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cardiovascular stability and health, but an optimal dose and 
formulation has not been defined. Potentially promising av-
enues include the combination of magnesium with a statin 
to reduce cholesterol, C-reactive protein and CIMT, and its 
early use to reduce stroke morbidity and mortality. Under-
standing the role of magnesium in inflammation and miner-
alization and how it has the potential for playing a role in 
modulating cardiovascular and neurological disease can be 
a new frontier in medicine. 
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 Introduction 

 Magnesium is a common mineral found compounded 
and usually in crystalline form. First discovered for its 
wound-healing properties in Epsom, England, in the 17th 
century, it has multiple uses in the medical field, espe-
cially in cardiovascular disease  [1] . It is the second most 
common intracellular cation in the body after potassium 
 [1] . Because about 90% of the intracellular magnesium in 
the body is bound to organic matrices, levels of serum 
magnesium, which represent only 0.3% of the total, may 
not accurately reflect the total magnesium status  [1] , so 
current methods for magnesium measurement are often 
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 Abstract 

 Magnesium is an ubiquitous element and its formulation de-
termines its efficacy and administration. It is used for gastro-
intestinal and obstetric disease and recently cardiovascular 
and neurological indications have also been explored. The 
role of serum/dietary magnesium intake on cardiovascular 
disease, carotid intima-media thickness (CIMT), hyperten-
sion (HTN) and cholesterol synthesis has been investigated. 
Despite differences in patient populations, some observa-
tional and interventional studies have suggested that low 
serum/dietary magnesium is associated with higher CIMT 
and more cardiovascular risk factors. A few clinical and basic 
science interventional studies have also shown the benefits 
of magnesium administration in cardiovascular disease pre-
vention and as a neuroprotective agent. Low magnesium 
levels have been implicated in inflammation and endothe-
lial dysfunction. Hypomagnesemia results in increased C-re-
active protein and cytokine exaggeration, increased nuclear 
factor kappa B and platelet dysfunction, which can lead to 
thrombosis. Magnesium appears to play a vital function in 
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imprecise. Serum magnesium levels are further divided 
into ionized, protein-bound and anion-complexed (i.e. 
magnesium citrate and phosphate)  [1] . Convention and 
practicality are applied to obtain the total magnesium 
value. Other modalities have been attempted, but are 
controversial. In the blood, erythrocytes contain more 
magnesium than serum  [2]  and studies have shown that 
intracellular (erythrocyte) magnesium could potentially 
be useful  [3–5] . On the frontier of radiological advances, 
intracellular ionized magnesium in body tissues can be 
measured noninvasively with nuclear magnetic reso-
nance, but the practicality of this modality for blood mea-
surement may be questionable due to cost  [2, 6] .

  This review will discuss the most common applica-
tions of magnesium, its efficacy in terms of bioavailabil-
ity and the potential mechanisms of action in the cardio-
vascular system. Trial data will demonstrate how mag-
nesium has been used to prevent atrial fibrillation, 
hypertension (HTN), inflammation, carotid intima-me-
dia thickness (CIMT) and atherosclerosis, stroke and 
coronary heart disease.

  Magnesium Compounds and Efficacy 

 Generally, magnesium supplements are found in low 
quantities in multivitamins and over-the-counter laxa-
tive preparations, like magnesium hydroxide or Milk of 
Magnesia, or as prescriptions for various other indica-
tions. Magnesium oxide and magnesium gluconate, for 
example, are orally administered and are generally used 
to treat mild hypomagnesemia. Magnesium sulfate 
(MgSO 4 ) is given intravenously or intramuscularly and is 
usually used in obstetrics as a tocolytic or in the criti-
cally ill setting to treat severe hypomagnesaemia, while 
magnesium citrate is often used for acute constipation. 
Patients with renal impairment should be cautious when 
taking excessive magnesium supplements and baseline 
creatinine should be assessed. Serum magnesium can 
also increase, especially in cases of ingestion of doses  1 50 
mEq/day (4.8–7.2 mg/dl), which is rare because of the 
kidney’s ability to respond to maintain homeostasis  [7] . 
For practical purposes and for those not critically ill, oral 
supplementation is recommended with magnesium ox-
ide, magnesium lactate or magnesium hydroxide  [8] .

  Magnesium L-lactate and L-aspartate are the oral 
magnesium compounds that have the greatest bioavail-
ability, are the most water-soluble and have the greatest 
serum and plasma concentrations  [8] . Magnesium can be 
made more water-soluble by chelating it with salicylate, 

as in magnesium salicylate, or with amino acids, such as 
magnesium malate, or magnesium diglycinate  [8] . The 
latter two compounds may be beneficial for those patients 
with intestinal resection or complications since they have 
low gastrointestinal distress and diarrhea  [8, 9] . A study 
to determine the bioavailability of magnesium in the rat 
revealed that citrate, lactate, aspartate and most organic 
salts were more bioavailable than inorganic salts. Gluco-
nate, however, was the most bioavailable  [10] . The authors 
of the study concluded that as pH increases, the solubility 
and intestinal bioavailability decrease  [10] . The main sites 
for magnesium absorption in both humans and rats are 
the ileum and cecum, respectively. As they generally have 
a higher pH than the proximal intestine, organic magne-
sium-salt exposure may lower the pH, generating a high-
er solubility  [10] .

  Magnesium and Cardiovascular Applications 

  Tables 1–3  summarize the animal and human trials 
with magnesium discussed in this review.

  In the scope of using magnesium in cardiovascular 
medicine, the data are mostly based on basic science and 
preclinical rodent studies with occasional human obser-
vations and some controlled studies.

  Mechanisms of Action 
 In vascular medicine, magnesium induces vascular 

smooth-muscle cell relaxation by acting as a mild physi-
ological calcium blocker; increased extracellular magne-
sium decreases intracellular calcium  [11, 12]  and reduces 
angiotensin-induced aldosterone synthesis, which can 
lower blood pressure (BP)  [12, 13] . It reduces triglycerides 
and increases high-density lipoprotein (HDL) through 
increased lipoprotein lipase activity, which catabolizes 
triglyceride lipoproteins and produces HDL  [12] . Magne-
sium also inhibits HMGCoA reductase, the rate-limiting 
enzyme for cholesterol synthesis, like statin drugs, it is 
necessary for lecithin cholesterol acyl transferase activity 
 [14]  and thus lowers low-density lipoprotein (LDL) tri-
glycerides and raises HDL levels  [15] .

  A possible explanation for the beneficial effects of 
magnesium is based on observations in magnesium-de-
ficient animals. The studies by Mazur et al.  [11]  demon-
strated that in the hypomagnesemic state, the immune 
system of these animals was more likely to have proin-
flammatory, exaggerated responses marked by elevations 
in C-reactive protein, leukocyte and macrophage activa-
tion, nuclear factor kappa B, cytokines and platelet ag-



 Kupetsky-Rincon/Uitto

 

Ann Nutr Metab 2012;61:102–110104

gregation  [12] . This proinflammatory state is believed to 
disrupt the arterial endothelium and promote thrombo-
sis, which leads to atheroma formation and atherosclero-
sis, HTN, arteriosclerosis and vascular mineralization. 
This, combined with the changes seen in metabolic 
 syndrome (hypercholesterolemia, obesity, diabetes and 
HTN), is aggravated by hypomagnesemic states and by a 
subsequent exaggerated immune response, at least in the 
animal model  [11] .

  Atrial Fibrillation 
 The therapeutic modality of MgSO 4  administration, 

as an anti-inflammatory and anti-arrhythmic after coro-
nary artery bypass grafting to avoid postoperative atrial 
fibrillation, has recently come to light  [16] . In one pro-
spective randomized controlled trial (RCT), of 100 par-
ticipants receiving MgSO 4  only 2% had postoperative 
atrial fibrillation compared to 21% of patients receiving a 
placebo  [16] . While prophylaxis is not currently recom-

Table 1. S ummary of magnesium basic science and clinical studies

Study type Organism/patient 
characteristics

Design Intervention or plan Results

Basic science
Mazur et al. 
[11]

Rats interventional blood and organs harvested and analyzed 
after 1 week on a severely magnesium-
deficient diet

magnesium-deficient rats developed 
edema, hyperemia, increased 
inflammatory cells in the blood 
(eosinophilia, neutrophils, 
proinflammatory cytokine activation, 
substance P, IL-6, NF-�B, C-reactive 
protein) and accumulation of LDL and 
triglycerides

Basic science
Marinov et al. 
[41]

male rats interventional 30 or 90 mg/kg MgSO4 or vehicle was 
injected into the carotid arteries of the 
rats. Middle cerebral artery was occluded, 
then reperfused after 1.5 or 2 h

rats given 90 mg/kg before 1.5 h of isch-
emia had a 59.8% reduction in infarct 
volume compared to controls (p < 
0.001) and a 43.1% reduction compared 
to the 30 mg/kg group (p < 0.001). All 
groups showed significant effects of 
MgSO4 doses on infarct volume across 
all groups (ANOVA; p < 0.0001)

Clinical
Reinhart et al. 
[16]

patients with elective, isolated 
1st time coronary artery bypass 
grafting

interventional,
prospective,
RCT

patients in the MgSO4 group (n =100) 
received 6 mmol of MgSO4 infusion in 
100 ml 0.9% NaCl solution (25 ml/h)
the day before surgery, just after
cardiopulmonary bypass, and once daily 
for 4 days after surgery. The control 
group (n = 100) received only 100 ml 
0.9% NaCl solution (25 ml/h) at the same 
time points

postoperative atrial fibrillation occurred 
in 2 (2%) patients in the MgSO4 group 
and in 21 (21%) patients in the control 
group (p = 0.001)

Clinical
Kawano et al. 
[17] 

Japanese patients who were 
either untreated or already on 
antihypertensive medication

interventional
RCT,
crossover

treatment group (n = 30) given 
magnesium oxide 400 mg twice daily for 8 
weeks then crossed over. Placebo group 
(n = 30) allowed to take their 
antihypertensive for 8 weeks then crossed 
over. Subjects could remain on 
antihypertensive throughout the entire 
study. BPs measured at the office, at home 
and over 24 h, day and night

significantly lower BPs in the 
magnesium oxide supplementation 
period vs. in the control period, 
although the differences were small 
(office 3.781.3/1.780.7 mm Hg, home 
2.080.8/1.480.6 mm Hg and 24-hour 
period 2.581.0/1.480.6 mm Hg)

Clinical
Rosanoff [19]

patients on antihypertensive 
therapy who had stage 1
uncomplicated HTN vs. those 
patients who had stage 1 HTN 
but who remained untreated or 
were off their antihypertensive 
therapy for at least 4 weeks vs. 
normotensive patients (systolic 
BP <120 mm Hg and diastolic 
BP <80 mm Hg)

comprehensive
analytical review

reviewed 44 studies in 43 publications of 
magnesium supplementation for stage 1 
HTN vs. normotensive BP, then stratified 
by dose of magnesium (high vs. low) and 
degree of BP reduction

significant BP-lowering effect was 
increased when dose was doubled from 
230 mg/day to 460 mg/day



 Magnesium in Cardiovascular Disease Ann Nutr Metab 2012;61:102–110 105

mended, it is prudent to treat presurgical hypomagnese-
mia in these patients who are predisposed to postopera-
tive atrial fibrillation  [16] .

  Hypertension 
 Significant reductions in systolic and diastolic BPs 

have been shown in studies where magnesium oxide was 
consumed in quantities of 400 mg twice daily  [17] ; how-
ever, a review of the literature suggests that BP may be 
reduced further when combined with a potassium and 
low-sodium intake  [13] . Another comprehensive analyti-
cal review also showed that oral magnesium improved 
the BP-lowering effect of the antihypertensive medica-
tions of patients who were diagnosed with stage 1 HTN, 
which is defined by a systolic BP of 140–159 mm Hg or a 
diastolic BP of 90–99 mm Hg. This effect was increased 
when the dose was doubled from 230 to 460 mg daily, sug-

gesting that magnesium supplements above the recom-
mended daily allowance  [18]  may be necessary to signifi-
cantly lower high BP in these patients  [19] . Finally, a large 
prospective Women’s Health study, composed of female 
US health professionals aged  6 45 years without previous 
myocardial infarction, stroke, transient ischemic attack 
or cancer, who initially reported normal BP (systolic BP 
 ! 140 mm Hg, diastolic BP  ! 90 mm Hg and no history of 
HTN or antihypertensive medication) included a semi-
quantitative food-frequency questionnaire for daily mag-
nesium intake  [20] . After a mean follow-up of 9.8 years 
and adjusting for confounders, the authors concluded 
that women in the highest quintile (an intake of 400 mg/
day of magnesium) had a decreased HTN risk (p  !  0.0001) 
versus those in the lowest quintile (approx. 200 mg/day of 
magnesium)  [20] .

Table 2.  Summary of magnesium clinical studies

Study type Patient characteristics Design Intervention or plan Results

Clinical
Song et al. [20]

female US health 
professionals ≥45 years 
old in the Women’s 
Health study, who 
initially reported normal 
BP

large
prospective
cohort

females participated in the study 
(n = 28,349). Magnesium intake was 
estimated via the semi-quantitative 
food-frequency questionnaire in 1993 and 
mean follow-up was for 9.8 years. Patients 
equally divided into quintiles of 
magnesium intake: 256 mg/day (low) to 
400 mg/day (high)

after adjustment for confounders 
women in the highest quintile had a 
decreased HTN risk (p < 0.0001) vs. 
those in the lowest quintile

Clinical
Ma et al. [21] 

postmenopausal, 50- to 
79-year-old women 
enrolled in the Women’s 
Health Initiative 
observational study

cross-sectional data from women enrolled (n = 1,958) 
examined high-sensitivity C-reactive 
protein , IL-6 and TNF-� receptor 2 and 
food-frequency questionnaire to estimate 
fiber intake for the past 3 months

decreased IL-6 and TNF-� receptor 2 
were observed and were correlated with 
an increased intake of total fiber and 
soluble fiber, which are high in 
magnesium

Basic science
Altura et al. [23] 

normal rabbits interventional low- or high-magnesium diet with or 
without a 1 or 2% cholesterol chow

the lower the magnesium and the 
higher the cholesterol, the greater the 
atherosclerotic plaque thickness in the 
aorta

Basic science
Li et al. [28]
Kupetsky-Rincon
et al. [29]

Abcc6–/– mice interventional 5-fold magnesium oxide added to diet CIMT decreased 26%. Prevented 
connective tissue mineralization in 
Abcc6–/– mice

Clinical
Turgut et al. [32]

hemodialysis patients interventional,
RCT

treatment group (n = 32) was given 
98.6 mg elemental magnesium every other 
day for 2 months and control group 
(n = 12) was given calcium acetate for 
2 months

magnesium treatment arm showed a 
statistically significant drop in CIMT 
over 2 months to 0.70 mm 8 0.2 (p = 
0.001)

Clinical
Ma et al. [33] 

ARIC: males/females, 
blacks/whites, 45–64 
years olds

cross-sectional blood was drawn from subjects (n = 
14,982) and analyzed for serum 
magnesium, cholesterol, glucose and 
insulin. Dietary magnesium intake was 
queried by questionnaire. BMI and CIMT 
measurements calculated

low serum/dietary magnesium may be 
related to etiologies of cardiovascular 
disease, HTN, diabetes and 
atherosclerosis (elevated CIMT)
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  Inflammation 
 Decreased plasma levels of inflammatory markers (in-

terleukin-6 and tumor necrosis factor- �  receptor 2) were 
also observed in the Women’s Health Initiative Obser-
vational Study, a 5-year, multi-center, national study of 
postmenopausal women. These levels were correlated 
with an increased intake of total and soluble fiber  [21] , 
both high in magnesium  [22] . The purpose of this study 
was to examine epidemiological data on the influence of 
inflammatory markers of chronic diseases (i.e. athero-
sclerosis, diabetes and cancer)  [21] . These inflammatory 
markers may be highly sensitive to fiber and magnesium 
intake and perhaps influence C-reactive protein via an 
indirect mechanism in postmenopausal women and di-
rectly in younger individuals  [21] . It has previously been 

reported in the literature that in younger men and wom-
en, C-reactive protein levels are significantly decreased 
with fiber supplementation  [21] .

  Carotid Intima-Media Thickness and Atherosclerosis 
 Magnesium is known to affect calcium uptake into 

soft tissues, especially vascular smooth-muscle cells, an 
important factor in atherosclerosis  [23] . In vitro experi-
ments with human cultured endothelial cells exposed to 
low magnesium create a state of chronic inflammation, 
upregulate nuclear factor kappa B and increase the endo-
thelial permeability which allows LDLs to migrate into 
the media and become oxidized and later combine with 
cholesterol and macrophages as foam cells promoting 
atherogenesis  [24] . When aortic rat segments were ex-

Table 3. S ummary of magnesium clinical studies

Study type Patient characteristics Design Intervention or plan Results

Clinical
Liao et al.
[39]

ARIC 2: males/females, blacks/
whites, 45–64 years old

prospective blood was drawn from subjects (n = 
13,992) and analyzed for serum 
magnesium, cholesterol and glucose. 
Dietary magnesium intake was queried 
by questionnaire. BMI and BP 
calculated

in women, low serum magnesium was 
strongly related to coronary heart disease, 
dietary magnesium was weakly associated 
to coronary heart disease in men

Clinical
Larsson et al. 
[40]

literature search on Pubmed 
and EMBASE for ‘magnesium 
intake’ and ‘stroke’

meta-analysis
of prospective
studies

7 studies included; results (n = 241,348) 
divided by magnesium intake (highest = 
about 500 mg/day) compared with 
lowest = about 250 mg/day), and stroke 
risk factors, years of follow-up, and 
number of cases

after adjustments for confounders, an 
increase increment of 100 mg of 
magnesium/day was associated with an 8% 
decreased risk of total stroke and a 9% 
decreased risk of ischemic stroke

Clinical
Muir et al. 
[46]

IMAGES: >18 years old, 
ischemic stroke symptoms ≥1 h, 
patients could have received 
tissue plasminogen activator 
and brain CT/MRI must have 
been done within 7 days of trial 
entry

multicenter, 
double-blinded, 
placebo-
controlled,
parallel-group 
RCT

patients (n = 2,386) randomized to 
receive MgSO4 or normal saline with 
median treatment time of 7 h of 
clinically diagnosed stroke

no reduction in morbidity or mortality at 
90 days. The OR for death, the primary 
outcome, was 1.22 indicating no protective 
effect of MgSO4 for ischemic stroke, with 
CIs crossing the null value, indicating 
nonsignificance

Clinical
Saver et al. 
[47]

FAST-MAG: 45–95 years old, 
ambulance transported, stroke 
within ≥15 min of symptoms, 
≤12 h of treatment

open-label,
phase-II,
feasibility, 
nonrandomized
clinical trial

all enrolled patients (n = 20) received 
2.5 mg MgSO4 in the field, over 10 min, 
followed by 1.5 mg, then 16 mg over 24 
h. Stroke scale performed at hospital 
arrival, 24 h, 48 h, 4 days and 90 days. 
Other assessments done

42% of the patients with <2 h infarcts had 
early recovery and at 90 days, 69% of all 
patients and 75% of those patients with <2 
h infarct achieved good overall global 
functional outcome

Clinical
Abbott et al. 
[48]

Honolulu Heart Program: men, 
45–68 years old, of Japanese 
ancestry living in Oahu, history 
from 1965–1968 followed for 
the development of 
cardiovascular disease

observational patients (n = 7,172) divided by quintiles 
of magnesium intake (low = 50 mg/day, 
high = 1,138 mg/day) and by incidence 
of coronary heart disease (defined by 
fatal coronary event and nonfatal 
myocardial infarction). Coronary heart 
disease risk factors were also 
considered. Up to 30 years of follow-up 
data available on each patient

in the first 15 years of follow-up, there was 
a 1.8-fold excess incidence of coronary 
heart disease for men in the lowest dietary 
magnesium intake quintile vs. the highest 
quintile. Risk factors were also greatest at 
lower quintiles. After adjustments for risk 
factors, coronary heart disease decreased 
with increasing magnesium intake (p = 
0.04) 
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posed to high phosphate to promote vascular calcifica-
tion and then incubated in either the presence or absence 
of magnesium chloride, the presence of magnesium de-
creased vascular calcification  [25] . While calcium, phos-
phate and cytokines can promote mineralization or cal-
cification, magnesium is considered an inhibitor of vas-
cular calcification  [26, 27] .

  A study in 1990 in normal rabbits fed either a low- or 
high-magnesium diet with or without a 1 or 2% choles-
terol chow revealed that the lower the magnesium and the 
higher the cholesterol, the greater the atherosclerotic 
plaque thickness in the aorta  [23] . The aortas were only 
minimally thickened in the cohort treated with high 
magnesium and high cholesterol  [23] . These results sug-
gest that the high dietary magnesium prevented the ath-
erosclerotic plaque formation  [1] .

  The influence of magnesium on mineralization was 
recently tested in a mouse model with an autosomal re-
cessive ectopic mineralizing disorder, pseudoxanthoma 
elasticum (PXE), a condition marked with vascular de-
posits of calcium phosphate  [28, 29] . This disease mani-
fests clinically with HTN, intermittent claudication, 
myocardial infarction, stroke, loss of visual acuity, blind-
ness and elevated CIMT (a biomarker for atherosclerosis) 
 [30] . This disease has features similar to atherosclerosis 
and Monckeberg-type arteriosclerosis, or medial stiffen-
ing of the arteries  [31] . In humans, there is no effective 
treatment and no validated biomarker for PXE. When a 
knock-out mouse model for this disease ( Abcc6  –/– ), which 
also shows elevated CIMT, was administered with a 5-fold 
excess of magnesium oxide in its standard rodent chow 
for 2 months, the CIMT was significantly reduced by 26% 
(p = 0.02)  [29] . Magnesium, calcium, vitamin D and para-
thyroid hormone levels in the blood were normal. There 
was, however, a 10-fold increase in calcium and a 77% 
decrease of phosphorus in the urine of a similar cohort of 
mice  [28] . Histological examination revealed prevention 
of calcium phosphate deposition in the vascular connec-
tive tissues in these mice.

  Because of the success in mouse studies, pharmaceuti-
cal interventions with dietary magnesium are already be-
ing contemplated for the treatment of PXE patients. In 
addition, magnesium is already in vitamin supplements, 
but the dose that may be safe and cardioprotective and 
produce antimineralizing effects is unknown because 
RCTs are lacking. Results from these studies on PXE, an 
inheritable disorder, may have widespread application in 
cardiovascular medicine and disease prevention as well 
as in other mineralizing disorders and nutrition in gen-
eral.

  Turgut et al.  [32]  demonstrated that magnesium citrate 
reduces CIMT in hemodialysis patients (n = 47). The dose 
was 98.6 mg elemental magnesium (8.275 mEq) every 
other day for 2 months. Both the treated and the control 
groups of HD patients received calcium acetate as a phos-
phate binder and a magnesium washout period of 3 
months prior to the start of the RCT. Both groups of he-
modialysis patients had a similar baseline CIMT (0.96 
mm), but only the magnesium treatment arm showed a 
statistically significant drop in CIMT over 2 months to 
0.70 mm  8  0.2, (p value = 0.001)  [32] . Further transla-
tional and clinical work is needed to define the potential 
of magnesium and the mechanism of its action in reduc-
ing CIMT, not only in atherosclerosis but also in other 
mineralizing disorders, such as PXE.

  The Atherosclerosis Risk in Communities (ARIC) 
study, which looked at magnesium dietary intake in men 
and women aged 45–64 years, concluded that low dietary 
magnesium intake and low serum magnesium levels con-
tributed to atherosclerosis development and a mean 
CIMT increase  [33] ; for each 0.1 mmol/l decrease in se-
rum magnesium, the CIMT increased 0.0059 mm in 
women who were not on diuretics. This result was sig-
nificant (p = 0.003)  [33]  and remained so, despite the use 
of diuretics which can confound results by increasing the 
urinary excretion of magnesium (0.0124 mm, p = 0.004) 
 [33] . This result was not significant in men. According to 
the Cardiovascular Health Study and NOMAS, normal 
CIMT ranges vary from 0.7 to 0.9 mm in 45- to 75-year-
olds  [34]  and the progression of CIMT – depending on 
risk factors – can range from 0.01  8  0.05 mm/year  [35] . 
If low-serum magnesium can potentially cause a signifi-
cant increase in CIMT in women in this age range (simi-
lar to the pathological progression of CIMT), the risk of 
stroke incidence increases as the CIMT rate of change 
increases  [35] , resulting in increased cardiovascular mor-
bidity and mortality  [36–38] .

  Gender differences with magnesium have also been 
found in a second ARIC study in 1998, which revealed 
that after adjusting for cardiovascular confounders, low-
serum magnesium is an independent predictor of the in-
cidence of coronary heart disease in women (adjusted 
relative risk: 1.32 vs. 0.69 in men)  [39] . Low dietary mag-
nesium, however, was weakly associated with incident 
coronary heart disease in men in this study  [39] . More 
RCT investigations are needed to determine the impact 
of serum magnesium levels and dietary magnesium on 
atherosclerosis, CIMT and coronary heart disease, espe-
cially in women.



 Kupetsky-Rincon/Uitto

 

Ann Nutr Metab 2012;61:102–110108

  Stroke 
 A recent prospective meta-analysis, in which the au-

thors conducted a Pubmed and EMBASE literature re-
view for ‘magnesium intake’ and ‘stroke’, identified 7 
studies published from 1998 to 2011 (241,348 participants 
in total) and found that these stroke patients were on a 
median dose of 250 (low)–500 mg (high) of magnesium 
per day  [40] . After adjustment for stroke risk factors, the 
consumption of magnesium at an increment of 100 mg/
day, as determined by food questionnaires in these stud-
ies, was inversely associated with ischemic stroke  [40] . 
Similar positive results have also been seen in basic sci-
ence studies. Intracarotid administration of 3 different 
doses of MgSO 4  in rats followed by middle cerebral-ar-
tery occlusion, a model for cerebral ischemia and then 
reperfusion, demonstrated neuronal protection or less 
infarct with the higher MgSO 4  dose (p  !  0.001)  [41] . In-
tra-arterial or intravenous MgSO 4  may have mechanisms 
of action in the brain that involve inhibition of the pre-
synaptic release of excitatory neurotransmitters, non-
competitive block of the N-methyl-D-aspartate recep-
tors, presynaptically potentiate adenosine, block calcium 
channels, relax vascular smooth muscle (causing vasodi-
lation that increases cerebral blood flow) or antagonize 
endothelin-1 (a vasoconstrictor)  [42] .

  Although there have been other successful animal 
stroke or brain injury models with MgSO 4   [43–45] , its 
use for neuroprotection in human trials has yielded less 
clear results. In the Intravenous Magnesium Efficacy in 
Stroke (IMAGES) trial, a placebo-controlled, double-
blinded, parallel-group, multi-center RCT, where MgSO 4  
was administered to patients with a median time of 7 h 
to treat clinically diagnosed ischemic stroke, there was 
no reduction in morbidity or mortality at 90 days  [46] . It 
was postulated that perhaps the reason why translating 
the treatment to humans was not successful was because 
the drug had to be delivered in a shorter time span from 
the onset of stroke symptoms because ‘time lost is brain 
lost’, or that delay of treatment results in neuronal death. 
Design challenges faced by investigators – to deliver 
timely care to stroke patients in a shorter time-window, 
rapidly identify potential subjects, provide informed 
consent, enroll them and assess the degree of stroke se-
verity – led to the Field Administration of Stroke Thera-
py-Magnesium (FAST-MAG) being initiated  [42] . The 
first FAST-MAG, which was a safety and feasibility non-
randomized trial, enrolled 20 patients (80% ischemic 
and 20% hemorrhagic strokes) and initiated the infusion 
of MgSO 4  at 100–120 min after diagnosis  [47] . At 90 
days, 42% of the patients with  ! 2 h infarcts had early re-

covery, and 69% of all patients and 75% of those patients 
with  ! 2 h infarct achieved good overall global function-
al outcome  [47] . There were no serious adverse events 
 [47] . FAST-MAG RCT phase III, which is still ongoing, 
allows the subject to be rapidly assessed, screened, pro-
vide consent, enrolled and receive the study drug (a blind 
study kit) in under 2 h (while still in the ambulance)  [42] . 
Thus far, it has enrolled 73% of patients with ischemic 
stroke and 24% with hemorrhagic stroke. The trial is im-
pressive in that a neuroprotective agent is being delivered 
in the field in the shortest time possible (aka ‘the golden 
hour’) prior to patients arriving at the hospital and re-
ceiving tissue plasminogen activator (if they are a candi-
date); this early intervention has the potential to save as 
much brain tissue as possible  [42] .

  Coronary Heart Disease 
 The 2003 study in Honolulu  [48] , which analyzed the 

future risk of coronary heart disease and magnesium in-
take based on dietary recall, concluded that a higher dai-
ly intake of magnesium was associated with a lower inci-
dence of coronary heart disease. Although observational 
studies are helpful at establishing associations, large-
scale interventional trials or RCTs are required to evalu-
ate the safety, efficacy and dose ranges of magnesium in 
order to verify a cause and effect hypothesis (e.g. that 
magnesium treats stage 1 HTN). In addition, compara-
tive studies are needed to determine how this supplement 
equates with other drugs currently in use for cardiovas-
cular indications.

  Magnesium – Future Applications 

 Because of magnesium’s anti-inflammatory, statin-
like and anti-mineralizing effects, a role for it is emerg-
ing in cardiovascular and neurological medicine. As in-
dicated above, patients with the mineralizing disorder, 
PXE, are being treated with magnesium due to its success 
in animal studies. The actual efficacy of magnesium sup-
plements in offsetting the complications of coronary 
heart disease, CIMT, HTN, stroke or cardiovascular dis-
ease is currently unknown, and the optimal dose has not 
been established. As a consequence, larger RCTs are 
needed.

  Because statin drugs have already been approved for 
lowering cholesterol in humans and there are data to sup-
port the notion that magnesium reduces C-reactive pro-
tein levels and also inhibits HMG-CoA reductase, indi-
rectly (like the statins)  [12] , the potential for combining 
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magnesium with a statin for a more potent cholesterol-
lowering effect may be worth investigating. Magnesium-
ATP complex is required for the deactivation or phos-
phorylation of HMG-CoA reductase, and in states of hy-
pomagnesemia, the balance between active and inactive 
forms of HMG-CoA reductase shifts, favoring a hyper-
cholesterolemic state  [15] . Since magnesium is required 
for lecithin cholesterol transferase, which lowers LDL and 
triglycerides and raises HDL, its function to possibly en-
hance or to a lesser degree mimic the effect of a statin 
drug is still to be elucidated  [15] . Moreover, the use of 
statins has been proven to reduce CIMT in humans  [49–
51] ; thus, a magnesium-statin combination for reduced 
CIMT might be more efficacious and may reduce mor-
bidity and mortality to a larger extent than a statin only. 
The future application of magnesium supplementation 
for neuroprotective and cardiovascular health for poten-
tially reducing cholesterol, BP, atherosclerosis and CIMT 
is a much-needed area of study.

  Conclusions 

 The potential impact of magnesium in cardiovascular 
and neurological health, the abundance and low cost of the 
supplement, the relatively low side effect profile and the 
paucity of information in the literature about this com-
mon mineral suggest that more studies should be conduct-
ed to determine its safety and efficacy. The majority of 
human trials with magnesium thus far have not been in-
terventional, but based on food questionnaires which may 
not be accurate and are subject to a recall bias. Further 
work is also needed to determine the mechanism of action 
by which magnesium modulates the mineralization and 
inflammation of the cardiovascular and nervous systems.
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