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Summary:

Magnesium is a macronutrient that is very important for the proper functioning of the human body.
Deficiency of this element is crucial in the development of many disorders in the proper functioning of
many organ systems. The optimal level of magnesium has a significant influence on the functioning of
the cardiovascular system, among others. Although the factors showing the mechanism of lowering
blood pressure by magnesium ions are not fully understood, the influence of the correct concentration
of magnesium in the human body on cardiovascular protection is beyond doubt. Magnesium
supplementation produces positive effects in the functioning of blood vessels and in maintaining blood
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pressure within the normal range. In our article, we focused on the role of magnesium in maintaining
normal blood pressure at the molecular, cellular and tissue levels, as well as on the impact of
magnesium supplementation on reducing blood pressure.
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INTRODUCTION AND PURPOSE

Essential arterial hypertension is a chronic disease, the causes of which are not fully understood. It is
estimated that by 2025 there will be more than 1.5 billion people in the world with this disease. [3] [12]
The number of sick people keeps growing. Hypertension is the leading cause of the development of
cardiovascular diseases such as stroke and coronary artery disease. [10] Many factors influence the
genesis of arterial hypertension. The main behavioral factors are: improper lifestyle with limited
physical activity and a sedentary lifestyle, and a diet based on unhealthy, processed foods and an
increased consumption of simple sugars. Hypertension can be diagnosed when the blood pressure is
higher than the current norm. [15] In a meta-analysis of 137,260 patients, a significant reduction in
mortality was observed in those treated with the drug for hypertension compared to those treated with
placebo. [13]

Magnesium is a common element in the human body. Its greatest resources are in legumes, nuts and
leafy green plants. [4] Mineral water can also be a considerable source of magnesium. Its main storage
in the human body is bones, where approximately 60% of this element is stored. [7] [8] Magnesium is
a constituent of many enzyme systems. Its role as a cofactor has been proven in 325 enzyme systems.
[9] The level of magnesium in the blood serum is not a good indicator of its amount in the human
body, as it accumulates mainly intracellularly.

Magnesium plays an important role in maintaining homeostasis and the proper function of the
circulatory system, however, the role of its deficiency in the genesis of hypertension is not fully
understood. [1] Magnesium deficiency has a negative effect on nearly all systems in the human body.
It causes anxiety, irritability, reduced appetite and headaches. In the muscular system, muscle
contractions and tetany can be observed. The impact of magnesium deficiency is also visible in the
nervous system. Memory impairment, nervousness, tremors, and convulsions were observed. In the
cardiovascular system, it causes cardiac arrhythmias, endothelial dysfunction and vasospasm. In
addition, hypokalemia, hypocalcemia and constipation can be observed when the magnesium level is
lowered. Magnesium deficiency has been associated with a higher incidence of gestational eclampsia
in pregnant women. Chronic magnesium deficiency can cause many disorders in the human body,
such as insulin resistance, diabetes, disorders of lipid metabolism, atherosclerosis, osteoporosis,
depression and arterial hypertension. [10] Studies have found a link between magnesium intake and
cardiovascular risk. A reduction in this risk has been shown when the magnesium intake is increased
to recommended levels or higher. [16] It should be noted, however, that the majority of people with
reduced magnesium levels do not have any symptoms.

Research in the US and European studies have found magnesium intake below the recommended level.
[10] The daily recommendation for Mg2 + intake is 420 mg for men and 320 mg for women. [11] It
has been shown that in the British population the daily intake is 270 mg for men and 221.4 mg for
women [17], indicating a deficiency of this element in the diet. Magnesium intake has fallen in recent
years, possibly due to the use of fertilizers and a higher proportion of processed foods in the diet and
cooking foods that contain significant amounts of Mg2 + [10]. There is evidence that the intake of K +,
Ca2 +, Mg2 + and fiber is inversely related to blood pressure. The reduction of blood pressure was
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achieved by using a vegetarian and Mediterranean diet, which are characterized, among others, by a
high content of fiber and Mg2 +, which has been proven in studies. [19]

The most numerous group of people who are deficient in this element are the elderly - it has been
shown that over 80% of people over 71 years of age have a magnesium deficiency. [16] Intestinal
absorption of magnesium ions decreases with age and its loss in urine increases. If insufficient
magnesium is supplied with the food, it can be recovered significantly in the Henle loop. [14]

The main goal of our work is to summarize the knowledge about the influence of magnesium and its
deficiency in the genesis of hypertension and the role of magnesium supplementation on blood
pressure changes. When writing our article, we consulted the most up-to-date sources of knowledge on
this topic. A review of the literature shows a significant relationship between magnesium deficiency
and the development of hypertension, as well as the positive role of magnesium supplementation in
predisposed individuals and those already suffering from hypertension.

DESCRIPTION OF THE STATE OF KNOWLEDGE

The role of magnesium deficiency in the genesis of arterial hypertension can be considered at the
molecular level. The influx of Mg2 + into the cell is regulated, inter alia, by the cationic channels of
melastatin-6 and -7. [22] Melastatin-6 cation channels are found mainly in the large intestine and
kidneys, where they are involved in the reabsorption of magnesium ions. Cellular outflow occurs
mainly with the participation of the Na + / Mg2 + and Mg2 + / Ca2 + pumps and the Mn2 + / Mg2 +
Cl- / Mg2 + cotransporter. There are reports that disturbance of the inflow and outflow of cells may
contribute to the genesis of arterial hypertension and, consequently, to cardiovascular diseases. [1] [22]
Melastatin-7 cation channels ensure arterial integrity. [23] Malfunctioning of these channels in the
arterial walls may lead to an abnormal inflow of Mg2 + [24] and, as a consequence, to a change in its
concentration in the vascular wall and the development of arterial hypertension. [22] [24] Melastatin-6
and -7 cation channels are present in the vascular endothelium and play an important role in
maintaining the correct concentration of magnesium cations within the cell. [26] The melastatin-7
cation channel is also involved in the formation of new blood vessels and remodeling of the existing
ones. [27] As a result of oxidative stress or decreased magnesium concentration, the expression of
melastatin-7 cation channels on the endothelial wall is increased [23]. activity of these channels, which
causes vasoconstriction, remodeling and fibrosis, and angiogenesis, which in turn leads to arterial
hypertension. [20] Estrogens also influence the cationic channels of melastatin-6. The decreased level
of estrogen after menopause causes an increase in the loss of magnesium cations, which may
contribute to the genesis of arterial hypertension and osteoporosis.

The role of Mg2 + ions is also based on the antagonistic effect of Ca2 + cations, which are a factor
leading to an increase in blood pressure. Magnesium cations act antagonistically to calcium ions in
vascular smooth muscle cells. Extracellular Mg2 + ions inhibit the influx of Ca2 + into the cell by
neutralizing the negative electric charge on the cell membrane and by binding to the Ca2 + channel.
Increasing the level of Mg2 + in the cell accelerates the breakdown of inositol-1,4,5-triphosphate in
the endoplasmic reticulum, which inhibits the release of Ca2 + ions from it. [34] The decreased level
of magnesium ions causes the mobilization of calcium ions from the endoplasmic reticulum, which in
turn causes an increase in the concentration of calcium in the cytosol of smooth muscle cells of blood
vessels and their contraction. [35] The vessels then contract. Blood pressure rises.

Magnesium cations, in addition to their direct effect on vascular smooth muscle, also act through the
synthesis of prostacyclin (PGI2) and nitric oxide (NO), which dilate blood vessels. [5] [22] [34] The
human body contains natural substances that constrict blood vessels, such as vasopressin, endothelin 1
and angiotensin II. Mg2 + ions are involved in the intracellular transmission of the signal of vasoactive
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peptides. After these compounds bind to their receptors, the increased level of Mg2 + in the cell
reduces the contractile potential of these substances, and the lowered level increases the contractile
potential. [36] It has also been shown that reduced magnesium levels reduce the synthesis of
prostaglandin E1, which causes vasodilatation. It follows from the fact that the deficiency of this
element causes narrowing of blood vessels and, consequently, an increase in blood pressure. The
Renin-angiotensin-aldosterone system plays a key role in the regulation of blood pressure. [2] The
deficiency of Mg2 + increases the intracellular influx of Ca2 +, which causes an increase in the
synthesis of aldosterone. [37] Magnesium deficiency also increases the synthesis of vasoconstrictor
prostaglandins and thromboxane A2. All these changes caused by the deficiency of Mg2 + ions cause
an increase in blood pressure.

Calcium ions play a key role in the release of catecholamines from the adrenal medulla. Mg2 + ions
act in an antagonistic way to Ca2 +, their increased concentration inhibits the release of
catecholamines from the adrenal glands. There are reports of a positive effect of magnesium
supplementation in people with pheochromocytoma of the adrenal gland. [38] The substance that
stimulates the release of catecholamines from the adrenal cortex is acetylcholine. Magnesium ions
antagonize the action of calcium ions, which increase acetylcholine secretion. [41] This results in a
reduction in catecholamines, which increase blood pressure. [39] Magnesium activates the enzyme
that breaks down catecholamines (COMT), while calcium deactivates it. Magnesium deficiency causes
a decrease in COMT, which increases the concentration of catecholamines [2] [41], which increase
blood pressure.

Psychological stress is a potential factor in the development of hypertension. On the
pathophysiological level, it is caused by stimulation of the hypothalamic-pituitary-adrenal axis. [45]
Mg2 + are ions that significantly influence the functioning of this neurohormonal system. Magnesium
deficiency increases levels of corticotropin releasing hormone (CRH) and adrenocorticotropic
hormone (ACTH). [44] These hormones significantly increase blood pressure.

Decreased magnesium levels interfere with the parathyroid gland's response to decreased serum
calcium levels. Under conditions of hypomagnesaemia and hypocalcaemia, PTH secretion is reduced.
PTH causes an increase in Mg2 + reabsorption in the kidneys and Mg2 + absorption in the intestines,
which increases the concentration of this element in the body. Disruption of Mg2 + homeostasis
affects fluctuations in PTH and Ca2 +, which are known factors that increase blood pressure. [thirty]

There are complex relationships between vitamin D and its metabolites and magnesium in the human
body. 1,25-dihydroxyvitamin D stimulates the absorption of Mg2 + in the intestine. Mg2 + cations, on
the other hand, support the process of vitamin D hydroxylation to a biologically active form. These
processes take place in the liver and kidneys. [29] Magnesium deficiency leads to a reduction in the
amount of biologically active vitamin D.

Proper flexibility of blood vessels ensures optimal blood flow and proper perfusion in peripheral
tissues. Vascular elasticity disorders resulting in an increase in their stiffness result in an increase in
blood pressure and the workload of the heart, which are necessary for the proper blood supply to
peripheral tissues. The concentration of magnesium ions plays a key role in the regulation of vascular
tone. In the course of arterial hypertension, the reconstruction of blood vessels occurs. They are
overgrown both inwards and outwards. [43] A key role in this mechanism is played by tissue
transglutaminase, which is activated by Ca2 and deactivated by Mg2 +. [46] Metalloproteinases in
blood vessels degrade elastin and collagen, which causes fibrosis and vascular stiffness. The vessels
then become dysfunctional. It has been proven that with magnesium deficiency the expression of
metalloproteinases increases, and with magnesium supplementation the concentration of
metalloproteinases in the vascular endothelium decreases. [28]
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The cause of arterial hypertension is also the calcification of blood vessels, which we divide into
medial and internal. Internal calcification occurs in the course of atherosclerosis, while medial
calcification reduces the elasticity of the vessels, which in turn causes stiffening of the arteries and an
increase in blood pressure. Vascular calcification leads to isolated systolic hypertension and is mainly
observed in the elderly. [48]   Studies have shown that Mg2 + cations reduce the arterial
calcification process. [31] It has been proven that magnesium supplementation reduces the
calcification of the coronary arteries. [47]

Magnesium deficiency affects the genesis of inflammation and increases the amount of free radicals,
which generates vascular endothelial dysfunction. Mg2 + deficiency increases the amount of CRP,
interleukin 1, interleukin 6 and tumor necrosis factor α, which are pro-inflammatory molecules [6] [42]
and reduces the amount of antioxidants - selenium, vitamin E, vitamin C and glutathione. [21]
Inflammatory factors make the endothelium dysfunctional, which contributes to the development of
arterial hypertension.

Older people have a predisposition to reduce the concentration of magnesium in the body. The reason
for this is reduced absorption of this element in the gastrointestinal tract and its increased loss by the
kidneys. In elderly people, the process of calcification of the vessels is accelerated. They stiffen and
develop isolated systolic arterial hypertension. [2] In the blood vessels of the elderly, the amount of
free radicals increases and the amount of pro-inflammatory factors increases. On the other hand, the
amount of nitric oxide, which has a vasodilating effect, is reduced. The process of vascular fibrosis
also intensifies. All of the factors leading to an increase in blood pressure are influenced by
magnesium deficiency.

The correct concentration of magnesium is believed to be helpful in the treatment of high blood
pressure. The positive effects of magnesium supplementation on blood pressure have been shown.
Magnesium citrates, gluconates and aspartates are the compounds with the highest bioavailability,
therefore they are recommended in the treatment of Mg2 + deficiency. [10] Mg2 + supplementation
causes an increase in the amount of high-density lipoproteins (HDL) and a reduction of low-density
lipoproteins (LDL). The use of magnesium preparations in the prophylaxis of hypertension may be
recommended as well as in the adjuvant therapy of the treatment of this disease. [32]

In a study of 15,248 participants, it was proved that the concentration of magnesium in the blood
serum was inversely related to the systolic blood pressure. [40] Another study showed a positive effect
of magnesium supplementation on both systolic and diastolic blood pressure [33], while another study
showed that magnesium supplementation had positive effects in patients with secondary or refractory
arterial hypertension and in people using diuretics. [25] People with magnesium deficiency have been
shown to need higher doses of drugs to lower blood pressure than people with normal magnesium
levels. [33]

CONCLUSIONS:

Hypertension is a chronic disease that develops in hidden places. It is one of the world's most common
diseases. The number of patients is constantly increasing. Currently, about one fifth of people in the
world suffer from hypertension. [12] Untreated high blood pressure leads to many complications.

We know that magnesium enhances the production of vasodilating factors: nitric oxide and
prostacyclin. Deficiency of this element lowers the level of antioxidants and increases inflammation
and the production of aldosterone. [2] [37] Mg2 + deficiency may affect the metabolism of
carbohydrates and lipids, which in turn leads to the development of insulin resistance and progressive
atherosclerotic changes resulting in progressive arterial stiffness. Magnesium as a calcium antagonist
keeps the elastic fibers of the arteries free from calcium deposits, thus maintaining the natural
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elasticity of the vessels. It takes part in the regulation of blood pressure by changing the reactivity and
tension of blood vessels. [20] All these relationships demonstrate the key function of Mg2 + in
maintaining normal blood pressure.

A healthy diet with the optimal amount of magnesium is very important. It has been shown that in
Western countries the magnesium intake is low and is in the range of 30% -50% of the daily
requirement. [18] An optimal diet with the correct magnesium content may be a determinant of normal
blood pressure. It allows for functionally correct multiple systems. Magnesium supplementation has
been shown to be effective in reducing both systolic and diastolic blood pressure. [33] A diet high in
magnesium is recommended both for people suffering from hypertension and for those who have risk
factors for hypertension due to the participation of magnesium ions in preventing the development of
hypertension. [25]

There is no doubt about the relationship between magnesium deficiency and hypertension. Consuming
adequate amounts of magnesium from both the diet and drinking water seems to be appropriate
management both for people suffering from hypertension or those at risk for the disease, but also for
all people who do not have high blood pressure.
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