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Abstract 

Magnesium is the most abundant intracellular divalent cation and essential for maintaining normal 

cellular physiology and metabolism; acting as a cofactor of numerous enzymes, regulating ion 

channels and energy generation. In the heart, magnesium plays a key role in modulating neuronal 

excitation, intra-cardiac conduction, and myocardial contraction by regulating a number of ion 

transporters, including potassium and calcium channels. Magnesium also has a role in regulating 

vascular tone, atherogenesis and thrombosis, vascular calcification, proliferation and migration of 

endothelial and vascular smooth muscle cells. As such, magnesium potentially has a major influence 

on the pathogenesis of cardiovascular disease.  

As the kidney is a major regulator of magnesium homeostasis, renal disorders can potentially lead to 

both magnesium depletion and overload, and as such increase the risk of cardiovascular disease. 

Observational data have shown an association between low serum magnesium concentrations or 

magnesium intake and increased atherosclerosis, coronary artery disease, arrhythmias and heart 

failure. However, major trials of supplementation with magnesium have reported inconsistent 

benefits and also raised potential adverse effects of magnesium overload. As such, there is currently 

no firm recommendation for routine magnesium supplementation except when hypomagnesaemia 

has been proven or suspected as a cause for cardiac arrhythmias. 

Introduction 

Cardiovascular disease (CVD) has been the leading cause of death globally over past 15 years, and 

the greatest cause of premature, non-communicable disease deaths. According to the World Health 

Organization report, ischemic heart disease and stroke accounted for 15 million deaths worldwide in 

2015. Despite a declining trend in CVD mortality in high-income countries, there is a growing 

prevalence of CVD in low- and middle-income nations (1). As such, it is important to determine 

potentially modifiable risk factors and establishing health promotion programmes which are simple, 

affordable with applicable strategies.  

Magnesium is an essential mineral for human health. The majority of magnesium is intra-cellular and 

although serum magnesium concentrations may not reflect intracellular magnesium, derangement 

of serum concentrations can lead to pathology, especially CVD. Growing evidence supports an 

increased CVD risk with low dietary magnesium intake and a benefit for higher magnesium on the 

prevention and treatment of CVD (2-4). Whereas mild to moderate magnesium deficiency might 

increase risk for abnormal cardiac excitation, atherosclerosis, ischaemic heart disease and 

congestive heart failure, severe magnesium deficiency can cause ventricular dysrhythmias and 

increase risk of sudden cardiac death. Since magnesium is a key cofactor of many enzymes, changes 

in intracellular and extracellular concentrations potentially involve in numerous metabolic pathways, 

especially as magnesium is required for energy (ATP)-dependent reactions. Magnesium also plays a 

major role in maintaining electrochemical gradients across cytoplasmic membranes, and as such, 

changes in magnesium concentrations alter membrane potentials and ion transport. 

Patients with kidney disease are at risk of magnesium imbalances, as on one hand, a reduction in 

glomerular filtration rate results in magnesium retention, whereas on the other hand, a variety of 

disorders of renal tubular handling of magnesium can lead to chronic hypomagnesaemia. 

Increasingly, hypomagnesemia can be secondary to drugs including chemotherapeutic agents and 

diuretics, and gastro-intestinal losses with proton pump inhibitors may all exacerbate magnesium 

imbalances, and increase risk of cardiovascular complications. 

Role of magnesium in the cardiovascular system 
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Intracellular magnesium concentrations vary between 5 to 20 mmol/L, depending on tissue type, 

with the highest concentrations in skeletal and cardiac muscle (5). Within the cell, almost all 

magnesium is distributed between the nucleus, mitochondria and sarcoplasmic reticulum. 

Approximately 4-5 mmol/L are in the cytosol, complexed with ATP (Mg2+-ATP) and other 

phosphometabolites, with only around 0.5-1.2 mmol/L freely available (6). Magnesium is important 

for cellular energy generation, as magnesium-dependent oxidative phosphorylation generates ATP, 

and all ATP-dependent reactions require magnesium to hydrolyse and transfer phosphate groups. As 

such , magnesium plays a key role in several metabolic pathways, including glycolysis, DNA synthesis 

and transcription, protein synthesis, intracellular signalling, regulation of ion channels generating 

intracellular ion currents and determining membrane voltage (5). 

The Heart 

Magnesium exerts effects on cardiac conduction and contraction predominantly by regulating ion 

channels. Cardiac excitation and automaticity are affected by magnesium modulating potassium and 

calcium channels and the sodium-potassium ATPase pumps (Na/K ATPase pumps) of cardiac 

myocytes and pacemaker cells. As such, magnesium regulates membrane potential phases 2, 3, and 

4 of cardiac myocytes and phases 0, and 3 of pacemaker cells (6) as shown in figure 1 and 2. In phase 

0 of the pacemaker cells and phase 2 of cardiac myocytes, both intracellular and extracellular 

magnesium concentrations control calcium influx into the cells by inhibiting the L-type calcium 

channels (L-ICa) (7), preventing intracellular calcium overload and cell toxicity (8). This L-ICa 

modulation depends on magnesium ion concentration and phosphorylation state, as binding of 

magnesium inhibits the phosphorylated channel from undergoing conformational changes which 

result in more frequent opening of this channel (9). Acute myocardial infarction and digitalis 

intoxication are examples of increased cytosol calcium, which then leads to an increased risk for 

arrhythmia by delayed afterdepolarization (DADs) (figure 3a). In phase 3, intracellular magnesium 

concentration controls the outward movement of potassium through inward and delayed rectifier 

potassium channels (10, 11). This regulation is critical for cardiac repolarization and results in 

prolongation of refractoriness, denoted by long QT intervals on the electrocardiogram (ECG). 

Prolonged QT intervals, common ECG findings in hypo- and hypermagnesaemia (table 1), can trigger 

arrhythmias through early afterdepolarization (EADs) (figure 3b). The constant resting membrane 

potential in phase 4 is maintained by Na/K ATPase pump activity and activity of sodium-calcium 

exchangers (NCX). These active transporters require energy from ATP hydrolysis to translocate 

sodium and potassium ions counter-currently across the cytoplasmic membrane against their 

respective concentration gradients, in order to maintain both membrane potential and low 

cytoplasmic sodium concentrations. Magnesium does not only play a role by ATP formation and 

hydrolysis, but also by directly driving the opening and closure of the cytoplasmic domains of Na+/K+ 

pump (12). Moreover, in this phase, the inward rectification of potassium is modulated by blocking 

of potassium channel by intracellular magnesium (11). 

The effect of magnesium on myocardial contractility is primarily exerted by affecting calcium 

mobilization. Intracellular calcium is recognized a central role in cardiac excitation-contraction 

coupling by binding to troponin, so activating myofilaments. In this setting magnesium acts as 

natural antagonist to calcium by competing with calcium for the binding of troponin C and 

calmodulin (13). Moreover, magnesium may directly or indirectly modulate the function of several 

calcium transporters; calcium ATPase (Ca2+-ATPase), NCX, L-ICa and sarcoplasmic/endoplasmic 

reticulum calcium ATPase (SERCA), and therefore alters intracellular calcium mobilization from both 

extracellular fluid and also intracellularly from the sarcoplasmic reticulum. 

Blood vessels 
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Both extracellular and intracellular magnesium modulate vascular smooth muscle tone by altering 

cytosolic calcium, which mediates excitation-contraction coupling and actin-myosin crossbridges. 

Extracellular magnesium blocks calcium influx by inhibiting the calcium current in excitable cells. 

Neutralizing the negative surface charge of cell membranes by electrostatically binding results in 

raising the threshold for voltage-gated calcium channels (14). Also, extracellular magnesium may 

directly bind to calcium channels, which results in either a mechanical block or allosteric modulation 

of channel gating, leading to an effective closure of channels (15). Intracellular magnesium 

modulates vascular smooth muscle tone by altering the amplitude, activation/inactivation kinetic 

and phosphorylation of voltage-dependent L-ICa, so decreasing intracellular calcium entry (16). 

Magnesium also stimulates inositol-1,4,5-triphosphate (IP3) breakdown, and as such inhibits IP3-

induced calcium release from the sarcoplasmic reticulum (17); and increases calcium sequestration 

in the sarcoplasmic reticulum by activating SERCA (18). 

Endothelial cells are known to regulate vascular tone and development of local thrombosis and 

atherogenesis. The endothelium regulates vasomotor tone by synthesizing natural vasodilators; 

prostacyclin (PGI2) and nitric oxide (NO). Extracellular magnesium can increase both PGI2 production 

and release from endothelial cells (19). Moreover, magnesium also enhances NO synthesis by 

upregulating endothelial nitric oxide synthase (eNOS) (20). Other reports showed increasing 

extracellular magnesium concentration blunts vasoconstrictor actions such as the response to 

endothelin-1 (ET-1) (21) and norepinephrine (22). The effects of hypomagnesaemia induced 

vasoconstriction are more pronounced when the endothelium is damaged, as contraction is 

sustained without the transient vasorelaxation phase, in contrast to when the endothelium is intact 

(23). As such, magnesium could potentially have different effects in the regulation of vascular 

reactivity, depending on the integrity or damage to the endothelium. 

Apart from increasing vascular tone, low magnesium concentrations may inhibit endothelial 

proliferation and migration (24), and promote endothelial upregulation of the expression of 

interleukin 1β (IL-1β), interleukin-6 (IL-6), vascular cell adhesion molecule 1 (VCAM-1) and 

plasminogen activator inhibitor-1 (PAI-1) (25, 26), so  increasing both prothrombotic and pro-

atherogenic states. Platelet activation is a key factor in the pathogenesis of CAD. Higher Magnesium 

concentrations have been  reported to inhibit ADP-induced P-selectin expression (27), fibrinogen-

platelet binding complex (28) and platelet-stimulating factors including thromboxane A2 (TXA2) (29). 

Moreover, increased magnesium concentrations promote the excretion of platelet-inhibitory factor 

PGI2 (30) and enhance the cleavage of ultra-large von Willebrand factor (vWF), a prothrombotic 

glycoprotein (31), so inhibiting both platelet adhesion and aggregation. 

Growing evidence has implicated a role for magnesium transporters in CVD. The transient receptor 

potential melastatin 7 channel (TRPM7) is a ubiquitous magnesium and calcium permeable channel 

with a fused alpha kinase domain. This cation channel is located on cell membrane of cardiac 

myocyte and vascular smooth muscle cell, which negatively gated by intracellular magnesium and 

Mg2+-ATP, as such regulating intracellular magnesium concentrations (32). Some reports have 

highlighted a role of TRPM7 in cell proliferation, differentiation, migration and embryonic 

development (33). Vasoactive agents and mechanical stimulants can modulate TRPM7 expression 

and activity in vascular smooth muscle cells (34). One study observed that aldosterone induced 

downregulation of TRPM7 which led to increased renal, cardiac, and aortic fibrosis, whereas the 

administration of magnesium reduced aldosterone-induced cardiovascular and renal injury (35). On 

the other hand, bradykinin upregulated TRPM7 expression and stimulated its downstream signalling, 

therefore induced magnesium influx (36). However, whether the interactions of magnesium and 
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TRPM7 reported in cell culture experiments, can be transferred into clinical practice awaits 

elucidation. 

TRPM6 a member of transient receptor potential ion channels, is another magnesium transporter 

located on vascular smooth muscle cells, intestinal epithelium and distal convoluted tubules 

regulates magnesium influx. In terms of  cardiovascular function, TRPM 6 may play a role in 

determining vasomotor tone and consequently blood pressure regulation by controlling intracellular 

magnesium concentration (34). However, unlike TRPM 7 which predominantly balances intracellular 

magnesium, this channel appears to be involved mainly in regulating total body magnesium levels 

through the kidney and gastrointestinal tract (37). Loss-of-function mutations of the TRPM 6 gene 

results in hypomagnesemia with secondary hypocalcemia (HSH) due to defective magnesium 

reabsorption in the kidney.  Patients with this genetic defect  present with generalized seizures and 

tetany shortly after birth, or typically during the first month of life, and will suffer from neurological 

damage or die if left untreated.  The solute carrier (SLC) family 41 subtype 1 and 2 (SLC41A1, 

SLAC41A2, respectively), which are novel magnesium transporters upregulated in the heart under 

conditions of hypomagnesemia (34). SLC41A1 is a general transporter for divalent cations, and was 

found to function as sodium/magnesium exchanger which mainly regulates intracellular magnesium 

homeostasis (38). SLC41A1 knockdown was found to inhibit angiotensin II-induced cardiac fibrosis by 

preventing magnesium efflux and calcium signalling in cardiac fibroblasts in one animal study (38). 

Other novel magnesium transporters include Mitochondrial RNA splicing 2 protein (Mrs2p), 

Magnesium Transporter 1 (MagT1), Ancient Conserved Domain Protein 2 (ACDP2) and Paracellin-1 

which are not thought to be located in cardiovascular system. The exact physiological role of these 

transporters with respect to magnesium homeostasis and cardiovascular disease still awaits 

clarification. 

Vascular calcification reduces aorta and arterial elastance, weakens vasomotor responses and alters 

atherosclerotic plaque stability, and as such impairs haemodynamics and results in hypertension, 

aortic stenosis, cardiac hypertrophy, myocardial and lower-limb ischaemia and congestive heart 

failure (39). Magnesium interferes with the process of vascular calcification by inhibiting the 

formation of calcium-phosphate apatite by forming magnesium-substituted whitlockite crystals 

which are smaller and more soluble (40). It also delays the transition from primary calciprotein 

particles (CPP), the more soluble calcium-phosphate-protein complex to elongated secondary CPP, 

which are less soluble and prone to deposition (41). Not only inhibiting the entry of calcium into the 

cells, magnesium enters cells through TRPM 6 and 7 and increases expression of calcification 

inhibitors including as matrix Gla protein, osteopontin and bone morphogenetic protein (BMP 7); 

and decreased expression of calcification promoters, such as alkaline phosphatase, BMP2 and runt-

related transcription factor 2 (42), so preventing vascular smooth muscle cells (VSMC) 

transdifferentiating into osteoblast or chondroblast-like cells. 

Cardiovascular morbidity and mortality versus serum magnesium among kidney disease patients 

The prevalence of magnesium imbalances reported vary widely depending on geographical area and 

clinical conditions, with around 4.6-6.9% of the population being hypomagnesaemic, and 3% 

hypermagnsaemic (43, 44). However the prevalence of hypo and hypermagnesaemia significantly 

increased to 11% and 9.3% in hospitalized patients (45), and hypomagnesaemia up to 65% in 

intensive care patients (46). As the kidney is a major regulator of magnesium homeostasis, patients 

with advanced chronic kidney disease (CKD) are vulnerable to magnesium overload. However, there 

are limited reports of clinically significant effects of high serum magnesium, instead, 

hypomagnesaemia in pre-dialysis CKD cohorts were reported to increase the rate of deterioration of 

residual renal function, and increase both cardiovascular and all-cause mortality (47, 48). Two large 

Commented [กต1]: The authors briefly mention TRPM7 

as a magnesium transporter. However there are a 

number of magnesium transporters that have now been 

discovered. This needs to be discussed in the paper. 
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observational cohort in haemodialysis reported the greater risk of cardiovascular death in patients 

with low magnesium concentrations (48, 49). Consistently, higher serum magnesium concentration 

was an independent negative predictor of all-cause and cardiovascular mortality in peritoneal 

dialysis patients (50). 

Congenital renal magnesium wasting, with Barter and Gitelman syndromes were reported to 

produce prolonged QT intervals on ECG (51), exercise induced myocardial perfusion defects (52), 

ventricular tachycardia (53) and sudden cardiac death (54). However, it was unclear as to whether 

the cardiovascular effects were directly as a result of hypomagnesaemia per se (51). Paradoxically, 

despite hypomagnesaemia, elevated renin, angiotensin II and aldosterone levels, these tubular 

disorders are not reported to have an increased risk for CVD, hypertension or other CVD risk factors 

(55). Treatment with antineoplastic agents such as epidermal growth factor receptor (EGFR) 

antagonists and platinum-based agents may lead to renal tubular magnesium wasting, with cases of 

malignant arrhythmias reported (56). Hypomagnesaemia is more common in kidney transplant (KT) 

patients since the era of calcineurin inhibitors. Hypomagnesaemia in KT has been reported to 

increase arterial stiffness (57) which is a recognised predictor of cardiovascular events in KT patients 

(58). 

Magnesium and cardiovascular disease – evidence for treatment and prevention 

Several observational studies have linked lower serum magnesium concentrations and dietary 

magnesium intake to the development of CVD and mortality. However, cautious interpretation of 

these reports should be made due to uncertainty of causal relationship, as the risk of magnesium 

depletion is greater in patients with additional co-morbidities. For example, severe malnutrition and 

poor dietary intake are usually manifested in advanced heart failure. Larger dosage of diuretic is also 

prescribed in this case and leads to greater loss of urinary magnesium and lower serum magnesium 

levels. Although a number of observational studies have shown positive effects of magnesium-rich 

diet or magnesium supplementation, well-designed randomized controlled trial which monitors both 

baseline and followed up magnesium status correlated to clinical outcomes have not been reported. 

Magnesium supplements typically have gastrointestinal side effects, with diarrhoea being the most 

common complaint. As such, the amount of oral magnesium that patients can tolerate varies, and 

patient compliance with magnesium containing medications are potential hurdles that any study has 

to overcome. More recently a combination of calcium acetate and magnesium carbonate has been 

introduced to bind phosphate in the gastrointestinal tract for kidney dialysis patients. This 

combination does not appear to increase gastrointestinal side effects, and does lead to an increase 

in serum magnesium in dialysis patients, but these patients cannot excrete magnesium in the urine. 

So whether this effects of this medication  applies to patients with normal renal function remains to 

be determined. 

Dietary sources of magnesium include  fruits, vegetables, dairy products, and certain grains, which 

are  a key nutrient in the DASH diet (Dietary Approaches to Stop Hypertension). Therefore, it 

remains controversial whether the advantage reported for  cardiovascular disease is an effect of 

magnesium itself or just consuming healthier, high fibre, less saturated fat diet which usually 

contains more magnesium. Routine magnesium supplementation should be avoided due to 

gastrointestinal symptoms leading to non-compliance and metabolic imbalance, unless there are 

evidences of low serum magnesium level or arrhythmia associated with magnesium depletion.  

Atherosclerosis 
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Laboratory studies demonstrate the effects of magnesium on platelet activation, vascular tone, 

endothelial inflammation, proliferation and migration, all of which potentially contribute to 

atherogenesis. Low dietary intake of magnesium was reported to increase atherosclerotic plaque 

development in animals (59). Other reports also showed a reduction in atherogenesis and plaque in 

both LDL-receptor-deficient and Apo-E deficient mice fed with fortified magnesium water (60, 61). 

The population-based Rotterdam Study noted lower serum magnesium concentrations were 

associated with increased carotid intima-media thickness (62). This finding is consistent with the 

reports from pre-dialysis CKD patients with high fibroblast growth factor 23 (63) and haemodialysis 

patients (64), where magnesium supplementation was shown to reduce intima-media thickness (65). 

Hyperlipidaemia is recognized as a contributor to atherosclerosis and magnesium supplements could 

reduce triglyceride and very low-density lipoprotein concentrations in both animal and clinical 

studies (61, 66). The reduction of postprandial hyperlipidaemia by magnesium supplementation 

suggested that magnesium might inhibit gastrointestinal fat absorption (67). One study in pre-

dialysis CKD patients showed a strong association between hypomagnesaemia and atherogenic 

dyslipidaemia (68). Magnesium replacement in KT patients was reported to restore normal serum 

magnesium concentration and significantly decrease both total cholesterol and low-density 

lipoprotein (69). 

Coronary artery disease 

Low serum magnesium concentrations or low magnesium-intake were reported to associate with 

CAD in epidemiological studies. By adjusting for other CAD risk factors, the report of The 

Atherosclerosis Risk in Communities (ARIC) Study showed serum magnesium and low dietary 

magnesium intake contributed to a greater incidence of CAD (3). The Report of The National Health 

and Nutrition Examination Survey Epidemiologic Follow up Study also reported that lower serum 

magnesium was inversely associated with mortality from CAD and all-cause mortality (70). In a 30-

year follow-up of The Honolulu Heart Program patients who had baseline low dietary magnesium 

intake, were at 1.5- to 1.8-fold higher risk of CAD (2). More recent population-based study (62) 

noted that lower serum magnesium concentrations were at increased risk of CAD mortality and 

sudden cardiac death. Moreover, patients with lower serum magnesium or low dietary magnesium 

intake had greater left ventricular mass (71) and coronary artery calcification (CAC) (72, 73). The 

effect of lower serum magnesium concentrations increasing CAC is greater for those CKD patients 

with higher serum phosphate levels (74). Besides cardiovascular pathogenesis, lower serum 

magnesium is also associated with increased risk of developing the metabolic syndrome (75) and 

type 2 diabetes mellitus (76) both of which are traditional CAD risk factors. 

Magnesium potentially confers cellular protection during myocardial ischaemia by reducing 

intracellular calcium overload, conserving cellular ATP, reducing myocardial oxygen consumption, 

attenuating catecholamine-induced elevated oxygen demand and protecting the post-ischemic 

myocardium from oxidative damage (7, 77). Moreover, low extracellular magnesium has been 

shown to inhibit endothelial migration and proliferation, which adversely affect healing and re-

endothelialisation, therefore increasing expansion of a myocardial infarct and less collateral vascular 

development (24). Early in the 1990s, a number of relatively small clinical trials reported a reduction 

in acute myocardial infarction (AMI) morbidity and mortality by giving magnesium as adjunctive 

therapy (78, 79). However, subsequent three large randomized trials have shown conflicting results. 

The Second Leicester Intravenous Magnesium Intervention Trial (LIMIT-2) with 2,316 AMI patients 

yielded reductions in congestive heart failure and both immediate and long-term mortality in those 

patients given intravenous magnesium (80, 81). Whereas, the Fourth International Study of Infarct 

Survival (ISIS-4) with 58,000 patients did not show any survival-benefit from intravenous magnesium 
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sulfate over placebo at 35-day and 1-year (82). However, the time from onset of symptoms to 

randomization in the latter study was much longer, which could possibly have attenuated any 

therapeutic effect. Subsequently, the Magnesium in Coronaries (MAGIC) trial involving 6,213 elderly 

patients reported no benefit for the effect of early magnesium administration on mortality (83). The 

current conclusions from meta-analysis including three major trials are; high dose (≥75 mmol) of 

magnesium over 24 hours, is unlikely to reduce mortality in patients treated early or late and in 

patients already receiving thrombolytic therapy, but magnesium may reduce the incidence of 

ventricular fibrillation, ventricular tachycardia, and severe arrhythmia requiring treatment post AMI 

(84). 

Arrhythmia 

Magnesium physiologically influences cardiac action potentials through ion channels and thereby 

plays a critical role in the pathogenesis of cardiac arrhythmias. Both hypo- and hypermagnesaemia 

can lead to fatal arrhythmias as shown in Table 1. However, most studies have concentrated on the 

effects of hypomagnesaemia, which is often accompanied by hypokalaemia. As magnesium has been 

shown to reduce automaticity, prolong the atrial, ventricular and atrioventricular nodal conduction 

period (85), block antegrade and retrograde accessory pathways, and suppress EADs and DADs (7); 

then the administration of magnesium may be of benefit in the management and prevention of 

arrhythmias. 

Atrial fibrillation (AF) is a common arrhythmia in the general population and sometimes develops 

due to electrolyte imbalances. Both Framingham Offspring Study and ARIC studies reported a 

significant association between lower serum magnesium concentrations and the risk of developing 

AF (86, 87). Meta-analysis of studies using magnesium to treat AF did not show any significant effect 

on restoring sinus rhythm compared to placebo, although magnesium reduced the fast ventricular 

response, when used as adjunct to digitalis (88), or combinations of magnesium, potassium, insulin 

and glucose (89). A more recent randomized controlled trial (RCT) of infusing magnesium in patients 

undergoing electric cardioversion for chronic AF, also did not show any increased rate of successful 

cardioversion (90). As such, role of magnesium in the treatment of AF remains controversial. 

Arrhythmias are recognized complications post AMI and cardiac surgery, and associated with 

adverse outcomes. A meta-analysis of intravenous magnesium in patients admitted with AMI 

showed a 49% reduction of ventricular tachycardia and fibrillation (91). However, the large RCTs; 

LIMIT-2, ISIS-4 and MAGIC, did not report any reduction in arrhythmias. Similarly, two other meta-

analyses of magnesium administration in the prevention of AF after cardiac surgery reported 

different outcomes (92, 93). Moreover, a recent time-matched analysis study advised against 

prophylatic magnesium supplementation as higher magnesium levels increased the risk of 

postoperative AF (94). As such, there are currently no firm recommendations for the use of 

magnesium to prevent arrhythmia post AMI and cardiac surgery. 

Digitalis, an anti-arrhythmic agent, works by inhibiting Na/K ATPase pump, so increasing intracellular 

sodium in phase 4 of the action potential. Retention of intracellular sodium inhibits NCX, results in 

elevating cytosolic calcium and prolongation of the action potential. Digitalis toxicity induces 

arrhythmia by increasing DADs and EADs. Magnesium enhances the function of Na/K ATPase pumps 

and antagonizes calcium influx, therefore reversing the effect of digitalis and so preventing digitalis 

toxicity. One case series reported successful reversal of digitalis-toxic arrhythmia by magnesium 

administration (95). Additionally, magnesium supplementation potentiated the effect of 

immunoneutralization of digitalis-like Na/K-ATPase inhibitors (96). 
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Ventricular arrhythmia can be triggered by a prolong QT interval and increasing EADs. Long QT 

interval can be congenital or acquired. Congenital long QT syndrome (cLQTS) are caused either by 

autosomal dominant or less often autosomal recessive genetic mutations which encode for 

abnormal cardiac ion channels. Although role of magnesium supplementation is less important than 

potassium in cLQTS, there is a strong recommendation to maintain normal serum magnesium 

concentrations . Acquired long QT syndromes (aLQTS) are usually caused by drug therapy such as 

antihistamines, antineoplastics and antidepressants, and can be triggered by hypokalemia and 

hypomagnesemia. Many patients who are found to have QT interval prolongation on ECG 

recordinhgs  are asymptomatic, with only a minority developing palpitations, syncope, or sudden 

cardiac arrest. Among asymptomatic patients with mild corrected QT interval (QTc) prolongation (< 

500 millisecond), exploring the culprit drug or correction of metabolic imbalance can generally be 

managed as an outpatient. In cases complicated with syncope or ECG signs of instability such as AV 

block, widening QRS, or marked prolonged QTc (> 500 millisecond), then these patients should be 

admitted for ECG monitoring, withdrawal of the suspected culprit drug, restoration of electrolyte 

imbalance and treatment of arrhythmias if indicated. Although hypomagnesemia is closely related to 

QT interval prolongation, routine magnesium administration in asymptomatic aLQTS is not 

recommended unless there is evidence of hypomagnesemia. 

Torsades de pointes (TdP) is a specific ventricular arrhythmia that closely associates with a 

prolonged QT interval. Although there is no consensus threshold of QT interval prolongation which 

predicts TdP, there are some reports showing an increased risk when the QTc exceed 500 

millisecond (97). Magnesium plays an important role in treatment of TdP, even in patients with 

normal serum magnesium concentrations (98). Termination of TdP by intravenous magnesium 

administration might be due to a reduction in the amplitude of EADs by inhibiting calcium influx via 

L-ICa (99). As a result, EADs are less likely to reach the threshold potential and provoke or sustain 

TdP. Among patients with TdP who are hemodynamically stable,  a 2 gram intravenous bolus of 

magnesium sulfate (4 ml of 50% solution) mixed with diluent to a total volume of 10 mL or more is 

recommended as first-line initial therapy (100). Among patients with TdP who are hemodynamically 

unstable or become pulseless, prompt treatment with electrical cardioversion/defibrillation is 

required along with magnesium administration. There is no evidence from randomized studies as to 

the optimal dose of magnesium sulfate, however, data from case series showed 1-3 grams were 

effective for TdP termination(98, 101). 

Proton pumps inhibitors (PPI) are widely used in clinical practice. As these medications inhibit 

gastrointestinal absorption of magnesium, data from meta-analysis of observational studies has 

confirmed a significant risk for hypomagnesemia (102). There is a case report of PPI-induced 

hypomagnesaemia and TdP, successfully terminated by intravenous magnesium (103). Besides TdP, 

data from Magnesium in Cardiac Arrhythmias (MAGICA) trial demonstrated a significant reduction of 

frequent ventricular arrhythmia following an increase in magnesium and potassium intake (4). 

However, the most recent American Heart Association Guidelines for Cardiopulmonary Resuscitation 

recommended against the routine use of magnesium for ventricular fibrillation or pulseless 

ventricular tachycardia as magnesium neither increases spontaneous circulation nor improves 

survival. 

Heart failure 

Low serum magnesium concentrations have been implicated in the pathophysiology of heart failure 

(HF). However, this may be confounded by diuretic therapy as the cause of hypomagnesaemia. 

Magnesium is an important cofactor for cellular respiration and ATP synthesis in mitochondria, and 

abnormal magnesium levels might alter energy production of cardiac myocytes. Intracellular 

Commented [กต2]: The authors should discuss in 
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magnesium also mobilizes calcium into sarcoplasmic reticulum where excitation-contraction 

coupling takes place, so modulating cardiac contraction. Moreover, magnesium can also suppress 

plasma aldosterone secretion (104), leading to sodium and water retention. As such, 

hypomagnesaemia might potentially increase the risk of development and progression of HF. 

The benefits of magnesium supplementation on treating patients with HF have been reported in 

many studies. A meta-analysis of prospective cohort studies showed that increasing dietary 

magnesium intake was associated with a 22% reduction in the risk of heart HF (105). Moreover, a 

low dietary magnesium intake <2.3 mg/kg increased the risk for subsequent HF hospitalizations in 

African patients (106). Administration of magnesium showed a decrease in premature ventricular 

depolarization in patients with class II-IV HF (107). The LIMIT-2 study also reported a 25% reduction 

of early left ventricular failure in AMI patients receiving intravenous magnesium (81). However, the 

prospective PROMISE study of more than 1,000 patients with class III or IV heart failure 

demonstrated no correlation between serum magnesium and survival (108). Moreover, whereas 

most studies have reported hypomagnesaemia as a risk factor, serum magnesium of  ≥ 1.05 mmol/L 

was associated with an increased risk mortality in one study of elderly patients with chronic HF who 

had reduced left ventricular systolic function (109). In contrast to LIMIT-2 study, the later MAGIC 

trial found no effect of intravenous magnesium on HF (83). As such, due to the differences in 

outcomes reported, routine magnesium supplementation is not recommended in patients with HF. 

Conclusion 

Magnesium has a key role in the regulating of cardiovascular physiology. Experimental evidence 

supports a substantial role for both intra- and extracellular magnesium concentrations on 

contraction, conduction and excitation of cardiac myocytes and pacemaker cells. Moreover, 

magnesium also plays a role in regulating vascular tone, pathogenesis of atheroma, vasoactive 

response, vascular calcification, proliferation and migration of endothelial and vascular smooth 

muscle cells. Observational data supports a role for lower serum magnesium and increased risk for 

the CVD in both the general population and also CKD patients. However, results from the majority of 

clinical trials of magnesium supplementation as a treatment for the prevention and treatment of 

CVD have been equivocal. As such, no clinical guidelines currently support the routine magnesium 

administration in AMI, HF, arrhythmia treatment and prevention, and cardiovascular resuscitation. 
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a.  

b.  

Figure 1 Contribution of magnesium on cardiac action potential 

a. Cardiac myocyte action potential 

b. Pacemaker cells action potential  

Mgi=intracellular magnesium; Mgi&e=intracellular and extracellular magnesium; IK1=inward rectifier 

potassium channel; NCX=sodium-calcium exchanger; INa=voltage-dependent sodium channel; 

Ito=transient outward potassium channel; IKs=slow component of delayed rectifier potassium 

channel; IKr=rapid component of delayed rectifier potassium channel; L-ICa=L-type calcium channel; T-
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ICa=T-type calcium channel; If=“funny” pacemaker current; MP=membrane potential; Ca=calcium; 

K=potassium; Na=sodium; ATP=adenosine triphosphate 

 
Figure 2 Ion transporters for excitation-contraction coupling in cardiac myocyte 

NCX=sodium-calcium exchanger; INa=voltage-dependent sodium channel; Ito=transient outward 

potassium channel; IKs=slow component of delayed rectifier potassium channel; IKr=rapid component 

of delayed rectifier potassium channel; L-ICa=L-type calcium channel; If=“funny” pacemaker current; 

Ca2+=calcium ion; K+=potassium ion; Na+=sodium; Mg2+=magnesium ion; ATP=adenosine 

triphosphate; SERCA= sarcoplasmic/endoplasmic reticulum calcium ATPase 

 

a.  
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b.  

Figure 3 a. Delayed afterdepolarization (DADs) : spontaneous depolarization occurs during late 

phase 3 or early phase 4 

   b. Early afterdepolarization (EADs) : spontaneous depolarization occurs during late phase 2 

or phase 3 

Table 1 Electrocardiographic change of abnormal serum magnesium 

Hypomagnesemia Hypermagnesemia 

Prolongation of PR interval Prolongation of PR interval 
Widening of QRS complex Widening of QRS complex 
Prolongation of QT interval Prolongation of QT interval 
Tall T wave (less severe) Tall T wave 
Flat T wave (more severe) Complete heart block 
Premature atrial and ventricular complexes Sinus arrest 
Atrial tachyarrhythmias Junctional or ventricular escape rhythm 
Ventricular arrhythmia (Torsades de pointes) Ventricular arrhythmia 

 


