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Chapter

Mechanism of Development of
Arterial Hypertension Associated
with the Exchange of Level
Vitamin D

Sona Gahramanova

Abstract

Arterial hypertension (AH) is one of the most chronic and fatal disorders in
the world, the main risk factors for which are age, hereditary predisposition, race,
tobacco use, high salt intake, etc., as well as low vitamin D. In the last 10 years, there
has been an increasing interest in the extraosseous effects of vitamin D. Being a
hormone-like vitamin, it participates in many vital processes of the body. Its level is
closely related to various metabolic disorders, diseases of the cardiovascular system
(CVS), arterial hypertension (AH), diabetes mellitus, the immune system, cancer,
etc. Vitamin D improves vascular endothelial function, due to which it has a vasopro-
tective effect, improves blood pressure, reduces vascular and myocardial remodeling,
reduces the risk of left ventricular hypertrophy, slows down fibrosis, reduces the
risk of atherosclerosis, reduces insulin resistance and inflammation, and improves
immunity. It has been proven that vitamin D has an inverse relationship with renin, it
reduces the expression of the renin gene. At a normal level of vitamin D, the concen-
tration of renin and aldosterone II decreases, which has a positive effect on the course
of hypertension.

Keywords: arterial hypertension, blood pressure, vitamin D, receptors, genes

1. Introduction

As we know, diseases of the circulatory system occupy the leading place among
diseases leading to disability and mortality of the population. Arterial hypertension
(AH) today remains the main risk factor for cardiovascular diseases (CVD).

Hypertension is not just a chronic increase in blood pressure (BP), it is a poly
etiological disease, which is based on hemodynamic, neurohumoral, and metabolic
disorders, leading to serious consequences (atherosclerosis, myocardial infarction,
cerebrovascular diseases—cerebral strokes, heart failure), impairs memory, vision,
and negatively affects renal function, leading to renal failure.

Today, an asymptomatic increase in blood pressure is increasingly manifested,
which indicates a greater likelihood of the prevalence of hypertension. Therefore, for
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early diagnosis of hypertension, frequent measurement of blood pressure is recom-
mended for persons without clinical complaints of high blood pressure.

The term “arterial hypertension” refers to the syndrome of persistent elevation of
systolic blood pressure (SBP) > 140 mm Hg and/or diastolic blood pressure (DBP)
>90 mm Hg, which, depending on etio-pathological factors, manifests itself as pri-
mary hypertension (essential) or proceeds as a secondary condition. No less impor-
tant in the pathogenesis of essential hypertension is a change in the arterial wall—a
decrease and then a complete loss of the contractile function of the muscle layer and
vascular endothelium, as well as atherosclerotic changes [1].

The main pathogenetic factor in the development of hypertension is the activa-
tion of the sympatho-adrenal (SAS) and renin-angiotensin-aldosterone system
(RAAS)—which, as a rule, is the most powerful neurohormonal system of the body,
the activation of which can result in the development of coronary heart disease, heart
failure (HF). Heredity, diabetes mellitus (DM), the presence of metabolic syndrome,
unhealthy diet, increased consumption of sodium chloride (more than 6 g of table
salt per day), obesity (components of the RAAS are produced in the adipocytes of
adipose tissue), lack of physical activity (physical inactivity), psycho-emotional exer-
cise, smoking, excessive drinking, and according to recent data, low levels of vitamin
D are also risk factors for the development of hypertension. Along with a large num-
ber of studies proving the role of vitamin D in reducing SBP and DBP, there are other
works confirming the insignificant role of vitamin D deficiency in the pathogenesis
of hypertension [2]. The increased blood pressure or the risk of hypertension is
hypothesized to be due in part to the patients’ baseline vitamin D levels, sample size,
and length of follow-up. It should also be borne in mind that diseases such as diabetes
mellitus, kidney disease, underlying cardiovascular disease can affect the physiologi-
cal mechanisms of vitamin D action on blood pressure. This explains the significant
differences between individual patients in the values of vitamin D [3-5].

2. Biological role of vitamin D

Vitamin D was discovered in the early 1920s (1922) of the twentieth century by
Windaus. The work of recent years indicates that the biological role of vitamin D is not
limited to the effect only on calcium metabolism, but also plays an important role in
maintaining the immune and endocrine system, metabolic processes, cardiovascular and
cerebrovascular health, and also significantly reduces the risk of developing tumors, tuber-
culosis, rheumatoid arthritis, etc. Biological functions of vitamin D are shown in Figure 1.

Since the middle of the twentieth century, vitamin D deficiency (D-deficiency)
has acquired not only medical, but also medico-social significance. The causes of
D-deficiency are demographic changes—an aging population, an increase in geriatric
pathology, unbalanced nutrition, a low level of physical activity, insufficient exposure
to the sun, and a decrease in insolation. Receptors to calcitriol are found not only in
enterocytes and bones, but also in the kidneys, neurocytes, pancreas, myocytes of
striated and smooth muscles, bone marrow cells, immunocompetent cells, and geni-
tals (Figure 1). Therefore, the functional role of the hormone vitamin is not limited to
participation in the regulation of calcium-phosphorus metabolism. A lot of informa-
tion has been accumulated on the specific effects of calcitriol that are not related to its
calcitropic activity: suppression of hyperproliferation, carcinogenesis, influence on
cell growth and development, modulation of apoptosis, regulation of autoimmunity
through effects on T- and B-lymphocytes, macrophages [6, 7].
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Figure 1.

Biological functions of vitamin D (based on the figure from the article Laura Lockaua Stephanie, A. Atkinson.
Vitamin D role in health and disease: How does the present inform our understanding of the past? International
journal of paleopathology, vol. 23, December 2018, pages 6-14).

With sufficient and regular insolation, a person’s need for vitamin D is fully met
by photochemical synthesis in the skin. This is why vitamin D3 is called the “sun-
shine vitamin.” It is the photochemical stages that are decisive in the activity of the
D-hormonal system. Dietary source of vitamin D plays only a compensatory role in
cases of endogenous vitamin deficiency.
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Vitamin D3 has both endogenous origin (synthesized in the skin under the influ-
ence of ultraviolet rays from the precursor of 7-dehydrocholesterol) and exogenous
(from animal food: fish oil, liver, egg yolk). All other food products are practically
devoid of vitamin D. In this regard, in a number of countries it is specially added to
some products, for example, milk, fruit juices, margarine. On the contrary, vitamin
D2 (ergocalciferol) enters the body only with plant foods (bread, milk) and in very
small quantities [8].

Endogenous vitamin D3 and its metabolites from the skin and/or vitamin D3
supplied with food, with the help of a transport D-binding protein, enter the subse-
quent stages in the liver, kidneys, where the hormone calcitriol is synthesized. 1,25
(OH) 2 D3- calcitriol or dihydroxycholecalciferol is a hormone similar to other steroid
hormones, which controls about 1500-2000 genes through VDR receptors, includ-
ing genes involved in the production of renin, insulin, growth, and proliferation of
smooth muscle cells vessels and cardiomyocytes, and is involved in many processes.
Vitamin D receptors, which are involved in the formation of vitamin D, are found in
the cardiomyocytes of the ventricles of the heart. It has been proven that a decrease
in the activity of vitamin D receptors can lead to remodeling of cardiomyocytes. The
introduction of the active form of vitamin D helps to reduce this remodeling due to
the effect on the functional, anatomical, molecular, and genetic aspects of hyper-
trophy and dysfunction of cardiomyocytes. A study conducted on newly diagnosed
treatment-naive hypertensive patients showed that hypovitaminosis D was a strong
predictor of increased left ventricular mass index [9].

According to the Institute of Medicine (IOM), vitamin D deficiency is defined as
circulating 25-hydroxyvitamin D (25[OH]D) level < 50 nmol/L based on the optimal
concentration for skeletal health [10].

3. Role of vitamin D in pathophysiology and development of hypertension

Vitamin D has the potential to affect blood pressure through several mechanisms
including those involving the renin-angiotensin-aldosterone system (RAAS), the
endothelium, and vascular smooth muscle. Chronic treatment with active vitamin D
compounds modulates vascular tone, reduces blood pressure and cyclooxegenase-1,
and increases endothelial dysfunction and reactive oxygen species (ROS) in rats [11].

The association of arterial hypertension with low insolation and low levels of
vitamin D in the blood serum was noted back in the 1990s of the twentieth century.
In 1980, it was found that impaired calcium homeostasis, including hyperparathy-
roidism, may be involved in the mechanism of the development of hypertension and
proved a significant decrease in calcium excretion in patients with hypertension com-
pared with the control group. In 1988, Lind et al. [12] conducted a placebo-controlled
study evaluating the effect of 0.5 pg alpha-calcidol, a vitamin D analog, on blood
pressure in hypertensive patients with impaired glucose tolerance (mean age 62 years,
n = 26) for 12 weeks. They found a significant decrease in SBP/DBP from 171/95 to
150/88 mm Hg after treatment.

The prevalence of vitamin D deficiency is directly related to higher latitudes due
to less intense UVB radiation, colder climates due to less skin exposure, and darker
skin as it interferes with UVB penetration and decreases vitamin D production [13].
The fact that a higher EH frequency is observed in winter in people living at higher
latitudes and in people with deep skin pigmentation living far from the equator sug-
gests that vitamin D deficiency may contribute to an increased prevalence of arterial
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hypertension. To test this hypothesis, Krause et al. [14] used ultraviolet radiation to
treat patients with untreated mild arterial hypertension (AH) and vitamin D defi-
ciency. These researchers found that UV radiation increased 25 (OH) D levels and
lowered blood pressure in patients with vitamin D deficiency with AH. Since 1998,
this discovery has generated significant research interest in the relationship between
vitamin D deficiency and AH.

The relationship between the concentration of calcitriol in the blood serum and the
level of blood pressure has been proven. When analyzing data from the NHANES III
(National Health and Nutrition Examination Survey), an inverse significant relation-
ship between the content of vitamin D3 and blood pressure indicators was revealed:
in the group with a content of 25 (OH) D3 > 85.7 nmol/L, the levels of systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were 3, 0, and 1.6 mm Hg lower
than in gr. with a content of 25 (OH) D3 < 40 nmol/L, respectively [15].

Hypertension is an age-dependent complex common feature with interactions
between environmental and genetic factors. The incidence rises sharply in men over
45 and in women over 55. Vitamin D deficiency can be considered a risk factor for the
development of arterial hypertension, contributing to a shift in the balance between
vasodilator and vasoconstrictor factors in favor of vasoconstriction, which leads to
the development of hypertension in people, mainly middle-aged people. Therefore, it
is believed that an adequately selected dose of vitamin D, contributing to the normal-
ization of the level of 25 (OH) D in the blood, effectively lowers blood pressure in
patients with arterial hypertension with vitamin D deficiency. The authors concluded
that when people have a stable balance between vasodilatory and vasoconstrictor fac-
tors in vitamin D deficiency, vitamin D supplementation has minimal effect on BP in
arelatively short period. And when people have an unstable balance between vasodi-
lating and vasoconstrictor factors, vitamin D deficiency becomes a risk factor con-
tributing to the development of hypertension at age > 45 years; In this case, vitamin D
supplementation can lower blood pressure [16]. Thus, vitamin D deficiency does not
play an important role in the normal regulation of blood pressure, and its excess may
have a minimal effect on blood pressure in persons with normotension under the age
of 45 years.

Genetic analyses, specifically Mendelian randomization studies, found that indi-
viduals with genetically lower serum 25(OH)D levels have an increased incidence of
hypertension, implying that vitamin D deficiency may play a role in the development
of hypertension. The largest genetic analysis included 142,255 individuals and found
that a 10% increase in genetically determined 25(OH)D concentration was associated
with a 0.37 mmHg lower systolic pressure (95% CI, 0.003-0.73 mmHg lower) [17].

Most of the main studies showed that BP was inversely and significantly correlated
with the level of 25 (OH) D. Burgaz et al. conducted a meta-analysis including four
prospective studies and 14 crossover studies to assess the association between circu-
lating 25 (OH) D levels and arterial hypertension. They found an inverse relationship
between serum 25 (OH) D concentration and arterial hypertensive incidence [18].
Forman JP et al. [19] conducted a four-beam, double-blind, placebo-controlled,
randomized study in 283 black Americans (mean age of 51 years) to evaluate the
effect of 1000, 2000, and 4000 IU of vitamin D per day or placebo on blood pres-
sure for a period of 3 months. Baseline 25 (OH) D levels were about 16 ng/ml. The
baseline mean blood pressure (122/78 mm Hg) was relatively lower because only
50% of the participants were hypertensive and 40% were taking antihypertensive
drugs. The difference between systolic blood pressure at the beginning of the study
and after 3 months was +1.7 mm Hg in the placebo group, —0.66 mm Hg in the group
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with 1000 IU of vitamin D, —3.44 mm Hg in the group with 2000 IU of vitamin
D, and — 4.0 mm Hg In the group with vitamin D 4000 IU (-1.4 mm Hg for every
1000 IU additional intake of vitamin D, p = 0.04). For every 1 ng/ml increase in
25 (OH) D levels, a significant 0.2 mmHg reduction in systolic blood pressure was
found.

4. Role of vitamin D in the regulation of RAAS and sympathetic activation

In the regulation of blood pressure, electrolyte homeostasis, the renin-angioten-
sin-aldosterone system (RAAS) plays an important role. An increase in the activity of
the RAAS is considered as the most important link in the pathogenesis of hyperten-
sion. It is known that some antihypertensive drugs regulate blood pressure by affect-
ing the renin-angiotensin-aldosterone system (RAAS). This system regulates plasma
electrolyte levels, vascular resistance, and fluid volume homeostasis. Renin is an
enzyme produced by the cells of the juxtaglomerular apparatus in the nephrons of the
kidneys. Its synthesis is activated by renal hypoperfusion and activation of the sym-
pathetic nervous system. Renin converts the angiotensinogen produced in the liver
into angiotensin I, which is converted into angiotensin II under the influence of the
angiotensin-converting enzyme (ACE) expressed in the lungs. Angiotensin 2, bind-
ing to its receptor, has a biological effect on the activity of the brain, heart, kidneys,
peripheral vessels, and adrenal glands (Figure 2). The relationship between vitamin D
levels and RAAS activity has been demonstrated in numerous studies [20, 21].

Numerous epidemiological studies have shown the association of low vitamin D
levels with an increased risk of arterial hypertension [20]. Experimental studies in
mice with damage to vitamin D receptors showed increased activity of renin and cir-
culating angiotensin II, which led to arterial hypertension, which could be reduced by
blocking the RAAS [21-23]. In other studies, mice that were unable to activate vitamin
D in the body due to 1-alpha hydroxylase deficiency exhibited a similar phenotype
to animals that lacked vitamin D receptors [24]. In this case, the addition of vitamin
D led to a complete change in the phenotype, which confirms the role of vitamin
D in the activation of the RAAS and in the development of arterial hypertension.
Other animal experiments have demonstrated the ability of vitamin D to increase the
concentration of intracellular calcium, which led to a decrease in renin secretion by
juxtaglomerular cells [25].

Some studies have shown that vitamin D clearly inhibits renin biosynthesis
and RAAS activity. Administration of an AT II receptor antagonist or angiotensin-
converting enzyme (ACE inhibitor) inhibitor prevented or neutralized the above
disorders. Later it was found that the activation of vitamin D receptors helps to reduce
left ventricular hypertrophy (LVH) and prevents the activation of some components
of the RAAS. An interesting fact is that the suppression of renin secretion by vitamin
D through the activation of its receptors occurs independently of calcium homeo-
stasis and disturbances in water-salt metabolism. In obese subjects with vitamin D
deficiency, it found that treatment with ergocalciferol reduced kidney-specific RAS
activity and blood pressure [26-28]. Thus, RAS activation may be a mechanism link-
ing vitamin D with incident hypertension.

However, in another study, systemic RAS activity measured by plasma renin
activity did not change significantly following 8 weeks of treatment with vitamin
D (from 0.34 + 0.37 ng/ml/hour to 0.36 + 0.44 ng/ml/hour; p-value = 0.72) or
placebo (0.42 + 0.44 ng/ml/hour to 0.44 + 0.80 ng/ml/hour, p-value = 0.85).
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Figure 2.
Role of vitamin D in the regulation of RAAS.

Similarly, serum angiotensin II levels did not change significantly after 8 weeks of
treatment with either ergocalciferol or placebo. There was no significant change in
mean 24-hour systolic blood pressure or other ambulatory measurements following
treatment with either ergocalciferol or placebo [29]. In this placebo-controlled,
randomized study, it was found that in obese patients with vitamin D deficiency
without arterial hypertension, the correction of vitamin D level does not affect
the level of blood pressure and does not correct the renal or systemic activity of
the RAAS. These differences in baseline characteristics (blood pressure and renin
activity) may indicate that this population was younger, had lower baseline RAS
activation, potentially explaining differences between the studies. The 8-week
duration of treatment may have been inadequate to affect RAS activity or blood
pressure. Although the researchers were able to restore plasma vitamin D levels to
normal in the treatment group within 8 weeks, it is assumed that a longer treatment
period would be required for the full effect of vitamin D on blood pressure and on
RAAS activity.

It is known that increased central or renal sympathetic activation is an important
factor in the pathogenesis of human arterial hypertension. There is still no evidence
that vitamin D deficiency directly affects sympathetic nervous activity. It is assumed
that vitamin D deficiency enhances the signaling effect caused by increased sympa-
thetic activity. For example, angiotensin II promotes hypertension due to increased
activation of T cells in the central nervous system, and vitamin D blocks the activity
of effector T cells. In this way, vitamin D deficiency enhances the sympathetic effect
stimulated by the T cells [30].
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The relationship between the development of CVD and low levels of 25-hydroxy-
vitamin D in individuals initially without cardiovascular disease was also identified
in the prospective study, The Framingham Offspring Study. In this study, with an
average duration of 5.4 years, 1739 participants were observed, the average con-
centration of 25-OH D was 19.7 ng/ml (25-OH D * 15 ng/ml-9%), and the results
showed that different kinds of CVDs developed more often in persons with vitamin
D deficiency [31].

Studies conducted in Germany for 7.7 years in which 3258 patients with CVD over
20 years old were observed proves that the risk of death from CVD increases two
times in those patients whose vitamin D level is below normal, as well as an increase
in the level of C-reactive protein and interleukin-6 is also observed in patients with
low levels of vitamin D [32, 33]. These and other studies confirm that blood pressure
and C-reactive protein levels are inversely related to vitamin D in blood serum. The
authors found gender differences in the prevalence of hypertension depending on
vitamin D levels. The researchers found hypertension in 50% of women who had very
low vitamin D levels (<5 ng/ml) compared with 30% of women who had vitamin D
levels not less than 20 ng/ml. No differences in the prevalence of arterial hyperten-
sion depending on the level of vitamin D were found among men. Among 4863
participants in the Women’s Health Initiative study, over 7 years of follow-up, there
was no association between vitamin D levels and changes in blood pressure [34]. But
women with plasma vitamin D levels <14 ng/ml had a 50% increased risk of arterial
hypertension compared with women with higher vitamin D levels (19-26 ng/ml). In
a Michigan study, 413 women with an average vitamin D level of 24 + 10 ng/ml had
higher diastolic blood pressure values (77 + 9 mm Hg) compared with women with
normal vitamin D levels—vitamin D > 32 ng/ml; 75 + 9 mm Hg [35]. Cross-sectional
study with 833 white men who underwent 24-hour blood pressure monitoring (excel-
lent outcome assessment) found that low vitamin D levels (<15 ng/mL) are associated
with higher prevalence of hypertension [36].

5. Vitamin D in elderly patients

It was reported that in elderly patients with systolic hypertension, supplementa-
tion with vitamin D deficiency did not significantly affect blood pressure. In 2013,
Witham et al. [37] reported the VitDISH study results. The study enrolled 159 partici-
pants with a mean age of 77 years, mean BP of 163/78 mmHg, and an average level of
25 (OH) D of 18 ng/ml. Participants received 100,000 IU of oral vitamin D3 or a pla-
cebo every 3 months for 1 year. Treatment increased 25 (OH) D levels by 8 ng/ml, but
did not show significant reductions in blood pressure and arterial stiffness in selected
patients with systolic hypertension, which was apparently associated with increased
vascular stiffness and calcification. Although these patients were taking one to two
antihypertensive drugs, their systolic blood pressure was about 160 mm Hg [37]. In
another study on the effect of vitamin D on blood pressure in elderly patients with
systolic hypertension, people aged 75 years were treated with (mean BP 144/85 mm
Hg, 25 (OH) D 10.1 ng/ml, n = 74) 800 IU vitamin D plus 1200 mg calcium daily for
eight weeks. They found a significant increase in 25 (OH) D levels and a decrease in
systolic blood pressure with vitamin D and calcium supplementation compared with
calcium alone. Clearly, well-designed placebo-controlled trials using 2000-3000 IU
of vitamin D daily to treat patients with isolated systolic hypertension and vitamin
D deficiency are warranted [38]. The BEST-D study in healthy people examined the
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effect of daily vitamin D intake for 1 year on the risk of hypertension and biochemical
markers. But the results of this study were not positive. The addition of vitamin D did
increase the plasma concentration of 25 (OH), but did not reduce the risk of cardio-

vascular complications, blood pressure, blood lipid profile, and arterial stiffness [39].

6. Clinical trials with vitamin D in hypertension

More than 40 randomized clinical trials have been conducted to determine the
effect of vitamin D supplementation on blood pressure as a primary or secondary
endpoint. Since the mechanisms underlying the effect of vitamin D on blood pressure
have not yet been elucidated, most clinical trials have shown suboptimal designs, and
the results have been mixed. The findings were conflicting. Wu et al. [40] conducted a
meta-analysis of four randomized controlled trials of oral vitamin D supplementation
in BP. They found that vitamin D supplementation significantly reduced systolic blood
pressure by 2.44 mm Hg, but not diastolic blood pressure. Another meta-analysis
included 51 randomized trials that enrolled adults who received vitamin D supplemen-
tation and that measured several cardiovascular outcomes (stroke, myocardial infarc-
tion, cardiovascular death, etc.) [41] found no change in the weighted mean of either
systolic or diastolic blood pressure.

Witham et al. [42] investigated eight randomized controlled trials in participants
with a mean baseline blood pressure > 140/90 mm Hg, which showed a slight decrease
in systolic blood pressure and a small significant decrease in diastolic blood pres-
sure (3.1 mm Hg). In a study involving 701 adolescent girls and boys with average
blood vitamin D values of 30 ng/ml, it was shown that there is an inverse correlation
between the level of this vitamin and the values of systolic and diastolic blood pres-
sure (respectively, r = —0.1, r = —0.21; P < 0.01) [43]. In a subanalysis of the Hoorn
population study in the Netherlands, which included 441 patients, it was shown that
blood pressure levels decreased with increasing blood vitamin D values. With the
values of vitamin D in plasma on average 32 ng/ml, the systolic and diastolic pressures
were respectively 135.0 + 18.6 mm Hg and 81.6 + 9.6 mm Hg. At low values of vitamin
D in the blood, below 14 ng/ml, the values of systolic and diastolic pressure were
146.6 + 20.6 mm Hg and 86.3 + 12.6 mm Hg [44].

Ten studies by other scientists examined the role of vitamin D and ultraviolet radi-
ation in blood pressure regulation, where no significant effect of vitamin D on blood
pressure was found. Only those studies using high daily doses of vitamin D (at least
1000 IU/day) were found to have a small statistically significant effect [45]. An ideal
test to determine the maximum antihypertensive effect of vitamin D supplementation
on blood pressure is the administration of vitamin D to patients with untreated stage
1 hypertension with vitamin D deficiency living in high latitudes in winter. Such a
study was conducted (n = 40) in Liaoning, northern China, in the winter, administer-
ing 3000 IU of vitamin D daily for 3 weeks to patients with an average age of 53 years
who did not receive treatment for stage 1 EH and vitamin D deficiency (25 (OH) D
levels were < 20 ng/ml). Treatment significantly increased blood 25 (OH) D levels
and decreased systolic blood pressure, but not diastolic blood pressure. The negative
results for diastolic blood pressure may be associated with a small sample size, a short
treatment period, and a recruitment of only stage 1 hypertensive patients. A well-
designed, large, randomized study VITAL has demonstrated a significant reduction in
the incidence of hypertension after 5 years of vitamin D intake (2000 IU per day) by
eliminating vitamin D deficiency in patients aged >50 years [46]. It should be noted
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that an appropriately high dose (at least>1000 IU per day) of vitamin D supplemen-
tation to increase blood 25 (OH) D levels is also needed to see the antihypertensive
effect of vitamin D.

Kunutsor et al. [47] conducted a meta-analysis of 16 randomized clinical trials to
evaluate the effect of vitamin D supplementation on blood pressure. They did not
show significant reductions in systolic and diastolic blood pressure with vitamin D
supplementation, suggesting heterogeneity and publication bias. Subgroup analysis
showed significant reductions in diastolic blood pressure in participants with preex-
isting cardiometabolic disease.

The VITAL trial did not find any significant benefits in regard to cardiovascu-
lar outcomes. Indeed, only a not significant reduction in cardiovascular events was
observed in the group treated with vitamin D when compared with the placebo
[48]. In other studies, cholecalciferol supplementation did not reduce
the cardiovascular risk. This treatment increased the serum levels of 25(OH)D,
the CVD risk did not improve [49]. Another meta-analysis evaluated the car-
diovascular benefits of a vitamin D supplementation over 1 year, regardless of
calcium supplementation. The results of this meta-analysis showed no significant
effect of vitamin D on cardiovascular endpoints (myocardial infarction, cerebral
stroke, cerebrovascular accident, mortality from heart disease) and on mortality
from all causes [50].

It should be noted that the development of acute toxic effects during treatment
with vitamin D is very rare, since the toxicity of this vitamin can be caused by the
use of very high doses. Such toxic effects may include hypercalcemia, which stimu-
lates the development of various types of arrhythmias with a shortened QT interval
[51]. No less controversial is the issue of vitamin D toxicity. So, according to I. Boer
etal. [52], safe level of 25 (OH) D3 in plasma is considered to be 240 nmol/l, the
concentration of 25 (OH) D3 in the blood is higher, 375 nmol/L, associated with
acute hypercalcemia and hyperphosphatemia. With that said, American Institute of
Medicine determines the maximum daily intake of vitamin D for infants from 0 up
to 6 months of life 1000 IU; for children from 7 to 12 months life—1500 IU; from 1 to
3 years—2500 IU; from 4 up to 8 years—3000 IU; for teenagers from 9 to 18 years old
and adults—4000 IU.

There are small studies in the literature that investigated the effect of vitamin D
on blood pressure when taken daily at a dose of 3000 IU versus placebo [53]. Asa
result of these studies, taking vitamin D did not lead to a significant decrease in blood
pressure. However, in a retrospective analysis, patients with vitamin D deficiency
(<32 ng/ml) showed a decrease in systolic and diastolic blood pressure during treat-
ment with vitamin D. However, the central systolic blood pressure (blood pressure in
the ascending aorta) decreased by 4 mm Hg in the 25(OH)D group compared with
placebo (P = 0.007). The results of these studies confirm that the addition of vitamin
D to the treatment of hypertensive patients may be beneficial in patients with vitamin
D deficiency. It should be noted that high doses of vitamin D were used. In addition,
patients with systolic blood pressure levels <150 or diastolic blood pressure < 95 mm
Hg, and 84% of participants were taking antihypertensive drugs. All this could
mask or reduce the effect of vitamin D on blood pressure in hypertensive patients.
These factors, along with the small sample size, may have contributed significantly
to negative 24-hour BP outcomes. Besides, most studies did not record the changes
of diet, sun exposure or latitudes, genetic factors, and educational status, we are not
able to answer the questions of whether these factors would modify the effect of the
intervention.
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A meta-analysis of cohort studies was conducted that demonstrated a negative
association between vitamin D levels and blood pressure. At the same time, with
an increase in the level of vitamin D in blood plasma by 25 nmol/l, a decrease in the
risk of developing arterial hypertension by 7% was observed. However, there was
no direct evidence of a decrease in blood pressure from 25 (OH) D supplementa-
tion. Scientists believe that the positive effect of vitamin D on blood pressure levels
is mainly due to the fact that the study included young participants with a healthy
lifestyle. In addition, low vitamin D levels may be the result of prior medical condi-
tions. Furthermore, differences exist among the various methods used and in the
laboratories that measured 25(OH)D levels, which would also influence the accuracy
of the study results. Individuals who are taking vitamin D supplements should do so
for at least 6 months to reach the maximum attained 25(OH)D level. It is reasonable to
assume that the effect of vitamin D is time-dependent [54].

Beveridge et al. [55] conducted a meta-analysis that included clinical trials that
used vitamin D supplements and reported BP. Vitamin D did not affect normal blood
pressure in 30 studies. They also found no significant reduction in blood pressure with
vitamin D in studies with participants whose mean baseline SBP was >140 mmHg. The
main reason for negative results may be related to suboptimal study design. This may
include high rates of background antihypertensive drug treatment that overlap with
the antihypertensive role of vitamin D, cohorts with less than 40% of participants with
vitamin D deficiency, and low or exceptionally high intake of vitamin D. Chen et al.
[56] conducted a placebo-controlled, randomized study to find out if vitamin D sup-
plementation (2000 IU/day) lowered blood pressure for 6 months. The study included
126 patients with arterial hypertension and vitamin D deficiency who received
nifedipine at a dose of 30 mg per day. For 6 months of treatment with vitamin D, an
increase in its level was observed from 19 ng/ml to 34 ng/ml and a decrease in mean
blood pressure over 24 hours by 6.2/4.2 mm Hg. (p < 0.001). In patients with vitamin
D < 30 ng/ml at baseline (n = 113), the mean blood pressure in 24 hours decreased by
71/5.7 mm Hg. In this study, the antihypertensive drug nifedipine could reduce the
effects of vitamin D on blood pressure in these Chinese hypertensive patients.

7. Vitamin D, endothelial dysfunction, and atherosclerosis

The endothelium is the main regulator of vascular homeostasis and affects
vasoconstriction and vasodilation, smooth muscle proliferation and inflammation,
thrombogenesis, and fibrinolysis. As a result, the development of atherosclerosis
occurs with endothelial dysfunction, which develops when this layer of the vascular
wall is damaged. The role of vitamin D in reducing the risk of atherosclerosis lies in
the following mechanisms:

* increase in the formation of endothelial nitric oxide

* decrease in aggregation and adhesion of platelets

* management of musculoskeletal tone

* suppression of oxidative stress

* decrease in the formation of pro-inflammatory cytokines
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* decrease in the formation of vasoconstrictor substances
* inhibition of proliferation and migration of smooth muscle cells
* modulation of the immune response.

Vitamin D has beneficial effects on vascular endothelial function and arterial stiff-
ness. Vitamin D plays an important role in vascular and endothelial smooth muscle
cells. Therefore, it can be assumed that vitamin D can affect the contraction of blood
vessels and the formation of calcifications in the vessels. At the same time, this vita-
min can affect the function and structure of blood vessels in different ways. Everyone
knows that nitric oxide is a powerful vasoprotective and vasodilator, and several
factors are involved in its synthesis, including vitamin D and vitamin D receptors.
Scientists believe that vitamin D plays an essential role in the synthesis of nitric oxide.
Other mechanisms include endothelial 1-hydroxylase and activated vitamin D, which
can modulate the growth of both cell types [3]. In patients with type 2 diabetes, the
DIMENSION study examined the effect of 16 weeks of vitamin D supplementation
on endothelial function. During the treatment, the values of vitamin D increased.
But when conducting a multivariate regression analysis, no effects of vitamin D on
endothelial function were found [57].

Arterial stiffness increases in early-stage hypertensive patients, and it is a strong
predictor of cardiovascular morbidity and mortality. In a study, Sinem Cakal [23]
included 100 patients with arterial hypertension who were diagnosed for the first
time, they had not previously received antihypertensive treatment, they did not have
any cardiovascular diseases, chronic renal pathology, diabetes mellitus, malignant
neoplasms. All patients were divided into two groups: with vitamin D deficiency
(<20 ng/ml) and with normal vitamin D content (>20 ng/ml). The daytime, night-
time, and daily blood pressures were determined. In the result, vitamin D deficiency
is associated with increased arterial stiffness in newly diagnosed hypertensive
patients.

Everyone knows that inflammation plays an important role in the development of
atherosclerosis. The most widely studied biomarker of cardiovascular inflammation
with proven anti-inflammatory effects is highly sensitive C-reactive protein. Many
studies have shown an inverse relationship between vitamin D and reactive protein
C [58, 59]. The level of vitamin D is positively correlated with the concentration of
anti-inflammatory cytokines (interleukin 10), which enhances the anti-inflammatory
effect of vitamin D. By reducing the production of pro-inflammatory cytokines,
interleukin 10 has a cardioprotective effect. A decrease in the level of this interleukin
in the blood leads to the development of severe atherosclerosis. Thanks to this mecha-
nism, vitamin D is able to slow down the progress of atherosclerosis. In addition,
vitamin D is able to suppress the formation of pro-inflammatory tumor necrosis fac-
tor, which once again proves the indisputable role of this vitamin in the development
of inflammation. With vitamin D deficiency in the body, the synthesis of atherogenic
cholesterol fractions increases, which leads to an increase in atherosclerotic processes
in the body. The effect of vitamin D is comparable to the effect of statins, since it
inhibits the enzyme HMG-CoA reductase—3-hydroxy-3-methylglutaryl-coenzyme
A-reductase, which is an important link in the pathogenesis of atherosclerosis [60].

Several findings currently suggest that there is a link between the vitamin D
system and the development of atherosclerotic plaques, possibly mediated by a modu-
lation of immune responses [61]. This study showed that in patients with diabetes
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mellitus, vitamin D can affect signaling from vitamin D receptors on the surface of
macrophages, which leads to a decrease in the penetration of LDL cholesterol into
foam cells, which prevents the development of atherosclerosis. Due to the inhibition
of the nuclear factor of gene expression of activated B cells, vitamin D suppresses the
synthesis of prothrombogenic and pro-inflammatory cytokines (interleukin 6) and
also increases the formation of anti-inflammatory interleukin 10 and thrombomodu-
lin. All this leads to a decrease in vascular calcification and stops the development of
atherosclerotic plaques by suppressing the formation of foam cells.

W. John et al. [62] when carrying out an analysis using multivariate models,
including the fact the risk of developing diabetes mellitus and ischemic heart disease,
found that vitamin D deficiency helps to reduce the content of apolipoprotein Al.
Another study carried out with the aim elucidating the relationship between vitamin
D content and metabolic risk factors in young men rank without obesity proved that
the content in the blood circulator 25 (OH) D3 correlated with the level of LDL [63].
Results of a randomized trial, conducted by G. Major, et al. [64], testimony about the
fact that the daily intake of 400 IU of cholecalciferol and 1200 mg calcium led to a
decrease total cholesterol levels.

8. The place of vitamin D in the development of chronic heart failure

For the first time in 1995, L. Brunvand et al. [65] presented a clinical case of the
association of pronounced vitamin D deficiency, hypocalcemia with myocardial dys-
function, and chronic heart failure. E. Shane et al. [66] proved statistically significant
predominance of vitamin D deficiency in patients with chronic heart failure, direct
correlation between the level of vitamin D it contains in serum and a fraction of left
ventricular throw. A. Zittermann et al. [67] demonstrated low serum 25 (OH) D3 and
calcitriol levels in the blood of patients with chronic heart failure sufficiency in com-
parison with the control group healthy people. The authors have proven that the con-
nection between vitamin D deficiency and chronic heart failure sufficiency is traced
in all age groups, with the correlation of the relationship between the low level of 25
(OH) D3 and an increased content of cerebral sodium uretic peptide. Prospective
cross-examination and follow-up performed by A. Zittermann et al. demonstrated
statistically significant prevalence of vitamin D deficiency in patients with indica-
tions for emergency heart transplantation in comparison with patients preparing for a
planned transplantation. A lower circulating level vitamin D has been associated with
a risk of sudden heart death. Research results of I. Gotsman et al. [68] testified to a
statistically significant possessing a deficiency of 25 (OH) D3 in patients with chronic
heart failure in comparison with control. The authors proved that less than 9% of such
patients had an optimal level of 25 (OH) D3, highlighting significantly adverse conse-
quences of its deficiency. Thus, the carried out studies show that there is a statistically
significant prevalence of vitamin D deficiency in patients with chronic heart failure in
comparison with nursing patients without it; vitamin D deficiency is associated with
the severity of heart failure and higher rates of unfavorable outcomes.

In 2016, a 26.5-month study was completed to establish the incidence of vitamin
D deficiency and its relationship with bone mineral density, left ventricular ejection
fraction, and brain natriuretic peptide (NT-proBNP) levels. Two groups were formed:
the first included 70 patients with chronic heart failure (CHF); the second—40 patients
with diseases of the cardiovascular system, but without CHF. Osteoporosis was detected
in 61.4% of patients in the first group (they had fractures much more often) and in
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32.5% of patients in the second group. In patients with CHF, a statistically significant
decrease in the level of vitamin D was recorded, on average, this value was 9.6 ng/

ml, in patients without CHF—14.8 ng/ml, and in patients of group 1, a high level of
NT-proBNP was observed. A correlation was found between the level of vitamin D in
serum and the concentration of NT-proBNP, the left ventricular ejection fraction. Asa
result, it was concluded that patients with CHF are a group at increased risk of osteo-
porosis, and such patients are recommended to prescribe additional vitamin D intake

at a dosage of more than 1600 IU per day as a preventive measure [69]. The pathophysi-
ological mechanisms of these relationships are not fully understood, there are various
hypotheses, according to one—vitamin D deficiency contributes to the development of
secondary hyperparathyroidism. A high level of parathyroid hormone provokes calcifi-
cation of the heart valves (this is especially pronounced in patients with renal failure), as
aresult of which the risk of developing CHF increases. The reason for the development
of CHF is also the “aging” of the myocardium; the key factors that determine the rate of
aging are oxidative stress and chronic inflammation. Vitamin D deficiency is associated
with a higher incidence of heart failure due to an increase in serum pro-inflammatory
markers, including CRP [52, 53, 70].

9. Conclusion

Based on the evidence presented, it can be assumed that the correction of the
deficit of vitamin D will help reduce the risk occurrence and progression of cardio-
vascular diseases, reducing the risk of sudden cardiac death and general mortality of
the population.

Based on the conducted studies, it is assumed that the risk of developing arterial
hypertension can be explained by the initial content of vitamin D in the blood, sample
size, and duration of observation. In addition, the presence of other concomitant
cardiovascular diseases, diabetes mellitus, kidney disease, affects the physiologi-
cal mechanisms of the effect of vitamin D on blood pressure. Therefore, between
individual patients there may be significant differences in the physiological effects of
vitamin D.

Thus, arterial hypertension is caused by a variety of factors acting through genetic
and environmental determinants depending on age. Vitamin D deficiency as a risk
factor for the environment contributes to an increase in vascular tone, which, possibly,
serves as a trigger that contributes to the development of hypertension in vulnerable
middle-aged people. Accumulating data from animal models and observational studies
in humans strongly support the hypothesis that vitamin D deficiency contributes to
hypertension, and a corresponding high dose of vitamin D with long-term treatment
can normalize or nearly normalize blood 25 (OH) D levels and significantly reduce
blood pressure in groups of hypertensive patients with vitamin D deficiency.

Correction of vitamin D deficiency is of great prognostic value. Vitamin D treat-
ment is low-cost, easy to administer, and prevention further contributes to a healthy
lifestyle. Further clinical and experimental studies are needed to study in more detail
the mechanisms of the negative effect of vitamin D deficiency on the cardiovascular
system, in particular on arterial hypertension.

14



Mechanism of Development of Arterial Hypertension Associated with the Exchange of Level...
DOI: http://dx.doi.org/10.5772/intechopen.102774

Author details

Sona Gahramanova
Clinical Pharmacology Department, Azerbaijan Medical University, Baku, Azerbaijan

*Address all correspondence to: sonaxanum@mail.ru

IntechOpen

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

15



Hypertension

References

[1] Parati G, Stergiou G, O’Brien E,
Asmar R, Beilin L, Bilo G, et al. European
Society of Hypertension practice
guidelines for ambulatory blood pressure

monitoring. Journal of Hypertension.
2014;32(7):1359-1366

[2] Pilz S, Gaksch M, Kienreich K,
Grubler M, Verheyen N, Fahrleitner-
Pammer A, et al. Effects of vitamin D on
blood pressure and cardiovascular risk

factors: A randomized controlled trial.
Hypertension. 2015;65(6):1195-1201

[3] Legarth C, Grimm D, Wehland M,
Bauer J, Kriiger M. The Impact of Vitamin
D in the Treatment of Essential

Hypertension. International Journal of
Molecular Sciences. 2018;19:455

[4] Holick MF. Vitamin D deficiency.
The New England Journal of Medicine.
2007;357(3):266-281

[5] Martins D, Wolf M, Pan D, et al.
Prevalence of cardiovascular risk
factors and the serumlevels of
25-hydroxyvitamin D in the United
States: Data from the Third National
Health and Nutrition Examination

Survey. Archives of Internal Medicine.
2007;167(11):1159-1165

[6] Bouillon R, Carmeliet G, Verlinden L,
van Etten E, Verstuyf A, Luderer HF,

etal. Vitamin D and human health:
Lessons from vitamin D receptor null mice.

Endocrine Reviews. 2008;29(6):726-776

[7] Xiang W, Kong ], Chen §,

Cao LP, Qiao G, Zheng W, et al. Cardiac
hypertrophy in vitamin D receptor
knockout mice: Role of the systemic
and cardiac renin-angiotensin systems.
American Journal of Physiology
Endocrinology and Metabolism.
2005;288(1):E125-E132

16

[8] Mozaffari-Khosravi H, Loloei S,
Mirjalili MR, Barzegar K. The effect of
vitamin D supplementation on blood
pressure in patients with elevated blood
pressure and vitamin D deficiency: A
randomized, double-blind, placebo-
controlled trial. Blood Pressure
Monitoring. 2015;20(2):83-91

[9] Magurno M, Crescibene D, Spinali M,
Cassano 'V, Armentaro G, Barbara K, et al.
Vitamin D and subclinical cardiovascular

damage in essential hypertension.
Endocrine. 2021;2:13

[10] Institute of Medicine Food and
Nutrition Board. Dietary reference
intakes for calcium and vitamin D.
Washington (DC): The National
Academies Press; 2011

[11] Wong MSK, Delansorne R,

Man RYK, et al. Chronic treatment
with vitamin D lowers arterial blood
pressure and reduces endothelium-
dependent contractions in the aorta
of the spontaneously hypertensive
rat. American Journal of Physiology.
Heart and Circulatory Physiology.
2010;299(4):H1226-H1234

[12] Lind L, Lithell H, Skarfors E,

Wide L, Ljunghall S. Reduction of blood
pressure by treatment with alphacalcidol.
A double-blind, placebo-controlled
study in subjects with impaired glucose

tolerance. Acta Medica Scandinavica.
1988;223:211-217

[13] Rostand SG. Vitamin D, blood
pressure, and African Americans: Toward
a unifying hypothesis. Clinical Journal

of the American Society of Nephrology:
CJASN. 2010;5:1697-1703

[14] Krause R, Buhring M,
Hopfenmuller W, Holick MF,



Mechanism of Development of Arterial Hypertension Associated with the Exchange of Level...

DOI: http://dx.doi.org/10.5772/intechopen.102774

Sharma AM. Ultraviolet B and blood
pressure. Lancet. 1998;352:709-710

[15] Liu X, Baylin A, PD L. Vitamin D
deficiency and insufficiency among

US adults: Prevalence, predictors and
clinical implications. The British Journal
of Nutrition. 2018;119(8):928-936.

DOI: 10.1017/S0007114518000491

[16] Romero DC, Manson J. Vitamin
D and your heart. Circulation.
2015;132(25):391-392

[17] Vimaleswaran KS, Cavadino A,
Berry DJ, Jorde R, Dieffenbach AK,
Lu C, et al. Association of vitamin D
status with arterial blood pressure
and hypertension risk: A mendelian
randomisation study. The Lancet
Diabetes and Endocrinology. 2014;
2(9):719-729

[18] Burgaz A, Orsini N, Larsson SC,
Wolk A. Blood 25-hydroxyvitamin D
concentration and hypertension: A
meta-analysis. Journal of Hypertension.
2011;29:636-645

[19] Forman JP, Scott ]B, Ng K, Drake BF,
Suarez EG, Hayden DL, et al. Effect of
vitamin D supplementation on blood
pressure in blacks. Hypertension.

2013;61:779-785

[20] Kunutsor SK, Apekey TA,

Steur M. Vitamin D and risk of future
hypertension: Meta-analysis of 283,537
participants. European Journal of
Epidemiology. 2013;28(3):205-221

[21] Li YC, Kong J, Wei M, Chen ZF,

Liu SQ, Cao LP. 1,25-Dihydroxyvitamin
D(3) is a negative endocrine regulator
of the renin-angiotensin system. The

Journal of Clinical Investigation.
2002;110(2):229-238

[22] Chen S, SunY, Agrawal DK. Vitamin
D deficiency and essential hypertension.

17

Journal of the American Society of
Hypertension. 2015;9(11):885-901

[23] Cakal S, Cakal B, Karaca O.
Association of vitamin D deficiency
with arterial stiffness in newly
diagnosed hypertension. Blood Pressure
Monitoring. 2021;26(2):113-117. DOL:
10.1097/MBP.0000000000000497

[24] Zhou C, Lu F, Cao K,

Xu D, Goltzman D, Miao D. Calcium-
independent and 1,25(OH)2D3-
dependent regulation of the
renin-angiotensin system in lalpha-

hydroxylase knockout mice. Kidney
International. 2008;74(2):170-179

[25] Beierwaltes WH. The role of calcium
in the regulation of renin secretion.

American Journal of Physiology Renal
Physiology. 2010;298(1):F1-F11

[26] Vaidya A, Forman JP, Williams JS.
Vitamin D and the vascular sensitivity
to angiotensin II in obese caucasians

with hypertension. Journal of Human
Hypertension. 2011;25(11):672-678

[27] Vaidya A, Sun B, Forman JP,
Hopkins PN, Brown NJ, Kolatkar NS,

et al. The Fok1 vitamin D receptor gene
polymorphism is associated with plasma

renin activity in Caucasians. Clinical
Endocrinology. 2011;74(6):783-790

[28] Vaidya A, Sun B, Larson C,
Forman JP, Williams JS. Vitamin D3
therapy corrects the tissue sensitivity
to angiotensin ii akin to the action of a
converting enzyme inhibitor in obese
hypertensives: An interventional study.
The Journal of Clinical Endocrinology
and Metabolism. 2012;97(7):2456-2465

[29] McMullan CJ, Borgi L, Curhan GC,
Fisher N, Forman JP. The effect of
vitamin D on renin-angiotensin-system
activation and blood pressure—A
randomized control trial. Journal of



Hypertension

Hypertension. 2017;35(4):822-829.
DOI: 10.1097/HJH.0000000000001220

[30] Guzik T], Hoch NE, Brown KA,
McCann LA, Rahman A, Dikalov S,
etal. Role of the T cell in the genesis of
angiotensin I induced hypertension
and vascular dysfunction. The

Journal of Experimental Medicine.
2007;204:2449-2460

[31] Wang TJ et al. Vitamin D deficiency
and risk of cardiovascular disease.
Circulation. 2008;117(4):503-511. DOI:
10.1161/CIRCULATIONAHA. 107.706127

[32] Dobnig H, Pilz S, Scharnage H,

et al. Independent association of low
serum 25-hudroxyvitamin D and
1,25-Di-hydroxyvitamin D levels

with all-cause and cardio-vascular
mortality. Archives of Internal Medicine.
2008;168(12):1340-1349. DOI: 10.1001/
archinte.168.12.1340

[33] Hintzpeter B, Mensink GBM,
Thierfelder W, et al. Vitamin D status
and health correlates among German

adults. European Journal of Clinical
Nutrition. 2008;62(9):1079-1089

[34] Margolis KL, Martin LW, Ray RM,
etal. A prospective study of serum
25-hydroxyvitamin D levels, blood
pressure, and incident hypertension
in postmenopausal women.

American Journal of Epidemiology.
2012;175(1):22-32

[35] Griffin FC, Gadegbeku CA,
Sowers MR. Vitamin D and subsequent
systolic hypertension among women.

American Journal of Hypertension.
2011;24(3):316-321

[36] Burgaz A, Byberg L, Rautiainen S,
et al. Confirmed hypertension and
plasma 25(OH)D concentrations
amongst elderly men. Journal of Internal
Medicine. 2011;269(2):211-218

18

[37] Witham MD, Price R], Struthers AD,
Donnan PT, Messow CM, Ford I, et al.
Cholecalciferol treatment to reduce
blood pressure in older patients with
isolated systolic hypertension: The
VitDISH randomized controlled

trial. JAMA Internal Medicine.
2013;173:1672-1679

[38] Pfeifer M, Begerow B, Minne HW,
Nachtigall D, Hansen C. Effects of a
short-term vitamin D(3) and calcium
supplementation on blood pressure
and parathyroid hormone levels in
elderly women. The Journal of Clinical
Endocrinology and Metabolism.
2001;86:1633-1637

[39] Hin H, Tomson J, Newman C,
Kurien R, Lay M, Cox ], et al. Optimum
dose of vitamin D for disease prevention
in older people: BEST-D trial of vitamin
D in primary care. Osteoporosis
International. 2017;28:841-851

[40] Wu SH, Ho SC, Zhong L. Effects of
vitamin D supplementation on blood
pressure. Southern Medical Journal.
2010;103:729-737

[41] Elamin MB, Abu Elnour NO,

Elamin KB, et al. Vitamin D and
cardiovascular outcomes: A systematic
review and meta-analysis. The Journal of

Clinical Endocrinology and Metabolism.
2011;96(7):1931-1942

[42] Witham MD, Nadir MA,
Struthers AD. Effect of vitamin D on
blood pressure: A systematic review and

meta-analysis. Journal of Hypertension.
2009;27:1948-1954

[43] Parikh S, Guo D-H, Pollock NK,
etal. Circulating 25-hydroxyvitamin
D concentrations are correlated with
cardiometabolic risk among American
black and white adolescents living in a

year-round sunny climate. Diabetes Care.
2012;35(5):1133-1138



Mechanism of Development of Arterial Hypertension Associated with the Exchange of Level...

DOI: http://dx.doi.org/10.5772/intechopen.102774

[44] van Ballegooijen AJ, Snijder MB,
Visser M, et al. Vitamin D in relation
to myocardial structure and function
after eight years of follow-up: The
Hoorn study. Annals of Nutrition &
Metabolism. 2012;60(1):69-77

[45] Pittas AG, Chung M, Trikalinos T,
Mitri J, Brendel M, Patel K, et al.
Systematic review: Vitamin D and

cardiometabolic outcomes. Annals of
Internal Medicine. 2010;152:307-314

[46] Manson JE, Bassuk SS, Lee IM,

Cook NR, Albert MA, Gordon D, et al. The
VITamin D and OmegA-3 TriaL (VITAL):
Rationale and design of a large randomized
controlled trial of vitamin D and marine
omega-3 fatty acid supplements for

the primary prevention of cancer and
cardiovascular disease. Contemporary
Clinical Trials. 2012;33:159-171

[47] Kunutsor SK, Burgess S, Munroe PB,
Khan H. Vitamin D and high blood
pressure: Causal association or
epiphenomenon? European Journal of
Epidemiology. 2014;29:1-14

[48] Manson JE, Cook NR, Lee IM,
Christen W, Bassuk SS, Mora S, et al.
Vitamin D supplements and prevention
of cancer and cardiovascular disease.
The New England Journal of Medicine.
2019;380:33-44

[49] Legarth C, Grimm D, Kriiger M,
InfangerM, Wehland M. Potential beneficial
effects of vitamin D in coronary artery
disease. Nutrients. 2019;12:99

[50] Barbarawi M, Kheiri B, Zayed Y,
Barbarawi O, Dhillon H, Swaid B,

et al. Vitamin D supplementation and
cardiovascular disease risks in more than
83,000 individuals in 21 randomized
clinical trials: A meta-analysis. JAMA
Cardiology. 2019;4:765-776

[51] De la Guia-Galipienso F,
Martinez-Ferran M, Vallecillo N,

19

Lavie CJ, Sanchis-Gomar F, Pareja-
Galeano H. Vitamin D and
cardiovascular health. Clinical Nutrition.
2021;40:2946-2957

[52] Boer IH, Kestenbaum B, Shoben AB,
Michos ED, Sarnak M]J, Siscovick DS.
25-Hydroxyvitamin D levels inversely
associate with risk for developing
coronary artery calcification. Journal

of the American Society of Nephrology.
2009;20:1805-1812. DOI: 10.1681/
ASN.2008111157

[53] Larsen T, Mose FH, Bech JN, et al.
Effect of cholecalciferol supplementation
during winter months in patients with
hypertension: A randomized, placebo-
controlled trial. American Journal of
Hypertension. 2012;25(11):1215-1222

[54] Zhang D, Cheng C, Wang, et al.
Effect of vitamin D on blood pressure
and hypertension in the general
population: An update meta-analysis
of cohort studies and randomized
controlled trials. Preventing Chronic
Disease. 2020;17:E03. DOI: 10.5888/pcd
17190307

[55] Beveridge LA, Struthers AD, Khan F,
Jorde R, Scragg R, Macdonald HM, et al.
Effect of vitamin D supplementation on
blood pressure: A systematic review and
meta-analysis incorporating individual
patient data. JAMA Internal Medicine.
2015;175(5):745-754

[56] Chen WR, Liu ZY, ShiY, Yin da
W, Wang H, Sha, etal. Vitamin

D and nifedipine in the treatment

of Chinese patients with grades I-II
essential hypertension: A randomized

placebo-controlled trial. Atherosclerosis.
2014,235:102-109

[57] Dalan R, Liew H, Assam PN,

Chan ES, Siddiqui FJ, Tan AW, etal. A
randomized controlled trial evaluating
the impact of targeted vitamin D



Hypertension

supplementation on endothelial
function in type 2 diabetes mellitus: The
dimension trial. Diabetes and Vascular
Disease Research. 2016;13:192-200

[58] Carlson N, Mah R, Aburto M,

Peters MJ, Dupper MV, Chen LH.
Hypovitaminosis D. Correction and
high-sensitivity C-reactive protein levels
in hypertensive adults. The Permanente
Journal. 2013;17(4):19-21. DOI: 10.7812/
tpp/13-007

[59] Liefaard MC, Ligthart S, Vitezova A,
Hofman A, Uitterlinden AG, Kiefte-de
Jong JC, et al. Vitamin D and C-reactive
protein: A mendelian randomization
study. PLoS One. 2015;10(7):e0131740.
DOI: 10.1371/journal.pone.0131740

[60] Kane L, Moore K, Liitjohann D,

et al. Vitamin D3 effects on lipids differ
in statin and nonstatin-treated humans:
Superiority of free 25-OH D levels in
detecting relationships. The Journal of
Clinical Endocrinology and Metabolism.
2013;98(11):4400-4409. DOI: 10.1210/
jc.2013-1922

[61] Oh ], Weng S, Felton SK,

Bhandare S, Riek A, Butler B, etal.
1,25(OH)2 vitamin d inhibits foam cell
formation and suppresses macrophage
cholesterol uptake in patients with
type 2 diabetes mellitus. Circulation.

2009;120:687-698

[62] John WG, Noonan K,

Mannan N, Boucher B]. Hypovitaminosis
D is associated with reductions in serum
apolipoprotein A-I but not with fasting
lipids in British Bangladeshis. The
American Journal of Clinical Nutrition.
2005;82:517-522. DOI: 10.1093/ajcn.82.3.517

[63] Gannage-Yared M, Chedid R,
Khalife S, Azzi E, Zoghbi F, Halaby G.
Vitamin D in relation to metabolic risk
factors, insulin sensitivity and
adiponectin in a young middle eastern
population. European Journal of

20

Endocrinology. 2009;160:965-971.
DOI: 10.1530/EJE-08-0952

[64] Major GC, Alarie F, Dore J.
Supplementation with calcium+vitamin
D enhances the beneficial effect

of weight loss on plasma lipid and
lipoprotein concentrations. The

American Journal of Clinical Nutrition.
2007;85:54-59. DOI: 10.1093/ajcn/85.1.54

[65] Brunvand L, Haga P, Tangsrud SE,
Haug E. Congestive heart failure caused

by vitamin D deficiency? Acta
Paediatrica. 1995;84:106-108

[66] Shane E, Mancini D, Aaronson K.
Bone mass, vitamin D deficiency, and
hyperparathyroidism in congestive

heart failure. The American Journal of
Medicine. 1997;103:197-207

[67] Zittermann A, Schleithoff SS,
Tenderich G. Low vitamin D status: A
contributing factor in the pathogenesis
of congestive heart failure? Journal of
the American College of Cardiology.
2003;41:105-112

[68] Gotsman I, Shauer A, Zwas DR,
Hellman'Y, Keren A, Lotan C, et al.
Vitamin D deficiency is a predictor of
reduced survival in patients with heart
failure; vitamin D supplementation
improves outcome. European Journal of
Heart Failure. 2012;14:357-366.

DOI: 10.1093/eurjhf/hfr175

[69] Larina VN, Raspopova TN. Mineral
bone density and bone metabolism

in chronic heart failure. Kardiologiia.
2016;56(7):33-45. DOI: 10.18565/
cardio.2016.7.39-46

[70] Judd SE, Raiser SN, Kumari M,
Tangpricha V. 1,25-dihydroxyvitamin
D3 reduces systolic blood pressure

in hypertensive adults: A pilot
feasibility study. The Journal of Steroid
Biochemistry and Molecular Biology.
2010;121(1-2):445-447



