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With magnesium being the second most common intracellular cation in the human body and the presence
of hypomagnesemia in 10% of hospital admissions, magnesium deficiency has become a clinically
significant nutritional deficiency in context of heart health. Magnesium has long been used as a treatment
modality for cardiac arrhythmias as serum magnesium concentration of 1.44 mEq/L to 1.8 mEq/L has been
found to have a statistically significant inverse association with cardiovascular disease events. Patients with
the highest intake of magnesium were found to have incidents of sudden cardiac death reduced by 77%
while hypomagnesemia is found to be associated with increased risk of congestive heart failure and cardiac
arrhythmias. It has also been demonstrated that high dietary intake of serum magnesium is associated with
decrease in systolic and diastolic blood pressure secondary to reduction in vascular tone and an increase in
vasodilatory substances, like Prostaglandin E. Association of cardiovascular diseases with hypomagnesemia
and the need for the fulfilment of RDA goals, authenticates the use of oral magnesium supplements, with
established safety profile and lack of potential for toxicity.
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- found in water bodies with concentrations as high as 198 mmol/L [1, 2].
Introduction Following calcium, sodium and potassium it is the most common

mineral in the human body and the second most common cation that is
Magnesium (Mg) is one of the top ten elements found on earth’s surface

while high concentration of biologically active magnesium reserves are
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present intracellularly [3]. Magnesium plays a vital role in the human
enzymatic machinery as a cofactor in more than 300 enzymatic reactions
[1, 4]. As a cation, it not only supports ATPases but also plays its role in
transmembrane transport and anaerobic phosphorylation [5]. On a
cellular level, reserves of Mg are found inside the mitochondria and it
can potentially bind with 3571 human proteins [3]. In an average adult
weighing 70 kg, total body stores of magnesium are equivalent to 24-25
grams with 53%, 27%, 19% and <1% in bones, muscles, soft tissues and
blood respectively with a half-life of 42 days [1, 3].

Method

This literature review is a study of previous peer reviewed articles on
magnesium, its dietary intake and its association with cardiovascular
diseases, specifically congestive heart failure, cardiac arrhythmias and
hypertension. This review tries to compile the effects of magnesium on
the above-mentioned cardiac pathologies. PubMed, google scholar,
science direct and medicine textbook were utilized to gather contextual
information on magnesium from peer reviewed sources, its effect on
cardiovascular system and numerical and statistical data relating to
clinical trials. Data was also collected from National Institutes of Health,
Office for Dietary Supplements for analysis and was used to create
figures 1 and 2.

Nutrition and Bioavailability

Being the fourth most copious mineral found in the human body,
magnesium is naturally found or seen as an add-on in numerous food
products [4, 6]. Magnesium deficiency, as defined as serum
concentration <1.5 mEg/L, is frequently seen in clinical practice with as
high as 10% of patients presenting with magnesium deficiency [7].
Magnesium deficiency can be multifactorial, however, it has been
demonstrated that decreased intake of foods fortified with Mg or Mg
deficient natural food products play a significant role [8]. Dietary
surveys in the United States indicate lower than recommended intake of
magnesium in the general population [6]. While magnesium should be
consumed on a daily basis to avoid deficiency, an exact intake value has
been challenging to be established [1]. Reported recommended dosages
are accustomed to age, sex and nutritional status, however, the Institute
of Medicine suggests 310-360 mg and 400-420 mg for adult men and
women with variations in Recommended Dietary Allowances (RDAS)
for specific ages and for women during gestational and lactating periods
[1, 6] (figure 1).
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Figure 1: RDAs according to sex and age, reference 6.
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While magnesium is naturally consumed through fruits, vegetables, nuts,
seeds and whole grains, it is also added to foods like cereals and several
beverages [6]. Magnesium is also widely available in dietary
supplements in three different forms, including, magnesium oxide,
citrate and chloride [6]. Water solubility of magnesium is a strong
indicator of absorption as magnesium aspartate, citrate, lactate and
chloride have better absorption in gut mucosa with higher bioavailability
as compared to that of magnesium oxide and sulphate [6]. Apart from
being available as a dietary supplement, magnesium is also found to be
a key ingredient in few medicines like laxatives and antacids, which aid
in treating heartburn, indigestion and constipation [6]. Magnesium in
sulphate form is used as a primary treatment agent to manage cases of
preeclampsia and eclampsia [9] (figure 2). Magnesium has also been
used as a therapeutic agent in cardiac arrhythmias while
hypomagnesemia is also found to be associated with other cardiac
pathologies [5, 8, 10]. American Medical Association recommendations
for prevention of cardiovascular disease includes established targets of
Mg intake to be met on a daily basis [11]. Magnesium intake either as a
supplement to meet RDA requirements or as a preventive agent in oral
form is generally considered quite safe without any major potential for
toxicity [12].
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Figure 2: Sources of magnesium intake, reference 6.
Magnesium and cardiovascular disease

Among numerous physiological roles of Mg, its cardioprotective role is
noteworthy and has been a matter of debate. A comprehensive literature
review on Mg and risk of cardiovascular disease was carried out by Qu
at el. Due to absence of randomized clinical trials a meta-analysis was
conducted to ascertain association, if any exists, between risk of
cardiovascular disease events (CVDE) and dietary intake and serum Mg
levels [11]. Multiple variables were calculated to establish the validity
of analysis. It was found that Mg dietary usage and serum levels were
associated with 15% and 20% lower risk of cardiovascular events
respectively [11]. Those with high intake of Mg had 15% less chance of
CVDE with relative risk of 0.85 and 95% confidence interval (CI)
between 0.78 to 0.92 with a statistically significant P value [11].
Similarly, those with higher blood levels of Mg had a 20% less chance
of CVDE with relative risk of 0.77 and CI between 0.66 to 0.87 with a
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statistically significant P value [11]. Specifically, serum Mg value from
1.44 mEg/L to 1.8 mEg/L was found to have a linear decrease in CVDE
[11].

Magnesium along with its numerous pivotal enzymatic functions on a
cellular level plays a significant role on cardiac tissue. Congestive heart
failure, arrhythmias and hypertension (HTN) are all associated with
serum magnesium levels and its dietary intake. It has been observed that
patients with highest intake of magnesium had a decrease in sudden
cardiac death by 77% [13, 14].

Congestive Heart Failure

Decreased levels of serum magnesium may be responsible for lack of a
favourable prognosis in heart failure. Hypomagnesemia causes decrease
in cardiac contractility and increased vascular tone, both of which can
result in worsening of clinically established heart failure [5]. Based on
various studies the relationship of hypomagnesemia with congestive
heart failure is quite evident with hypomagnesemia ranging from 19% to
as high as 55% of heart failure cases [5]. Pharmacologic interventions in
heart failure are primarily directed towards decreasing volume overload
and sometimes increasing cardiac contractility, which by default is
achieved by the decrease in volume overload [15-17]. The primary
modality used in decreasing overall volume overload as well as
improving pulmonary edema secondary to congestive heart failure is a
diuretic named furosemide [16, 17]. Furosemide is also found to increase
magnesium loss through increasing renal excretion of magnesium, which
in turn would worsen already established hypomagnesaemia in
congestive heart failure [5, 18]. Cohen et al. carried out a study to
evaluate hypomagnesemia and hypermagnesemia in heart failure
patients in context of various pre-pathology variables relating to heart
failure and treatment with furosemide. Study demographics comprised
of 404 patients with congestive heart failure class 11-1V as per New York
Heart Association (NYHA) guidelines [5]. All 404 patients were
receiving furosemide 40mg or more for a duration of more than 3
months. Hypomagnesemia, hypermagnesemia and normal serum Mg
levels were found in 12.3%, 4.9% and 82.6% respectively [5]. Although
most patients had normal serum Mg levels, a significant proportion of
patients also had hypomagnesemia, which on its own was a concerning
finding. Hypomagnesemia was found to be associated with other
abnormalities including female gender, diabetes, low serum sodium,
high fever and hypocalcemia [5]. The finding of hypocalcemia was an
outlier as Mg replaces calcium and lower serum Mg should be associated
with hypercalcemia [18]. Overall it was demonstrated that
hypomagnesemia plays an inhibitory function on cardiac contractility,
catecholamine release and vascular resistance, hence playing an
important prognostic role [5]. Electrolyte abnormalities secondary to
heart failure or treatment of heart failure with furosemide or other
medications such as digitalis or ACE inhibitors are a common
occurrence in clinical medicine and Mg supplementation can play a
significant role in protecting from hemodynamic instability [19, 20].
Various other studies have also demonstrated that low serum magnesium
and intake of <2.3 mg/kg is associated with increased risk of heart failure
[21-23]. There is a further need to evaluate whether hypomagnesemia in
heart failure patients is secondary to the underlying pathology or its
treatment or hypomagnesemia itself is a contributing etiology.
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Arrhythmias

Cardiac rhythm disorders are a common finding in clinical practice and
can be secondary to various etiologies including conduction defects,
disorders of impulse generation, genetic causes, endocrine pathology,
previous cardiac pathology, like coronary artery disease or heart failure
and electrolyte abnormalities [24-26]. Numerous studies have evaluated
the role of magnesium in maintaining cardiac rhythm and preventing
arrhythmias. Magnesium’s effect on heart rhythm is most likely
secondary to its physiological function by inhibiting calcium channels in
the atrioventricular (AV) node, which serves as the midway point of the
cardiac conduction pathway, whereas hypomagnesemia decreases
potassium levels in cardiac muscle intracellularly, which can result in
arrhythmia [27]. A significant number of patients with arrhythmias have
decreased serum magnesium levels [28]. Gobbo et al. conducted a study
of 750 diabetic adult participants to evaluate an association, if any exists,
between serum magnesium levels and the presence of premature
ventricular complex (PVC) on Holter monitoring. PVCs are common in
general population and can be secondary to cardiac rhythm disorder or
present as a benign occurrence [29]. Although PVCs are not usually
treated aggressively in clinical practice as some of the other arrhythmias,
it is still considered an arrhythmia by definition i.e. irregular heart
rhythm. The study concluded that patients with hypomagnesemia, as
defined by magnesium levels below < 0.70 mmol/L, had 2x occurrence
of PVCs as compared to adults with normal serum magnesium levels
[27]. Magnesium supplementation has also been shown to reduce the
incidence of arrhythmias that arise after cardiac surgeries including
coronary artery bypass graft [30-32].

Role of magnesium is already established and utilized as a treatment
modality in ventricular arrhythmia referred to as torsade de pointes [8,
10]. Similarly, magnesium also has a role in management of atrial
fibrillation, as a therapeutic option [33, 34]. Besides for the therapeutic
role of magnesium in acute arrhythmias, the role of oral magnesium
supplementation as preventive modality for arrhythmia need to be
further analyzed in context of hypomagnesemia as a cause of irregular
rhythm. Khan et al. carried out a cohort study of 3530 participants from
the Framingham Offspring Study, a derivative of Framingham Heart
Study of 1948. The study found a statistically significant association
with low serum magnesium levels and the development of atrial
fibrillation [35]. Although a linear relationship was not observed
between hypomagnesemia and atrial fibrillation, it was observed that
below a certain cutoff limit of serum magnesium level, there was an
association of hypomagnesemia and atrial fibrillation [35]. In light of
Khan et al. and Del Gobbo et al. studies it is quite evident that
hypomagnesemia should be corrected by oral magnesium
supplementation to prevent cardiac rhythm disorders. According to
recommendations made by German Society of Magnesium Research,
supplementation of Mg can be used as a modality with or without other
agents in management and prevention of rhythm disorders [12].

Hypertension
Clinically, hypertension (HTN) is defined as a rise in blood pressure
(BP) to a level that requires therapeutic intervention. Stage 1

hypertension occurs when systolic pressure rises above 139 mm Hg and
diastolic pressure rises above 89 mm Hg [36]. Besides from affecting

Volume 1(1): 3-5



Dietary Magnesium Intake and Heart Health

over a billion people worldwide and causing approximately 9.4 million
deaths per year, hypertension is a major contributing factor in the
pathogenesis of other cardiovascular diseases [36]. There is an obvious
association of genetics to hypertension, as well as many environmental
factors are found to have an effect [37]. While majority of these factors
play a role in causing hypertension, magnesium is found to have
beneficial effect in maintaining vascular hemodynamics. According to
studies with relevant experimental and statistically significant data,
magnesium is found to have a regulatory effect on the blood pressure.
Magnesium helps in lowering the blood pressure through different
mechanisms. Physiologically magnesium inhibits calcium channels
similarly to therapeutic agents used for hypertension and decreases
intracellular calcium levels. It also aids in the release and synthesis of
Prostaglandin E, which is responsible for decreasing vascular tone and
vasodilation [38].

One of the earliest collected clinical data on a trial of low dose
magnesium supplement and its effect on HTN was reported by Dyckner
and Wester [39]. As per Sun Ha Jee et al., since than many other clinical
trials have demonstrated inconsistent data due to the use of relatively
smaller dose of magnesium [39]. Experimental trials consisting of
magnesium administration of 10 -15 mmol/day did not produce
substantial effects [39]. According to Houston 2011, magnesium in
larger quantities ranging from 500 mg/d to 1000 mg/d resulted in blood
pressure reduction of 5.6/2.8 mm Hg [38]. A meta-analysis clinical trial
by Sun Ha Jee et al conducted 20 studies with a total of 1220 participants
consisting of both hypertensive and normotensive subjects [39]. The
dose of Mg used for the clinical trial was 10 to 40 mmol/d, which
produced only a minor decrease in the blood pressure, which they
hypothesized, was due to the use of low dose of Mg [39].

A study by Witteman et al. demonstrated a substantial decrease in
systolic BP by 2.7 mm Hg and diastolic BP by 3.4 mm Hg with the use
of 20 mmol/d (485 mg) of magnesium aspartate, likewise, similar study
of 40 participants with 600 mg/d of magnesium intake showed a vital
reduction in systolic and diastolic BP by 5.6/2.8 mmHg [38]. A study by
Atherosclerosis Risk in Communities (ARIC) found a positive
association of decreased prevalence of HTN, diabetes mellitus and
ischemic cerebrovascular accident to a higher level of serum magnesium
and its consumption in people [38]. Taking in consideration the past
clinical studies it is quite evident that higher magnesium
supplementation results in more pronounced reduction in both systolic
and diastolic blood pressure reductions as compared to those studies that
used smaller quantities of magnesium, which had none to insignificant
results. While through various studies magnesium is found to be
influential in higher doses in patients with conditions strongly relating to
vascular hypertension, i.e. preeclampsia and glomerulonephritis and has
shown to help increase the efficacy of antihypertensive drugs, but it is
yet to be proven whether or not it can effectively treat or aid in
prevention of CVDE secondary to HTN [38, 39].

Conclusion
Hypomagnesemia is a clinically significant nutritional deficiency that
needs to be addressed to promote heart health. Hypomagnesemia is

found to be associated with cardiac arrhythmias and congestive heart
failure, whereas supplementary oral dietary intake of magnesium has

J Food Nutr Metabol doi:10.31487/j.JFNM.2018.01.001

been proven to lower systolic vascular and diastolic pressure. American
Medical Association recommends fulfilment of dietary intake of
magnesium as a preventive measure for cardiovascular diseases. With
good safety profile of oral magnesium supplementation and low risk of
toxicity, further research comprising of clinical trials utilizing higher
quantities of Mg are required to analyze daily intake goals and use of
magnesium supplementation as a treatment modality, as well as a dietary
supplement.
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