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Vitamin D has been known to medical science for almost a century. Yet, it
is only in the last 15 years that we have realized that the biological effects
of vitamin D extend far beyond the control of calcium metabolism. Recent
observational evidence suggests strong links between low vitamin D levels
and a range of cardiovascular conditions, including stroke, myocardial infarc-
tion, hypertension, and diabetes. Interventional studies are beginning to ex-
plore whether vitamin D supplementation can modify vascular health and
prevent cardiovascular disease. This article reviews the physiology and func-
tion of vitamin D, examines the current observational and intervention data
in cardiovascular disease, and discusses future research and current practice
recommendations.

Introduction

What is Vitamin D?

Vitamin D is a secosteroid. It is formed in animals from
7-dehydocholesterol, which is converted by ultraviolet
(UV) B radiation (290–320 nm) to vitamin D in the skin.
25-hydroxylation then occurs in the liver to form cir-
culating 25-hydroxyvitamin D (25OHD) with a further
1-hydroxylation step to form the biologically active moi-
ety, 1,25 hydroxyvitamin D (1,25OHD). 1,25OHD has a
short half-life, thus the longer-lived 25OHD is used to as-
certain in vivo vitamin D status.

Sources of Vitamin D

Although sunlight provides the vast majority of vitamin
D [1], small quantities of vitamin D3 (cholecalciferol) can
be obtained through the diet; it is found in foods such as
oily fish, liver, or eggs, along with foods fortified with vi-
tamin D3, such as margarine and liquid or dried milk.
Vitamin D2 (ergocalciferol that is closely related struc-

turally) is also ingested in small quantities chiefly from
fungal and plant sources, and can be manufactured by
UV exposure of ergosterols.

Regulation of Vitamin D

Most actions of vitamin D appear to be exerted via bind-
ing of 1,25OHD to the nuclear vitamin D receptor. Ac-
tions are exerted via nuclear effects of the vitamin D
receptor, which heterodimerizes with the retinoic acid
X receptor [2]; this combination then binds to control
sites on over 60 target genes in over 30 different tissues.
Recent work has suggested an additional pathway via a
cytoplasmic, possibly membrane-bound receptor, whose
functions remain to be characterized [3].

Vitamin D metabolite levels are regulated through a
number of feedback loops. 1,25OHD downregulates its
own production when levels are high and upregulates
production when levels are low. Parathyroid hormone
stimulates 1,25OHD production via the kidneys; 1-alpha
hydroxylase enzyme activity is also controlled by calcium
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level, phosphate level, and fibroblast growth factor 23.
Furthermore, it is now clear that 1,25 hydroxylation may
occur in a number of other tissues in addition to the kid-
ney, including dendritic cells and endothelial cells [4],
thus paracrine effects of 1,25OHD are also likely to be
important.

Potential Effects of Vitamin D
on Vascular Biology

A number of potential mechanisms have been suggested
by which vitamin D may exert effects on the vascula-
ture. Vitamin D has been shown to suppress renin pro-
duction in animal models [5]. It increases vascular en-
dothelial growth factor expression [6] in some models,
but conversely has been shown to inhibit angiogenesis
in a variety of cancer models. Vitamin D is well known
to have antiinflammatory actions, reducing levels of tu-
mor necrosis factor (TNF) alpha in heart failure patients
[7], but may also be able to induce proinflammatory gene
expression and upregulate pathways involved in increas-
ing oxidative stress [8]. Vitamin D, acting directly and via
increasing circulating calcium levels, leads to reductions
in parathyroid hormone (PTH), and PTH itself has been
postulated to be vasculotoxic [9]. Although the biologi-
cal pathways through which vitamin D may affect vas-
cular health are by no means fully elucidated, vitamin
D does appear to be able to improve endothelial function,
both in patients with diabetes [10] and in healthy vitamin
D-insufficient adults [11].

Vitamin D Insufficiency

Despite nearly a century of research, there is still con-
siderable controversy surrounding the level of vitamin
D necessary for optimum health, and the amount of vi-
tamin D required to reach these levels. Current recom-
mended daily intakes range from 200 to 1000 IU, and
current definitions of insufficiency vary depending on
the disease entity under scrutiny—serum 25OHD levels
of >25 nmol/L for prevention of rickets and osteomala-
cia, >50 nmol for prevention of osteoporosis, and lev-
els as high as 75 nmol/L have been postulated as neces-
sary for optimum health based on observational studies
[12].

Risk Factors for Vitamin D Insufficiency

As the majority of vitamin D is derived from the effect
of UV radiation on skin, people with less sun exposure
are prone to lower vitamin D levels. Those living at high
latitudes (i.e., above 40 degrees north or south) do not
receive sufficient UV exposure in winter to replenish vita-

min D levels. Impaired utilization of UVB occurs in non-
Caucasian populations, and older skin is less efficient at
producing vitamin D. Those who are not exposed to sun-
light, for example, the housebound, those in institutional
care, and those who do not expose their skin for cultural
reasons, are also at risk. Any factor that forms a barrier to
UV light, for example, sunscreen and atmospheric pollu-
tion, particularly urban photochemical smog, may reduce
vitamin D synthesis. Those with poor nutritional intake
or malabsorption are also at an increased risk of vitamin
D insufficiency.

As a result of differences in UV irradiation in differ-
ent seasons, circulating 25OHD levels change markedly
through the year. A study of healthy individuals aged be-
tween 20 and 94 years found that the mean 25OHD level
peaked in October at 96 nmol/L, falling to 73 nmol/L in
April [13]. The 1958 British Cohort Study examined 7437
white individuals and found that vitamin D insufficiency
was commonest during winter and spring, with 87.1%
<75 nmol/L, 46.6% <40 nmol/L, and 15.5% <25 nmol/L
[14].

How common is Vitamin D Insufficiency?

Vitamin D insufficiency becomes more common with age.
In the Health Survey for England from 2005, between
50% and 60% of people aged 65 and over had 25OHD
levels <50 nmol/L, with between 8% and 13% having
25OHD levels below 25 nmol/L [15]. Certain popula-
tions are at higher risk; 94% of a cohort of community
dwelling young south Asian women living in the UK had
25OHD levels less than 37.5 nmol/L [16] Among women
aged 15 to 49 in the National Health and Nutrition Ex-
amination Survey (NHANES) from the United States, 4%
of white women but 42% of black women had 25OHD
levels <37.5 nmol/L [17]. Vitamin D insufficiency is still
an issue even in children; 9% of children aged 21 and
under had 25OHD levels <37.5 nmol/L [18]; the risk
being 20 times higher for blacks than for non-Hispanic
whites.

Observational Data

A large body of observational data now links vitamin D
insufficiency with cardiovascular disease, hypertension,
myocardial infarction, stroke, diabetes, heart failure, and
peripheral arterial disease.

Hypertension

The incidence of hypertension increases with higher lat-
itude, and higher recordings are noted in winter than
in summer months [19]. Cross-sectional studies have
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shown that hypertension is inversely associated with low
levels of vitamin D, supporting the suggestion that these
epidemiological observations are due in part to a de-
ficiency in vitamin D. The Third NHANES study [20]
adjusted for ethnicity, age, sex, and physical activity
and showed that vitamin D status was inversely pro-
portional to blood pressure, with the lowest quintile of
25OHD (<40.4 nmol/L) having a blood pressure 3/1.6
mmHg higher than the highest vitamin D quintile (>85.7
nmol/L). Longitudinal studies confirm the association;
patients with baseline 25OHD levels below 37.5 nmol/L
were three to six times as likely to develop incident hy-
pertension during follow-up as those with baseline vi-
tamin D levels of >75 nmol/L [21]. The pooled relative
risk of developing incident hypertension combining men
and women using the random-effects model was 3.18
(95% CI 1.39 to 7.29). Low 25OHD levels are also linked
to other cardiovascular risk factors. In a cross-sectional
study of 15,088 male and female patients, the prevalence
of hypertension (odds ratio 1.30), diabetes (odds ratio
1.98) and high triglycerides (odds ratio 1.47) were sig-
nificantly higher with lower vitamin D levels (P < 0.001
for all) [22].

Vitamin D and other Cardiovascular
Diseases-–Cross-Sectional Data

Low vitamin D levels have also been associated with
stroke [23], peripheral vascular disease, chronic heart
failure [24], diabetes mellitus, insulin resistance [25], and
the metabolic syndrome [26] in cross-sectional studies. In
the Nurses’ Health Study [27], 83,779 women had base-
line vitamin D and calcium intake with a follow-up of
20 years. A combined daily intake of >1200 mg calcium
and >800 IU vitamin D was associated with 33% lower
risk of type 2 diabetes in women with a relative risk
0.67 (95% CI 0.49 to 0.90). Observational studies have
also suggested that vitamin D supplementation may pro-
tect against type 1 diabetes [28], and in a study of 459
outpatients with type 2 diabetes, low levels of vitamin
D were associated with prevalent cardiovascular disease
[29].

Similar data associate low 25OHD levels with my-
ocardial infarction [30] and coronary artery calcification.
Acute coronary syndrome patients with the AA genotype
of the vitamin D receptor had a worse prognosis than
with other genotypes, but only if they also had low base-
line 25OHD levels [31]. In a group of 283 patients at high
risk of coronary artery disease, low levels of vitamin D
were associated with increased coronary calcium scores
on computed tomography [32].

The weakness with all cross-sectional studies in this
area, however, is confounding by illness; any disease pro-

cess has the potential to reduce physical activity levels
and hence reduce sunlight exposure—in other words, the
disease may cause the low vitamin D level rather than vice

versa.

Vitamin D and Cardiovascular Events—Longitudinal
Data

A number of large cohort studies support a temporal asso-
ciation between low 25OHD levels and future cardiovas-
cular events. In the Framingham offspring cohort [33],
1739 subjects with no known cardiovascular disease were
followed up for a mean of 5.4 years. 25OHD levels were
measured at baseline, and there was an increase in risk
of cardiovascular risk across the lower levels of 25OHD,
and the association between 25OHD levels and cardiovas-
cular events was particularly strong in those who were
hypertensive at baseline (hazard ratio 2.13, 95% CI 1.30
to 3.48). Dobnig et al. [34] found similar correlations be-
tween low vitamin D levels and increased cardiovascu-
lar risk over a 7-year follow-up in 3258 patients who
attended for coronary angiography. They found that pa-
tients in the two lower quartiles had an increased car-
diovascular mortality compared with those in the highest
quartile of serum 25OHD (hazard ratio 2.22; 95% CI 1.57
to 3.13 for the lowest quartile and hazard ratio 1.82; 95%
CI 1.29 to 2.58 for the second lowest quartile). Giovan-
nucci et al. [35] followed up 18,225 men in the Health
Professionals Follow-up Study for 10 years. Subjects in
this study were aged 40 to 75 years, with no diagnosis
of cardiovascular disease. A low baseline vitamin D level
(<37.5 nmol/L) was a risk factor for future myocardial in-
farction (relative risk 2.42; 95% CI 1.53 to 3.84), and the
association persisted after adjustment for other baseline
risk factors (relative risk 2.09; 95% CI 1.24 to 3.54).

Interventional Studies

Effects on Blood Pressure

A small number of randomized controlled trials have re-
ported data on blood pressure with and without vita-
min D supplementation. Pfeifer et al. randomized 148
older women to either vitamin D and calcium or placebo
and calcium [36]. After 8 weeks of treatment, there was
a 7 mmHg reduction in systolic blood pressure in vita-
min D group compared to control (P = 0.02). Similar
effects were seen when the effects of UVB+UVA irra-
diation were compared with UVA alone. The combina-
tion led to a large increase in circulating 25OHD levels
and a 6/6 mmHg reduction in blood pressure compared
to UVA alone [37]. A recent meta-analysis of random-
ized controlled trials comparing vitamin D with placebo
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found a small but statistically significant drop in diastolic
blood pressure (3 mmHg) among those taking vitamin D
[38]. This effect was seen only in those who were hyper-
tensive at baseline. The reduction on systolic blood pres-
sure (3.6 mmHg) did not reach significance, but appeared
greater in those receiving vitamin D2 or D3 rather than
1-alpha hydroxylated vitamin D derivatives.

On the other hand, the largest trial to date, the
Women’s Health Initiative (WHI), failed to show any sig-
nificant impact of a small dose of vitamin D on systolic
or diastolic BP after a mean follow-up of 7 years in post-
menopausal women [39]. The lack of effect seen in WHI
may have been due to the low doses of vitamin D used
(only 400 IU per day) and poor adherence (59%) to the
study medications in a population who were not hyper-
tensive at baseline. The current evidence to support the
role of vitamin D supplementation to reduce BP is weak
and further randomized trials are needed to explore this
particular use of vitamin D.

Effects on Glycemia

Recent data suggest that vitamin D supplementation may
have beneficial effects on glucose metabolism and insulin
resistance in selected patients. High-dose (4000 units per
day) vitamin D improved insulin sensitivity in South
Asians with insulin resistance [40]. In another trial, pri-
marily designed for bone-related outcomes, a post hoc

analysis revealed that for nondiabetic participants who
had impaired glucose tolerance at baseline, supplemen-
tation with combined vitamin D and calcium resulted
in improved insulin resistance and lower rise in fasting
glycemia at 3 years (0.4 mg/dL vs. 6.1 mg/dL, P = 0.04)
compared with controls [41]. Beneficial effects on insulin
secretion and glucose uptake have also been found in pa-
tients with chronic kidney disease [42,43].

However, trials in which vitamin D has been given
to patients with established type 2 diabetes have mostly
shown no effect on insulin sensitivity or glycemic control
[10,41,44]. The largest study (the WHI study) to report
data on effect of vitamin D and calcium supplementation
on the risk of developing diabetes mellitus failed to show
any beneficial effect in postmenopausal women free of di-
abetes at baseline after 7 years of follow-up (hazard ratio
1.01, 95% CI 0.94 to 1.10) [45]. A definitive conclusion
based on the published data is not possible and further
well-designed randomised controlled trials are required
to further define the role of vitamin D in the treatment of
prediabetic and diabetic states.

Effects on other Risk Factors

The effects of vitamin D on other risk factors for cardio-
vascular disease have been less well studied. No signifi-

cant effect was evident on serum lipids in healthy older
patients or patients with diabetes [10,46], but improve-
ments were seen in patients with chronic kidney disease
[43]. Vitamin D added to a weight loss program, led to
greater falls in triglycerides than weight loss alone, but
paradoxically led to an increase in LDL cholesterol levels
compared to placebo [47]. Fibrinogen levels were unaf-
fected by vitamin D supplementation in older, bed-bound
patients [48].

Effects on Heart Failure

Supplementation with 2000 units per day of vitamin D3
did not improve left ventricular (LV) ejection fraction,
B-type natriuretic peptide levels, or exercise capacity in
heart failure patients with LV systolic dysfunction, but did
lead to significant reductions in TNF alpha levels, suggest-
ing a potential antiinflammatory effect of vitamin D [7].
Further studies are needed to ascertain whether vitamin
D supplementation can improve symptoms and prognosis
in heart failure.

Effects on Cardiovascular Events

The only large trial reporting the effect of vitamin D sup-
plementation on cardiovascular events reported lack of
any significant impact. Once again these data are from
WHI, where over 36,000 postmenopausal women were
randomized to either placebo or a small dose of vitamin
D and calcium [49]. After a mean follow-up of 7 years,
there were a total of 974 cardiac and 739 cerebrovascu-
lar events. There was no statistically significant difference
between two groups in terms of cardiovascular events
(hazard ratio 1.04, 95% CI 0.92 to 1.18). As mentioned
earlier, the small dose and poor compliance with vitamin
D in this study may explain the lack of effect. Another
possibility is that any beneficial effect of vitamin D was
neutralized by the potentially deleterious effect of cal-
cium supplementation; recent data suggest that calcium
supplementation may lead to an increase in myocardial
infarction rates [50].

Effects on All-Cause Mortality

A recent meta-analysis of 18 randomized controlled tri-
als examining vitamin D treatment for osteoporosis, with
a total of over 57,000 patients, showed that supplemen-
tation with vitamin D resulted in statistically significant
reduction in mortality from any cause (relative risk 0.93,
95% CI 0.87 to 0.99) [51]. Mean daily dose of vitamin D
used was 528 IU and mean follow-up was 5.7 years. In
studies where duration of supplementation was at least
3 years, this relative reduction in mortality was slightly
better at 8%. Importantly, there was no evidence of any
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significant untoward effect of chronic vitamin D intake.
Unfortunately, it was not possible from this analysis to as-
certain effect of vitamin D on individual causes of death,
and the results should be interpreted with the caveats
that all-cause mortality was not the primary outcome of
the trials studied, and that the trials recruited patients
with osteoporosis rather than those at risk of cardiovascu-
lar disease. Nevertheless, the reduction in all-cause mor-
tality seen is far higher than can be explained by fracture
prevention alone, and suggests that large trials of vitamin
D to reduce cardiovascular death are merited.

Unresolved Issues and Future Work

Although the strength of observational data linking low
levels of vitamin D to cardiovascular disease are impres-
sive, and early interventional data are encouraging, there
are several questions that require answering before vita-
min D supplementation finds a role as a routine clinical
therapy for cardiovascular disease.

Despite ongoing debate, the optimal dose and optimal
serum 25OHD level for preventing cardiovascular disease
are not yet clear. Observational studies suggest that very
high 25OHD levels may have paradoxically deleterious
effects [33,52], perhaps due to vascular calcification, thus
further dose-finding studies with surrogate endpoints in-
cluding vascular stiffness are required. Conversely, rela-
tively large doses of vitamin D may be required to correct
the marked degree of insufficiency seen in many people;
perhaps as high as 5000 IU per day for those with 25OHD
levels <55 nmol/L [53]. This suggests that many studies
performed to date may not have given enough vitamin
D to be sure of maximizing the effects of supplementa-
tion. Doses that are appropriate for preventing vitamin D
insufficiency in the population at large may be quite dif-
ferent from those needed to correct the profoundly low
levels of 25OHD seen in osteomalacia. It is clear that oral
administration of vitamin D produces higher peak 25OHD
levels, and has a longer duration of effect, than intra-
muscular administration [54]. Most, but not all studies,
suggest that vitamin D3 produces higher 25OHD levels
than the equivalent dose of D2. It is unclear if this is im-
portant in determining the efficacy of each preparation
on vascular health, however. There have been no stud-
ies examining whether daily, weekly, or monthly dosing
has a greater effect on vascular health, but monthly dos-
ing appears to raise 25OHD levels slightly less than the
equivalent daily or weekly dose [55].

A second issue is disentangling the effect of vitamin D
from the effect of calcium, which is often coadministered.
Although there is some evidence that calcium can reduce
blood pressure [56], there is also evidence that calcium
supplementation alone may increase rates of cardiovas-
cular events [50]. Studies designed to examine the effects

of vitamin D alone on cardiovascular disease are therefore
important.

Many studies have been of relatively short duration,
and the effects of multiple intermittent dosing or long-
term daily dosing have not been well studied. The avail-
able evidence suggests that not all patient groups may
benefit from vitamin D supplementation; patients with
hypertension, for example, appear to have more to gain
[33,38]. This problem is compounded by an incomplete
understanding of the mechanisms by which vitamin D
might exert beneficial effects on the vasculature. There
is therefore a role for further basic science studies in this
area as well as studies targeting well-defined subgroups
of cardiovascular disease.

Longer-term, large multicentre randomized controlled
trials will be needed, whether at population level or in
specific disease states, examining not only cardiovascu-
lar event rates, but also total mortality and other key
health outcomes including infection, allergy, and cancer.
As with all potentially efficacious therapies, the potential
for harm also exists [57], in the form of increased rates
of renal stones, renal impairment (albeit rare), together
with the suggestion from animal and observational data
that very high vitamin D levels may predispose to vascu-
lar calcification [58] and atopy [59,60]. Experience with
antioxidant vitamins should provide a warning; despite
good observational and in vitro evidence, these therapies
proved ineffective, and in the case of beta-carotene, a
seemingly innocuous therapy led to net harm [61]. Until
the results of large trials are available, the case for giving
supplementation with vitamin D to prevent cardiovascu-
lar disease therefore remains unproven, even in patients
with suboptimal circulating 25OHD levels.
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