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Magnesium intake of 500 mg/d to 1000 mg/d may reduce
blood pressure (BP) as much as 5.6/2.8 mm Hg. However,
clinical studies have a wide range of BP reduction, with
some showing no change in BP. The combination of
increased intake of magnesium and potassium coupled
with reduced sodium intake is more effective in reducing
BP than single mineral intake and is often as effective as
one antihypertensive drug in treating hypertension. Reduc-
ing intracellular sodium and calcium while increasing intra-
cellular magnesium and potassium improves BP response.
Magnesium also increases the effectiveness of all antihy-
pertensive drug classes. It remains to be conclusively
proven that cardiovascular disease such as coronary heart

disease, ischemic stroke, and cardiac arrhythmias can be
prevented or treated with magnesium intake. Preliminary
evidence suggests that insulin sensitivity, hyperglycemia,
diabetes mellitus, left ventricular hypertrophy, and dyslipi-
demia may be improved with increased magnesium intake.
Various genetic defects in magnesium transport are asso-
ciated with hypertension and possibly with cardiovascular
disease. Oral magnesium acts as a natural calcium chan-
nel blocker, increases nitric oxide, improves endothelial
dysfunction, and induces direct and indirect vasodilation.
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Hypertension remains the leading cause of cardiovas-
cular disease (CVD), affectmg approximately 1 billion
individuals worldwide.! More than 72 million Ameri-
cans, or nearly 1 in 3 adults, are estimated to have
hlgh blood pressure (BP), but only 35% reach goal BP
control.> Nearly 70 million more adults are at risk for
developing prehypertension, and 90% of adults will
probably develop hlgh BP by the age of 65, especially
systolic hypertension.> Hypertension is associated with
an increased risk of morbidity and mortality from
cerebrovascular accidents (CVA), coronary heart dis-
ease (CHD), congestive heart failure, and end-stage
renal disease (ESRD). Due to its high prevalence,
hypertension remains the most common reason for vis-
its to physician’s offices and the primary reason for
prescription drug use in the United States.

DIET IN THE PREVENTION AND TREATMENT
OF HYPERTENSION

Several epldemlologlc studies suggest that diet plays an
important role in determining BP.* Dietary therapies
known to lower BP include reduced sodium intake,
increased potassium and magnesium intake, possibly
an increase in calcium intake, and a diet rich in fruits
and vegetables.*® The landmark Dietary Approaches
to Stop Hypertension (DASH) trial demonstrated
that modification of diet significantly lowered BP in
patients with stage 1 hypertension and high-normal
BP.”® The DASH diet, which emphasizes the con-
sumption of fruits, Vegetables, high fiber, and low-fat
dairy products, also lowers BP in persons with isolated
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systolic hypertension (ISH).” These BP-lowering effects
were seen in 8 weeks and were sustained throughout
the study period. The Seventh Report of the Joint
National Committee on Prevention, Detection, Evalua-
tion, and Treatment of High Blood Pressure (JNC 7)
guidelines as well as the recent American Heart
Association (AHA) recommendations for the preven-
tion and management of CVD and numerous other
international organizations also recognize the role that
various foods, macronutrients, micronutrients, and

minerals play in lowering BP.'%-1#14

EFFECT OF MAGNESIUM ON BP

Epidemiologic, observational, and clinical trial data
show that a diet high in magnesium (at least 500-
1000 m d) lowers BP, but the results are inconsis-
tent.! These varied results may relate to the popula-
tion studied, duration of the trial, use of concomitant
drugs, other nutrients and minerals, type and dose of
magnesium administered, pretreatment magnesium
level, pretreatment BP level, inadequate monitoring for
adherence, use of varied measures of serum magnesium,
intracellular magnesium, or 24-hour urinary magnesium
excretion, as well as lack of evaluation of baseline
plasma renin activity, essential fatty acid status, and
genetic magnesium transporter status. In most epldemlo—
logic studies, an inverse relationship has been shown
between dletary magnesium intake and BP.">~!”

In a study of 60 patients with hypertension given
magnesium oxide at 20 mmol/d during 8 weeks, sig-
nificant reductlons in ambulatory, home, and office BP
were observed.'® The office BP fell by 3. 7/1.7 mm Hg,
24-hour ambulatory BP was reduced by 2.5/1.4
mm Hg, and home BP decreased by 2.0/1.4 mm Hg.
The levels of serum and urinary magnesium correlated
with the BP reduction. Patients with the highest BP
levels at entry had the largest reduction in BP.
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Witteman and colleagues'? demonstrated significant
decreases in BP in a double-blind placebo-controlled
trial of 91 middle-aged to elderly women with mild to
moderate hypertension using magnesium asparate-HCI
(20 mmol/d or 485 mg of magnesium) for 6 months.
There was a significant decrease in systolic BP and dia-
stolic BP by 2.7 mm Hg (P<.18) and 3.4 mm Hg
(P<.003), respectively. In addition, BP response was
not associated with baseline magnesium level, and
patients taking magnesium had a 50% increase in uri-
nary magnesium excretion. In another study of 48
patients with mild uncomplicated hypertension, those
given magnesium 600 mg/d with lifestyle changes vs
those with lifestyle changes only had significant reduc-
tions in 24-hour systolic BP and diastolic BP during
daytime and nighttime readings of 5.6/2.8 mm Hg vs
1.3/1.8 mm Hg (P<.001 and P<.002, respectively),
increased serum and intracellular magnesium, in-
creased urinary magnesium excretion, and decreased
intracellular calcium and sodium levels.’ Magnesium
supplementation (with calcium and potassium) was
administered to 96 patients with hypertensmn during
6 months by Sacks and colleagues®’ but no significant
reduction in BP was noted.

Meta-analysis of magnesium supplementation has
also revealed conflicting results. A review of 29 studies
of magnesium was inconclusive as a result of flaws in
methodology but suggested that a negatlve association
of BP with magnesium was not present.”> In contrast,
a meta-analysis of 20 randomized clinical trials with a
median intake of 15.4 mmol/d of magnesium revealed
a dose- dependent BP reduction with magnesium sup-
plementation.’> A more recent meta-analysis of 105
trials randomizing 6805 participants with at least
8 weeks of follow-up found no evidence that magne-
sium supplements had any important effect on BP.

The BP response to magnesium may be dependent in
part on the baseline plasma renin activity (PRA), but
this has not been verified in subsequent studies.”* Sev-
enteen inpatients with untreated uncomplicated mild
to moderate hypertension and 8 age-matched controls
were given 1.0 g/d of magnesium oxide for 2 weeks.

The average mean 24-hour BP for both daytime and night-
time readings fell from 104.3 mm Hg to 99.5 mm Hg
(P<.0S5) while there was no change in BP in the control
group. The PRA was significantly higher in the responder
group than the nonresponder group in those who received
the magnesium supplement (P<.05). Magnesium supress-
es circulating Na+K+ ATPase inhibitory activity to attenu-
ate vascular tone and lower BP. Other studies have shown
that oral magnesium improves borderline hypertension.*

Magnesium may have a more pronounced BP-lower-
ing effect when admmlstered w1th high potassium
intake and low sodium intake.?®*” In a double-blind,
randomized, placebo—controlled, crossover trial of
32 weeks’ duration, 37 adults with mild to moderate
hypertension (diastolic BP <110 mm Hg) were given
placebo or potassium 60 mmol/d alone or in combina-
tion with magnesium 20 mmol/d in a crossover design.
None of the patients were taking any other medications
or supplements. The potassium/magnesium combina-
tion significantly reduced BP (P<.001), but the addi-
tion of magnesium to the potassium did not decrease
BP further. Other studies suggest that high potassium,
high magnesium, and low sodium intake will result in
additive reductions in BP?” (Table).

Magnesmm given in conjunction with taurine lowers
BP, improves insulin resistance, retards athero ene51s
prevents arrhythmias, and stabilizes platelets.” % The
actions may be related to the common mechamsm of
action of magnesium and taurine to reduce intracellu-
lar calcium and sodium levels.”®**’ In the World
Health Organization’s Coordinated Cardiovascular
Diseases and Alimentary Comparison (WHO-CAR-
DIAC) study, patients with higher 24-hour urine mag-
nesium/creatinine and taurine/creatinine levels had
significantly lower cardiovascular risks, including
CVA, CHD, and myocardial infarction.?’

Magnesium is also effective in further reducing BP
in stage I hypertension, diabetes mellitus, and preg-
nancy when coadministered with antihypertensive
agents such as angiotensin-converting enzyme inhibi-
tors, angiotensin receptor blockers, calcium channel
blockers, diuretics, B-blockers, methyldopa, and other

TABLE. Summary of Clinical Trials and Meta-Analysis of Magnesium Effect on BP
Reference Dose Mg++ Patients Duration Office BP mm Hg 24-h ABPM
18 20 mmol 60 8 wk 3.7/1.7 2.5/1.4
19 20 mmol 91 6 mo 2.7/3.4
20 600 mg 48 5.6/2.8
21 96 6 mo No change
22 Meta-analysis of 29 studies No change
15 Meta-analysis of 20 studies with an average mg intake 15.4 mmol. Dose-dependent reduction in BP
23 Meta-analysis of 105 studies with 6805 patients during an average of 8 wk. No change in BP
24 1000 mg 17 2 wk MAP 4.8
26 20 mmol

Potassium chloride 60 mmol 37 32 wk No change with magnesium but reduction with potassium
Abbreviations: ABPM, ambulatory blood pressure monitoring; BP, blood pressure; MAP, mean arterial pressure; mg, magnesium.
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pharmacologic agents.’°% A comprehensive analytic
review of 44 human studies of oral magnesium for
hypertension showed that magnesium supplements
enhanced the BP-lowering effect of antihypertensive
medications.>!

Magnesium intake is correlated with reductions in
CVA, CVD, arrhythmias, insulin resistance, dlabetes
melhtus and left Ventrlcular hypertrophy in most***
but not all studies.*” In a study of 34,670 women,
cerebral infarction was inversely correlated with both
magnesium and potassium intake.** Left ventricular
hypertrophy and left ventricular mass are lower in
patients with higher magnesium intakes.*> In the Ath-
erosclerosis Risk in Communities Study (ARIC), higher
serum magnesium and magnesium intake were associ-
ated with lower prevalence of hypertension diabetes,
and ischemic CVA during 15 years in both men and
women. > Magnesium intake is also correlated with
reductions in serum lipids, hyperglycemia, metabolic
syndrome, obesity, insulin resistance, and diabetes
mellitus.?”>%*

MECHANISMS OF BP REDUCTION WITH
MAGNESIUM

One of the mechanisms by which magnesium lowers
BP is by acting like a natural calcium channel blocker.
Magnesium competes with sodium for binding sites on
vascular smooth muscle cells, increases prostaglandin
E, binds to potassium in a cooperative manner,
induces endothelial-dependent vasodilation, improves
endothelial dysfunction in hypertensive and diabetic
patients, decreases intracellular calcium and sodium,
and reduces BP.?%*%*% Magnesium is more effective in
reducing BP when administered as multiple minerals in
a natural form and as a combination with magnesium,
potassium, and calcium than when given alone.*!

Magnesium is also an essential cofactor for the
delta-6-desaturase enzyme, which is the rate-limiting
step for the conversion of linoleic acid (LA) to
gamma-LA (GLA).**™* GLA, in turn, elongates to
form DGLA (dihomo-gamma- hnelerc ac1d), the precur-
sor for prostaglandin E1 (PGE,), is both a vasodilator
and platelet inhibitor.* Low magnesium states lead
to insufficient amounts of PGE,, causing vasoconstric-
tion and increased BP.****

In addition to BP, magnesium regulates intracellular
calcium, sodium, potassium, and pH as well as left
ventricular mass, insulin sensitivity, and arterial com-
pliance.'”*® Magnesium also suppresses circulating
Na+K+ATPase inhibitory activity that reduces vascular
tone.**

The calcium channel blocker mimetic effect of mag-
nesium results in production of vasodilator prostacyc-
lins and nitric oxide and alters the vascular responses
to vasoactive agonists.** These varied biochemical reac-
tions control vascular contraction and dilation, growth
and apoptosis, differentiation, and inflammation.*
Alterations in magnesium transport systems may pre-
dispose patients to hypertension and subsequent cardio-
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vascular disease.*™*® Magnesium efflux and influx
transport systems have been well characterized in
humans. Magnesium efflux occurs via Na++-dependent
and Na++-independent pathways. Magnesium influx is
controlled by Mrs2p, SLC41A1, ACDP2, Mag TI1,
TRPM6, and TRPM7 (melastatm) 4548 Iy partlcular
increased Mg++ efflux through altered regulation of the
vascular Na+/Mg++ exchanger, and decreased Mg
influx due to defective vascular and renal TRPM6/7
expression/activity may be important.*~** TRPM6 is
found primarily in epithelial cells. TRPM7 is ubiqui-
tously expressed and is implicated as a signaling kinase
involved in vascular smooth muscle cell growth, apop-
tosis, adhesion, contraction, cytoskeletal organization
and migration, and is modulated by Vasoactlve agents,
pressure, stretch, and osmotic changes.*® TRPM7 thus
alters intracellular magnesium levels through changes
in efflux and influx, which may be related to the onset
and perpetuation of hypertension.*®

Research involving new imaging techniques to mea-
sure intracellular magnesium, such as P-nuclear mag-
netic resonance and magnesium-specific ion-selective
electrodes, which measure intracellular and extracellu-
lar free concentrations of magnesium, and flourescent
probes will further enhance our understandmg of the
role of magnesium in hypertension.!”** Intracellular
magnesium such as red blood cell magnesium is a
more accurate reflection of total body magnesium
stores.

THE “IONIC HYPOTHESIS” OF RESNICK AND
THE ROLE OF MAGNESIUM AND OTHER
IONS

The ionic hypothesis of hypertensron and other meta-
bolic disorders by Resnick®® is characterized by the
following: (1) increased intracellular free calcium and
reduced intracellular free magnesium determine the
amount of vasoconstriction or vasodilation; (2) an
elevated glucose and low-density lipoprotein choles-
terol increase the intracellular calcium and/or lower
intracellular magnesium in vascular smooth muscle
cells; (3) hypertension, insulin resistance, and type II
diabetes mellitus are associated with an increased
intracellular calcium and decreased intracellular mag-
nesium, which all respond to weight loss; (4) weight
loss also decreases intracellular calcium levels; (5)
dietary calcium suppressible hormones such as para-
thyroid hormone (PTH) and 1,25 vitamin D are vaso-
active and promote calcium uptake in vascular smooth
muscle cells and cardiac muscle; (6) the higher the
PTH concentration, the greater the fall in BP, and
the greater the reduction in PTH and 1,25 vitamin D,
the greater the BP reduction; (7) individuals with salt-
sensitive and calcium-sensitive hypertension have ele-
vated intracellular calcium PTH and 1,25 vitamin D,
but low intracellular magnesium; (8) dietary calcium
reverses abnormal calcium indices and lowers BP; (9)
dietary potassium reduces urinary calcium excretion
and 1,2 vitamin D plasma levels; and (10) magnesium
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intake reduces tissue calcium accumulation. Increased
intake of magnesium, potassium, and calcium with
concomitant reductions in sodium intake may lower
BP more effectively than changing the intake of any
single mineral.

CONCLUSIONS

The overall effect of diet on BP is determined by the
net contribution of various nutrients on cytosolic-free
minerals such as potassium, calcium magnesium, and
sodium. Measurements of intracellular magnesium are
more indicative of body stores and should be used in
conjunction with serum magnesium and urinary mag-
nesium to accurately determine magnesium deficien-
cies. Consumption of 500 mg to 1000 mg of
magnesium may lower BP as much as 2.7 mm Hg to
5.6 mm Hg systolic and 1.7 mm Hg to 3.4 mm Hg
diastolic as measured by causal office BP readings,
home BP measurements, or 24-hour ambulatory BP
monitoring. However, the variability in study design
and methodology, doses and type of magnesium used,
pretreatment magnesium and BP levels, populatlon
studied, concomitant sodium, potassium and calcium
intake, and other issues make definitive conclusions
about the magnitude of BP reduction difficult. Magne-
sium lowers intracellular sodium and calcium, which
enhances BP reduction. Magnesium is a natural cal-
cium channel blocker, blocks sodium attachment to
vascular smooth muscle cells, increases vasodilating
PGE, binds potassium in a cooperative manner,
increases nitric oxide, improves endothelial dysfunc-
tion, causes vasodilation, and reduces BP. Some
genetic defects in magnesium transport may be
causative in hypertension. Combinations of magne-
sium and potassium with low-sodium intakes are more
effective in reducing BP than using single minerals. It
is recommended that 1000 mg of magnesium be com-
bined with 4.7 g of potassium and <1.5 g of sodium
per day through both diet and supplements to maxi-
mize BP reduction.”” Combining magnesium with tau-
rine has additive antihypertensive effects and lowers
intracellular sodium and calcium. It is recommended
that about 1000 mg to 2000 mg of taurine be added
to this regimen. These can be administered separately
or as magnesium taurate combinations, which are
available from many reptutable nutrition companies
and variable doses of 100 mg to 500 mg of magne-
sium taurate. The use of chelated magnesium with an
amino acid is better absorbed and reduces diarrhea.
Taurine has a mild diuretic effect, but is otherwise
well tolerated without adverse effects. Magnesium
should be avoided or used with caution in any patient
with renal impairment or patients with neuromuscular
disorders. Magnesium has additive antihypertensive
effects with all antihypertensive drugs and should thus
be routinely administered unless patients have specific
contraindications such as renal insufficiency or they
are taking medications that could result in magnesium
retention. The role of magnesium supplementation in

the prevention or treatment of CVD, CHD, CVA,
cardiac arrhythmias, insulin resistance, hyperglycemia,
diabetes mellitus, left ventricular hypertrophy, and
dyslipidemia will require more definitive clinical trials
in the future.

RECOMMENDATIONS

Americans consume 3 to 4 times the sodium and about
one third the magnesium and potassium that is recom-
mended by current guidelines. A high intake of potas-
sium, magnesium, and possibly calcium through
increased consumption of fruits and vegetables, the
DASH diet and supplements, and reduced intake of
sodium are important for the prevention of hyperten-
sion and major public health problems such as CVD,
CHD, and stroke.
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