(OH) D] levels are becoming highly 
prevalent among general populations, and interest in vitamin D 
as a potential therapeutic target to attenuate cardiovascular risk 
has been raised.[5] As with CVD, the prevalence of  vitamin D 
deficiency varies considerably with sex, age, latitude, ethnicity, 
and culture.[6]
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Prospective cohort studies support the assumption that poor 
vitamin D status is independently associated with cardiovascular 
risk. However, evidence from randomized controlled trials (RCT) 
for a beneficial vitamin D effect on cardiovascular risk is still 
lacking. Nevertheless, there are gaps in knowledge regarding the 
understanding of  the role of  vitamin D in the prevention of  
CVD. The present narrative review provides a comprehensive 
overview of  studies on the potential impact of  hypovitaminosis 
D on CVD. Results of  experimental studies, cohort studies, and 
RCTs are used to discuss the effects of  vitamin D deficiency. The 
potential role of  vitamin D supplementation in the management 
of  CVD is also evaluated, with particular emphasis on studies 
that achieve a high level of  scientific evidence. The objective 
of  this review is to offer a valuable reference for researchers, 
clinicians, and policymakers engaged in cardiovascular health, 
aiming to enhance patient outcomes and alleviate the impact of  
diseases associated with atherosclerosis.

Background

Vitamin D plays a crucial role in regulating calcium and 
phosphate metabolism and maintaining optimal blood 
levels of  these minerals. When serum ionized calcium 
concentrations are low, parathyroid hormone  (PTH) activates 
renal 1,25‑dihydroxyvitamin D [1,25(OH) 2D] synthesis, while 
high plasma calcium levels suppress PTH and the renal 1 
α‑hydroxylation of  25(OH) D.[7] Beyond its well‑established 
effects on extracellular calcium homeostasis and bone 
metabolism, vitamin D has gained attention for its pleiotropic 
effects on the musculoskeletal and cardiovascular systems. In 
skeletal muscle cells, vitamin D influences cell proliferation and 
differentiation, facilitates the transport of  calcium and phosphate 
across skeletal muscle cell membranes, suppresses myostatin 
expression (a negative regulator of  muscle mass), upregulates 
the expression of  follistatin and insulin‑like growth factor 2, 
induces myogenic transcription factors, regulates muscle cell 
differentiation by inducing cell cycle arrest, prevents muscular 
degeneration, and alleviates myalgia.[8]

In the cardiovascular system, vitamin D has been observed to 
downregulate proinflammatory cytokines, metalloproteinases, 
and natriuretic peptides, while simultaneously upregulating 
matrix gla protein, anti‑inflammatory cytokines, and inhibitors 
of  metalloproteinases.[9,10] Osteoporosis and cardiovascular 
pathology share commonalities, including osteoprotegerin 
and receptor activator of  nuclear factor κB ligand involved in 
osteoclast activation and vascular calcification in atherosclerosis. 
Additionally, bone morphogenetic protein, implicated in 
osteoblastic differentiation and atherosclerotic lesions, and 
age‑related estrogen deficiency contribute to the similarities 
between cardiovascular and bone disorders.[11]

Recognizing these parallels between cardiovascular and bone 
disorders and understanding how medication effects align 
with them could prompt clinicians to consider the indirect 
consequences of  drug regimens when deciding on therapeutic 

approaches for individuals managing both osteoporosis and 
atherosclerotic diseases.

Vitamin D metabolism
Vitamin D is a prohormone acquired through both internal 
and external sources. Sufficient vitamin D levels can be attained 
through dietary intake, the use of  vitamin D supplements, and/
or exposure of  the skin to ultraviolet B radiation from the 
sun. Vitamin D exists in two forms: D2  (ergocalciferol) and 
D3  (cholecalciferol). Vitamin D3 is produced in the human 
epidermis through exposure to ultraviolet B irradiation, or it 
can be obtained from oily fish or supplements. Vitamin D2 is 
present in plants, resulting from the irradiation of  ergosterol.[7] 
The metabolic process of  vitamin D in the human body is 
illustrated in Figure 1. The biologically active form of  vitamin 
D is 1,25(OH) 2D, but the most reliable indicator of  vitamin D 
status in individuals without kidney disease is 25(OH) D. This 
form has a longer biological half‑life and a higher concentration 
than 1,25(OH) 2D, reflecting the overall production of  vitamin 
D from both internal and external sources.[12]

Vitamin D, through its activated form 1,25(OH) 2D, exerts 
biological effects by binding to the vitamin D receptor (VDR). 
VDRs are expressed in most human tissues and cells, and 
vitamin D influences genes that regulate various essential 
cellular functions, including cellular proliferation, differentiation, 
apoptosis, and angiogenesis.[14] In the cardiovascular system, VDRs 
have been identified in endothelial cells and cardiomyocytes. The 
presence of  the enzymatic machinery necessary for producing 
the appropriate ligand for the receptor underscores the role of  
vitamin D in regulating cardiovascular health.[15]

Classification of hypovitaminosis D
There is ongoing debate regarding the definition of  vitamin 
D deficiency (or hypovitaminosis D), the optimal serum level 
of  25(OH) D, and the dietary requirements for vitamin D.[16] 
According to the Endocrine Society Clinical Practice Guideline, 
vitamin D deficiency is characterized by a 25(OH) D level below 
50 nmol/L (20 ng/mL), with insufficiency defined as ranging 
from 52.5 to 72.5 nmol/L.[17] In contrast, the International 
Osteoporosis Foundation sets the threshold for deficiency at 
a 25(OH) D level below 25 nmol/L, insufficiency as below 
50 nmol/L, and recommends a target level of  75 nmol/L.[18] 
The Institute of  Medicine categorizes values below 30 nmol/L 
as deficient, 30–49.99 nmol/L as insufficient, 50–125 nmol/L 
as adequate, and above 125 nmol/L as potentially harmful.[19]

The lack of  consensus, combined with inherent fluctuations 
related to season, diet, and supplements, complicates the 
assessment of  the relationship between vitamin D status and 
CVD.[5] The variability in the assays used to measure serum 
25(OH) D further exacerbates the lack of  agreement between 
guidelines.[20] Additionally, concentrations of  local vitamin D 
metabolites within the arterial wall may differ from circulating 
levels because vascular smooth muscle cells, endothelial cells, 
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macrophages, and dendritic cells all possess CYP27B1 activity, 
allowing them to produce 1,25(OH)2D from 25(OH)D.[21,22]

Vitamin D and inflammation
Compelling evidence supports the involvement of  inflammation 
in the development of  coronary artery diseases.[23] Vitamin 
D demonstrates cardiovascular protective effects through 
various mechanisms, including its anti‑inflammatory properties, 
inhibition of  proliferation in vascular smooth muscle cells, 
suppression of  proatherogenic T lymphocytes, preservation of  
endothelial function, and defense against advanced glycation 
products.[24] Furthermore, vitamin D exhibits anti‑atherogenic 
functions by impeding the formation of  foam cells, reducing 
cholesterol uptake by macrophages, and facilitating the transport 
of  high‑density lipoprotein‑cholesterol (HDL‑C).[25] Additionally, 
vitamin D acts as an antioxidant, mitigating oxidative stress within 
endothelial cells.[26]

Deficiency in vitamin D compromises vascular endothelial 
functions, impacting vascular stiffness, oxidative stress, 
proinflammatory responses, platelet aggregation, nitric oxide 
synthesis, and increasing coronary artery calcium scores.[27] 
In individuals with vitamin D deficiency, elevated release of  
proinflammatory cytokines heightens oxidative stress and 
promotes the release of  immature and activated platelets from 
the bone marrow, with an associated increase in mean platelet 
volume, a factor linked to arterial and venous diseases like 

coronary artery disease (CAD), venous thromboembolism, and 
stroke.[21,28]

Vitamin D insufficiency may contribute to atherosclerosis and 
thrombus formation through diverse mechanisms, such as 
the inhibition of  prostaglandin and cyclooxygenase pathways, 
upregulation of  anti‑inflammatory cytokines, reduction of  
cytokine‑induced expression of  adhesion molecules, decrease 
of  matrix metalloproteinase‑9, and downregulation of  the 
renin‑angiotensin‑aldosterone system.[15] The link between lower 
25(OH) D and endothelial dysfunction is partially mediated 
by nuclear factor κB, a proinflammatory transcription factor 
found to be greater in deficient subjects compared to sufficient 
subjects  (P < 0.05). Inhibition of  this factor by oral salsalate 
improved flow‑mediated dilation more significantly in subjects 
with lower 25(OH) D levels.[29]

Vitamin D not only directly influences endothelial or vascular 
smooth muscle cells but also plays a role in immune or 
inflammatory modulation, contributing to an imbalance in 
vascular homeostasis, decreased arterial compliance, and 
the development or progression of  atherosclerosis.[30] Some 
studies suggest an inverse association between vitamin 
D and early atherosclerosis, independent of  traditional 
cardiovascular risk factors.[31,32] Additionally, certain RCTs 
indicate potential improvement in endothelial function with 
vitamin D supplementation, although not all studies support 
this finding.[33,34]

Figure 1: Vitamin D synthesis and metabolism. Endogenous vitamin D synthesis occurs primarily through sunlight exposure, which produces 
pre‑vitamin D3. It is hydroxylated by 1 of 4 cytochrome P450 enzymes (most importantly CYP2R1) in the liver producing 25‑hydroxyvitamin 
D, the form usually considered as a circulating biomarker of vitamin D status. Subsequent conversion by 1α‑hydroxylase (another cytochrome 
P450 enzyme; CYP27B1) into the physiologically active form, 1α,25‑dihydroxyvitamin D or calcitriol, occurs primarily in the kidney. 1,25(OH) 2D 
acts in target sites in bone and immune cells, as well as liver cells. Abbreviations: CYP (cytochrome P450), UVB (ultraviolet B), hν (denotes 
photochemical reaction). Printed with permission[13]
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Experimental evidence of vitamin D implication 
in CVD
Multiple experimental studies provide evidence for a biphasic 
impact of  vitamin D on cardiovascular risk. In summary, both 
supra‑physiological doses of  the parent vitamin D substance and 
elevated levels of  1,25(OH) 2D3 result in significant outcomes: (i) 
a notable increase in aortic calcium and phosphate content, (ii) 
acceleration of  cell migration and facilitation of  the transition of  
contractile vascular smooth muscle cells into an osteoblast‑like 
phenotype,  (iii) initiation of  vascular calcification, destruction 
of  elastic fibers, and arterial stiffness, and (iv) induction of  left 
ventricular hypertrophy.[35,36] Consistent with the notion of  a 
biphasic effect of  vitamin D on CVD, mice lacking the VDR 
also exhibit several characteristics of  premature aging, including 
ectopic calcification and a shortened lifespan.[37]

Vitamin D deficiency and cardiovascular events
Several ecological studies propose a heightened CVD mortality in 
regions with lower ultraviolet B radiation exposure and during the 
winter season.[10] Studies with a lower baseline use of  vitamin D 
showed a significantly elevated risk of  mortality.[38] Observational 
studies suggest an inverse correlation between serum vitamin 
D levels and clinical cardiovascular events.[39] Notably, the 
Framingham Offspring Study and the Health Professionals 
Follow‑up Study identified significant inverse associations 
between 25(OH) D levels and cardiovascular events. However, 
a nonlinear relationship was observed between 25(OH)D 
and CVD, with a plateau between 20 and 30 ng/mL (50 and 
75 nmol/L) and a slight suggestion of  increased risk at higher 
vitamin D levels.[39,40] In the Third National Health and 
Nutrition Examination Survey  (NHANES‑III), no significant 
association was found between 25(OH) D and CVD mortality 
rate, but those in the lowest quartile had a 26% increase in total 
mortality. Interestingly, both low (<20 ng/mL (<50 nmol/L)) 
and high (>50 ng/mL (>125 nmol/L)) levels of  vitamin D were 
associated with higher total mortality.[39] While the relationship 
between plasma vitamin D levels and cardiovascular risk has 
been considered linear, there may be a biological range (20 to 
30 ng/mL or 50 to 75 nmol/L) below which pro‑atherosclerotic 
changes may occur. Additionally, very high levels may also be 
linked to increased cardiovascular risk.[41]

Numerous longitudinal studies support the connection 
between low vitamin D levels and elevated cardiovascular 
adverse events.[42,43] Vitamin D deficiency  (defined as serum 
levels  <30 ng/mL  (<75 nmol/L)) was linked to various 
cardiovascular‑related diseases, including hypertension and 
CAD, and emerged as a robust independent predictor of  
all‑cause death.[43] Men with low vitamin D levels  (serum 
level <15 ng/mL (<37.5 nmol/L)) had a higher incidence of  
acute myocardial infarction, even after adjusting for established 
cardiovascular risk factors in the Health Professionals Follow‑up 
Study.[41] A population multi‑center study found that almost 
all patients with acute myocardial infarction had vitamin D 
levels <30 ng/mL (<75 nmol/mL).[44] The National Health and 

Nutrition Examination Survey (NHANES) reported that subjects 
with vitamin D levels  <10  ng/mL  (<25 nmol/L) exhibited 
significantly higher mean heart rate, systolic blood pressure, and 
rate‑pressure product compared to those with vitamin D levels 
25–35 ng/mL (62.5–87 nmol/L) or more.[45] Vitamin D status 
served as a prognostic indicator for major post‑infarction adverse 
events, such as heart failure hospitalizations, recurrent acute 
myocardial infarction, death, or restenosis after percutaneous 
coronary intervention, signifying a higher risk for patients with 
lower vitamin D levels.[46] However, some longitudinal studies 
did not demonstrate a statistically significant association between 
low vitamin D levels and increased cardiovascular mortality and 
morbidity.[42,43,47]

While observational evidence indicates an elevated CVD 
risk with low vitamin D levels, factors such as obesity and 
behavioral aspects (e.g., reduced sunlight exposure due to difficult 
mobilization and outdoor physical activity in chronically ill 
patients) may contribute. Additionally, confounding factors like 
increased age, race, skin pigmentation, renin, PTH, calcium, and 
phosphorus levels cannot be definitively ruled out.

Vitamin D and cardiovascular risk factors
Vitamin D deficiency may heighten cardiovascular risk through 
various mechanisms, including the development of  electrolyte 
imbalances, dysfunction of  pancreatic β‑cells, and activation of  
the renin–angiotensin system.[43] Severe vitamin D deficiency 
disrupts adaptive immune responses, creating an inflammatory 
environment that fosters vascular dysfunction and insulin 
resistance.[29] Figure 2 summarizes the hypothesized mechanisms 
underlying the interrelationships among vitamin D deficiency 
and various CVD risk factors.

Obesity, among cardiovascular risk factors, is distinctly associated 
with low vitamin D levels. This association may stem from 
the sequestration of  the lipophilic hormone in adipose tissue 
and/or a complex interplay between adipocytes and vitamin 
D.[48] Numerous cross‑sectional studies indicate that elevated 
levels of  25(OH)D are linked to a favorable lipid profile.[49] In a 
comprehensive longitudinal assessment of  vitamin D levels and 
blood lipids in a real‑world setting, significant associations were 
found between changes in 25(OH)D and lipid levels, excluding 
HDL‑C levels.[50] However, the results on vitamin D and blood 
lipids are inconsistent and may be confounded by the causal 
link between vitamin D and obesity. A bi‑directional Mendelian 
Randomization study considered obesity as a causal risk factor 
for vitamin D deficiency, explaining about one‑third of  vitamin 
D deficiency.[51]

Observational studies and a meta‑analysis from Denmark 
demonstrated a stepwise increase in stroke incidence with 
decreasing 25(OH)D level quartiles.[52] Vitamin D deficiency is 
a significant risk factor for insulin resistance, potentially leading 
to adverse clinical outcomes associated with type  2 diabetes 
mellitus and CVD, as evidenced by studies showing decreased 
insulin sensitivity in vitamin D‑deficient subjects compared to 
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vitamin D‑sufficient subjects.[53] The hypothesis that insulin 
resistance and vitamin D deficiency are features of  similar 
metabolic and cardiovascular disorders has been proposed.[54] A 
systematic review and meta‑analysis, including only prospective 
studies, established an inverse association between circulating 
25(OH) D and incident type 2 diabetes.[55] Lower serum 25(OH) 
D levels were associated with metabolic syndrome and its 
components, particularly HDL‑C concentration.[56] Conversely, 
a cross‑sectional analysis of  NHANES‑III data revealed that 
low vitamin D levels are linked to higher blood pressure.[57] The 
increased risk of  CVD with vitamin D deficiency was observed 
in hypertensive participants but not in those without hypertension 
in the Framingham Offspring Study.[58] Despite observational 
evidence implicating vitamin D in cardiovascular risk factors, 
interventional studies have been inconsistent or inconclusive, 
as discussed in the following section. It is important to note 
that the disparity between findings in observational studies and 
inconclusive results from interventional clinical trials might be 
attributed to optimal vitamin D levels being the result, rather 
than the cause, of  good health.

Vitamin D supplementation and cardiovascular 
outcomes
The impact of  short‑term vitamin D supplementation following 
an acute myocardial infarction was observed to result in 
reduced levels of  vascular cell adhesion molecules, C‑reactive 
protein, and interleukin 6. This supports the idea that vitamin 
D possesses cardio‑protective and anti‑inflammatory effects 
on the vascular system.[59] Indeed, vitamin D signaling plays 
a crucial cardio‑protective role post‑myocardial infarction 
through anti‑inflammatory, anti‑fibrotic, and anti‑apoptotic 
mechanisms.[60] Consequently, further research is needed to 
explore the potential of  vitamin D repletion in preventing cardiac 

remodeling after a myocardial infarction. Beneficial effects of  
vitamin D supplementation are often identified in patients with 
very low 25(OH)D levels, who appear to be at the highest risk 
for CVD.[43] However, it remains uncertain whether its impact is 
significant for healthy individuals or only meaningful in vitamin 
D‑deficient chronically ill patients. Thus, the extent to which 
vitamin D supplementation provides significant benefits in the 
healthy population remains uncertain.

Some prospective studies examine the effect of  vitamin D 
supplementation on cardiovascular events. An analysis from the 
Nurses’ Health Study and the Health Professionals Follow‑up 
Study demonstrated that higher daily vitamin D intake was 
associated with a decreased risk of  CVD in men.[61] Several clinical 
trials, including the VitD‑CHF trial, VINDICATE study, PRIMO 
trial, and OPERA trial, reported significant improvement in 
cardiac function among heart failure patients after receiving 
vitamin D supplementation.[62‑65] The RECORD trial indicated 
that vitamin D supplementation might protect against cardiac 
failure in the elderly, though not against myocardial infarction 
or stroke, albeit using only 800  IU of  vitamin D per day.[66] 
However, a daily combination of  low‑dose vitamin D (400 IU) 
and calcium (1,000 mg) over an average of  7 years showed that 
the intervention did not reduce the risk of  CAD, stroke, or 
cancer, despite a small increase in serum levels of  25(OH) D.[67] 
The Copenhagen City Heart Study, following 10,170 patients for 
a mean of  29 years, demonstrated that lower levels of  vitamin D 
were associated with cardiovascular morbidity and mortality.[68] 
The long‑term follow‑up, large sample size, and low frequency 
of  vitamin D supplementation in this study may reinforce 
the association between vitamin D levels and cardiovascular 
outcomes. The Whitehall study data was combined in a 
meta‑regression with 12 prospective studies (with 4,632 vascular 
deaths) and 18 prospective studies (with 11,734 all‑cause deaths), 

Figure 2: Hypothesized mechanisms underlying the interrelationships among vitamin D deficiency and cardiovascular disease risk factors such 
as insulin resistance, hypertension, and diabetes. Abbreviations: 1,25(OH) 2D: 1,25‑dihydroxyvitamin D, 25(OH) D: 25‑hydroxyvitamin D, CVD: 
cardiovascular diseases, DM: diabetes mellitus, HTN: hypertension, IL‑2: interleukin‑2, IL‑6: interleukin‑6, IL‑12: interleukin‑12, IR: insulin resistance, 
LDL: low‑density lipoprotein, PTH: parathyroid hormone, TG: triglycerides, TNF‑α: tumor necrosis factor‑α, TNF‑β: tumor necrosis factor‑β
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revealing that patients in the top quartile of  25(OH) D compared 
with the lowest quartile had 21% and 28% lower vascular and 
total mortality, respectively.[69] However, the lack of  specificity on 
the associations of  25(OH)D with any particular causes of  death 
raises doubts about the causal relevance of  these associations.

Evidence from meta‑analyses suggests that supplementation 
with vitamin D combined with calcium, but not vitamin D 
alone, improves all‑cause mortality.[70] Moreover, a Cochrane 
Library Review concluded that vitamin D supplementation 
decreased all‑cause mortality compared with placebo or no 
intervention but had no significant effect on cardiovascular 
mortality (risk ratio 0.98, 95% CI 0.90‑1.07; n = 47,267). Unlike 
vitamin D3  supplementation, vitamin D2, alfa‑calcidol, and 
calcitriol had no statistically significant beneficial effects on 
mortality.[71]

Contrary to the above trials, several RCT failed to prove a causal 
relationship between vitamin D repletion and the reduction of  
cardiovascular risk factors and CVD. This could be attributed 
to small sample sizes or inappropriate study designs, as most 
trials were initially designed for clinical endpoints other than 
cardiovascular events. In some cases, different dosages or 
different preparations of  vitamin D were used, different 
durations of  supplementation were applied, and serum 25(OH)D 
was not always measured at baseline and/or in the follow‑up. 
The Andhra Pradesh children and parents study group did not 
find clear evidence for an association between serum vitamin 
D levels and CVD.[72] The analysis of  the Women’s Health 
Initiative implies that vitamin D supplementation has no effect 
on cardiovascular incidents, coronary calcification, or mortality 
rate.[73‑75] Although this trial was not powered for cardiovascular 
endpoints, the inclusion of  calcium supplementation may have 
counteracted the benefits of  vitamin D, and the vitamin D 
dose may have been too small.[73] In the D‑Health randomized 
controlled trial, vitamin D supplementation reduced the incidence 
of  major cardiovascular events only in those taking statins 
or other cardiovascular drugs at baseline.[76] Despite different 
outcome definitions, both the vitamin D assessment study and 
the vitamin D and omega 3 trial (VITAL) found that vitamin D 
supplementation had no effect on CVD.[77,78] However, adverse 
cardiovascular effects were reported at daily vitamin D doses 
of  4,000 IU in the EVITA (effect of  vitamin D on mortality in 
heart failure) study.[79]

A meta‑analysis on the blood pressure‑lowering effects of  
vitamin D supplementation found no effect of  treatment across 
various patient subgroups, advising against using vitamin D for 
the treatment of  hypertension.[80] Another meta‑analysis of  
the influence of  vitamin D supplementation on lipid profiles 
showed a beneficial effect in hypercholesterolemia patients with 
vitamin D insufficiency who are at high cardiovascular risk.[81] 
Furthermore, vitamin D supplementation was often combined 
with calcium intake, making it challenging to interpret the RCT 
results, especially since calcium intake may be associated with an 
increased cardiovascular risk.[82]

Future outlook
While our comprehension of  vitamin D deficiency and its 
implications is rapidly advancing, there remains a considerable 
amount to uncover. It can be hypothesized that any relevant 
effects of  vitamin D on CVD outcomes may manifest 
primarily when initial circulating 25(OH)D levels fall within the 
deficiency range. Research needs to explore the dose‑response 
relationship of  potentially adverse vitamin D effects on the 
cardiovascular system. Currently, there is no clear consensus 
between observational and interventional studies, with significant 
heterogeneity in vitamin D doses, baseline concentrations, 
therapy durations and compounds, variations in absorption and 
metabolism among individuals, genetic differences in the VDR, 
personal use of  vitamin D supplementation, biases from other 
comorbid diseases, study design‑related issues, and differences 
in hypovitaminosis D definitions.[83]

Numerous confounding factors may interfere with the 
connection between low vitamin D status and CVD, such 
as age, body mass index, drug intake history, dietary habits, 
sunlight exposure, physical activity level, latency of  the effect of  
vitamin D, different ethnic populations, autocrine and paracrine 
vitamin D systems, concomitant hyperphosphatemia and PTH 
levels, inappropriate follow‑up times, or the lack of  a control 
group with normal vitamin D levels.[44] Unresolved questions 
include the lack of  standardization of  the 25(OH)D assay, the 
subjectivity of  assessing vitamin D status solely from dietary 
questionnaires, the reproducibility of  findings from cell or 
animal models in humans, and determining the optimal dose for 
obtaining cardiovascular effects. Future investigations should also 
emphasize bioavailability rather than total 25(OH)D.

Even meta‑analyses of  clinical trials may lack conviction, 
particularly due to limited samples and low levels of  significance. 
Bias stemming from participant selection, comparability of  
study groups, and the selection of  outcomes of  interest could 
contribute to disparate results. As lower doses of  vitamin 
D2  supplementation and shorter intervention periods were 
associated with higher mortality,[38] the necessity of  vitamin 
D supplementation solely in cases of  deficiency for its 
cardio‑protective effects remains unclear. The effectiveness of  
different types of  vitamin D or vitamin D analogs is another 
unanswered question. Food‑based strategies for enhancing 
vitamin D status in the population could potentially lower 
cardiovascular risk if  a causal link between low vitamin status 
and cardiovascular pathology is demonstrated.[84] Furthermore, 
ensuring the safety and efficacy of  vitamin D supplementation 
in reducing the risk of  cardiovascular events, while considering 
diverse patient populations, dosages, and treatment durations, is 
highly recommended.

Despite plausible biological mechanisms for the role of  vitamin 
D in cardio‑protection, a cause‑and‑effect relationship has not 
yet been established. Well‑designed and adequately powered 
prospective RCTs with vitamin D supplementation and CVD 
as primary outcomes are essential. Such trials could validate 
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the promising findings of  observational studies, considering 
parameters like endothelial function, arterial stiffness, and 
patients undergoing percutaneous coronary interventions. 
Guidelines are needed to mandate genotyping for VDR variants 
in evaluating patients with CVD.[85]

Conclusions

Despite advanced treatment strategies, CVD remains the 
foremost cause of  death. Longitudinal studies provide evidence 
that vitamin D deficiency independently contributes to 
cardiovascular risk, correlating with an elevated likelihood of  
cardiovascular morbidity and mortality. However, establishing 
causation from these associations is challenging, as low vitamin D 
levels may merely act as a proxy for diminished exercise capacity 
and limited sunlight exposure. The direct influence of  vitamin 
D on cardiovascular outcomes and whether supplementing 
vitamin D in CVD patients yields benefits are questions that 
require substantiation. Unidentified factors and interactions with 
other endocrine networks likely play a role in vitamin D biology, 
underscoring the necessity for additional clinical trials. These 
trials aim to clarify whether low vitamin D concentrations serve 
as markers for other processes, indicate a genetic predisposition 
to disease, or have a causal relationship with risk. Advancing our 
understanding of  how vitamin D impacts cardiovascular events 
holds the potential to alleviate the burden of  CVD and enhance 
the overall cardiovascular health of  individuals.

Ethics approval
This article does not contain any studies with human participants 
or animals performed by any of  the authors.

Authors’ contributions
The author confirms sole responsibility for the following: study 
conception, data collection, analysis and interpretation of  results, 
and manuscript preparation.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

References

1.	 Jahreis G, Hesse V. Vitamin D‑induced tissue calcinosis and 
arteriosclerosis changes. I: A contribution to the 60 year 
history of vitamin D research with special reference to 
childhood. Pädiatr Grenzgeb 1990;29:203‑11.

2.	 Scragg R. Seasonality of cardiovascular disease mortality 
and the possible protective effect of ultra‑violet radiation. 
Int J Epidemiol 1981;10:337‑41.

3.	 World Health Organization. World Health Statistics 2023. 
Geneva, Switzerland: World Health Organization; 2023.

4.	 Fruchart JC, Sacks FM, Hermans MP, Assmann G, Brown WV, 
Ceska R, et al. The residual risk reduction initiative: A call 

to action to reduce residual vascular risk in dyslipidaemic 
patient. Diab Vasc Dis Res 2008;5:319‑35.

5.	 Santos HO, Martins CEC, Forbes SC, Delpino FM. A scoping 
review of vitamin D for nonskeletal health: A framework for 
evidence‑based clinical practice. Clin Ther 2023;45:e127‑50.

6.	 Mithal   A,  Wahl  DA, Bonjour  JP,  Burckhardt  P, 
Dawson‑Hughes B, Eisman JA, et al. Global vitamin D status 
and determinants of hypovitaminosis D. Osteoporos Int 
2009;20:1807‑20.

7.	 Bikle DD. Vitamin D: Production, Metabolism and 
Mechanisms of Action. In: Feingold KR, Anawalt B, 
Blackman MR, Boyce A, Chrousos G, Corpas E, et al., eds. 
Endotext. South Dartmouth (MA): MDText.com, Inc.; 2021.

8.	 Koundourakis N, Avgoustinaki P, Malliaraki N, Margioris A. 
Muscular effects of vitamin D in young athletes and 
non‑athletes and in the elderly. Hormones 2016;15:471‑88.

9.	 Zittermann  A, Schleithoff  S, Koerfer  R. Vitamin D and 
vascular calcification. Curr Opin Lipidol 2007;18:41‑6.

10.	 Zittermann A, Gummert J. Sun, vitamin D, and cardiovascular 
disease. J Photochem Photobiol B 2010;101:124‑9.

11.	 Sobieszczańska M, Jonkisz J, Tabin M, Laszki‑Szcząchor K. 
Osteoporosis: Genetic determinants and relationship 
with cardiovascular disease.  Adv Clin Exp Med 
2013;22:119‑24.

12.	 Norman AW. From vitamin D to hormone D: Fundamentals 
of the vitamin D endocrine system essential for good health. 
Am J Clin Nutr 2008;88:491S‑9S.

13.	 Keane JT, Elangovan H, Stokes RA, Gunton JE. Vitamin D 
and the liver–Correlation or cause? Nutrients 2018;10:496.

14.	 Holick  MF. Vitamin D deficiency. N  Engl J Med 
2007;357:266‑81.

15.	 Lavie CJ, Lee JH, Milani RV. Vitamin D and cardiovascular 
disease will it live up to its hype? J Am Coll Cardiol 
2011;58:1547‑56.

16.	 Brouwer‑Brolsma  EM, Bischoff‑Ferrari  HA, Bouillon  R, 
Feskens EJ, Gallagher CJ, Hypponen E, et al. Vitamin D: Do 
we get enough? A discussion between vitamin D experts in 
order to make a step towards the harmonisation of dietary 
reference intakes for vitamin D across Europe. Osteoporos 
Int 2013;24:1567‑77.

17.	 Holick  MF, Binkley  NC, Bischoff‑Ferrari  HA, Gordon  CM, 
Hanley  DA, Heaney  RP, et  al. Evaluation, treatment, 
and prevention of vitamin D deficiency: An Endocrine 
Society clinical practice guideline. J Clin Endocrinol Metab 
2011;96:1911‑30.

18.	 Dawson‑Hughes B. Racial/ethnic considerations in making 
recommendations for vitamin D for adult and elderly men 
and women. Am J Clin Nutr 2004;80:1763S‑6S.

19.	 Institute of Medicine. Dietary References Intakes for Calcium 
and Vitamin D. Washington, DC: National Academies Press; 
2011.

20.	 Sempos CT, Heijboer AC, Bikle DD, Bollerslev J, Bouillon R, 
Brannon PM, et al. Vitamin D assays and the definition of 
hypovitaminosis D: Results from the First International 
Conference on Controversies in Vitamin  D. Br J Clin 
Pharmacol 2018;84:2194‑207.

21.	 Razzaque MS. The dualistic role of vitamin D in vascular 
calcifications. Kidney Int 2011;79:708‑14.

22.	 Nagy L, Szanto A, Szatmari  I, Széles L. Nuclear hormone 
receptors enable macrophages and dendritic cells to sense 
their lipid environment and shape their immune response. 
Physiol Rev 2012;92:739‑89.



Alissa: Vitamin D and cardiovascular diseases

Journal of Family Medicine and Primary Care	 1198	 Volume 13  :  Issue 4  :  April 2024

23.	 Hansson GK. Inflammation, atherosclerosis, and coronary 
artery disease. N Engl J Med 2005;352:1685‑95.

24.	 Guillot  X, Semerano  L, Saidenberg‑Kermanac’h N, 
Falgarone G, Boissier M. Vitamin D and inflammation. Joint 
Bone Spine 2010;77:552‑7.

25.	 Oh J, Weng S, Felton SK, Bhandare S, Riek A, Butler B, et al. 
1,25(OH)

2
 vitamin D inhibits foam cell formation and 

suppresses macrophage cholesterol uptake in patients with 
type 2 diabetes mellitus. Circulation 2009;120:687‑98.

26.	 Renke G, Starling‑Soares B, Baesso T, Petronio R, Aguiar D, 
Paes  R. Effects of vitamin D on cardiovascular risk and 
oxidative stress. Nutrients 2023;15:769.

27.	 Bressendorff I, Brandi L, Schou M, Nygaard B, Frandsen NE, 
Rasmussen K, et al. The effect of high dose cholecalciferol 
on arterial stiffness and peripheral and central blood 
pressure in healthy humans: A randomized controlled trial. 
PLoS One 2016;11:e0160905.

28.	 Cure  M, Cure  E, Yuce  S, Yazici  T, Karakoyun  I, Efe  H. 
Mean platelet volume and vitamin D level. Ann Lab Med 
2014;34:98‑103.

29.	 Jablonski KL, Chonchol M, Pierce GL, Walker AE, Seals DR. 
25‑hydroxyvitamin D deficiency is associated with 
inflammation‑linked vascular endothelial dysfunction in 
middle‑aged and older adults. Hypertension 2011;57:63‑9.

30.	 Kim DH, Meza CA, Clarke H, Kim JS, Hickner RC. Vitamin 
D and endothelial function. Nutrients 2020;12:575.

31.	 Lee  JH, O’Keefe  JH, Bell  D, Hensrud  DD, Holick  MF. 
Vitamin D deficiency: An important, common, and easily 
treatable cardiovascular risk factor? J Am Coll Cardiol 
2008;52:1949‑56.

32.	 Oz  F, Cizgici  AY, Oflaz  H, Elitok  A, Karaayvaz  EB, 
Mercanoglu F, et al. Impact of vitamin D insufficiency on the 
epicardial coronary flow velocity and endothelial function. 
Coron Artery Dis 2013;24:392‑7.

33.	 Gepner  AD, Ramamurthy  R, Krueger  DC, Korcarz  CE, 
Binkley N, Stein JH. A prospective randomized controlled 
trial of the effects of vitamin D supplementation on 
cardiovascular disease risk. PLoS One 2012;7:e36617.

34.	 Witham MD, Dove FJ, Sugden JA, Doney AS, Struthers AD. 
The effect of vitamin D replacement on markers of vascular 
health in stroke patients—A randomised controlled trial. 
Nutr Metab Cardiovasc Dis 2012;22:864‑70.

35.	 Price  PA, Buckley  JR, Williamson  MK. The amino 
bisphosphonate ibandronate prevents vitamin D toxicity 
and inhibits vitamin D‑induced calcification of arteries, 
cartilage, lungs and kidneys in rats. J Nutr 2001;131:2910‑5.

36.	 Rebsamen  MC, Sun  J, Norman  AW, Liao  JK. 1alpha, 
25‑dihydroxyvitamin D3 induces vascular smooth muscle 
cell migration via activation of phosphatidylinositol 
3‑kinase. Circ Res 2002;91:17‑24.

37.	 Tuohimaa P. Vitamin D and aging. J Steroid Biochem Mol 
Biol 2009;114:78‑84.

38.	 Chowdhury R, Kunutsor S, Vitezova A, Oliver‑Williams C, 
Chowdhury S, Kiefte‑de‑Jong JC, et al. Vitamin D and risk of 
cause specific death: Systematic review and meta‑analysis of 
observational cohort and randomised intervention studies. 
BMJ 2014;348:g1903.

39.	 Heath AK, Kim IY, Hodge AM, English DR, Muller DC. Vitamin 
D status and mortality: A systematic review of observational 
studies. Int J Environ Res Public Health 2019;16:383.

40.	 Barbarawi M, Kheiri B, Zayed Y, Barbarawi O, Dhillon H, 
Swaid B, et al. Vitamin D supplementation and cardiovascular 

disease risks in more than 83 000 individuals in 21 
randomized clinical trials: A meta‑analysis. JAMA Cardiol 
2019;4:765‑76.

41.	 Giovannucci E, Liu Y, Hollis BW, Rimm EB. 25‑hydroxyvitamin 
D and risk of myocardial infarction in men: A prospective 
study. Arch Intern Med 2008;168:1174‑80.

42.	 Jaiswal V, Ishak A, Peng Ang S, Babu Pokhrel N, Shama N, 
Lnu  K, et  al. Hypovitaminosis D and cardiovascular 
outcomes: A  systematic review and meta‑analysis. Int J 
Cardiol Heart Vasc 2022;40:101019.

43.	 Mirhosseini  N, Rainsbury  J, Kimball  SM. Vitamin D 
supplementation, serum 25(OH) D concentrations and 
cardiovascular disease risk factors: A  systematic review 
and meta‑analysis. Front Cardiovasc Med 2018;5:87.

44.	 Lee JH, Gadi R, Spertus JA, Tang F, O’Keefe JH. Prevalence 
of vitamin D deficiency in patients with acute myocardial 
infarction. Am J Cardiol 2011;107:1636‑8.

45.	 Scragg RK, Camargo CA Jr, Simpson RU. Relation of serum 
25‑hydroxyvitamin D to heart rate and cardiac work (From 
the National Health and Nutrition Examinations Surveys). 
Am J Cardiol 2010;105:122‑8.

46.	 Ng LL, Sandhu JK, Squire IB, Davies JE, Jones DJ. Vitamin D 
and prognosis in acute myocardial infarction. Int J Cardiol 
2013;168:2341‑6.

47.	 Trost  S, Tesfaye  N, Harindhanavudhi  T. The interplay 
between bone and heart health as reflected in medication 
effects: A  narrative review. Womens Health  (Lond) 
2023;19:17455057231165549.

48.	 Vanlint S. Vitamin D and obesity. Nutrients 2013;5:949‑56.

49.	 Jorde R, Grimnes G. Vitamin D and metabolic health with 
special reference to the effect of vitamin D on serum lipids. 
Prog Lipid Res 2011;50:303‑12.

50.	 Li Y, Tong CH, Rowland CM, Radcliff J, Bare LA, McPhaul MJ, 
et al. Association of changes in lipid levels with changes 
in vitamin D levels in a real‑world setting. Sci Rep 
2021;11:21536.

51.	 Vimaleswaran  KS, Berry  DJ, Lu  C, Tikkanen  E, Pilz  S, 
Hiraki LT, et al. Causal relationship between obesity and 
vitamin D status: Bi‑directional Mendelian randomization 
analysis of multiple cohorts. PLoS Med 2013;10:e1001383.

52.	 Brøndum‑Jacobsen P, Nordestgaard B, Schnohr P, Benn M. 
25‑Hydroxyvitamin D and symptomatic ischemic stroke: An 
original study and meta‑analysis. Ann Neurol 2013;73:38‑47.

53.	 Szymczak‑Pajor  I, Śliwińska A. Analysis of association 
between vitamin D deficiency and insulin resistance. 
Nutrients 2019;11:794.

54.	 Rendina  D, De Filippo  G, Muscariello  R, De Palma  D, 
Fiengo A, De Pascale F, et al. Vitamin D and cardiometabolic 
disorders. High Blood Press Cardiovasc Prev 2014;21:251‑6.

55.	 Forouhi  NG, Ye  Z, Rickard  AP, Khaw  KT, Luben  R, 
Langenberg  C, et  al. Circulating 25‑hydroxyvitamin D 
concentration and the risk of type  2 diabetes: Results 
from the European Prospective Investigation into 
Cancer  (EPIC)‑Norfolk cohort and updated meta‑analysis 
of Prospective studies. Diabetologia 2012;55:2173‑82.

56.	 Maki  KC, Rubin  MR, Wong  LG, McManus  JF, Jensen  CD, 
Marshall  JW, et  al. Serum 25‑hydroxyvitamin D is 
independently associated with high density lipoprotein 
cholesterol and the metabolic syndrome in men and women. 
J Clin Lipid 2009;3:289‑96.

57.	 Tamez H, Kalim S, Thadhani R. Does vitamin D modulate 
blood pressure? Curr Opin Nephrol Hypertens 2013;22:204‑9.



Alissa: Vitamin D and cardiovascular diseases

Journal of Family Medicine and Primary Care	 1199	 Volume 13  :  Issue 4  :  April 2024

58.	 Wang TJ, Pencina MJ, Booth SL, Jacques PF, Ingelsson E, 
Lanier K, et al. Vitamin D deficiency and risk of cardiovascular 
disease. Circulation 2008;117:503‑11.

59.	 Arnson  Y, Itzhaky  D, Mosseri  M, Barak  V, Tzur  B, 
Agmon‑Levin N, et al. Vitamin D inflammatory cytokines 
and coronary events: A  comprehensive review. Clin Rev 
Allergy Immunol 2013;45:236‑47.

60.	 Bae S, Singh S, Yu H, Lee J, Cho B, Kang P. Vitamin D signaling 
pathway plays an important role in the development of heart 
failure after myocardial infarction. J Appl Physiol  (1985) 
2013;114:979‑87.

61.	 Sun Q, Shi L, Rimm EB, Giovannucci EL, Hu FB, Manson JE, 
et al. Vitamin D intake and risk of cardiovascular disease 
in US men and women. Am J Clin Nutr 2011;94:534‑42.

62.	 Schroten  NF, Ruifrok  WP, Kleijn  L, Dokter  MM, 
Silljé HH, Lambers Heerspink HJ, et al. Short‑term vitamin 
D

3
 supplementation lowers plasma renin activity in patients 

with stable chronic heart failure: An open‑label, blinded 
end point randomized prospective trial  (VitD‑CHF trial). 
Am Heart J 2013;166:357‑64.

63.	 Witte KK, Byrom R, Gierula J, Paton MF, Jamil HA, Lowry JE, 
et al. Effects of vitamin D on cardiac function in patients 
with chronic HF: The VINDICATE study. J Am Coll Cardiol 
2016;67:2593‑603.

64.	 Thadhani R, Appelbaum E, Pritchett Y, Chang Y, Wenger J, 
Tamez H, et al. Vitamin D therapy and cardiac structure 
and function in patients with chronic kidney disease: The 
PRIMO randomized controlled trial. JAMA 2012;307:674‑84.

65.	 Wang AY, Fang F, Chan J, Wen YY, Qing S, Chan IH, et al. 
Effect of paricalcitol on left ventricular mass and function 
in CKD‑the OPERA trial. J Am Soc Nephrol 2014;25:175‑86.

66.	 Ford  JA, MacLennan  GS, Avenell  A, Bolland  M, Grey  A, 
Witham M; RECORD Trial Group. Cardiovascular disease 
and vitamin D supplementation: Trial analysis, systematic 
review, and meta‑analysis. Am J Clin Nutr 2014;100:746‑55.

67.	 Avenell A, MacLennan GS, Jenkinson DJ, McPherson GC, 
McDonald  AM, Pant  PR, et  al. Long‑term follow‑up for 
mortality and cancer in a randomized placebo‑controlled 
trial of vitamin D3 and/or calcium (RECORD Trial). J Clin 
Endocrinol Metab 2012;97:614‑22.

68.	 Brondum‑Jacobsen P, Benn M, Jensen G, Nordestgaard B. 
25‑hydroxyvitamin D levels and risk of ischemic 
heart disease, myocardial infarction, and early death: 
Population‑based study and meta‑analyses of 18 and 17 
studies. Arterioscler Thromb Vasc Biol 2012;32:2794‑802.

69.	 Tomson  J, Emberson  J, Hill  M, Gordon  A, Armitage  J, 
Shipley  M, et  al. Vitamin D and risk of death from 
vascular and non‑vascular causes in the Whitehall 
study and meta‑analyses of 12,000 deaths. Eur Heart J 
2013;34:1365‑74.

70.	 Rejnmark L, Avenell A, Masud T, Anderson F, Meyer HE, 
Sanders  KM, et  al. Vitamin D with calcium reduces 
mortality: Patient level pooled analysis of 70,528 patients 
from eight major vitamin D trials. J Clin Endocrinol Metab 
2012;97:2670‑81.

71.	 Bjelakovic G, Gluud LL, Nikolova D, Whitfield K, 
Wetterslev J, Simonetti RG, et al. Vitamin D supplementation 
for prevention of mortality in adults. Cochrane Database 

Syst Rev 2014;(1):CD007470. doi: 10.1002/14651858.
CD007470.pub3.

72.	 Baker  CP, Kulkarni  B, Radhakrishna  KV, Charyulu  MS, 
Gregson J, Matsuzaki M, et al. Is the association between 
vitamin D and CVD risk confounded by obesity? 
Evidence from the Andhra Pradesh children and parents 
study (APCAPS). PLoS One 2015;10:e0129468.

73.	 Hsia J, Heiss G, Ren H, Allison M, Dolan NC, Greenland P, et al. 
Calcium/vitamin D supplementation and cardiovascular 
events. Circulation 2007;115:846‑54.

74.	 LaCroix AZ, Kotchen J, Anderson G, Brzyski R, Cauley JA, 
Cummings SR, et al. Calcium plus vitamin D supplementation 
and mortality in postmenopausal women: The Women’s 
Health Initiative calcium‑vitamin D randomized controlled 
trial. J Gerontol A Biol Sci Med Sci 2009;64:559‑67.

75.	 Manson JE, Allison MA, Carr JJ, Langer RD, Cochrane BB, 
Hendrix  SL, et  al. Calcium/vitamin D supplementation 
and coronary artery calcification in the Women’s Health 
Initiative. Menopause 2010;17:683‑91.

76.	 Van der Schueren BJ, Verstuyf A, Mathieu C. Straight from 
D‑Heart: Vitamin D status and cardiovascular disease. Curr 
Opin Lipidol 2012;23:17‑23.

77.	 Scragg  R, Stewart  AW, Waayer  D, Lawes  CMM, Toop  L, 
Sluyter  J, et  al. Effect of monthly high‑dose vitamin D 
supplementation on cardiovascular disease in the vitamin 
D assessment study: A  randomized clinical trial. JAMA 
Cardiol 2017;2:608‑16.

78.	 Manson JE, Cook NR, Lee IM, Christen W, Bassuk SS, Mora S, 
Gibson  H, et  al. Vitamin D Supplements and Prevention 
of Cancer and Cardiovascular Disease. N  Engl J Med 
2019;380:33‑44.

79.	 Zittermann A, Ernst JB, Prokop S, Fuchs U, Dreier J, Kuhn J, 
et al. Effect of vitamin D on all‑cause mortality in heart 
failure  (EVITA): A  3‑year randomized clinical trial with 
4000 IU vitamin D daily. Eur Heart J 2017;38:2279‑86.

80.	 Beveridge  LA, Struthers  AD, Khan  F, Jorde  R, Scragg  R, 
Macdonald HM, et al. Effect of Vitamin D supplementation 
on blood pressure: A systematic review and meta‑analysis 
incorporating individual patient data. JAMA Intern Med 
2015;175:745‑54.

81.	 Dibaba DT. Effect of vitamin D supplementation on serum 
lipid profiles: A systematic review and meta‑analysis. Nutr 
Rev 2019;77:890‑902.

82.	 Bolland  MJ, Grey  A, Avenell  A, Gamble  GD, Reid  IR. 
Calcium supplements with or without vitamin D and risk 
of cardiovascular events: Reanalysis of the Women’s Health 
Initiative limited access dataset and meta‑analysis. BMJ 
2011;342:d2040.

83.	 Van de Luijtgaarden KM, Voûte MT, Hoeks SE, Bakker EJ, 
Chonchol M, Stolker RJ, et al. Vitamin D deficiency may be 
an independent risk factor for arterial disease. Eur J Vasc 
Endovasc Surg 2012;44:301‑6.

84.	 Cashman K. A review of vitamin D status and CVD. Proc 
Nutr Soc 2014;73:65‑72.

85.	 Levin  GP, Robinson‑Cohen  C, de Boer  IH, Houston  DK, 
Lohman K, Liu Y, et al. Genetic variants and associations 
of 25‑hydroxyvitamin D concentrations with major clinical 
outcomes. JAMA 2012;308:1898‑905.


