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Background—Magnesium blocks many of the physiological actions of calcium. Nevertheless, the impact
of magnesium supplementation on endothelial function and exercise tolerance in stable coronary artery
disease (CAD) patients has not been assessed.
Methods and Results—In a randomized, double-blind, placebo-controlled trial, 50 stable CAD patients
(41 men and 9 women, mean±SD age 67±11 years, age range 42 to 82 years) were randomized to receive
either magnesium (n=25) (30 mmol/d Magnosolv-Granulat; Asta Medica Company, Inc) or placebo
(n=25) for 6 months. Before and after 6 months, endothelium-dependent brachial artery flow-mediated
vasodilation (FMD) and endothelium-independent NTG-mediated vasodilation were assessed with
high-resolution (10-MHz) ultrasound. Exercise stress testing was performed with use of the Bruce
protocol. Intracellular magnesium concentrations ([Mg2+]i) were assessed from sublingual cells through
x-ray dispersion (EXA) (normal mean±SD values 37.9±4.0 mEq/L). The magnesium therapy
significantly increased postintervention ([Mg2+]i versus placebo (36.2±5.0 versus 32.7±2.7 mEq/L,
P<0.02). There was a significant correlation in the total population between baseline [Mg2+]i and
baseline FMD (r=0.48, P<0.01). The magnesium intervention resulted in a significant improvement in
postintervention FMD (15.5±12.0%, P=0.02 compared with baseline), which was not evident with
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placebo (4.4±2.5%, P=0.78 compared with baseline). There was better exercise tolerance (9.3±2.0 versus
7.3±3.1 minutes, P=0.05) and less ischemic ST-segment changes (4 versus 10 patients, P=0.05) in the
magnesium versus placebo groups, respectively.
Conclusions—Oral magnesium therapy in CAD patients is associated with significant improvement in
brachial artery endothelial function and exercise tolerance, suggesting a potential mechanism by which
magnesium could beneficially alter outcomes in CAD patients.
Key Words: magnesium • lipoproteins • endothelium • coronary disease
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Treatment Effect on FMD

Figure 1. Correlation of percent change in baseline brachial
artery flow-mediated vasodilation (%FMD) and baseline intracellular magnesium level ([Mg]i) in total study population (n⫽50),
demonstrating a linear correlation.

Statistical Analysis
Group data are expressed as mean⫾SD. Differences between
clinical characteristics and brachial artery vasodilator responses were evaluated and analyzed by unpaired t tests for
2-group comparisons and 1-way ANOVA for multiple group
comparisons. Comparison of biochemical measurements was
performed with the unpaired Student’s t test and Wilcoxon
signed-rank test. Log transformations were used to normalize
data for regression analysis. Linear regression analysis was
used to compare the continuous relation between brachial
artery and LDL-C. Predictors of brachial artery vasodilator
responses to reactive hyperemia were obtained through forward stepwise multilinear regression analysis. A P value of
⬍0.05 was considered statistically significant.

Results

At baseline, the total study population had an FMD of
4.4⫾2.5% and an NTG-mediated vasodilation of
14.4⫾14.0%. There were no significant differences between
the 2 groups at baseline FMD (Figure 2) or NTG-mediated
dilation. There also were no significant differences between
the 2 groups in baseline brachial artery diameter, age, body
mass index, cardiac history, sex, cardiac medications, lipidlowering therapy, exercise duration, ST-segment change,
blood pressure, lipids, glucose, and [Mg2⫹]i (Table 1).
The magnesium intervention resulted in a significant improvement in postintervention FMD (15.5⫾12.0%, P⫽0.02
compared with baseline) that was not evident with placebo
(4.4⫾2.5%, P⫽0.78 compared with baseline) (Figure 2). At
the end of the trial, ⌬FMD (postintervention percent FMD
minus baseline percent FMD divided by baseline percent
FMD) was significantly higher in the magnesium than the
placebo group (25.2⫾13.0% versus ⫺4.5⫾2.5%, P⬍0.02).
In the total population, there was a significant correlation of
change in [Mg2⫹]i with change in FMD (r⫽0.39, P⬍0.01).
There was no significant effect of treatment on NTG-induced
vasodilation between magnesium and placebo groups
(13.9⫾11.1% versus 14.4⫾14.0%, P⫽0.82).
Patients were then divided into groups with a mean of
ⱕ34.6⫾4.1 mEq/L [Mg2⫹]i (n⫽26) and ⬎34.6⫾4.1 mEq/L
[Mg2⫹]i (n⫽24)i at study exit. Five patients (20%) from the
placebo group and 19 patients (76%) from the magnesium
group had a [Mg2⫹]i above the mean. Percent change in FMD
from baseline to postintervention was significantly higher in
patients with greater than the mean [Mg2⫹]i (8.53⫾8.16%
versus 1.99⫾5.95%, P⬍0.02).

Patient Demographics
The study population was composed of 50 stable coronary
patients (41 men and 9 women) with a mean age of 66⫾11
years (range 42 to 83 years) and a body mass index of 26⫾4
kg/m2 (range 20 to 37 kg/m2). All patients had stable CAD
documented with a previous myocardial infarction (n⫽28),
CABG (n⫽25), or coronary angioplasty (n⫽29) (25 patients
had multiple diagnoses). Eighty-eight percent of patients
received aspirin, and two thirds were taking lipid-lowering
agents; the remainder managed their hypercholesterolemia
with a very low fat (vegetarian) diet. The overall group mean
LDL-C was 91⫾24 mg/dL (range 46 to 170 mg/dL). Overall
compliance with the study medication was 89%. There were
no significant changes in other medication use during the
course of the study. There were no serious adverse effects.

Treatment Effect on [Mg2ⴙ]i
Of the 50 CAD patients, 36 (72%) had a baseline [Mg2⫹]i
below normal levels (37.9⫾4.0 mEq/L), reflecting a
magnesium-deficient state. There was no significant difference in baseline [Mg2⫹]i between the magnesium and placebo
groups (31.7⫾3.3 versus 33.4⫾4.8 mEq/L, P⫽0.16). There
was a significant correlation in the total population between
baseline [Mg2⫹]i and baseline FMD (r⫽0.48, P⬍0.01) (Figure 1). Magnesium therapy significantly increased postintervention [Mg2⫹]i versus placebo (36.2⫾5.0 versus 32.7⫾2.7
mEq/L, P⬍0.02).

Treatment Effect on Exercise Performance
At baseline, there were no significant differences between the
2 groups in regard to exercise stress testing or the presence of
exercise-induced ischemic ST-segment depression. At 6
months, there was a trend toward a better cardiac functional
capacity measured with METs and significantly improved
exercise duration in patients who received magnesium compared with the placebo patients (10.2⫾2.0 versus 8.5⫾3.6
METs, P⫽0.08, and 9.3⫾2.0 versus 7.3⫾3.1 minutes,
P⫽0.05) (Table 2). Patients in the magnesium group also had
less ischemic ST-segment changes (4 versus 10 patients,
P⫽0.05) and fewer arrhythmias (0 versus 4 patients, P⫽0.05)
during exercise testing compared with the placebo group.

Treatment Effect on Other Variables
After 6 months, there were no significant group differences in
exit blood pressure, body mass index, glucose, total cholesterol, LDL-C, HDL-C, triglycerides, and use of cardiac
medications.

Discussion
The results of the present study demonstrate that an oral
magnesium intervention for 6 months resulted in significant
improvement in brachial artery endothelial function in a
population of stable CAD patients. These results are further
supported by our [Mg2⫹]i data that demonstrate a moderate
correlation between [Mg2⫹]i and brachial artery endothelial
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TABLE 1.

Baseline Characteristics of Study Population
Placebo (n⫽25)

Magnesium (n⫽25)

P

Male sex, n (%)

19 (76)

21 (84)

0.54

Age, y

66⫾12

68⫾10

0.54

BMI, kg/m2

26⫾4

25⫾4

0.65

Variable

Prior MI, n (%)

17 (68)

12 (48)

0.12

Prior CABG, n (%)

16 (64)

10 (40)

0.08

Prior PTCA, n (%)

15 (60)

14 (56)

0.49

5 (20)

3 (12)

0.35

12 (48)

10 (40)

0.38

2 (8)

0 (0)

0.24

History of hypercholesterolemia, n (%)

15 (60)

18 (72)

0.27

Aspirin, n (%)

23 (92)

22 (88)

0.50

Diabetes mellitus, n (%)
Systemic hypertension, n (%)
Current smokers, n (%)

Hypoglycemic agents, n (%)

5 (20)

3 (12)

0.35

␤-Blockers, n (%)

9 (36)

11 (44)

0.48

Calcium antagonists, n (%)

4 (16)

3 (12)

0.50

Long-acting nitrates, n (%)

3 (12)

0 (0)

0.11

ACE inhibitors, n (%)
Lipid-lowering agents, n (%)

5 (20)

6 (24)

0.49

15 (60)

18 (72)

0.27

Vitamins, n (%)

11 (44)

13 (52)

0.38

SBP supine, mm Hg

145⫾18

147⫾21

0.78

DBP supine, mm Hg

69⫾14

69⫾10

0.92

Exercise duration, min

7.2⫾2.8

7.3⫾3.0

0.63

METs achieved

8.5⫾2.7

8.4⫾2.8

0.52

4 (16)

3 (12)

0.30

ST-segment depression, n (%)

BMI indicates body mass index; DBP, diastolic blood pressure; MI, myocardial infarction; SBP,
systolic blood pressure. Values are expressed as mean⫾SD.

function at baseline, as well as a significant increase in
[Mg2⫹]i in response to oral magnesium therapy that accompanied the improvement in brachial artery endothelial function. Our study also demonstrated a trend toward improved
functional capacity (measured with METs) and significant
improvement in exercise duration and ischemic ECG response in the oral magnesium intervention group. These latter
results are concordant with our previous work that demonstrates a significant association between [Mg2⫹]i and cardiac
functional capacity in stable CAD patients.22
The mechanisms to explain these beneficial effects of
magnesium may be multiple. Higher [Mg2⫹]i may improve
intracellular ATP production and glucose use, because magnesium is a cofactor of ATP. Because magnesium is considered nature’s physiological calcium blocker,1,2 it reduces the

Figure 2. Percent change in endothelium-dependent brachial
artery flow-mediated vasodilation (%FMD) from baseline in placebo (F) (n⫽25) and magnesium (E) (n⫽25) groups at baseline
and after 6 months.

release of calcium from and into the sarcoplasmic reticulum
and protects the cells against calcium overload under conditions of ischemia. Magnesium reduces systemic and pulmonary vascular resistance, with a concomitant decrease in
blood pressure and a slight increase in cardiac index.23–25
Elevation of extracellular magnesium levels reduces arteriolar tone and tension in a wide variety of arteries2 and
potentiates the dilatory action of some endogenous (adenosine, potassium, and some prostaglandins) and exogenous
(isoproterenol and nitroprusside) vasodilators.2 As a result,
magnesium mildly reduces systolic blood pressure25 and may
provide afterload reduction and thus unload the ischemic
ventricle.23 Kugiyama et al26 demonstrated that exerciseinduced angina is suppressed by intravenous magnesium in
patients with variant angina, potentially as a result of improvement of coronary artery spasm. These types of arteriolar
effects may explain our results of a beneficial magnesium
effect for FMD and exercise tolerance in our CAD patients.
Experimental models that involve the manipulation of
[Mg2⫹]i levels shed additional light on the role of magnesium
in response to cellular stress and improvement of endothelial
function. Dickens et al27 challenged cell cultures of bovine
endothelial cells with oxygen-derived free radicals under
conditions of normal or deficient extracellular magnesium.
The magnesium-deficient cells exhibited greater oxidative
endothelial injury than the magnesium-replete cells, suggesting that tissues subjected to oxidative stress in the setting of

