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A B S T R A C T

Objective: The objective of this study was to review the current evidence on the effects of Mg2þ deficiency on
cardiovascular disease (CVD) and hypertension, since Mg2þ is a potent vasodilator and modulates vasomotor tone,
blood pressure and peripheral blood flow. Several factors could contribute to its deficiency and when it occurs, is
associated with an increased incidence of cardiovascular disease (CVD), hypertension, heart failure (HF), and
cardiac arrhythmias.
Methods: In order to get a better to get an updated perspective of the current status of Mg2þ deficiency and its
implications in CVD, hypertension, and cardiac arrhythmias, a focused Medline search of the English language
literature was conducted between 2014 and 2018 and 30 pertinent papers were retrieved.
Results: The analysis of data showed that Mg2þ deficiency is difficult to occur, under normal circumstances,
because it is plentiful in green leafy vegetables, cereals, nuts, and the drinking water. However, Mg2þ deficiency
can occur under special circumstances such as hypertension and HF treated with large doses of diuretics, patients
with chronic kidney disease (CKD) treated with hemodialysis, and patients with gastroesophageal reflux disease
treated with proton pump inhibitors. When hypomagnesemia occurs, it is associated with serious cardiac ar-
rhythmias and aggravation of hypertension.
Conclusion: The analysis of data suggests that Mg2þ deficiency does occur and it is associated with an increased
incidence of CVD, HF, serious cardiac arrhythmias, and hypertension. Retaining normal Mg2þ levels will prevent
the onset of these diseases.
1. Introduction

Magnesium (Mg2þ) is the 4th most common mineral in the human
body after calcium (Ca2þ), potassium (Kþ), and sodium (Naþ) and is a
cofactor in more than 300 enzyme systems in the cells and plays a sig-
nificant role in cardiovascular homeostasis and it is essential for DNA,
RNA and adenosine triphosphate (ATP) synthesis and it should be
continuously replenished [1–3]. Under normal circumstances Mg2þ

deficiency is difficult to occur, because it is abundant in green leafy
vegetables, cereal, nuts, legumes, and the drinking water [1–3], except
under special circumstances, such as in patients with hypertension
treated with diuretics, patients with end stage renal disease on chronic
hemodialysis, patients treated chronically with proton pump inhibitors
(PPIs), and subjects drinking soft water [3–9]. Thus, significant Mg2þ

deficiency is a serious problem, because it could increase the onset de
novo hypertension, worsen preexisting hypertension, increase the
lahoma City, OK 73142, USA.
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incidence of cardiovascular disease (CVD), HF, and cause serious ar-
rhythmias and death [3–9]. However, Mg2þ deficiency does occur even
in the absence of preexisting diseases, since epidemiologic studies in
Europe, North America and other countries, show that the Mg2þ content
in these foods is less than 30–50% of the recommended daily allowance
(RDA) of 420 mg/day of Mg2þ for men and 320 mg/day for women, due
mostly to the use of fertilizers and processed foods [1,2]. The most
important reservoir of Mg2þ is the bone (60%), the intracellular tissues
(39%) and only1% is located extracellularly [1,2]. The serum Mg2þ is
55–70% ionized, 20–30% protein bound, and 5–15% is complexed with
other elements [11]. Normal Mg2þ levels are important because it plays a
significant role for the synthesis of DNA, RNA, and protein synthesis,
muscle and nerve transmission, neuromuscular conduction, signal
transduction, blood glucose control, BP regulation, and enzyme function,
such as hexokinase, creatine kinase, cyclase, and adenosine triphosphate
(ATP)-dependent synthesis of glutathione, an important intracellular
arch 2019
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Table 1
Potential causes of magnesium deficincy.

Diseases Drugs

Alcoholism Antacids
Aldosteronism Caffeine
Coeliac disease Cisplatin
Colectomy Cyclosporin
Diarrhea Digoxin
Heart failure Diuretics
Hemodialysis Estrogens
Hyperpathyroidism or hypoparathyroidism Laxatives
Hyperthyroidism Proton pump inhibitors
Kidney disease Tacrolimus
Liver disease High dose vitamin D
Metabolic acidosis Soft water
Pancreatitis
Pregnancy

Constructed from information provided from refs [8,14].
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antioxidant ( [2,11]. Since Mg2þ deficiency is associated with several
metabolic and cardiovascular conditions, a focused Medline search of the
recent English language literature was conducted between 2014 and
2018 using the terms, magnesium, magnesium deficiency, causes, car-
diovascular disease, cardiac arrhythmias, hypertension, death, and 30
pertinent papers were retrieved. These papers together with collateral
literature will be discussed in this review.

1.1. Magnesium functions in the body

Magnesium is mainly absorbed from the small intestine and some
from the large intestine [11,12]. Of the total dietary Mg intake about
24%–76% is absorbed from the gut and the rest is eliminated in the feces.
Also, theMg2þ absorption varies with the amount of intake. The lower the
intake, the higher is the absorption. The Mg2þ homeostasis in the plasma
is controlled by the gut and kidneys, which excrete about 2400 mg/day,
of which 2300 mg is immediately reabsorbed from the thick ascending
limb of Henle, and only 3%–5% is eliminated in the urine [13]. The
magnesium absorption from the kidneys ismediated through the action of
Transient Receptor Potential Melastatin (TRPM), a subfamily of the
transient receptor potential proteins superfamily involved in transporting
other cellular cations. Recently, TRPM6 and TRPM7 have been reported
as unique transporters of Mg2+ [2]. However, Mg2þ status is difficult to
estimate, because most of it is intracellular or in bone. Magnesium is an
important element in the body since it is involved in over 300 intracel-
lular functions and its deficiency is serious associatedwith several clinical
and metabolic conditions, such as atherosclerosis, CVD, HF, cardiac ar-
rhythmias, T2DM, and hypertension through several mechanisms [2,11,
12]. The most important include: a) energy production, through gener-
ation of ATP by break down and energetic utilization of carbohydrates,
proteins and fats. b) Enzyme activation, such as mitochondrial ATP syn-
thase, hexokinase, creatine kinase, adenylate cyclase, phosphofructoki-
nase, and tyrosine kinase, c) Calcium antagonism, by interfering with
Ca2þ influx at the cell membrane and regulating vascular muscle tone,
muscle contraction/relaxation, neurotransmitter release, neuromuscular
impulse conduction through inhibition of calcium-dependent acetylcho-
line release at the motor end plate, and maintenance and stabilization of
cell membrane physiology, and d) through regulation of potassium
movement in myocardial cells, protection against stress, vasodilation of
the coronary and peripheral arteries, reduction of platelet activation, and
economization of cardiac pump function [2].

1.2. Clinical and metabolic effects of magnesium deficiency

Under normal circumstances, Mg2þ deficiency is infrequent and only
occurs under special circumstances, like deficient intake, the action of
certain conditions, such as alcoholism, diabetes, malabsorption Crohn's
disease, ulcerative colitis, celiac disease, short bowel syndrome, hyper-
aldosteronism, hyperparathyroidism, hyperthyroidism, hemodialysis for
renal failure, and drugs like diuretics [2,4,11–14], as well as many other
drugs and conditions listed in Table 1. However, when Mg2þ deficiency
occurs, it is associated with increased incidence of CVD, HF, cardiac ar-
rhythmias and hypertension, as well as aggravation of their preexisting
status [2–6,14–16]. Several observational and clinical studies have
shown that Mg2þ is involved in many essential physiological, biochem-
ical, and cellular processes regulating cardiovascular function. Among
these, is the role of Mg2þ in modulating vascular smooth muscle tone,
endothelial cell function, and myocardial excitability, which play a sig-
nificant role in the pathophysiology of several disorders including
atherosclerosis, CVD, hypertension, and heart failure [16–18]. Its bene-
ficial effects on the cardiovascular system are mediated through
enhancement of endothelium-dependent vasodilation, improvement in
lipid metabolism, reduction of inflammation, and inhibition of platelet
aggregability [19,20]. As a key intracellular electrolyte, it is also involved
in cardiac electrophysiology through regulation of cation flux (Ca2þ, Kþ)
across the cardiomyocytes and plays an important role in the prevention
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of cardiac arrhythmias [10,20].

1.2.1. Cardiovascular Disease
Based on these properties, Mg2þ has been shown by several studies to

prevent reperfusion myocardial ischemia by inhibiting the cytoplasmic
Ca2þ overload, conserving cellular ATP, reducing myocardial oxygen
consumption, and protecting the post-ischemic myocardium from
oxidative damage [21,22]. These actions of Mg2þ resulted in perfor-
mance of the second Leicester Intravenous Magnesium Intervention Trial
(LIMITS-2) to investigate the intravenous Mg2þ therapy in reducing early
mortality after acute MI [23]. In this study, 2,316 patients with suspected
acute MI were randomized to intravenous magnesium sulfate (MgSO4) or
placebo for 28 days. There was a 24% relative reduction of mortality and
a 25% reduction in left ventricular failure in the MgSO4 treated group
compared with the placebo treated group. However, two subsequent
trials, Fourth International Study of Infarct Survival (ISIS-4) and the
Magnesium in Coronaries (MAGIC) failed to demonstrate a benefit of
Mg2þ therapy in acute MI [24,25]. In the ISIS-4 trial, 58,050 patients
with suspected acute MI were randomized to oral captopril, oral
controlled-release isosorbide mononitrate, or intravenous MgSO4. The
study showed a 35-day increased mortality, increased incidence of
cardiogenic shock, and HF in the MgSO4 group, but no benefits were
observed with the other treatments [24]. The MAGIC trial compared the
short-term effects of intravenous MgSO4 versus placebo in 6,213 patients
with ST elevation acute MI. At 30 days, 15.3% of patients in the MgSO4
group and 15.2% of patients in the placebo group died [25]. No benefit or
harm with MgSO4 was noted in subgroup analysis. Potential explana-
tions for the conflicting results of these trials could be due to the time of
randomization from symptom onset regarding attainment of significant
Mg2þ blood levels to prevent reperfusion injury, and the concomitant
administration of aspirin, b-blockers, and angiotensin-converting
enzyme inhibitors. Also, a review and meta-analysis by Li et al. of 26
randomized controlled trials involving 73,363 patients from 1/1966 to
6/2006 that compared intravenous Mg2þ treatment with placebo, after
careful analysis and eliminating heterogeneity, did not demonstrate any
significant benefit of treatment with intravenous MgSO4 in patients with
acute myocardial infarction (MI) or HF compared to placebo with the
exception of prevention of serious cardiac arrhythmias odds ratio (OR)
0.72 (95% CI 0.19–0.84) by fixed effect and OR 0.51 (95% CI 0.33–0.79)
by random effect compared to placebo [26]. It is speculated that the high
dose of MgSO4 used (�75 mmol or � 182 mg) could be responsible for
the adverse effects, especially the severe hypotension and cardiogenic
shock. Perhaps a lower dose of MgSO4 (<75 mmol or < 182 mg) could
have been safer. On the other hand, observational studies have shown a
cardioprotective effect of normal Mg2þ levels. Also, a recent review and
meta-analysis by Del Gobbo et al. [19], of 16 studies involving 313,041
patients showed an inverse association between serum Mg2þ levels and
the incidence of CVD and ischemic heart disease (IHD). The results of this



Table 2
Blood chemistries of hypertensive patients.

Group 1 Group 2 Group 3 Group 4

Magnesium Low Low Normal Normal
Potassium Low Normal Low Normal
Patients (No) 20 (2%) 25 (2.5%) 150 (15%) 805 (80.5%)
Sodium (mEq/L) 139 � 1 140 � 0.7 140 � 0.3 143 � 0.9
Potassium (mEq/L) 3.1 � .05 4.0 � .06*** 3.2 � .02 4.4 � .07***
Magnesium (mEq/L) 1.14 � .03 1.16 � .02 1.54 � .02* 1.65 � .04*
Calcium (mg/dl) 9.0 � 0.3 10.1 � 0.2** 9.8 � 0.1** 9.8 � 0.1**
Phosphorus (mg/dl) 3.2 � 0.2 3.1 � 0.1 2.9 � 0.1 3.1 � 0.1
BUN 9 mg/dl) 17.0 � 2.0 15.0 � 2.0 18.0 � 0.4 16.5 � 1.1
Creatinine (mg/dl) 1.4 � 0.1 1.2 � 0.5 1.3 � .02 1.3 � .07
Uric acid (mg/dl) 7.1 � 0.8 7.4 � 0.3 8.1 � 0.2* 7.3 � 0.3

*P < 0.05.
**P < 0.01.
***P, 0.001.
Adapted and modified from Whang et al. [4].

Fig. 1. Metastatic Myocardial Calcification Due to Hypomagnesemia. Upper.
Light microscopy of myocardial tissue from a hypomagnesemic SHR shows
tissue necrosis with granular calcification of degenerated and disorganized
myocardial fibers HE x 250. Lower. Light microscopy from control SHR shows
that myocardial tissue architecture is well preserved and there are no areas of
tissue necrosis or calcification. HE x 250.
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review suggest the need for new clinical trials to evaluate the potential
role of Mg2þ in the prevention of CVD and IHD.

1.2.2. Cardiac Arrhythmias
The prevention and treatment of cardiac arrhythmias is the most

accepted use of Mg2þ by physicians. The antiarrhythmic effects of Mg2þ

are being mediated through its effects on myocardial excitability by
modulating the voltage-dependent Naþ, Ca2þ, and Kþ channels in the
generation of cardiac action potential and the pathogenesis of cardiac
arrhythmias. In vitro studies in cardiac myocytes by Mubagwa et al. [27],
showed that Mg2þ had no effect on inward channels, but it decreased the
outward current amplitude in concentration and voltage-dependent
manner. The cardiac membrane stabilizing action of Mgþ was primar-
ily due to its modulation of the voltage-dependent L-type Ca2þ channels.
L-type Ca2þ channel amplitude is decreased with high and increased with
low intracellular Mg2þ levels [28,29]. The physiological effects of Mg2þ

on cardiac ion channels suggest that Mg2þ influences the cardiac impulse
formation and conduction thereby plays a critical role in the pathogen-
esis and treatment of cardiac arrhythmias. The recent Framingham
Offspring Study of 3,530 participants, showed that low serum Mg2þ was
associated with the development of atrial fibrillation (AF) in patients
without CVD [30]. Magnesium has been reported to have several diverse
electrophysiological actions on the conduction system of the heart that
include: antagonism of the L and T-type calcium channels, prolongation
of the sinus node recovery time, and reductions of the automaticity of the
heart, atrioventricular nodal conduction time, antegrade and retrograde
conduction over an accessory pathway, and His-ventricular conduction
time [31]. With respect to ventricular conduction pathway, it suppresses
early and delayed after depolarization and homogenizes transmural
ventricular repolarization. Several other reviews and meta-analyses have
shown that intravenous Mg2þ administration is indeed an effective and
safe strategy for the prevention of postcardiac AF or its treatment [32,
33]. Also, intravenous Mg2þ can be given safely, in combination with
other antiarrhythmic drugs for the postcardiac prevention of AF in crit-
ically ill patients [34,35]. In addition to atrial arrhythmias, Mg2þ is also
effective for the treatment of ventricular arrhythmias associated with the
long QT syndrome (polymorphic ventricular tachycardia/torsade de
pointes) and digoxin toxicity [36,37]. Ventricular arrhythmias are also,
common in patients with HF andMg2þ supplementation is very helpful in
preventing episodes of ventricular tachycardia in such patients [38,39].
Also, data from the Magnesium in Cardiac Arrhythmias (MAGICA) trial
showed a significant reduction in ventricular premature beats in patients
with frequent ventricular arrhythmias (>720 beats/24 h) following a
50% increase in the minimum daily intake of Mg2þ and Kþ for 3 weeks
[40].

1.2.3. Hypertension
Clinical as well as animal studies have shown that Mg2þ deficiency is

associated with de novo incidence or aggravation of preexisting hyper-
tension [3,4,41,42]. In a population-based study of 4,272 Mexican sub-
jects ages 20–65 years of age, hypomagnesemia (serum Mg2þ 1.46
mg/dl) was associated with a significant increase in the prevalence of
prehypertension (BP 120–139/80-89 mmHg) compared to normo-
magnesemic subjects, OR, 1.78 (95% CI 1.5–4.0, p < 0.0005) after ad-
justments for age, sex, smoking, body mass index (BMI), waist
circumference (WC), glucose and lipid levels [41]. In another major
clinical trial of 1000 ambulatory hypertensive patients from our center,
diuretic-induced hypomagnesemia (serum Mg2þ � 1.25 mEq/L) and
hypokalemia (serum Kþ � 3.4 mEq/L) were associated with aggravation
of their hypertension, since these patients required more medicines for
the same control of BP as the normomagnesemic and normokalemic
patients [4]. Their laboratory data are listed in Table 2. Several other
older studies have also shown an association of Mg2þ deficiency with the
incidence of hypertension with a preponderance in African Americans
[43–46]. The higher Mg2þ deficiency in African Americans is possibly
due to lower Mg2þ intake compared to Whites. The effects of Mg2þ
3

deficiency on BP, on hemodynamic, renal, and cardiorenal tissue changes
were examined in our laboratory in spontaneously hypertensive rats
(SHR) fed free Mg2þ diet for 2 months, compared to control SHR fed a
normal chow diet [47]. The diet-induced hypomagnesemia resulted in
significant aggravation of their BP and severe tissue disorganization with
metastatic myocardial tissue calcification (Fig. 1). The metabolic effects
of hypomagnesemia in these SHR are summarized in Table 3. Hemody-
namically, there was a significant increase in mean arterial pressure
(MAP), total peripheral vascular resistance index (TPRI), and renal
vascular resistance (RVR), (all < 0.05). Also, there was a significant



Table 3
Metabolic and tissue effects of hypomagnesemia in SHR (mean � SEM).

Control Hypomagnesemic P

SHR (No) 12 12 NS
SBP (mmHg) 200 � 4 212 � 6 <0.05
Weight (grams) 299 � 13 292 � 9 NS
Fluid Intake (ml/24 h) 25 � 2 28 � 2 NS
Urine Output (ml/24 h) 14 � 1 15 � 1 NS
UNaV (mEq/24 h) 2.05 � 0.11 2.46 � 0.11 <0.01
UKV (mEq/24 h) 0.33 � 0.01 0.42 � 0.01 <0.01
Serum Naþ (mEq/l) 139 � 0.6 141 � 0.5 <0.05
Serum Kþ (mEq/l) 4.49 � 0.06 4.05 � 0.1 <0.01
Serum Mg2þ (mEq/l) 1.98 � 0.1 0.46 � 0.05 <0.01
Serum Ca@þ (mg/dl) 9.5 � 0.2 9.5 � 0.2 NS
BUN (mg/dl) 35.7 � 3.3 40.7 � 0.9 NS
Tissue Mg2þ (mEq/100 g dry weight
Heart 6.86 � 0.74 5.93 � 0.43 NS
Kidney 4.78 � 0.21 4.54 � 0.22 NS

SBP ¼ systolic blood pressure through a tail cuff, UNaV ¼ urinary sodium
excretion, UkV ¼ urinary potassium excretion, BUN ¼ blood urea nitrogen, SHR
¼ spontaneously hypertensive rats.
Table constructed from data by Chrysant et al. [47].

Table 4
Beneficial cardiometabolic effects of magnesium.

Magnesium is involved in several essential physiological, biochemical, and cellular
processes regulating cardiovascular function. These functions are mostly mediated
through calcium antagonism and inhibition of its intracellular transfer. These
include:

1. Modulation of vascular smooth muscle tone and endothelial function
2. Inhibition of neurotransmitter release and neuromuscular impulse conduction
3. Inhibition of calcium-dependent acetylcholine release from motor end plate
4. Modulation of potassium movement in myocardial cells and increase coronary

artery vasodilation
5. Suppression of myocardial excitability and prevention of cardiac arrhythmias
6. Prevention of atherosclerosis and decreased incidence of CVD and hypertension
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decrease in renal blood flow (RBF) and hematocrit (p < 0.05) and no
change in cardiac index (CI) and glomerular filtration rate (GFR). The
myocardial metastatic tissue calcification has been attributed to
increased intracellular Ca2þ transfer due the lack of inhibition by Mg2þ

[48] and has been previously demonstrated by other investigators as well
[49]. The Ca2þ and Mg2þ flux across the external membrane is regulated
by a Ca2þ pump (Ca2*-Mg2þ ATPase), Ca2þ channels, and binding to the
membrane. In cell membranes of hypertensive patients several in-
vestigators have shown an increase in Ca2þ/Mg2þ ratio of greater than
2.0 [50–52] (see Table 4).

1.2.4. Preeclampsia and eclampsia
Hypertensive complications of pregnancy like preeclampsia and

eclampsia are important causes of maternal mortality and account for
nearly 18% of all maternal deaths worldwide of about 6200–77000
deaths/year [53] In a recent large review on the incidence of pre-
eclampsia and eclampsia by Abalos et al. [54] of 44 countries including
75,658,998 women, the crude incidence of preeclampsia of 37,652,006
women was 2.3% (1.2%–4.2%) and the crude incidence of eclampsia of
38,006,998 women was 1.1% (0.1%–2.7%. Regarding the prevention
and treatment of preeclampsia and eclampsia, the use of MSO4 has been
practiced for more than a century and it is still considered the treatment
of choice for the prevention or control of eclamptic seizures [55–57].
The mechanism of action of MSO4 in the profilaxis and treatment of
eclampsia has not been clearly defined nor has been any rigorous eval-
uation of therapeutic serum magnesium levels for the prevention or
treatment of eclamptic seizures. The minimum accepted therapeutic level
of 2 mmol/L is based on clinical and laboratory observations from earlier
studies, rather than standard exposure-response studies [58,59]. The two
regimens currently recommended and accepted internationally for the
use of MSO4 for the prevention and Treatment of preeclampsia and
Eclampsia are those by the Collaborative eclampsia Trial (CET) for
intravenous (IV) MSO4 administration [55], and by the Magpie Trial
[56] for the intramuscular (IM) administration of MSO4. Recently, a
renewed interest has been raised regarding the minimum effective dose
of MSO4 for the prevention and treatment of eclampsia. In a recent
systematic review, Okusanya et al. [57], analyzed the available data on
the clinical pharmacokinetic properties of MSO4 when used for the
treatment of preeclampsia and eclampsia in 1466 women from 27
studies. They analyzed different regimens used. Seven studies reported
data on the standard regimen of the CET [55] of 4 g IV loading dose and
1 g/hour continuous IV maintenance infusion. The baseline magnesium
levels were 0.74–0.85 mmol/l. Following the loading dose, the magne-
sium levels rose sharply by ½ hour to 1.48–1.70 mmol/l and reached a
steady state of 1.64 mmol/l and at no point reached the 2.00 mmol/l. The
4

volume of distribution varied considerably between 15.60 l and 32.20 l.
But the estimated plasma clearance was more consistent, ranging be-
tween 4.81 and 4.28 l/hour, respectively. Similar results were obtained
by studies using the Magpie trial of IM administration of 10 g loading
dose and 5 g IM maintenance dose every 4 h [56]. Other investigators
used different IV loading doses ranging from 4 to 6 g and maintenance
doses of 1–2 g/h. Regarding the IMmaintenance administration of MSO4
doses, the regimens used, were similar with the standard Prichard
regimen. The data from this review suggest that MGSO4 can be protec-
tive even with serum concentrations of <2 mmol/l. Therefore, titrating
MGSO4 injections to achieve a pre-set therapeutic range of 2–3.5 mmol/l
maybe toxic without necessarily protecting against seizures. With respect
to pharmacokinetic profiles of the two currently recommended regimens
[55,56], their comparability and clinical efficacy are reassuring and do
not justify further increases in the total dose of MGSO4 for the prophy-
laxis and treatment of eclampsia.

2. Discussion

Magnesium is an important mineral, because it is a major cofactor for
the function of over 300 intracellular enzyme systems and has several
beneficial cardiometabolic effects (Table 3) and it should be continuously
replenished. Although Mg2þ deficiency is difficult to occur under normal
circumstances, since it is plentiful in foods and water, many diseases and
other factors could contribute to its deficiency (Table 1). Regarding the
Mg2þ homeostasis in the body, this is maintained through the gut and
kidneys by regulating its absorption and excretion [11–13], because in
contrast to other ions, Mg2þ is neither regulated nor protected by a hor-
mone and it is considered an ion orphan [58]. However, when Mg2þ

deficiency does occur, this is associated with an increased incidence
of CVD, cardiac arrhythmias, hypertension and mortality [3–10].
Diuretic-induced hypomagnesemia and hypokalemia is associated with
worsening of preexisting coronary heart disease (CHD) and hypertension
[4,6]. Also, with de novo incidence of CHD and hypertension [3,9,14–19,
41–43]. In a large study of 1000 ambulatory hypertensive patients from
our center treated with high doses of hydrochlorotiazide (HCTZ) 50–100
mg/day, there was a 4.5% incidence of hypomagnesemia using very strict
criteria of serum Mg2þ levels of �1.25 mEq/L. Had we used higher levels
of serum Mg2þ the incidence of hypomagnesemic patients could have
been higher. The Mg2þ deficiency might have been the reason for the
resistance to treatment of BP, since these patients required more drugs for
the same control of their BP compared with the normomagnesemic pa-
tients (2.5 vs 1.6 drugs), respectively [4]. Also, in an experimental study,
dietary induced hypomagnesemia in SHRwas associatedwith aggravation
of their hypertension with an increase in PVR and RVR and a decrease in
RBF [47]. In these rats, the hypomagnesemia was associated with
increased intracellular Ca2þ concentration and metastatic tissue necrosis
and calcification of the heart (Fig. 1). Similar findings have also, been
reported by other investigators [49]. Magnesium plays a significant role in
the membrane transport of Kþ and Ca2þ. Hypomagnesemia, besides
intracellular hypercalcemia, is also associated with intracellular hypoka-
lemia, which is difficult to correct if hypomagnesemia is not previously
corrected [59]. Magnesium itself is a potent vasodilator, whereas Ca2þ is a
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vasoconstrictor and a major determinant of peripheral vascular tone and it
may be involved in the pathoetiology of hypertension [60]. Another major
problem with hypomagnesemia is its association with the chronic use of
PPIs. Several recent studies have reported that patients treated on a
chronic basis with PPIs, develop a PPI-induced hypomagnesemia with
serious cardiac arrhythmias [8,61,62]. Serious ventricular arrhythmia
(torsades de pointes) in patients on PPI treatment has been reported by
several investigators [62–67]. Regarding the mechanism of their hypo-
magnesemic effect, hypochlorhydria and an increase of the gut PH could
play a role in Mg2þ absorption. In addition, the PPI-induced hypomag-
nesemia could also, be due to increased gastro-renal losses, via a
dysfunction of the transient receptor potential mechanism 6/7
(TRPM6/7) located in the intestine as well as the distant convoluted tu-
bule [66]. Interestingly, recent data suggest that carriers of TRPM6
polymorphisms are at increased risk of PPI-induced hypomagnesemia
[67]. However, the evidence is not unique since other studies have not
demonstrated PPI-induced hypomagnesemia, even in persons receiving
concomitant drugs that induce hypomagnesemia, like diuretics, cisplatin
or carboplatin [68–70]. Regardless of the evidence pro or against, it will
be prudent for persons on long-term use of PPIs to periodically check their
serum Mg2þ levels and correct a possible deficiency. Another major
clinical use of Mg2þ is its effectiveness in the treatment of preeclampsia
and eclampsia seizures [55–57]. Preeclampsia is a gestational disorder
associated with increase in BP, proteinuria and peripheral edema. If not
treated it will progress to eclampsia and generalized seizures endangering
the life of pregnant woman and the fetus. Therefore, Mg2þ depletion
should be avoided in pregnant women. A debatable aspect regarding
Mg2þ deficiency is the drinking of softened water. Although there are
studies demonstrating that persons living in areas of soft water, have an
increased incidence of CHD [9], there are no studies available so far to
demonstrate the harmful effects of drinking water from water softeners.
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