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Vitamin D is mainly derived from endogenous ultraviolet-B induced vitamin D synthesis in the skin, 
and the current high prevalence of vitamin D deficiency can, therefore, largely be attributed to lifestyle 
related low sunlight exposure. Regulation of bone and mineral metabolism is a classic vitamin D effect, 
but the identification of the vitamin D receptor (VDR) in almost all human cells suggests a role for 
vitamin D also in extra-skeletal diseases. Experimental studies demonstrated several antihypertensive 
and vascular protective effects of vitamin D, such as suppression of the renin angiotensin aldosterone 
system, beneficial modulation of classic cardiovascular risk factors, and anti-atherosclerotic properties 
including improvements of endothelial function. Additional neuroprotective actions of vitamin D have 
also been reported. In line with this, epidemiological studies have largely shown that vitamin D deficiency 
is an independent risk factor for arterial hypertension and strokes. Data from randomized controlled 
trials (RCTs) are, however, limited and less promising, with currently no confirmation that vitamin D 
reduces stroke incidence. Whereas some RCTs suggest that vitamin D supplementation might modestly 
reduce blood pressure, this has not been consistently observed in all studies. It is, therefore, premature 
to recommend vitamin D supplementation for the prevention and treatment of arterial hypertension and 
stroke. Nevertheless, the fact that patients with arterial hypertension and cerebrovascular disease are at 
a relatively high risk of vitamin D deficiency, and therewith associated musculoskeletal diseases can serve 
as a rationale for the evaluation, prevention and treatment of vitamin D deficiency in these patients.
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Introduction

	 Vitamin D is currently of great public health 
interest, because vitamin D deficiency is common 
and is causally associated with musculoskeletal 
diseases1-3. Vitamin D supplementation is therefore, 
in many countries, recommended to prevent rickets in 

children and is also a standard treatment for patients 
with osteoporosis because vitamin D supplementation 
reduces fractures and falls3-6. These skeletal effects of 
vitamin D are closely related to the role of vitamin D in 
regulating bone and mineral metabolism, by ensuring 
physiologic calcium absorption in the gut and thus 
providing sufficient calcium for bone mineralization7,8. 



In addition, there has been an increasing interest 
over the last few years in the relationship of vitamin 
D with extra-skeletal diseases1-3,8. This increased 
interest was caused by the identification of vitamin D 
receptors (VDRs) in almost all human cells8. Several 
epidemiological studies have shown associations of 
vitamin D deficiency with a variety of chronic extra-
skeletal diseases, including cardiovascular and renal 
diseases, cancer, autoimmune, neurological and 
infectious diseases1,8-15. It remains, however, unclear 
whether vitamin D deficiency is a consequence or 
may be the cause of these diseases. To address this 
issue with regard to vitamin D and its link to arterial 
hypertension and cerebrovascular disease, we aim to 
summarize the current knowledge on this topic in this 
review in which particular attention has been paid to 
the most recent developments. This review provides an 
overview of vitamin D physiology and vitamin D status 
classification, and summarizes data on the relationship 
of vitamin D with arterial hypertension and, in brief, 
also with other cardiovascular risk factors.

Vitamin D physiology

	 When vitamin D was discovered in 1922 by 
McCollum, it was termed “D” because it was the fourth 
known vitamin16. It is, however, nowadays clear that 
vitamin D and its metabolites should be rather classified 
as (pro-) hormones than as vitamins1,8. Vitamin D has a 
unique metabolism and its main source is endogenous 
vitamin D synthesis in the skin1,8,17. This non-
enzymatic process requires the ultraviolet-B spectrum 
of sunlight, to induce the conversion of the precursor 
7-dehydrocholesterol to vitamin D1,8. Approximately 
80 to 90 per cent of vitamin D is derived by this 
sunlight induced vitamin D production in the skin, 
whereas nutrition usually contains only minor amounts 
of vitamin D1,8,18. Vitamin D rich foods are fatty fish 
or mushrooms, but some countries such as the US or 
Finland already perform food fortification with vitamin 
D, e.g. in milk or orange juice. To exert its biological 
effects, vitamin D has to be converted to its most 
active form, 1,25-dihydroxyvitamin D [1,25(OH)2D = 
calcitriol]8. This involves two hydroxylation steps with 
the first one taking place in the liver, where vitamin 
D is converted by the enzyme 25-hydroxylase to 25-
hydroxyvitamin D [25(OH)D]. Then, 25(OH)D is 
transported in the bloodstream to the kidneys by its 
carrier vitamin D binding protein (DBP). Proximal 
tubule cells of the kidneys express the enzyme 1-alpha-
hydroxylase that catalyzes the conversion of 25(OH)D 
to 1,25(OH)2D. Serum concentrations of 1,25(OH)2D 

are thus mainly determined by renal production of 
1,25(OH)2D. This process is tightly controlled by 
parameters of mineral metabolism, which try to maintain 
calcium and phosphorus levels within physiological 
ranges1,8. In detail, parathyroid hormone (PTH) that is 
secreted by the parathyroid glands in response to low 
serum calcium levels, increases 1-alpha hydroxylation, 
whereas fibroblast growth factor-23 (FGF-23) or high 
phosphate levels decrease 1-alpha hydroxylation in the 
kidneys. For a long time it was believed that only the 
kidneys are able to synthesize significant amounts of 
1,25(OH)2D8,19. However, over the last few decades 
it has been discovered that many extra-renal tissues 
are also able to synthesize 1,25(OH)2D on a local and 
intracellular level19. Regulation of extra-renal 1-alpha-
hydroxylase is different compared to the kidneys, and 
is likewise significantly dependent on the availability 
of 25(OH)D19. Based on this, it can be assumed that 
local tissue levels of 1,25(OH)2D are determined by 
concentrations of circulating 25(OH)D levels19. This 
is one of the reasons why serum levels of 25(OH)D 
and not of 1,25(OH)2D are measured to assess and 
classify vitamin D status. In this context, it should also 
be underlined that serum concentrations of 25(OH)D 
are up to 1000 fold higher compared to 1,25(OH)2D. 
Affinity to the VDR is, however, much higher for 
1,25(OH)2D, which is thus often called the active 
vitamin D. On a molecular level, 1,25(OH)2D binds to 
the almost ubiquitously expressed intracellular VDR, 
and after forming a heterodimer with the retinoid 
X receptor (RXR) this complex translocates to the 
nucleus8. There, the VDR/RXR interacts with several 
co-regulatory proteins and binds to specific regions on 
the DNA, the so called vitamin D responsive elements. 
This is followed by either up- or downregulation of 
gene expression, and in this way VDR activation leads 
to the regulation of approximately three per cent of the 
human genome, including a variety of genes that are also 
involved in blood pressure regulation, cerebrovascular 
and neurological functions8,20,21. Degradation of vitamin 
D metabolites is initiated by 24-hydroxlation and the 
resulting vitamin D metabolites [e.g. 1,24,25(OH)3D or 
24,25(OH)2D] are subsequently converted to calcitroic 
acid, which is excreted via the urine8. 

Vitamin D status classification

	 A general consensus exists that serum 
concentrations  of 25(OH)D should be measured to 
assess vitamin D status, because levels of 25(OH)D are 
the best indicator of whole body vitamin D status1-3. 
Measurements of 1,25(OH)2D are not recommended to 
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assess vitamin D status, but may be of value in particular 
situations such as inherited disorders of vitamin D 
metabolism, or clarification of hypercalcaemia with e.g. 
increased 1,25(OH)2D levels in sarcoidosis. Regarding 
cut-off levels for vitamin D deficiency and vitamin D 
intoxication, there is a debate ongoing2,3. Classically, 
the definition of vitamin D deficiency was based 
on the fact that below certain 25(OH)D levels there 
are adverse effects with regard to bone and mineral 
metabolism. These can be characterized by signs of 
rickets or osteomalacia and by an increase in PTH, as 
a consequence of low calcium levels due to reduced 
calcium absorption in the gut. It has been extensively 
discussed whether the lower limit of a normal vitamin 
D level is either 20 ng/ml (50 nmol/l) or 30 ng/ml 
(75 nmol/l) and there is still no final consensus on 
this controversy2,3. On the other hand, it is obvious 
that according to all published guidelines a 25(OH)
D serum concentration below 20 ng/ml (50 nmol/l) 
should indeed be avoided by preventive or therapeutic 
strategies. Optimal 25(OH)D levels are also subject to 
ongoing discussions, but based on observational data 
on mortality and other multiple health outcomes, it can 
be concluded that optimal 25(OH)D levels range from 
approximately 30 to 40 ng/ml (75 to 100 nmol/l)22,23. 
Finally, also the cut-offs for the upper limit of normal 
and for vitamin D intoxication are not consistently 
reported in the literature. Sufficient epidemiological 
data on significant long-term health outcomes exist only 
for levels until approximately 50 ng/ml (125 nmol/l) 
and these levels can thus be considered as safe2,22. We 
also know that hypercalcaemia, which is the classic 
sign of vitamin D intoxication, does usually not occur 
below 25(OH)D levels of 100 ng/ml (250 nmol/l), 
except in specific circumstances such as granulomatous 
diseases (e.g. sarcoidosis or tuberculosis)1,24,25. Hence, 
there is a range in 25(OH)D concentrations from 50 
to 100 ng/ml (125 to 250 nmol/l) for which we know 
that there is no risk for acute vitamin D intoxication, 
but we do not have sufficient long-term outcome data 
from epidemiological studies on these levels. On the 
other hand, several individuals and population groups 
have, presumably due to sunlight induced vitamin 
D synthesis in the skin, reported 25(OH)D levels 
>50 ng/ml (125 nmol/l)26. This knowledge gap for 
levels between 50 to 100 ng/ml (125 to 250 nmol/l) 
is, therefore, a dilemma and needs to be addressed in 
future studies. One practical solution would be not to 
put a stamp of vitamin D intoxication on individuals 
who reach 25(OH)D levels up to 100 ng/ml (250 
nmol/l) solely with endogenous vitamin D synthesis 
and natural foods, but to reduce the vitamin D dose in 

patients on vitamin D supplements and with 25(OH)D 
levels exceeding 50 ng/ml (125 nmol/l).

	 The discussion on vitamin D status classification 
must however, also take into account that laboratory 
measurements of 25(OH)D are challenging, and that 
comparability of 25(OH)D levels between different 
laboratories and different assay methods is poor27-30. 
In 2004, Binkley et al30 showed that when samples 
were sent to laboratory A, 90 per cent were below 
an arbitrary threshold of 32 ng/ml (80 nmol/l), while 
only 17 per cent were below this cut-off in laboratory 
B. Laboratory methods have surely improved over 
the last few years, but some laboratory challenges 
remain such as the required extraction of 25(OH)D 
from its carrier DBP before measurement. In addition, 
it is doubtful whether all analytical procedures work 
properly by the high-throughput automated 25(OH)
D assays. Standardization of 25(OH)D measurements 
is, therefore, an important aim for the future and 
has already led to the initiation of the Vitamin D 
Standardization Program (VDSP) by the NIH Office 
of Dietary Supplements (ODS), in collaboration with 
the CDC National Center for Environmental Health 
(NCEH), the National Institute of Standards and 
Technology (NIST) and the Ghent University29. Such 
approaches may, however, also cause new challenges 
because past results of vitamin D research might 
appear in a new light after standardization. Hence, 
we might have to reconsider the cut-offs for vitamin 
D status classification in the future, when taking into 
account that our current knowledge is mainly based on 
non-standardized assay methods, which might show a 
significant systematic bias in comparison to the gold 
standard mass spectrometry method.

Vitamin D and arterial hypertension

Possible mechanisms

	 Several mechanisms have been proposed on how 
vitamin D could be involved in blood pressure regulation 
and the pathophysiology of arterial hypertension, 
which is a major risk factor for stroke (Fig.). Vitamin 
D effects on the renin angiotensin aldosterone system 
(RAAS) have been extensively investigated by 
experimental studies31. VDR knockout mice exhibit 
an increased renin expression, arterial hypertension 
and myocardial hypertrophy8,31. Subsequent studies 
confirmed the molecular mechanisms by which VDR 
activation down-regulates renin expression, but it is not 
clear whether these significant effects observed in vitro 
are also of relevance in vivo, i.e. in a clinical setting8,31. 
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High PTH levels, which are a hallmark of vitamin D 
deficiency, may also increase blood pressure32,33. PTH-
receptors are expressed throughout the cardiovascular 
system and PTH infusions in healthy volunteers 
increase blood pressure32,33. Epidemiological studies 
have largely, but not consistently confirmed a positive 
correlation of PTH levels and blood pressure21,32. Apart 
from this, PTH is considered an independent risk factor 
for cardiovascular events, as well as for mortality8,34,35. 
Particular attention is paid on this topic in nephrology, 
because vitamin D is routinely used to treat secondary 
hyperparathyroidism in patients with chronic kidney 
diseases12,36. Several studies indicated that a complex 
interplay of vitamin D metabolism and vitamin D effects 
exists with kidney function12,36. Experimental data 
suggest that VDR activation may exert anti-proteinuric 
effects e.g. by protection against podocyte damage and 
induction of megalin expression, which is required 
for tubular reabsoprtion of albumin as well as DBP 
bound 25(OH)D12,36. Various other nephroprotective 
actions of vitamin D have also been described, as 
has been excellently reviewed elsewhere12,36. These 
partially involve anti-inflammatory actions of vitamin 
D by suppression of nuclear factor-κB (NF- κB) 8,12,36. 
On the other hand, there are also data supporting the 
hypothesis that inflammation itself may adversely 
affect vitamin D metabolism. This is in line with a study 
showing an acute and significant decrease of 25(OH)
D levels after knee surgery, which can be regarded as 
an inflammatory insult37. In addition, evidence exists 
suggesting that disturbed calcium homeostasis in the 
setting of vitamin D deficiency, may independently 
of PTH contribute to blood pressure regulation38. 
Calcium is involved in the regulation of peripheral 

vascular resistance by modulating contractility of 
vascular smooth muscle cells38. Moreover, it has also 
been shown that ionized extracellular calcium inhibits 
renin secretion in the juxtaglomerular cells of the 
kidneys38. With regard to hypertension and calcium it 
should also be acknowledged that a high sodium intake 
increases urinary calcium loss, and may in parallel also 
impact on vitamin D metabolism21,39. In this context, 
some experimental data suggest that a high salt diet 
may have adverse effects on vitamin D status and its 
metabolism by increased urinary loss of vitamin D 
metabolites21,39. Other mechanisms linking vitamin D 
and blood pressure may be related to direct vitamin D 
effects on the vasculature40,41. In experimental studies, 
VDR activation has been shown to exert a variety of 
anti-atherosclerotic effects40,41. These involve, amongst 
others, vitamin D induced decrease of endothelial 
adhesion molecules, increase of nitric oxide (NO) 
production and inhibition of macrophage to foam cell 
formation40-43. Data from clinical studies addressing 
these issues are, however, less clear, but there are at 
least some studies suggesting a relationship of vitamin 
D deficiency and endothelial dysfunction40,44,45. 
Taken together, several plausible pathophysiological 
mechanisms exist that may account for the link between 
vitamin D deficiency and arterial hypertension.

Observational studies

	 Considering that sunlight exposure of the skin is 
required for endogenous vitamin D synthesis, the initial 
speculations on a possible relationship of vitamin D 
and arterial hypertension were based on the observation 
that the prevalence of arterial hypertension is low in 
sunny regions, but decreases with increasing distance 

Fig. Potential antihypertensive effects of vitamin D.
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from the equator46. In line with this, the majority of 
cross-sectional studies have reported an inverse 
association between 25(OH)D levels and both blood 
pressure levels, as well as the prevalence of arterial 
hypertension21,47,48. Prospective studies addressing 
this issue are less clear. Some studies report that low 
25(OH)D levels predict increase of blood pressure or 
hypertension incidence, while others do not report on 
such significant associations21,47,48. Considering all data 
published until November 2010, Burgaz et al49 reported 
in their meta-analysis that 25(OH)D is inversely 
associated with hypertension. In summary, most but by 
far not all observational studies, support the notion that 
low 25(OH)D levels are associated with higher blood 
pressure or arterial hypertension.

Interventional studies

	 Randomized controlled trials (RCTs) that 
specifically address possible antihypertensive effects of 
vitamin D treatment are sparse. Krause et al50 evaluated 
in 18 hypertensive patients the effect of thrice weekly 
full body ultra violet B (UVB) radiation, which is known 
to induce vitamin D synthesis in the skin, compared 
to UVA radiation, which has usually no significant 
impact on vitamin D production. After 6 weeks, there 
was no significant change in blood pressure in the UVA 
group, but both systolic and diastolic blood pressure 
decreased significantly by 6 mm Hg in the UVB group. 
These results could, however, not be confirmed by 
Scragg et al51, who performed a RCT comparing UVB 
vs. UVA radiation in 119 vitamin D deficient men and 
women. After twelve weeks there was no significant 
blood pressure reduction in the UVB compared to the 
UVA group with a difference of -2.2 (95% CI: -7.8 
to 3.3; P=0.42) mm Hg for systolic and -2.7 (-6.5 
to 1.0; P=0.12) mm Hg for diastolic blood pressure. 
Considering that patients treated for hypertension were 
excluded from the study by Scragg et al51, the authors 
hypothesized that one possible explanation for these 
inconsistent results could be that vitamin D treatment 
might only be beneficial in hypertensive patients. 

	 RCTs on vitamin D supplementation and blood 
pressure as a primary outcome have also produced 
mixed results, with some studies showing no significant 
result whereas others reporting antihypertensive 
vitamin  D effects21,47,49-57. A few meta-analyses have 
already addressed this topic and have also either 
shown no or a marginally significant result supporting 
the notion that vitamin D lowers systolic blood 
pressure49-52. A recent study has, however, shown some 
interesting results that may help to further clarify this 

issue. This study was performed in 130 hypertensive 
patients in Denmark, who were randomly allocated to 
either placebo or 3000 IU vitamin D per day over 12 
weeks during winter58. Using 24 h ambulatory blood 
pressure measurements, there was only a moderate 
trend for a reduction in systolic (-3 mm Hg; P=0.26) 
and diastolic (-1 mm Hg; P=0.18) blood pressure in the 
treatment compared to the placebo group58. In analyses 
restricted to patients with 25(OH)D levels below 32 
ng/ml (80 nmol/l) there was a reduction in systolic 
blood pressure by -4 mm Hg (P=0.05) and in diastolic 
blood pressure by -3 mm Hg (P=0.01) in the vitamin 
D supplementation group58. Hence, these results along 
with some other RCTs showing no significant blood 
pressure effect of vitamin D in largely normotensive 
individuals, suggest that if antihypertensive effects 
of vitamin D are actually present, these may only be 
observed in groups with both low vitamin D levels and 
high blood pressure58,59. 

Vitamin D and other cardiovascular risk factors

	 Beyond associations of vitamin D deficiency with 
arterial hypertension and the relationships to kidney 
dysfunction and inflammation, there is compelling 
evidence that low vitamin D levels are also associated 
with other classic cardiovascular risk factors8,9,34. In 
particular, obesity is closely associated with vitamin D 
deficiency, and it has been hypothesized that vitamin D 
deposition in the adipose tissue could be an explanation 
for this link9. In line with this, it has been shown that 
changes in body weight are accompanied by changes 
in 25(OH)D levels with increases of 25(OH)D as a 
consequence of losing body weight60. Besides obesity, 
there is also a significant association of 25(OH)D 
and physical activity61. While this association may 
probably be related to more sunlight exposure of 
physically active individuals, it is also apparent that 
the relationship of vitamin D status with obesity and 
physical activity produces significant confounding 
problems for observational studies. Also, there is 
accumulating evidence from experimental studies that 
VDR activation may improve insulin sensitivity and 
increase insulin secretion8,62. Observational studies 
have, by the majority, confirmed an association of 
vitamin D deficiency with type 2 diabetes and disturbed 
glucose metabolism. Data from RCTs have, however, 
largely failed to show beneficial vitamin D effects on 
glucose metabolism and it is thus still unclear whether 
vitamin D is relevant for the pathogenesis of type 2 
diabetes62. Apart from this, there is also evidence that 
vitamin D could be relevant for autoimmunological 
diseases including type 1 diabetes63. This hypothesis 
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is based on the fact that vitamin D is known to exert 
a variety of effects within the immune system63,64. 
Clinical studies have already shown that vitamin D 
supplementation increases regulatory T cells, which 
are considered to protect against autoimmunity64. It has 
also been observed that supplementing recommended 
vitamin D doses during childhood is associated with 
a significantly reduced incidence of type 1 diabetes65. 
Despite these promising data it must be underlined 
that further RCTs are still needed before drawing final 
conclusions on vitamin D and type 1 diabetes. Vitamin 
D deficiency has also been linked to dyslipidaemia and 
oxidative stress in observational studies66. With regard 
to lipids, existing trials did not show consistent and 
significant vitamin D effects on blood lipids warranting 
further studies to clarify this issue66. 

Vitamin D and cerebrovascular disease

Observational studies on vitamin D and stroke

	 It is well established that low 25(OH)D levels 
are a risk factor for mortality in general populations, 
as well as in specific patient groups such as chronic 
kidney disease patients22,67,68. Data from prospective 
observational studies indicate that vitamin D deficiency 
is also an independent risk factor for stroke69,70. A 
meta-analysis of seven studies including 47,809 
participants and 926 cerebrovascular events showed 
that when adjusting for cardiovascular risk factors 
the risk of cerebrovascular disease was significantly 
reduced in individuals with high 25(OH)D levels70. 
In detail, the relative risk (RR) in the highest versus 
the lowest 25(OH)D tertile was 0.60 (95% CI: 0.48 to 
0.72). A further meta-analysis including 1214 stroke 
events reported similar results with a RR in the low 
vs. high 25(OH)D group of 1.52 (95% CI: 1.20-1.85)69. 
Moreover, in 7935 Japanese-American men derived 
from the Honolulu Heart Program, low dietary vitamin 
D intake was an independent predictor of strokes after 
34 years of follow up, during which 960 stroke events 
were recorded71. 

Interventional studies on vitamin D and stroke

	 While the observational data strongly support 
the notion that a compromised vitamin D status is a 
risk factor for stroke, there are only limited and less 
promising data from RCTs available20. In fact, none 
of the few available RCTs has shown that there are 
significant overall effects of vitamin D supplementation 
on stroke incidence20,72-74. These negative findings must, 
however, be interpreted with caution, because none 
of these studies was powered or designed to evaluate 

effects on stroke. In the largest RCT, the Women’s 
Health Initiative (WHI), 36,282 postmenopausal 
women were randomly allocated to receive daily either 
400 International Units (IU) vitamin D plus 1000 mg 
calcium or placebo over 7 years72. At the end of the 
study, the hazard ratio (HR) for fatal cerebrovascular 
events in the treatment versus the placebo group 
was 0.96 (95% CI: 0.82-1.10). Poor compliance and 
the relatively low vitamin D dose of 400 IU per day 
were widely discussed limitations of the WHI trial. In 
addition, the combined vitamin D plus calcium intake 
is also an important issue, since it has been shown 
that calcium supplements with and without vitamin D 
modestly increase the risk of cardiovascular events, in 
particular myocardial infarction75. When summarizing 
existing RCT data on vitamin D and stroke one can 
conclude that previous studies did not show significant 
effects on stroke incidence, which is presumably due 
to the above discussed limitations. We, therefore, 
cannot draw definite conclusions on this topic and have 
to wait for further RCT results in the future. In this 
context, several large RCTs are currently ongoing to 
evaluate vitamin D effects (without calcium) on major 
clinical outcomes, including stroke in older general 
populations76. Results of these RCTs can be expected 
in the years 2017 to 202076. While these trial results 
will significantly improve our knowledge on general 
vitamin D supplementation in older individuals, none 
of these RCTs is selecting individuals with overt 
vitamin D deficiency who are most likely to benefit 
from vitamin D76,77.

Vitamin D in stroke patients

	 Beyond being a risk factor for stroke, it has been 
shown in 386 stroke patients that 25(OH)D levels at 
hospital admission are associated with stroke severity, 
as well as with poor early functional outcomes78. 
Considering that the association of low 25(OH)D with 
poor outcome at discharge remained significant even 
after adjustments for confounders including stroke 
severity, the authors hypothesized that vitamin D might 
promote neuroplastic changes that may in turn improve 
clinical recovery78. Since 25(OH)D can cross the brain 
blood barrier and VDRs have been identified within the 
brain, it has been subsequently suggested that vitamin 
D may exert neuroprotective actions20,79. In a rat model 
of cerebral ischaemia, infarct size could be significantly 
reduced by 1,25(OH)2D treatment80. In support of 
these data, it was also shown that vitamin D deficiency 
in rats is associated with an increased infarct volume81. 
More detailed evaluations showed that vitamin D 
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deficiency caused a dysregulation in the inflammatory 
response and decreased neuroprotective factors such as 
insulin growth factor-1 (IGF-1)81. In addition to these 
experimental data on neuroprotective actions of vitamin 
D, observational data suggest that vitamin D deficiency 
is associated with reduced cognitive function, which 
is an important issue for stroke patients13. RCTs are, 
therefore, needed to address a possible effect of vitamin 
D on cognition. Apart from this, it must be underlined 
that stroke patients are at high risk of musculoskeletal 
complications, including fractures and falls that are 
classically related to vitamin D deficiency. While meta-
analyses of RCTs show a reduction of fractures and falls 
in older individuals with vitamin D supplementation, 
small studies exist that document these effects also 
in stroke patients3,4,82,83. Moreover, sunlight exposure 
in stroke patients is associated with improved bone 
mineral density and reduced fracture incidence84. 
Hence, beyond avoidance of immobilization, which 
may lead to calcium mobilisation from the bone 
with subsequent hypercalcaemia and increased 
bone turnover, compelling evidence exists that 
vitamin D supplementation can effectively prevent 
musculoskeletal complications in stroke patients20,82-84. 
Whether vitamin D supplementation may also improve 
cardiovascular risk, as suggested by a small study 
showing improved endothelial function after vitamin 
D supplementation in stroke patients, warrants further 
in-depth studies45. 

Vitamin D treatment

	 Although evidence is currently insufficient 
to make general recommendations for vitamin D 
supplementation for the prevention and treatment of 
arterial hypertension and cerebrovascular disease, 
it must be underlined that vitamin D deficiency is 
definitely common among patients suffering from these 
pathologies. Deleterious consequences of vitamin D 
deficiency with regard to musculoskeletal health are, 
therefore, the main rationale for evaluation, prevention 
and treatment of vitamin D deficiency in patients with 
arterial hypertension and stroke. Whereas controversies 
are present in the literature on precise indications for 
vitamin D testing, i.e. measurements of 25(OH)D, a 
wide consensus exists that 25(OH)D levels below 20 
ng/ml (50 nmol/l) are insufficient and should thus be 
prevented and treated1-3,11. Considering that vitamin D 
treatment is mainly justified due to beneficial effects 
on bone health, it seems reasonable to use vitamin D 
doses ranging from 800 to 2000 IU per day, because 
these doses have been shown to significantly reduce 

fractures4. It has been shown that daily, weekly or 
monthly vitamin D dosing regimens can equally raise 
25(OH)D levels; but existing literature does not support 
the use of single doses exceeding approx. 100,000 IU 
vitamin D85,86. Compliance and effectiveness of vitamin 
D treatment can be evaluated by measuring 25(OH)D 
levels, but this should not be done earlier than three 
months after starting vitamin D supplementation, 
because reaching a steady state in 25(OH)D levels 
takes some time11. Whereas it is considered as the 
minimum goal to achieve 25(OH)D levels of at least 
20 ng/ml (50 nmol/l), there is accumulating evidence 
that the optimal 25(OH)D levels may range from 
approximately 30 to 40 ng/ml (75 to 100 nmol/l)22,23. 
When choosing the vitamin D dose for a patient it 
should also be considered that the expected increase 
in 25(OH)D levels is inversely associated with body 
mass index (BMI)87,88. Obese patients may thus require 
a much higher vitamin D dose than lean individuals 
to achieve the same 25(OH)D levels. In this context it 
should be noted that according to the European Food 
Safety Authority (EFSA) and the Institute of Medicine 
(IOM) in the US, the safe tolerable upper intake level 
for vitamin D is 4000 IU per day in adults2,89. While 
most individuals will not require doses exceeding 
this level of 4000 IU per day, some individuals with 
morbid obesity or vitamin D absorption problems 
such as in inflammatory bowel disease may require 
higher dosages. For such specific patients with still 
insufficient 25(OH)D levels after supplementation 
with 4000 IU per day, doses up to 10,000 IU per day 
may be used. Such approaches are also supported by 
the Endocrine Society guidelines as well as by some 
other expert groups, who consider doses up to 10,000 
IU per day as safe3,24. Another important issue is the fact 
that vitamin D is frequently given in combination with 
calcium. In line with the conclusions of a recent meta-
analysis, it should be noted that concomitant calcium 
supplementation can reduce the compliance of vitamin 
D supplementation90. It must also be underlined that a 
significant part of our knowledge on beneficial vitamin 
D effects is based on studies using concomitant vitamin 
D plus calcium supplementation. While meta-analyses 
of RCTs have shown that vitamin D significantly 
reduces mortality compared to placebo, the impact of 
varying doses of concomitant calcium intake on these 
results remains unclear91,92. We, therefore, have to 
acknowledge that the possible interactions of calcium 
and vitamin D effects are still puzzling at the moment 
and it will be a challenge to address these issues in 
future91-93. 
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Conclusions

	 The majority of epidemiological studies have 
shown that vitamin D deficiency is a risk factor for 
arterial hypertension and cerebrovascular disease. 
Experimental studies support the notion that vitamin 
D exerts antihypertensive effects and has a beneficial 
impact on the overall cerebrovascular risk profile and 
on stroke outcome. Some small RCTs have already 
shown a modest blood pressure reduction by vitamin D 
treatment, but this has not been consistently observed 
in all studies. Published RCTs did not document 
a significant vitamin D effect on stroke incidence 
but these studies have not been properly designed 
to address this issue. While the promising data on 
potentially beneficial vitamin D effects on arterial 
hypertension and cerebrovascular disease need to be 
further addressed in large RCTs, it must also be pointed 
out that patients with arterial hypertension and stroke 
are at relatively high risk for vitamin D deficiency 
and therewith associated musculoskeletal diseases. 
This latter consideration can serve as a rationale for 
the evaluation, prevention and treatment of vitamin D 
deficiency in individuals with arterial hypertension and 
stroke.
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