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VITAMIN D AND HYPERTENSION

Summary: Vitamin D is the name for a group of fat-soluble secoste-
roids, prohormones. Almost all tissues of the human body have vita-
min D receptors. 3% of the human genome is under the influence of
vitamin D. A significant number of epidemiological studies confirmed
the integral connection of vitamin D and its metabolites with the value
of blood pressure. Vitamin D lowers blood pressure by inhibiting the
renin-angiotensin-aldosterone system, modulating the tone of vascular
smooth muscle cells and influencing the vascular endothelium. The re-
sults of randomized controlled trials and meta-analyses of the same do
not generally support the widespread use of vitamin D in the prevention
and treatment of arterial hypertension. Nevertheless, a large number
of experimental studies confirm the antihypertensive effect of vitamin
D supplementation predominantly in people aged > 50 years as well
as obese people with vitamin D deficiency. Further research is needed
to determine the potential benefit of vitamin D replacement therapy in
hypertensive people.
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Vitamin D

Vitamin D (calciferol) is the name for a group of fat-soluble secosteroids, pro-
hormones'?. The two main forms of vitamin D are vitamin D2 (ergocalciferol) and
vitamin D3 (cholecalciferol)'. Vitamin D2 is synthesized from ergosterol under
the influence of ultraviolet B radiation predominantly in mushrooms and yeast’.
Vitamin D3 is synthesized in the skin and is the main dietary source of vitamin D in
foods of animal origin (fish, meat, eggs and milk)’. About 80% of the recommended
daily amount of vitamin D is synthesized in the skin under the influence of ultravi-
olet B radiation (290-315 nm)®. Photochemical reaction from 7-dehydrocholesterol
(provitamin D) produces precholecalciferol (previtamin D), which is converted into
cholecalciferol (vitamin D) by isomerization®®. Cholecalciferol enters the circulation
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where it binds to vitamin D binding protein and is thus transported to the liver®®. The
biosynthesis of the active form of vitamin D involves two hydroxylations®®. The first
hydroxylation takes place in the liver at the C-25 atom of cholecalciferol®®. Under
the action of the mitochondrial enzyme 25-hydroxylase, 25-hydroxycholecalciferol
(the main circulating form of vitamin D) is formed®®. The active form of vitamin D,
1,25-dihydroxycholecalciferol, is created in the kidney by hydroxylation on the C-1
atom of 25-hydroxycholecalciferol under the action of the mitochondrial enzyme
lo-hydroxylase®s. Vitamin D activation is mediated by cytochrome P450 enzymes
(cytochrome P450s, CYPs) including CYP27A1, CYP2R1, CYP3A4 and CYP2J3
(liver) and CYP27BI1 (kidney)®. The mitochondrial enzyme 1a-hydroxylase is also
present in extrarenal tissues (macrophages, keratinocytes, smooth muscle cells of blood
vessels, B-cells of the pancreas, cells of the heart, colon, prostate, breast and brain)’.
Extrarenal synthesis of 1,25-dihydroxycholecalciferol is limited by its bioavailability
(independent of parathyroid hormone)’. The synthesis of 1,25-dihydroxycholecalci-
ferol in the kidney is regulated by parathyroid hormone, fibroblast growth factor 23
and 1,25-dihydroxycholecalciferol itself’.

It is believed that about 3% of the human genome is under the influence of
vitamin D and that almost all tissues possess vitamin D receptors’. Vitamin D has a
genomic and non-genomic effect’. It achieves its non-genomic effect by binding to the
vitamin D membrane receptor, which causes the intracellular formation of a second
messenger or the phosphorylation of intracellular proteins, the consequent activation of
intracellular enzymes or ion channels and the modulation of cell activity7. It achieves
its genomic effect by binding to the highly specific vitamin D receptor (ligand-de-
pendent transcription factor)”!°. Vitamin D binding induces heterodimerization of the
vitamin D receptor with the retinoid X receptor, translocation into the cell nucleus,
binding to deoxyribonucleic acid and regulation of gene transcription’. Vitamin D,
in addition to its regulatory role in bone mineralization and calcium metabolism, has
autocrine and paracrine functions that are related to the immune, cardiovascular and
neuroendocrine systems'!.

Recommended concentrations of 25-hydroxycholecalciferol in the blood of
adults are > 30 ng/mL". Concentrations lower than 30 ng/mL represent deficiency
or insufficiency, lower than 20 ng/mL lack or deficiency of vitamin D''. An excess of
vitamin D is present at a concentration > 100 ng/mL, intoxication at a concentration
> 125 ng/mL in the blood". The recommended daily amount of vitamin D for adults
up to 50 years of age is 600 IJ/day>!!. People over 50 years of age require up to 800
IU/day*!!. Vitamin D deficiency is a significant public health problem!?. It is believed
that one billion people worldwide are deficient in vitamin D12. Initial therapy includes
supplementation with 1,25-dihydroxycholecalciferol 6,000 IU/day or 50,000 IU/week
for 8 weeks12. When the value of 25-hydroxycholecalciferol exceeds 30 ng/mL, a
maintenance dose of 1,000 TU/day to 2,000 TU/day is recommended!?.
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Arterial hypertension is the most common and poorly controlled mortality risk
factor in the world"3-'”. More than one billion people worldwide have high blood pre-
ssure that requires some form of treatment'*. Complications of arterial hypertension are
associated with 10.4 million deaths per year'*. The European Society of Hypertension
(ESH) and the European Society of Cardiology (ESC) for the management of hyper-
tension define arterial hypertension as values of systolic blood pressure >140 mmHg
and/or diastolic blood pressure >90 mmHg". In 90-95% of cases, arterial hypertension
has no known etiology and is designated as essential (primary or idiopathic)'. Secon-
dary arterial hypertension has an underlying cause that can be identified". Essential
arterial hypertension is a complex entity resulting from the interaction of genetic,
behavioral, socio-economic and environmental factors'®. The main pathophysiological
mechanisms include activation of the sympathetic nervous system, activation of the
renin-angiotensin-aldosterone system, endothelial dysfunction, increased vascular
reactivity and vascular remodeling'®.

A significant number of epidemiological studies confirmed the integral conne-
ction of vitamin D and its metabolites with the value of blood pressure!'®?2, Their
findings are supported by pathophysiological mechanisms as well as the presence
of vitamin D receptors in endothelial cells as well as smooth muscle cells of blood
vessels!®22,

Methods

The literature was searched using the keywords: vitamin D, blood pressure, and
hypertension. The search was conducted for the period from 2001 to 2023 within
the following databases: PubMed, Emabase and Scopus. Due to the limited number
of available studies, no available filters were used in the database search. After the
summaries were read, the papers were studied in more detail and those that did not
correspond to the research objective were excluded.

Effect of vitamin d on blood pressure value

Vitamin D lowers blood pressure by inhibiting the renin-angiotensin-aldosterone
system, modulating the tone of vascular smooth muscle cells and influencing the
vascular endothelium'®.

Vitamin D acts as a proximal inhibitor of the renin-angiotensin-aldosterone
system'®!?. The vitamin D receptor inhibits renin gene expression by binding to
the promoter site*. Increased concentrations of vitamin D are actively associated
with lower renin and reduced angiotensin II concentration'®?’. Vitamin D modulates
vascular tone by changing calcium concentration in smooth muscle cells of blood
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vessels (intracellular calcium accumulation inhibits renin secretion in juxtaglome-
rular cells)'®. There is evidence that increased salt consumption increases vitamin
D concentration and intravascular calcium concentration, which consequently de-
creases vascular tone and the activity of the renin-angiotensin-aldosterone system!8,
The exact pathophysiological mechanism of the mentioned interaction has not
been clarified'®. Vitamin D has a protective effect on the endothelium and smooth
muscles of blood vessels 32122, Tt protects the endothelium from the end products
of'advanced glycation, improves the activity of nitric oxide, has anti-inflammatory
and antiatherosclerotic effects!®?!*2, Also, vitamin D is involved in the growth of
vascular myocytes and the production of prostacyclin (through the cyclooxygenase
pathway)'s.

Vitamin D supplementation in hypertension therapy

A significant number of experimental studies found that vitamin D supplemen-
tation has an antihypertensive effect'®. A randomized, double-blind study of normo-
tensive individuals aged >60 years with vitamin D deficiency in Switzerland found
that vitamin D supplementation at a dose of 800 IU/day and 2000 [U/day over two
years resulted in a reduction of mean systolic pressure by 3,94 and 2,75 mmHg***. A
multicenter randomized, double-blind study (DO-HEALTH) in Switzerland, France,
Germany, Portugal, and Austria observed that vitamin D supplementation at a dose of
2000 IU/day or 800 IU/day over three years reduced systolic pressure by 8,6 and 7,9
mmHg, in hypertensive persons aged > 70 years with vitamin D deficiency***. A study
in Germany found that supplementation with calcium at a dose of 1200 mg/day and
vitamin D at a dose of 800 [U/day for eight weeks in women over 70 years of age with
aplasma 25-hydroxycholecalciferol level < 50 ng/ml reduced systolic blood pressure
of 9,3%7. These results have clinical significance since each 10 mmHg reduction in
systolic pressure causes a 17% reduction in coronary heart disease, 27% in stroke,
28% in heart failure, and 13% in all-cause mortality?*. In addition to monotherapy,
vitamin D was used in combination with conventional antihypertensives therapy27,28.
A 2-year double-blind randomized controlled clinical trial of hypertensive individu-
als aged 18 to 75 years in Iran found that vitamin D supplementation (1000IU/week
for vitamin D concentrations of 20 to 30 ng/mL and 50,0001U/week for vitamin D
concentrations <20 ng/mL mL) of antihypertensive therapy for two months causes a
significant decrease in systolic blood pressure?’. Similar results were obtained by a
group of researchers in India using 33,000 IU of vitamin D every 2 weeks for 3 mon-
ths in addition to conventional antihypertensive therapy in patients with vitamin D
deficiency?®. A double-blind, randomized, controlled clinical trial in the United States
of America among overnourished or obese children with vitamin D deficiency aged
10 to 18 years found that administration of vitamin D at a dose of 10001U/day for 6
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months resulted in a significant reduction in systolic blood pressure®. A meta-analysis
of 22 randomized controlled trials in China found that vitamin D supplementation
reduced systolic blood pressure in people over 50 years of age or obese with vitamin
D deficiency®. A meta-analysis of 30 randomized controlled studies confirmed that
vitamin D supplementation in a dose > 8001U/day for a period longer than 6 months
significantly lowers systolic and diastolic blood pressure in people aged > 50 years
with vitamin D deficiency?!.

On the other hand, a single-center, double-blind, placebo-controlled study
of the effect of vitamin D supplementation at a dose of 2800 IU/day for eight
weeks in Austria observed an inverse association of the achieved concentrations of
25-hydroxycholecalciferol with the values of 24h systolic blood pressure, but not
a statistically significant reduction in 24h of systolic blood pressure in adults with
vitamin D concentration > 30 ng/mL32. A double-blind, placebo-controlled study
in Brazil found that single vitamin D supplementation at a dose of 200,000 IU in
women aged > 70 years did not reduce resting blood pressure after seven days*.
A double-blind, placebo-controlled study in New Zealand found that vitamin D
supplementation for 18 months (200,000 IU/month for two months and 100,000
IU/month) had no statistically significant effect on blood pressure values in healthy
adults (predominantly white) with no significant vitamin D deficiency®*. A me-
ta-analysis of 46 randomized controlled studies by authors from several countries
did not identify a statistically significant effect of vitamin D supplementation on
blood pressure values®. A meta-analysis of 27 randomized controlled trials in China
had identical results?®.

Conclusion

A significant number of epidemiological studies confirmed the integral conne-
ction of vitamin D and its metabolites with the value of blood pressure. Their findings
are supported by pathophysiological mechanisms as well as the presence of vitamin
D receptors in endothelial cells as well as smooth muscle cells of blood vessels. The
results of randomized controlled trials and meta-analyses of the same do not gene-
rally support the widespread use of vitamin D in the prevention and treatment of
arterial hypertension. Nevertheless, a large number of experimental studies confirm
the antihypertensive effect of vitamin D supplementation predominantly in people
aged > 50 years as well as obese people with vitamin D deficiency. Further research
is needed to determine the potential benefit of vitamin D replacement therapy in
hypertensive people.
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