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ABSTRACT 

A poor vitamin D status, i.e. low serum levels of 25-hydroxyvitamin D (25[OH]D), is common 

in the general population. This finding is of concern not only because of the classic vitamin D 

effects on musculoskeletal outcomes, but also because expression of the vitamin D receptor 

(VDR) and vitamin D metabolizing enzymes in the heart and blood vessels suggests a role of 

vitamin D in the cardiovascular system. VDR-knockout mice suffer from cardiovascular disease 

(CVD) and various experimental studies suggest cardiovascular-protection by vitamin D, 

including anti-atherosclerotic, anti-inflammatory and direct cardio-protective actions, beneficial 

effects on classic cardiovascular risk factors as well as suppression of parathyroid hormone 

(PTH) levels. In epidemiological studies, low levels of 25(OH)D are associated with increased 

risk of CVD and mortality. Data from randomized controlled trials (RCTs) are sparse and have 

partially, but not consistently, shown some beneficial effects of vitamin D supplementation on 

cardiovascular risk factors (e.g. arterial hypertension). We have insufficient data on vitamin D 

effects on cardiovascular events, but meta-analyses of RCTs indicate that vitamin D may 

modestly reduce all-cause mortality. Despite accumulating data suggesting that a sufficient 

vitamin D status may protect against CVD, we still must wait for results of large-scale RCTs 

before raising general recommendations for vitamin D in the prevention and treatment of CVD. 

In current clinical practice the overall risks and costs of vitamin D supplementation should be 

weighed against the potential adverse consequences of untreated vitamin D deficiency. 



 

 

 

INTRODUCTION 

Vitamin D is classically known for its crucial role in calcium and bone metabolism.1,2 Recent 

advances in research provoked enormous public health interest in vitamin D: (i) the vitamin D 

receptor (VDR) was identified in almost all human cells,2 (ii) vitamin D deficiency was shown to 

be highly prevalent among general populations3 and (iii) vitamin D deficiency has been 

associated with various chronic diseases including cardiovascular diseases (CVDs), which are 

the leading causes of death.1,2,4 In this review we summarise and discuss current knowledge on 

the association of vitamin D with CVD and mortality. We start with an overview of vitamin D 

metabolism, vitamin D`s history in science, and the current prevalence of vitamin D deficiency. 

Then, we summarise mechanistic and clinical data on the role of vitamin D for the 

cardiovascular system and for CVD risk factors. Finally, we present epidemiological and 

interventional data of vitamin D administration, CVD, and mortality and offer some guidance for 

treating vitamin D deficiency.  

 

BASIC VITAMIN D METABOLISM 

Sunlight induced vitamin D synthesis in the skin accounts for about 80% of obtained vitamin D.5 

Specifically, ultraviolet-B (UV-B) radiation induces the conversion of 7-dehydrocholesterol to 

previtamin D which spontaneously isomerises to vitamin D.6 This vitamin D production by 

sunlight exposure is particularly efficient in individuals with low levels of skin melanin. 

Therefore, an intriguing hypothesis suggests that in human evolution, those individuals migrating 

to northern regions developed a fair skin to efficiently synthesize vitamin D under conditions of 

less UV-B exposure, whereas those individuals residing in sunny regions have a high melanin 

content of the skin, which protects against sunlight-induced damage.7,8 Diet makes a relatively 

small contribution to vitamin D status.1,5 Vitamin D can be obtained from natural foods (e.g. oily 



 

 

fish, eggs, or UV irradiated and sun dried mushrooms), vitamin D-fortified food (e.g. vitamin D-

fortified milk and orange juice in the US) or vitamin D supplements.1 Two major forms of 

vitamin D exist: vitamin D3 (cholecalciferol), the main vitamin D form derived mainly from 

synthesis in the skin and from animal sources, and vitamin D2 (ergocalciferol), the plant- and 

yeast-derived form. Unless otherwise stated, we do not differentiate between these two isoforms 

in this review and usually refer to vitamin D (meaning both vitamin D2 and D3) in general. 

Vitamin D as a precursor compound exerts no significant biological activity. Two 

hydroxylation steps are required to produce the most active vitamin D metabolite, 1,25-

dihydroxyvitamin D (1,25[OH]2D).6 First, vitamin D from any source is hydroxylated to 25-

hydroxyvitamin D (25[OH]D). This is generally a substrate-dependent process that occurs 

mainly in the liver. Then, the enzyme 1α-hydroxylase converts 25(OH)D to 1,25(OH)2D. The 

kidney is the major site for production of circulating 1,25(OH)2D. Serum levels of 1,25(OH)2D 

are therefore significantly determined by renal 1α-hydroxylase activity, which is tightly 

regulated by factors related to calcium and phosphorus metabolism (e.g. stimulation by 

parathyroid hormone [PTH] or inhibition by fibroblast-growth factor 23). Correlations of serum 

level of 25(OH)D and 1,25(OH)2D are usually not very strong and patients with low 25(OH)D 

levels frequently have relatively high 1,25(OH)2D levels as a consequence of PTH-induced 

stimulation of renal 1α-hydroxylase activity. Many extra-renal tissues also express 1α-

hydroxylase, which can produce significant tissue levels of 1,25(OH)2D.6 In contrast to renal 1α-

hydroxylase activity such local production of 1,25(OH)2D seems to be significantly dependent 

on the substrate availability of 25(OH)D, but in addition is also regulated by other parameters 

such as cytokines or growth factors.6 Hence, a widely accepted hypothesis is that serum levels of 

25(OH)D are the main determinant of 1,25(OH)2D tissue levels in various organs. Further 24-

hydroxylation of 25(OH)D or 1,25(OH)2D is considered the main degradation process and 

produces vitamin D metabolites (24,25[OH]2D or 1,24,25[OH]3D) which are converted to water 



 

 

soluble inactive calcitroic acid. VDR activation induces this 24-hydroxylase, resulting in a 

regulatory loop.6 This process seems to be important for overall vitamin D metabolism because 

recent data suggest that the decline of circulating 1,25(OH)2D in chronic kidney disease (CKD) 

might be a consequence of increased inactivation (24-hydroxylation) rather than of reduced 

production (1α-hydroxylation) of 1,25(OH)2D.9 Plasma 1,25(OH)2D concentrations are usually 

not measured as part of the clinical routine except in rare cases (e.g. VDR dependent rickets and 

granuloma-forming diseases such as sarcoidosis).1 Low 1,25(OH)2D concentrations are 

associated with adverse health outcomes including CVD.10 Furthermore, studies on treatment 

with 1,25(OH)2D or selective VDR activators (e.g. paricalcitol) documented various beneficial 

effects on CVD as well as improved overall survival in CKD patients.11 A detailed discussion of 

this issue is, however, beyond the scope of this review. 

Vitamin D metabolites circulate in serum mainly bound to vitamin D binding protein 

(DBP). Concentrations of 25(OH)D are up to 1000-fold higher than plasma 1,25(OH)2D 

concentrations. 25(OH)D also has a significantly longer half-life than that of 1,25(OH)2D (2-3 

weeks versus 4-6 hours). DBP is important not only for transport of vitamin D metabolites in the 

bloodstream, but also for uptake of 25(OH)D or 1,25(OH)2D by target cells.6 However, our 

understanding on the cellular uptake of vitamin D metabolites in many target tissues is still in its 

infancy.6 

Vitamin D metabolites exert their effects by binding to the almost ubiquitously expressed 

cytoplasmatic VDR.2 After ligand binding this receptor forms a heterodimer with retinoid X 

receptor (RXR) and translocates to the nucleus. There, this complex interacts with specific DNA 

regions, called vitamin D-responsive elements. By additional interactions with coregulatory 

proteins the VDR-RXR complex regulates approximately 3% of the human genome.2 

 



 

 

HISTORICAL PERSPECTIVE 

Historically, vitamin D (alphabetically named “D” as the fourth known vitamin) was 

discovered by McCollum et al. in 1922 as the substance that cured rickets, a bone disease in 

children characterized by bone pain and skeletal deformities.12 Even before McCollum identified 

vitamin D, it has already been known that sunlight was effective in preventing rickets.12 The 

chemical structures of vitamin D2 and D3 have been elucidated in the 1930s. In the late 1960s 

and early 1970s, the structures of 25(OH)D and 1,25(OH)2D were characterized, respectively.2,12 

Around the mid-20th century reports on vitamin D overdosing, in particular in children, shed 

some negative light on vitamin D and until the 1970s people believed that vitamin D may even 

cause CVD. 13 In 1981, Robert Scragg raised the hypothesis that the increased CVD incidence in 

winter may be a consequence of low UV-B irradiation, with correspondingly low vitamin D 

status in that season.14 The discovery of the VDR in the rat heart by Robert Simpson in 1983 

further stimulated research on vitamin D and CVD.15 Over the last three decades and several 

reports have described vitamin D´s effects on the cardiovascular system. 

 

PREVALENCE OF VITAMIN D DEFICIENCY 

Serum concentrations of 25(OH)D are the best parameter to assess whole-body vitamin D 

status. Therefore, such measures are used to assess vitamin D deficiency.16 However, no general 

consensus has yet emerged on 25(OH)D cut-off levels for vitamin D status and debate on how to 

classify vitamin D status is ongoing. Cut-off levels were initially based on vitamin D´s effects on 

calcium metabolism. A poor vitamin D status is associated with decreased intestinal calcium 

resorption, leading to low serum calcium levels. This condition in turn stimulates PTH secretion. 

The resulting effects of increased PTH levels on the intestines (enhanced 1,25(OH)2D 

production), bones (calcium mobilisation), and kidneys (e.g. reduced calcium loss) ensure 

adequate physiologic serum calcium levels, albeit at the expense of several deleterious effects of 



 

 

this secondary hyperparathyroidism. Based on this consideration the 25(OH)D level below 

which PTH levels start to rise (~75 nmol/L; to convert 25[OH]D levels from ng/mL to nmol/L 

multiply by 2.496) is frequently used for the definition of a sufficient vitamin D status (≥75 

nmol/L).1 This supposition is also in line with histomorphometric analyses of bone biopsies that 

showed pathologic mineralisation defects in patients with 25(OH)D serum levels below 75 

nmol/L.17 A proposed vitamin D status classification, which we support, differentiates between 

the following groups: vitamin D sufficiency (≥ 75 nmol/L), vitamin D insufficiency (50 to 74 

nmol/L) and vitamin D deficiency < 50 nmol/L) (see Figure 1).1 Some authors use lower 

thresholds for vitamin D deficiency, such as cut-offs of <37.5 nmol/L or < 25 nmol/L.18 The 

Institute of Medicine (IOM) in the US classified vitamin D sufficiency as 25(OH)D levels 

ranging from 50 to 125 nmol/L.19 More recently, classifications of vitamin D status have also 

been based on 25(OH)D levels at which the risk of adverse health outcomes increases 

significantly; a level of ~ 75 to 100 nmol/L (=optimal range) is associated with the best 

outcomes for multiple diseases.4,20 This optimal range, which lies exactly in the middle of the 

IOM vitamin D sufficiency range, is however based only on observational data including 

achieved 25(OH)D concentrations from meta-analyses of RCTs because no published 

interventional studies exist on, for example, CVD or mortality outcomes with specific target 

concentrations of 25(OH)D.4 Therefore, any vitamin D status classification, including the one we 

propose (see Figure 1), is debatable unless sufficient data from RCTs are available to support 

that targeting certain 25(OH)D ranges reduces hard endpoints such as CVD or mortality. 

25(OH)D levels of 250 nmol/L can be considered as safe and are used by several reference 

laboratories as the safe upper limit of normal. This safe upper limit of normal is based mainly on 

the evidence level of an expert opinion and was chosen because 25(OH)D concentrations of 250 

nmol/L can be achieved but are rarely exceeded by healthy subjects who have spent prolonged 

periods in a sunny environment.4,21 However, only limited clinical data are available on the long-



 

 

term prognosis of individuals with 25(OH)D levels > 125 to 150 nmol/L.4 Vitamin D toxicity 

begins at 25(OH)D levels  >375 to 500 nmol/L (see Figure 1).1,4 

Mithal et al. aimed to review the global vitamin D status.3 Reduced 25(OH)D levels (<75 

nmol/L) are highly prevalent in almost every region of the world.3 Risk factors for low 25(OH)D 

levels were advanced age, female sex, winter season, darker skin pigmentation, less sunlight 

exposure and low intake of vitamin D by diet including absence of vitamin D fortification of 

food items. In Europe or the US, the majority of the general population has 25(OH)D serum 

concentrations below 75 nmol/L. Data from the US indicating that the prevalence of low 

25(OH)D concentrations is still increasing.22,23 Specifically, 25(OH)D levels in the US 

population declined from 1988-1994 to 2000-2004, although the worsening of vitamin D status 

may be partially attributed to assay differences.22,23 Seasonal variation of vitamin D status, the 

amplitude of which increases with distance from the equator, must be considered. In the UK, the 

values at the end of summer are ~50% higher compared to the end of winter and even in South 

Florida a significant 14% increase of 25(OH)D levels was observed during summertime.5,24 

Genetics also influence circulating 25(OH)D concentrations.25 Wang et al. found three genetic 

loci that were significantly related to 25(OH)D levels.25 One gene is involved in metabolism of 

the vitamin D precursor 7-dehydrocholesterol, another one encodes an enzyme with 25-

hydroxylase activity and the third one is the DBP.25 

One should also consider different characteristics of 25(OH)D assays when determining 

vitamin D status.26 Whereas data on cut-off levels for vitamin D status are generally based on the 

DiaSorin radioimmunoassay, the increasing request for 25(OH)D measurements has prompted 

the development of various automated immunoassays.26 

 



 

 

VITAMIN D AND CARDIOVASCULAR RISK FACTORS 

In the following we summarise clinical and mechanistic evidence on the effect of vitamin D 

status on cardiovascular risk factors (see Figure 2). 

PTH levels are inversely correlated with 25(OH)D concentrations and epidemiological studies 

demonstrated that elevated and high-normal PTH levels are associated with an increased risk of 

cardiovascular events and mortality.27 Mechanistically, PTH increases blood pressure and exerts 

various effects on the heart including myocardial hypertrophy and pro-arrhythmic actions.28 PTH 

suppression by vitamin D supplementation might therefore reduce cardiovascular risk. 

Low 25(OH)D levels are an independent risk factor for prevalent and incident hypertension.29 

Moreover, meta-analyses of randomized controlled trials (RCTs) documented that vitamin D 

supplementation lowers systolic blood pressure by 2 to 6 mm Hg. 30-32 This latter effect was 

statistically significant in two of three meta-analyses.30-32 Proposed antihypertensive effects of 

vitamin D include PTH suppression, reno- and vasculo-protective properties, and anti-

inflammatory and anti-diabetic actions. In addition, 1,25(OH)2D has been shown to suppress 

renin transcription.2,33 Molecular pathways for this effect have already been clarified, and this 

finding is in line with observations of VDR and 1α-hydroxylase-knockout mice who display 

increased activity of the renin-angiotensin aldosterone system (RAAS).2,33 

CKD patients are particularly prone to low 25(OH)D levels.34 This outcome can be attributed to 

morbidity-related limitations in sunlight exposure, impaired vitamin D synthesis in the skin, 

malnutrition, and disturbances in vitamin D metabolism, such as loss of protein-bound vitamin D 

metabolites via the urine in proteinuric patients.34 Interestingly, a poor vitamin D status is a risk 

factor for decline in renal function.34 This may be explained by several reno-protective effects of 

vitamin D such as anti-proteinuric (e.g. vitamin D might increase megalin-mediated tubular 

protein reabsoprtion) and antihypertensive properties, suppression of the RAAS, and anti-

inflammatory and anti-autoimmunological actions.5,34 



 

 

A poor vitamin D status is partially, but not consistently, associated with a higher prevalence and 

incidence of type 2 diabetes mellitus.35 Vitamin D metabolites stimulate insulin secretion and 

improve insulin sensitivity, for example, by upregulating the insulin-receptor.35 Some, but not 

all, interventional studies have shown that vitamin D supplementation improves glucose 

metabolism for example, by reducing insulin resistance.35 Vitamin D may also be important for 

preventing type 1 diabetes mellitus. Low vitamin D intake during childhood and low solar UV-B 

radiation are associated with an increased risk of developing type 1 diabetes mellitus.35,36 In 

addition, variants of genes involved in vitamin D metabolism and related to 25(OH)D levels are 

associated with risk of type 1 diabetes.37 Vitamin D affects autoimmunological processes by 

increasing regulatory T cells (Tregs), which protect against autoimmunity.38 Whether vitamin D 

supplementation is definitely useful to prevent or treat type 1 and type 2 diabetes mellitus 

remains to be proven in RCTs. 

Some RCTs have already documented anti-infectious and anti-inflammatory actions of vitamin 

D such as reduction of the inflammation marker tumor necrosis factor-α (TNF-α) and increases 

of the anti-inflammatory cytokine interleukin-10 (IL-10).2,39-41 

Vitamin D may also affect other cardiovascular risk factors such as blood lipids or coagulation 

parameters but currently available data are insufficient to draw final conclusions.42,43 

 

VITAMIN D EFFECTS ON HEART AND BLOOD VESSELS 

Evidence is accumulating, that vitamin D may also exert various direct effects on the 

cardiovascular system (see Figure 3). Heart and blood vessels are target tissues for vitamin D and 

express both VDR and 1α-hydroxylase.2,44-47 In the following, we summarise experimental and 

observational clinical studies on the role of vitamin D for the heart and blood vessels. 

VDR-knockout and 1α-hydroxylase-knockout mice develop heart failure despite normalised 

calcium levels.2,45,48,49 Increased activation of the RAAS seems to be the mediating pathway 



 

 

because RAAS blockade with, for example, the ACE-inhibitor captopril reverses cardiac 

abnormalities in these mouse models.2,48,49 Preliminary data published in abstract form suggest 

that even cardiomyocyte-specific VDR-knockout mice develop myocardial damage.50 The 

crucial role of vitamin D for myocardial health is further supported by increased VDR 

expression in myocardial hypertrophy.45,46 VDR expression increased in cardiac myocytes and 

fibroblasts after treatment with the pro-hypertrophic vasoactive peptide endothelin.46 

Experimental studies documented anti-hypertrophic and anti-proliferative actions of vitamin D 

metabolites, which downregulate several genes involved in the development of myocardial 

hypertrophy.45,51 VDR activation modulates cardiac calcium flux and thereby induces an 

accelerated relaxation of cardiomyocytes, which may improve diastolic function of the heart.45,52 

Vitamin D-mediated regulation of cardiac extracellular matrix (ECM) turnover may also be 

important to maintain cardiac health.45,53  In this context, a study of 171 healthy British 

Bangladeshi adults, showed that matrix metalloproteinase-9 (MMP-9) is elevated in vitamin D 

deficient individuals but is significantly decreased after vitamin D supplementation.53 Several 

clinical studies confirmed that heart failure patients have a poor vitamin D status but whether 

vitamin D deficiency is only the consequence of heart failure or possibly contribute to 

myocardial diseases is unclear.45 Interventional trials produced inconsistent results on the effect 

of vitamin D on parameters of myocardial structure and function warranting further large-scale 

RCTs.40,45 

Vitamin D may also protect against atherosclerosis, vascular calcification and endothelial 

dysfunction.44 Anti-atherosclerotic vitamin D effects may include (i) inhibition of macrophage 

cholesterol uptake and foam cell formation, (ii) downregulation of vascular smooth muscle cell 

(VSMC) proliferation and migration, and (iii) suppression of inflammation triggered endothelial 

activation and expression of endothelial adhesion molecules.44,54-56 Vitamin D effects may also 

protect against endothelial dysfunction, for example, by anti-oxidative actions and by inhibiting 



 

 

lipid peroxidation.44,57 Finally, vitamin D may reduce vascular calcification, for example, by 

inhibiting bone morphogenic proteins, but data on this topic are somewhat controversial.44,58 

This could be attributed to the fact that both a poor vitamin D status as well as vitamin D 

intoxication may contribute to vascular calcification, although it should be noted that the largest 

study on vitamin D plus calcium supplementation found no effect on coronary artery 

calcification.54,59  

Observational and interventional studies showed inconsistent results regarding the association of 

vitamin D with vessel diseases (e.g. inconclusive data on 25[OH]D and carotid intima-media 

thickness).44,60,61 Several, but not all, interventional studies showed that vitamin D 

supplementation improves endothelial function.54,62 Hence, we need further RCTs before we can 

draw final conclusions on the effect of vitamin D on the vasculature.  

  

VITAMIN D AND CARDIOVASCULAR DISEASES 

Observational data 

Accumulating evidence suggests that CVD is associated with vitamin D deficiency. Various 

epidemiological studies have reported reduced 25(OH)D concentrations in patients with previous 

and prevalent cardiovascular or cerebrovascular diseases.44,45,63-66 Several prospective studies 

have addressed this issue, including the Intermountain Heart Collaborative (IHC) Study, which 

included >40,000 individuals from a general health care population.65 In this study, individuals 

with low serum concentrations of 25(OH)D were at significantly increased risk for future CVD, 

in particular for heart failure and cerebrovascular events.65 Consistent with this finding, 

population-based studies have partially, but not consistently, documented that poor vitamin D 

status is associated with an increased risk of cardiovascular events and cardiovascular mortality 

(see Table 1).66-80 Significant associations of low 25(OH)D levels and increased risk of fatal 

cardiovascular events, in particular, sudden cardiac death, were also observed in patients referred 



 

 

to coronary angiography, as well as in diabetic dialysis patients.81,82 Regarding specific 

cardiovascular events, a significant association of low 25(OH)D and fatal strokes was reported.64 

This finding may also have clinical relevance because post-stroke patients with such increased 

risk of vitamin D deficiency may be more prone to develop musculoskeletal complications.64 

Associations of vitamin D deficiency with incident CVD seem particularly strong in patients 

with CVD or at high risk of CVD and some indication exists for a nonlinear relationship with 

pronounced CVD risk increase at 25(OH)D concentrations below ~37.5 nmol/L.65-82 Meta-

analyses performed so far on this topic support the notion that low 25(OH)D concentrations are 

associated with incident CVD.63,66 In this context, Grandi et al. found that the risk of 

cardiovascular mortality was increased by 83% (hazard ratio 1.83; 95% CI: 1.19-2.80) in 

individuals with low 25(OH)D levels, that is, patients with 25(OH)D levels below a cut-off 

ranging from ~25 to 50 nmol/L.66 

However, one must interpret all these above-mentioned observational studies in the light that sun 

exposure habits, which may be an important confounder for the association of 25(OH)D and 

CVD, significantly determine vitamin D status. Furthermore, nutritional intake of vitamin D is 

usually related to other micronutrients (e.g. vitamins D and A in cod liver oil), which interferes 

with the ability to evaluate how vitamin D status affects CVD. Apart from this, vitamin D-

independent effects of sunlight exposure might partially drive the association of vitamin D status 

with CVD. Cardiovascular risk factors and CVD may also have a reciprocal effect on vitamin D 

status (e.g. vitamin D may affect myocardial function, but impaired myocardial function may 

cause vitamin D deficiency owing to morbidity-associated limitation of sunlight exposure). 

Single-nucleotide polymorphisms (SNPs) of the VDR and of key enzymes for vitamin D 

metabolism have also been associated with left ventricular hypertrophy, heart failure and 

coronary artery calcification. 83-85 Even though some questions on the functionality of these SNPs 



 

 

remain unresolved, these latter results may further support a possible causal relationship between 

vitamin D metabolism and CVD .83-85 

 

Data from interventional studies  

Results of RCTs designed primarily to assess effects of vitamin D supplementation on CVD are 

still missing. Data on vitamin D and CVD are derived mainly from studies designed to evaluate 

vitamin D´s effect on musculoskeletal outcomes.86 Most of those studies evaluated the impact of 

combined calcium plus vitamin D supplementation.86 This approach limits the ability to 

differentiate the effects of vitamin D from those of calcium. This factor may be important 

because calcium per se might even be harmful in terms of cardiovascular outcomes.86,87 A 

systematic review identified two RCTs with exclusive vitamin D supplementation that reported 

on CVD events as a secondary outcome.86 These studies, with vitamin D doses of approximately 

1000 IU per day, found a moderate, but statistically nonsignificant, reduction in CVD risk 

(pooled relative risk, 0.90 [95% CI, 0.77 to 1.05]) in the vitamin D group.86 Further large studies 

have been initiated to definitively prove whether vitamin D supplementation reduces CVD in the 

general population, but these studies will still take several years (e.g. the VITAL; see 

www.vitalstudy.org). 

  

VITAMIN D AND TOTAL MORTALITY 

Beyond CVD, vitamin D deficiency is associated with increased risk of total mortality. Most, but 

not all, studies on this topic documented increased mortality in patients with low 25(OH)D 

concentrations.68,70-82 A meta-analysis among 6853 CKD patients showed that mortality risk 

decreases by 14% (relative risk 0.86 [95% CI 0.82-0.91]) per 25 nmol/L increase in 25(OH)D 

levels.88 This finding is in line with the results of a meta-analysis of RCTs including mainly 

studies on frail, elderly patients.89 In this report of Autier and Gandini, vitamin D 



 

 

supplementation was associated with a significant 7% decrease in total mortality (summary 

relative risk 0.93 [95% CI 0.87-0.99]).89Another meta-analysis on vitamin D and its analogues 

showed less significant results and reported a significant mortality reduction only in patients with 

the combined treatment of vitamin D plus calcium (relative risk 0.94 [95% CI 0.89-0.99].90 

 

VITAMIN D TREATMENT GUIDANCE 

Vitamin D treatment can be done by either vitamin D supplementation or UV-B exposure. 

Increased vitamin D intake by natural or vitamin D-fortified food is usually not sufficient to 

correct vitamin D deficiency.1 

Vitamin D supplementation is relatively easy, cheap and safe. Supplementation can be done with 

vitamin D3, which is almost exclusively used in Europe, or with vitamin D2. Several studies 

addressed the question whether vitamin D3 is superior to vitamin D2 in raising and maintaining 

25(OH)D serum concentrations but study results are inconsistent so that it is still not clear 

whether vitamin D3 should be preferred over vitamin D2. 91,92 According to a rule of thumb, a 

daily intake of 1,000 IU of vitamin D increases 25(OH)D concentration by approximately 25 

nmol/L (15 to 25 nmol/L).91 Daily, weekly, or monthly dosing regimens can be applied because 

they produce comparable increases of 25(OH)D levels. Some authors recommend loading doses 

at the beginning of vitamin D supplementation (i.e. 50,000 IU of vitamin D weekly for 8 

weeks).1 High-dose vitamin D supplementation only once or just a few times per year, however, 

can currently not be recommended because no sufficient long-term outcome data exist on doses 

of >100,000 IU. Such unphysiologic high doses may even be harmful.93 Therefore, we should be 

cautious with high dose vitamin D supplementation also when considering that some study 

results suggest a J-shaped association of 25(OH)D and mortality.70 Individual variations in 

response to vitamin D supplementation should be considered, and in particular, obese individuals 

require higher doses as a result of vitamin D depletion in the adipose tissue.4 In patients with 



 

 

vitamin D insufficiency or deficiency it has been shown that the lower the baseline 25(OH)D 

levels, the greater is the increase of 25(OH)D after vitamin D supplementation.94 Re-testing of 

25(OH)D concentrations may therefore be reasonable, also in an effort to improve compliance, 

but this should be done only 3 months after initiation of vitamin D supplementation which is the 

time necessary to reach a plateau.4 No adverse effects have been observed with daily vitamin D 

intakes of up to 10,000 IU.95 Potential side effects of vitamin D (i.e. vitamin D intoxication) are 

seen at 25(OH)D serum levels > 375 nmol/L to 500 nmol/L and are related to symptoms of 

hypercalcemia with the risk of calcifications (e.g. of the vessels or the kidney) and hypercalciuria 

with dehydration and renal failure.95 No convincing evidence exists that vitamin D 

supplementation alone increases the risk of kidney stones, but the combined supplementation of 

calcium plus vitamin D may be associated with significantly increased incidence of kidney 

stones.95   

Increased sunlight exposure of the skin can also significantly increase 25(OH)D serum 

concentrations. Sunlight induced vitamin D synthesis in the skin can be equivalent to a daily 

vitamin D supplementation of up to 10,000 to 20,000 IU.1 However, the skin´s capacity to 

produce vitamin D decreases with age, sunscreen use and increasing skin pigmentation. Hence, 

significant interindividual differences in cutaneous vitamin D synthesis exist, but it seems that ~ 

15 to 30 minutes of sunlight exposure of the skin (legs and arms) between 10 am and 3 pm for at 

least three times per week is usually enough for a sufficient vitamin D synthesis.1,12,96 

Interestingly, excessive sunbathing is not associated with very high 25(OH)D concentrations 

because excess previtamin D3 and vitamin D3 are photodegraded.12 This finding explains why 

there are no known cases of sunlight induced vitamin D intoxication. It should also be 

considered that at northern and southern latitudes above and below ~33° sunlight exposure 

during wintertime is not sufficient for vitamin D synthesis in the skin. However, excessive 

sunlight exposure increases the risk of non-melanoma skin cancer. By contrast, accumulating 



 

 

evidence suggests that vitamin D may be beneficial for various other types of cancers.1,2,96 

Dermatologists have therefore started to change their “no sun policy” towards recommendations 

for moderate sun exposure, which may even protect against melanomas.96 

 

VITAMIN D TREATMENT RECOMMENDATIONS 

None of the major Cardiology Societies has recently proposed specific recommendations 

regarding vitamin D. We therefore briefly discuss recommendations from various other societies 

or expert panels that may be interesting for those who consider vitamin D supplementation in 

patients with CVD or at high risk of CVD. 

Based on positive vitamin D effects on “bone health” the 2011 report from the IOM recommends 

a 25(OH)D level of at least 50 nmol/L.19 The report asserts that the daily vitamin D intake should 

be 600 IU for individuals up to the age of 70 years and 800 IU for older adults of the general 

population corresponding to the Recommended Daily Allowance (RDA, covering requirements 

of ≥ 97.5% of the population).19 These RDAs of the IOM report are based on an assumption of 

minimal or no sun exposure. Given that in general populations the average daily vitamin D 

intake by diet (nutrition) is usually not higher than ~200 IU, this would mean that vitamin D 

supplementation may be indicated in most individuals of the general population. Tolerable Upper 

Intake Levels (UL) were set at 4,000 IU per day in the 2011 IOM statement.19 Moreover, the 

2009 Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice guidelines include 

a recommendation to test for and treat vitamin D deficiency and insufficiency (25[OH]D levels) 

in CKD patients stages 3-5D (glomerular filtration rate [GFR] below 60 ml/min/1.73m²).97 This 

recommendation is based on a low evidence level but impaired vitamin D metabolism may have 

deleterious consequences on renal function, proteinuria, and outcome in CKD patients. 34,82,85,98 

Further expert panels have recommended supplementing 800 IU of vitamin D in all individuals 

older than 65 years, and one expert panel recommended testing for and treating vitamin D 



 

 

deficiency in all patients with or at high risk of CVD.4,99 We also draw attention to the fact that 

vitamin D supplementation is generally recommended in the first year of life (usually 400 IU per 

day) and that vitamin D supplementation of at least 800 IU per day is a standard treatment for 

osteoporosis patients.4,99 

 

CONCLUSIONS 

Vitamin D deficiency is common and the cardiovascular system is a target tissue for vitamin D. 

Experimental studies showed beneficial vitamin D effects on cardiovascular risk factors, the 

heart, and the blood vessels. Clinical studies have largely, but not consistently, indicated that 

CVD and mortality are associated with vitamin D deficiency. Data from RCTs, however, are 

sparse, and some, but not all, studies showed beneficial effects of vitamin D supplementation on 

cardiovascular risk factors (e.g. arterial hypertension). Available data are insufficient to draw 

final conclusions on the effect of vitamin D supplementation on CVD events, but results from 

meta-analyses suggest that vitamin D treatment may modestly reduce all-cause mortality. The 

above-mentioned promising data on cardiovascular-protective properties of vitamin D have 

stimulated the initiation of large-scale RCTs to evaluate the effect of vitamin D on 

cardiovascular outcomes. These studies will, however, not be finished within the next few years, 

leaving us with the question of how to handle vitamin D testing and treating in the clinical 

routine. On the basis of current evidence, we cannot justify proposing general recommendations 

for vitamin D supplementation for the treatment and prevention of CVD. However, we also 

cannot ignore the available knowledge on vitamin D. Consequently, we are of the opinion that 

overall risks and cost of vitamin D supplementation should be weighed against potential adverse 

consequences of untreated vitamin D deficiency. In this context, the proposed multiple health 

benefits of vitamin D and the relatively easy, cheap, and safe manner of its supplementation 

should be considered. 1,2,4,89,95,99 Currently available data suggest that  25[OH]D levels of ~75 to 



 

 

100 nmol/L are associated with the best health outcomes and we therefore believe that aiming for 

this “optimal range” of vitamin D status is reasonable. However, we should be aware that these 

data on the optimal vitamin D status are based on relatively low evidence levels, are 

controversially discussed, and need to be further evaluated in large-scale RCTs. 

  

REFERENCES 

1. Holick, M.F. (2007) Vitamin D deficiency. New England Journal of Medicine, 357, 266-

281. 

2. Bouillon, R., Carmeliet, G., Verlinden, L., et al. (2008) Vitamin D and human health: 

lessons from vitamin D receptor null mice. Endocrine Reviews, 29, 726-776. 

3. Mithal, A., Wahl, D.A., Bonjour, J.P., et al. (2009) Global vitamin D status and 

determinants of  hypovitaminosis D. Osteoporosis International, 20, 1807-1820. 

4. Souberbielle, J.C., Body, J.J., Lappe, J.M., et al. (2010) Vitamin D and musculoskeletal 

health, cardiovascular disease, autoimmunity and cancer: recommendations for clinical 

practice. Autoimmunity Reviews, 9, 709-715. 

5. Macdonald, H.M., Mavroeidi, A., Fraser, W.D., et al. (2011) Sunlight and dietary 

contributions to the seasonal vitamin D status of cohorts of healthy postmenopausal 

women living at northerly latitudes: a major cause for concern? Osteoporosis 

International, [epub ahead of print] doi: 10.1007/s00198-010-1467-z 

6. Dusso, A.S., Brown, A.J. & Slatopolsky, E. (2005) Vitamin D. American Journal of 

Physiology Renal Physiology, 289, F8-28. 

7. Jablonski, N.G. & Chaplin, G. (2010) Colloquium paper: human skin pigmentation as an 

adaptation to UV radiation. Proceedings of the National Academy of Science U S A, 107 

Suppl 2, 8962-8. 



 

 

8. Lamason, R.L., Mohideen, M.A., Mest, J.R., et al. (2005) SLC24A5, a putative cation 

exchanger, affects pigmentation in zebrafish and humans. Science, 310, 1782-6. 

9. Helvig, C.F., Cuerrier, D., Hosfield, C.M., et al. (2010) Dysregulation of renal vitamin D 

metabolism in the uremic rat. Kidney International, 78, 463-72. 

10. Zittermann, A., Schleithoff, S.S., Frisch, S., et al. (2009) Circulating calcitriol 

concentrations and total mortality. Clinical Chemistry, 55, 1163-70. 

11. Kalantar-Zadeh, K. & Kovesdy, C.P. (2009) Clinical outcomes with active versus 

nutritional vitamin D compounds in chronic kidney disease. Clinical Journal of the 

American Society of Nephrology, 4, 1529-1539. 

12. Holick, M.F. (1994) McCollum Award Lecture, 1994: vitamin D--new horizons for the 

21st century. American Journal of Clinical Nutrition, 60, 619-30. 

13. Kummerow, F.A. (1979) Nutrition imbalance and angiotoxins as dietary risk factors in 

coronary heart disease. American Journal of Clinical Nutrition, 32, 58-83. 

14. Scragg, R. (1981) Seasonality of cardiovascular disease mortality and the possible 

protective effect of ultra-violet radiation. International Journal of Epidemiology, 10, 337-

41. 

15. Simpson, R.U. (1981) Evidence for a specific 1,25-dihydroxyvitamin D3 receptor in rat 

heart. Circulation, 68, 239 [Abstract]. 

16. Holick, M.F. (2009) Vitamin D status: measurement, interpretation, and clinical 

application. Annals of Epidemiology, 19, 73-8. 

17. Priemel, M., von Domarus, C., Klatte, T.O., et al. (2010) Bone mineralization defects and 

vitamin D deficiency: histomorphometric analysis of iliac crest bone biopsies and 

circulating 25-hydroxyvitamin D in 675 patients. Journal of Bone and Mineral Research, 

25, 305-12. 



 

 

18. Rosen, C.J. (2011) Clinical practice. Vitamin D insufficiency. New England Journal of 

Medicine, 364, 248-254. 

19. Ross, A.C., Manson, J.E., Abrams, S.A., et al. (2011) The 2011 report on dietary 

reference intakes for calcium and vitamin D from the Institute of Medicine: what 

clinicians need to know. Journal of Clinical Endocrinology and Metabolism, 96, 53-8. 

20. Bischoff-Ferrari, H.A., Shao, A., Dawson-Hughes, B., et al. (2010) Benefit-risk 

assessment of vitamin D supplementation. Osteoporosis International, 21, 1121-32. 

21. Barger-Lux, M.J. & Heaney, R.P. (2002) Effects of above average summer sun exposure 

on serum 25-hydroxyvitamin D and calcium absorption. Journal of Clinical 

Endocrinology and Metabolism, 87, 4952-6. 

22. Ginde, A.A., Liu, M.C. & Camargo, C.A. Jr. (2009) Demographic differences and trends 

of vitamin D insufficiency in the US population, 1988-2004. Archives of Internal 

Medicine, 169, 626-32. 

23. Looker, A.C., Pfeiffer, C.M., Lacher, D.A., et al. (2008) Serum 25-hydroxyvitamin D 

status of the US population: 1988-1994 compared with 2000-2004. American Journal of 

Clinical Nutrition, 88, 1519-27. 

24. Levis, S., Gomez, A., Jimenez, C., et al. (2005) Vitamin d deficiency and seasonal 

variation in an adult South Florida population. Journal of Clinical Endocrinology and 

Metabolism, 90, 1557-62. 

25. Wang, T.J., Zhang, F., Richards, J.B., et al. (2010) Common genetic determinants of 

vitamin D insufficiency: a genome-wide association study. Lancet, 376, 180-8. 

26. Carter, G.D. (2011) Accuracy of 25-hydroxyvitamin D assays: confronting the issues. 

Current Drug Targets, 12, 19-28. 



 

 

27. Pilz, S., Tomaschitz, A., Drechsler, C., et al. (2010) Parathyroid hormone level is 

associated with mortality and cardiovascular events in patients undergoing coronary 

angiography. European Heart Journal, 31: 1591-1598. 

28. Fitzpatrick, L.A., Bilezikian, J.P. & Silverberg, S.J. (2008) Parathyroid hormone and the 

cardiovascular system. Current Osteoporosis Report, 6, 77-83. 

29. Burgaz, A., Orsini, N., Larsson, S.C., et al. (2011) Blood 25-hydroxyvitamin D 

concentration and hypertension: a meta-analysis. Journal of Hypertension, 29, 636-45. 

30. Pittas, A.G., Chung, M., Trikalinos, T., et al. (2009) Systematic review: vitamin D and 

cardiometabolic outcomes. Annals of Internal Medicine, 152, 307-314. 

31. Witham, M.D., Nadir, M.A. & Struthers, A.D. (2009) Effect of vitamin D on blood 

pressure: a systematic review and meta-analysis. Journal of Hypertension, 27, 1948-

1954. 

32. Wu, S.H., Ho, S.C. & Zhong, L. (2010) Effects of vitamin D supplementation on blood 

pressure. Southern Medical Journal, 103, 729-737. 

33. Yuan, W., Pan, W., Kong, J. et al. (2007) 1,25-dihydroxyvitamin D3 suppresses renin 

gene transcription by blocking the activity of the cyclic AMP response element in the 

renin gene promoter. Journal of Biological Chemistry, 282, 29821-29830. 

34. Doorenbos, C.R., von den Born, J., Navis, G., et al. (2009) Possible renoprotection by 

vitamin D in renal disease: beyond mineral metabolism. Nature Reviews Nephrology, 5, 

691-700. 

35. Cavalier, E., Delanaye, P., Souberbielle, J.C., et al. (2011) Vitamin D and type 2 diabetes 

mellitus: Where do we stand? Diabetes and Metabolism [epub ahead of print] doi : 

10.1016/j.diabet.2011.01.001 

36. Hyppönen, E., Läärä, E., Reunanen, A., et al. (2001) Intake of vitamin D and risk of type 

1 diabetes: a birth-cohort study. Lancet, 358, 1500-3. 



 

 

37. Cooper, J.D., Smyth, D.J., Walker, N.M., et al. (2011) Inherited Variation in Vitamin D 

Genes Is Associated With Predisposition to Autoimmune Disease Type 1 Diabetes. 

Diabetes, 60, 1624-31 

38. Prietl, B., Pilz, S., Wolf, M., et al. (2010) Vitamin D supplementation and regulatory T 

cells in apparently healthy subjects: vitamin D treatment for autoimmune diseases? Israel 

Medical Association Journal, 12, 136-9. 

39. Schwalfenberg, G.K. (2011) A review of the critical role of vitamin D in the functioning 

of the immune system and the clinical implications of vitamin D deficiency. Molecular 

Nutrition and Food Research, 55, 96-108. 

40. Schleithoff, S.S., Zittermann, A., Tenderich, G., et al. (2006) Vitamin D supplementation 

improves cytokine profiles in patients with congestive heart failure: a double-blind, 

randomized, placebo-controlled trial. American Journal of Clinical Nutrition, 83, 754-

759. 

41. Zittermann, A., Frisch, S., Berthold, H.K., et al. (2009) Vitamin D supplementation 

enhances beneficial effects of weight loss on cardiovascular disease risk markers. 

American Journal of Clinical Nutrition, 89, 1321-7. 

42. Karhapäa, P., Pihlajamäki, J., Pörsti, I., et al. (2010) Diverse associations of 25-

hydroxyvitamin D and 1,25-dihydroxyvitamin D with dyslipidemias. Journal of Internal 

Medicine, 268, 604-10. 

43. Jorde, R., Sneve, M., Torjesen, P., et al. (2010) Parameters of the thrombogramm are 

associated with 25-hydroxyvitamin D levels at baseline, but not affected during 

supplementation with vitamin D. Thrombosis Research, 125, e210-3. 

44. Brewer, L.C., Michos, E.D. & Reis, J.P. (2011) Vitamin D in atherosclerosis, vascular 

disease, and endothelial function. Current Drug Targets, 12, 54-60. 



 

 

45. Pilz, S., Tomaschitz, A., Drechsler, C., et al. (2010) Vitamin D deficiency and 

myocardial diseases. Molecular Nutrition and Food Research, 54, 1103-1113. 

46. Chen, S., Glenn, D.J., Ni, W., et al. (2008) Expression of the vitamin d receptor is 

increased in the hypertrophic heart. Hypertension, 52, 1106-12. 

47. Somjen, D., Weisman, Y., Kohen, F., et al. (2005) 25-hydroxyvitamin D3-1alpha-

hydroxylase is expressed in human vascular smooth muscle cells and is upregulated by 

parathyroid hormone and estrogenic compounds. Circulation, 111, 1666-71. 

48. Xiang, W., Kong, J., Chen, S., et al. (2005) Cardiac hypertrophy in vitamin D receptor 

knockout mice: role of the systemic and cardiac renin-angiotensin systems. American 

Journal of  Physiology – Endocrinology and Metabolism, 288, 125–132. 

49. Zhou, C., Lu, F., Cao, K., et al. (2008) Calcium-independent and 1,25(OH2)D3-

dependent regulation of the renin-angiotensin system in 1α-hydroxylase knockout mice. 

Kidney International, 74, 170–179. 

50. Gardner, D.G., Glenn, D., Nei, W., et al. (2009) Cardiomyocyte-specific vitamin D 

receptor gene knockout causes cardiac hypertrophy. Abstract at the 14th Workshop on 

Vitamin D, 4-8 October 2009, Brugge, Belgium. 

51. Wu, J., Garami, M., Cheng, T., et al. (1996) 1,25(OH)2 vitamin D3, and retinoic acid 

antagonize endothelin-stimulated hypertrophy of neonatal rat cardiac myocytes. Journal 

of Clinical Investigation, 97, 1577-88. 

52. Green, J.J., Robinson, D.A., Wilson, G.E., et al. (2006) Calcitriol modulation of cardiac 

contractile performance via protein kinase C. Journal of Molecular and Cellular 

Cardiology, 41, 350–359. 

53. Timms, P.M., Mannan, N., Hitman, G.A., et al. (2002) Circulating MMP9, vitamin D and 

variation in the TIMP-1 response with VDR genotype: mechanisms for inflammatory 

damage in chronic disorders? QJM, 95, 787-96. 



 

 

54. Oh, J., Weng, S., Felton, S.K., et al. (2009) 1,25(OH)2 vitamin d inhibits foam cell 

formation and suppresses macrophage cholesterol uptake in patients with type 2 diabetes 

mellitus. Circulation, 120, 687-98. 

55. Chen, S., Law, C.S., Grigsby, C.L., et al. (2010) A role for the cell cycle phosphatase 

Cdc25a in vitamin D-dependent inhibition of adult rat vascular smooth muscle cell 

proliferation. Journal of Steroid Biochemistry and Molecular Biology, 122, 326-332. 

56. Martinesi, M., Bruni, S., Stio, M., et al. (2006) 1,25-Dihydroxyvitamin D3 inhibits tumor 

necrosis factor-alpha-induced adhesion molecule expression in endothelial cells. Cell 

Biology International, 30, 365-75. 

57. Husain, K., Ferder, L., Mizobuchi, M., et al. (2009) Combination therapy with 

paricalcitol and enalapril ameliorates cardiac oxidative injury in uremic rats. American 

Journal of Nephrology, 29, 465-72. 

58. Li, X., Speer, M.Y., Yang, H., et al. (2011) Vitamin D receptor activators induce an 

anticalcific paracrine program in macrophages: requirement of osteopontin. 

Arteriosclerosis Thrombosis and Vascular Biology, 30, 321-6. 

59. Manson, J.E., Allison, M.A., Carr, J.J., et al. (2010) Calcium/vitamin D supplementation 

and coronary artery calcification in the Women's Health Initiative. Menopause, 17, 683-

91. 

60. Reis, J.P., von Mühlen, D., Michos, E.D., et al. (2009) Serum vitamin D, parathyroid 

hormone levels, and carotid atherosclerosis. Atherosclerosis, 207, 585-90. 

61. Michos, E.D., Streeten, E.A., Ryan, K.A., et al. (2009) Serum 25-hydroxyvitamin d 

levels are not associated with subclinical vascular disease or C-reactive protein in the old 

order amish. Calcified Tissue International, 84, 195-202. 



 

 

62. Harris, R.A., Pedersen-White, J., Guo, D.H., et al. (2011) Vitamin d(3) supplementation 

for 16 weeks improves flow-mediated dilation in overweight african-american adults. 

American Journal of Hypertension, 24, 557-62. 

63. Parker, J., Hashmi, O., Dutton, D., et al. (2010) Levels of vitamin D and cardiometabolic 

disorders: systematic review and meta-analysis. Maturitas, 65, 225-36. 

64. Pilz, S., Tomaschitz, A., Drechsler, C., et al. (2011) Vitamin D supplementation: a 

promising approach for the prevention and treatment of strokes. Current Drug Targets, 

12, 88-96. 

65. Anderson, J.L., May, H.T., Horne, B.D., et al. (2010) Relation of vitamin D deficiency to 

cardiovascular risk factors, disease status, and incident events in a general healthcare 

population. American Journal of Cardiology, 106, 963-968. 

66. Grandi, N.C., Breitling, L.P. & Brenner, H. (2010) Vitamin D and cardiovascular disease: 

systematic review and meta-analysis of prospective studies. Preventive Medicine, 51, 

228-33. 

67. Wang, T.J., Pencina, M.J., Booth, S.L., et al. (2008) Vitamin D deficiency and risk of 

cardiovascular disease. Circulation, 117, 503-11. 

68. Pilz, S., Dobnig, H., Nijpels, G., et al. (2009) Vitamin D and mortality in older men and 

women. Clinical Endocrinology, 71, 666-72. 

69. Giovannucci, E., Liu, Y., Hollis, B.W., et al. (2008) 25-hydroxyvitamin D and risk of 

myocardial infarction in men: a prospective study. Archives of Internal Medicine, 168, 

174-80. 

70. Melamed, M.L., Michos, E.D., Post, W., et al. (2008) 25-hydroxyvitamin D levels and 

the risk of mortality in the general population. Archives of Internal Medicine, 168, 1629-

37. 



 

 

71. Kilkkinen, A., Knekt, P., Aro, A., et al. (2009) Vitamin D status and the risk of 

cardiovascular disease death. American Journal of Epidemiology, 170, 1032-9. 

72. Cawthon, P.M., Parimi, N., Barrett-Connor, E., et al. (2010) Serum 25-hydroxyvitamin 

D, parathyroid hormone, and mortality in older men. Journal of Clinical Endocrinology 

and Metabolism, 95, 4625-34. 

73. Michaëlsson, K., Baron, J.A., Snellman, G., et al. (2010) Plasma vitamin D and mortality 

in older men: a community-based prospective cohort study. American Journal of Clinical 

Nutrition, 92, 841-8. 

74. Bolland, M.J., Bacon, C.J., Horne, A.M., et al. (2010) Vitamin D insufficiency and health 

outcomes over 5 y in older women. American Journal of Clinical Nutrition, 91, 82-9. 

75. Jassal, S.K., Chonchol, M., von Mühlen, D., et al. (2010) Vitamin d, parathyroid 

hormone, and cardiovascular mortality in older adults: the Rancho Bernardo study. 

American Journal of Medicine, 123, 1114-20. 

76. Semba, R.D., Houston, D.K., Bandinelli, S., et al. (2010) Relationship of 25-

hydroxyvitamin D with all-cause and cardiovascular disease mortality in older 

community-dwelling adults. European Journal of J Clinical Nutrition, 64, 203-9. 

77. Hutchinson, M.S., Grimnes, G., Joakimsen, R.M., et al. (2010) Low serum 25-

hydroxyvitamin D levels are associated with increased all-cause mortality risk in a 

general population: the Tromsø study. European Journal of Endocrinology, 162, 935-42. 

78. Fiscella, K. & Franks, P. (2010) Vitamin D, race, and cardiovascular mortality: findings 

from a national US sample. Annals of Family Medicine, 8, 11-8. 

79. Virtanen, J.K., Nurmi, T., Voutilainen, S., et al.  (2011) Association of serum 25-

hydroxyvitamin D with the risk of death in a general older population in Finland. 

European Journal of Nutrition, doi: 10.1007/s00394-010-0138-3 



 

 

80. Messenger, W., Nielson, C.M., Li, H., et al. (2011) Serum and dietary vitamin D and 

cardiovascular disease risk in elderly men: A prospective cohort study. Nutrition, 

Metabolism, and Cardiovascular Diseases, doi: 10.1016/j.numecd.2010.10.019  

81. Pilz, S., März, W., Wellnitz, B., et al. (2008) Association of vitamin D deficiency with 

heart failure and sudden cardiac death in a large cross-sectional study of patients referred 

for coronary angiography. Journal of Clinical Endocrinology and Metabolism, 93, 3927-

35. 

82. Drechsler, C., Pilz, S., Obermayer-Pietsch, B., et al. (2010) Vitamin D deficiency is 

associated with sudden cardiac death, combined cardiovascular events, and mortality in 

haemodialysis patients. European Heart Journal, 31, 2253-2261. 

83. Wilke, R.A., Simpson, R.U., Mukesh, B.N., et al. (2009) Genetic variation in CYP27B1 

is associated with congestive heart failure in patients with hypertension. 

Pharmacogenomics,10, 1789-97. 

84. Shen, H., Bielak, L.F., Ferguson, J.F., et al. (2010) Association of the vitamin D 

metabolism gene CYP24A1 with coronary artery calcification. Arteriosclerosis 

Thrombosis and Vascular Biology, 30, 2648-54. 

85. Testa, A., Mallamaci, F., Benedetto, F.A., et al. (2010) Vitamin D receptor (VDR) gene 

polymorphism is associated with left ventricular (LV) mass and predicts left ventricular 

hypertrophy (LVH) progression in end-stage renal disease (ESRD) patients. Journal of 

Bone Mineral and Research, 25, 313-9. 

86. Wang, L., Manson, J.E., Song, Y., et al. (2010) Systematic review: vitamin D and 

calcium supplementation in prevention of cardiovascular events. Annals of Internal 

Medicine, 152, 315-323. 



 

 

87. Bolland, M.J., Grey, A., Avenell, A., et al. (2011) 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. British Medical Journal, 342, d2040. 

88. Pilz, S., Iodice, S., Zittermann, A., et al. (2011) Vitamin D status and mortality risk in 

chronic kidney disease: a meta-analysis of prospective studies. American Journal of 

Kidney Diseases, in press 

89. Autier, P. & Gandini, S. (2007) Vitamin D supplementation and total mortality: a meta-

analysis of randomized controlled trials. Archives of Internal Medicine, 167, 1730-1737. 

90. Avenell, A., Gillespie, W.J., Gillespie, L.D., et al. (2009) Vitamin D and vitamin D 

analogues for preventing fractures associated with involutional and post-menopausal 

osteoporosis. Cochrane Database of Systematic Reviews, 2, CD000227. 

91. Heaney, R.P., Recker, R.R., Grote, J., et al. (2011) Vitamin D3 Is More Potent Than 

Vitamin D2 in Humans. Journal of Clinical Endocrinology and Metabolism, 96, E447-

52. 

92. Holick, M.F., Biancuzzo, R.M., Chen, T.C., et al. (2008) Vitamin D2 is as effective as 

vitamin D3 in maintaining circulating concentrations of 25-hydroxyvitamin D. Journal of 

Clinical Endocrinology and Metabolism, 93, 677-81. 

93. Sanders, K.M., Stuart, A.L., Williamson, E.J., et al. (2010) Annual high-dose oral 

vitamin D and falls and fractures in older women: a randomized controlled trial. Journal 

of the American Medical Association, 303, 1815-22. 

94. Garland, C.F., French, C.B., Baggerly, L.L., et al.  (2011) Vitamin D supplement doses 

and serum 25-hydroxyvitamin D in the range associated with cancer prevention. 

Anticancer Research, 31, 607-11. 

95. Hathcock, J.N., Shao, A., Vieth, R., et al. (2007) Risk assessment for vitamin D. 

American Journal of Clinical Nutrition, 85, 6-18. 



 

 

96. Reichrath, J. & Nürnberg, B. (2009) Cutaneous vitamin D synthesis versus skin cancer 

development: The Janus faces of solar UV-radiation. Dermatoendocrinology, 1, 253-61. 

97. Kidney-Disease: Improving Global Outcomes (KDIGO) CKD-MBD Work Group. 

(2009) KDIGO clinical practice guideline for the diagnosis, evaluation, prevention, and 

treatment of chronic kidney disease-mineral and bone disorder (CKD-MBD). Kidney 

International Supplements, 113, S1-S130. 

98. Dusso, A.S. & Tokumoto, M. (2011) Defective renal maintenance of the vitamin D 

endocrine system impairs vitamin D renoprotection: a downward spiral in kidney disease. 

Kidney International, 79, 715-29. 

99. Dawson-Hughes, B., Mithal, A., Bonjour, J.P., et al. (2010) IOF position statement: 

vitamin D recommendations for older adults. Osteoporosis International, 21, 1151-4. 

 



 

 

 

Table 1. Population-based studies on the association of 25(OH)D with cardiovascular (CV) events and mortality 

First author 
(ref.) Country Age, 

yrs 
Males 
(%) 

No. of 
subjects

Follow-
up, yrs Event type No. of 

events

Main analysis 
(25[OH]D in 

nmol/L) 

Adjusted relative 
risk (95% CI) 

Wang67 USA 59 45 1,739 5.4 CV events 120 
<37.5 vs. 
≥37.5 

1.66 (1.13-2.43) 

Giovannucci69 USA 64 100 1,345 10 
Myocardial 
infarction 

454 
≤37.5 vs. 
≥37.5 

2.09 (1.24-3.54) 

Melamed70* USA 45 47 13,331 8.7 
CV 

mortality 
777 

<44.4 vs 
>80.1 

1.20 (0.87-1.64) 

Semba76 Italy 74 75 1,006 6.5 
CV 

mortality 
107 

<26.2 vs. 
>63.9 

2.64 (1.68-2.19) 

Pilz68 Netherlands 70 49 614 6.2 
CV 

mortality 
20 

first vs. 
highest three 

quartiles 
5.33 (1.97-14.45) 

Kilkkinen71 Finland 49 45 6,219 27.1 
CV 

mortality 
933 ≥62 vs. ≤28 0.76 (0.61-0.95) 

Bolland74 
New 

Zealand 
74 0 1,471 4 CV events 110 <50 vs ≥50 1.2 (0.8-1.8) 

Hutchinson77† Norway 59 
38     
41 

4,751 
2,410 

11.8 
11.4 

CV 
mortality 

325 
188 

first vs. fourth 
quartile 

1.08 (0.79-1.48)     
0.93 (0.61-1.44) 

Fiscella78* USA 44 48 15,363 9 
CV 

mortality 
933 

>79.9 vs. 
<44.9 

0.79 (0.62-1.01) 

Cawthon72 USA 74 100 1,490 7.3 
CV 

mortality 
110 <50 vs ≥75 1.51 (0.83-2.80) 

Jassal75 USA 74 38 1,073 6.4 
CV 

mortality 
111 per SD=35 1.07 (0.86-1.33) 

Michaëlsson73‡ Sweden 71 100 1,194 12.7 
CV 

mortality 
177 <46 vs. 46-93 1.53 (0.97-2.41) 

Virtanen79 Finland 62 49 1,136 9.1 
CV 

mortality 
35 

≤34.0 vs. 
≥34.1 

2.70 (1.31-5.56) 

Messenger80‡ USA 76 100 813 4.4 CV events 140 
≤50.2 vs. 
≥75.1 

1.18 (0.69-2.03) 

*Both reports on the same study: Third National Health and Nutrition Examination Survey (NHANES-III) 

†Separate reports for non-smokers (upper line) and smokers (lower line) 

‡Both reports on the same study: Osteoporotic Fractures in Men (MrOS) study 

 

 

 

 

 

 

 

 

 



 

 

FIGURE LEGENDS 

Figure 1: Proposed vitamin D status classification 

 

Figure 2: Associations of vitamin D deficiency with cardiovascular risk factors 

 

Figure 3: Proposed vitamin D effects on heart and blood vessels 
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