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ABSTRACT

Introduction: Magnesium is an essential element that has numerous biological functions in the cardiovascular
system. Hence, three hundred patients with known cardiovascular disease above the age of 25 years were
studied to evaluate association between dietary and serum magnesium with cardiovascular risk factors.
Materials and Methods: Patients were divided into three groups according to serum magnesium levels; <1.6
(Group 1), >1.6-2.6 (Group 2) and: >2.6 mg/dl (Group 3), and into two groups according to dietary magnesium
intake; <350 mg/day (Group 1) and >350 mg/day (Group 2), respectively. Results: Mean age of patients
was 60.97 + 12.5 years. Total cholesterol, triglycerides, VLDL, and LDL were significantly higher and HDL
cholesterol significantly lower in group 1 when compared with group 2 and group 3. Diabetes, dyslipidemia,
and hypertension were negatively correlated with serum magnesium levels; which were maintained even after
adjustment with age, sex, and anthropometric parameters in multiple regression analysis. Similar observations
were observed in dietary magnesium intake except LDL and total cholesterol. Dietary magnesium was positively
correlated with serum magnesium. Conclusions: Hypomagnesaemia and low dietary intake of magnesium
are strongly related to cardiovascular risk factors among known subjects with coronary artery disease. Hence,
magnesium supplementation may help in reducing cardiovascular disease.
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INTRODUCTION

Magnesium is an essential element that has numerous
biological functions in the cardiovascular system. At
the subcellular level, magnesium regulates contractile
proteins, modulates transmembrane transport of calcium,
sodium and potassium; controls metabolic regulation
of energy-dependent cytoplasmic and mitochondrial
pathways; regulates oxidative-phosphorylation processes,
and affects DNA and protein synthesis. Small changes in
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extracellular magnesium.'"? By serving as a cofactor in the
sodium--potassium ATPase pump, magnesium deficiency
can lead to increased intracellular sodium and calcium
concentrations, which can lead to enhance reactivity of
arteries to vasoconstrictor agents, attenuate responses
to vasodilators, promote vasoconstriction and increase
peripheral resistance, leading to increased blood pressure.
Magnesium is also important for the activity of the
extracellular enzymes lecithin--cholesterol acyl transferase,
and lipoprotein lipase.”! Serum magnesium has been linked
to atherosclerosis, myocardial infarction, hypertension and
cardiac failure™ but was not an independent risk factor for
mortality in heart patients.F!

Many studies have demonstrated correlation between
magnesium and risk factors but most of them were animal
studies.”'” Among the human studies done, very few are
done on subjects with cardiovascular disease in relation

Journal of Cardiovascular Disease Research Vol. 3/ No 4



Mahalle, et al.: Magnesium and cardiovascular risk factors

with risk factors, which suggested that low magnesium
may contribute to atherosclerosis, HTN, DM.[""""3 Relation
between dietary intake and cardiovascular disease are
particulatly unclear due to variety of confounding dietary
factors."! Hence, this study was undertaken to evaluate
association of serum and dietary magnesium with
traditional cardiovascular risk factors among subjects with
established coronary artery disease.

MATERIALS AND METHODS

Three hundred patients with known coronary disease above
the age of 25 years were included in this study. Patients,
who were admitted in cardiology department for evaluation
of chest pain and found angiography positive, were
selected in the study consecutively. Exclusion criteria were
presence of chronic kidney disease; hepatic dysfunction;
known endocrinal or rheumatological diseases or chronic
infections. All cases were interviewed using a questionnaire,
which included data on smoking, physical activity. Height,
weight, waist, hip circumference were measured. BMI and
WHR was calculated. Data on clinical history of HTN, DM
and medications (antihypertensive and oral hypoglycemic
agents) was also acquired.

Nutrition assessment was done once at the time of
recruitment; based on previous two days 24 hour dietary
recall. Mean of recall of two days was taken. Diet was
assessed using a computer based comprehensive diet
assessment known as Diet soft software, verson: 1.1.7
[developed by Invincible IDeAS (www.invincibleideas.
com) based on book Nutritive value of Indian Foods by
C. Gopalan, B.V. Rama Sastri, and S.C. Balasubrsmanian,
National Institute of Nutrition, Indian council of Medical
Research, Hyderabad, India].' Questionnaires and diet
assessments were administered via interview by trained
staff. Portion size estimation was undertaken using
volume measures, circular measures, numbers, and linear
measures. Mean of recall of two days was taken. To help
participants estimate portion sizes, interviewers provided
commonly used serving plates, bowls, utensils, cups and
spoons. If measurements could not be given we recorded
in three sizes: small, medium or large and any unusual
intake was noted on the recall. For each nuttient, we used
a standardized unit of measurement and reported values
per 100 g of edible portion of food product. There was
no significant change in the dietary pattern of these
participants and no change in lifestyle also.

Fasting blood samples were collected after 14 h fasting.
Total cholesterol, triglyceride, HDL, LDL, and VLDL
cholesterol were measured by using CHOD PAP, LIP/GK,
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enzymatic clearance method, respectively, and LDL and
VLDL were calculated by Friedewald’s formula. Interassay
3.84% and intraprecision was 2% respectively for all
parameters. Magnesium measured by Xylidyl blue method,
which has no interference due to calcium.!"

Patients were divided into three groups according to serum
magnesium levels; group-1: < 1.6 mg/dl (z = 176, 58.6%),
group 2: > 1.6-2.6 mg/dl (» = 102, 34%), and group 3: >
2.6 mg/dl (n = 26, 8.6%) and into two groups according to
Recommended Dietary allowance of magnesium; group-1
with dietary intake of magnesium < 350 mg/day (» = 180,
62%) and group 2 (# = 114 , 38%) with dietary intake of
magnesium levels > 350 mg/day.

The study was approved by Institutional ethics committee
of Deenanath Mangeshkar Hospital. Informed consent
was obtained from all subjects.

Definitions

Dyslipidemia was defined as triglyceride level = 150 mg/ dl
and HDL Cholesterol level < 40 mg/dl NCEP ATP III).
Conventional risk factors were defined as follows: BMI
<25 normal, 225 overweight/obese, DM (by history and
American Diabetes Association; 2011), HTN (systolic
and diastolic blood pressures above 140 and 90 mmHg,
respectively).

Statistical method

Statistical analysis was carried out using EPI INFO 3.5.3
(CDC, Atlanta, GA, USA). Data were presented as mean +
SD or number (%) unless specified. All parametric data
were analysed by Student’s #test. If Barlett’s chi-square
test for equality of population variances was < 0.05 then
Kruskal--Wallis test was applied. All nonparametric data
were analysed by chi-square test. Pearson’s correlation
and multiple regression analysis were used to assess the
strength of relationship between serum magnesium
and cardiovascular risk factors. A P value of <0.05 was
considered statistically significant.

RESULTS

Three hundred patients with known cardiovascular
disease (M: 216; F: 84, age: 25-92) were studied.
A comparison of cardiovascular risk factors according
to serum magnesium levels are given in Table 1. Mean
age of patients was 60.9 = 12.4 years. There was no age
difference between males and females (M: 60.95 £ 12.3;
F:61.03 £ 12.9; P = 0.10).
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Table 1: Cardiovascular risk factor in groups according to serum magnesium levels

Parameters Group 1 (= 1.6 mg/dl) Group 2 (> 1.6-2.6 mg/dl) Group 3 (> 2.6 mg/dl) P value
median (range) median (range) median (range)
Age 62 (25-92), 63.5 (25-89) 58 (32-75) 0.6369
M: 62 (25-92) M: 63 (25-85) M:59 (43-75)
F: 62 (34-86) F: 64 (25-89) F: 56 (32-71)
P value 0.9842* 0.33497, 0.3904#
Sex Male:67.6% (119) Male: 77.5% (79) Male: 81.8% (18) 0.1203
Female: 32.4% (57) Female: 22.5% (23) Female: 18.2% (4)
P value 0.1076* 0.2645", 0.8686"
BMI 27.3 (20.02-39.4) 26.8 (19.3-37.7) 27.4 (22.18-35.02) 0.750
M: 28.1 (20.0-39.4) M: 26.7 (19.3-37.7) M: 27.6 (22.6-35.0)
F: 27.2 (20.3-36.8) F: 27.7 (20.5-37.5) F:25.9 (22.1-31.4)
P value 0.476* 0.91707, 0.6421#
Waist hip ratio 0.92 (0.70-1.07) 0.92 (0.70-1.18) 0.93 (0.81-1.02) 0.957
M: 0.92 (0.75-1.07) M: 0.92 (0.70-1.18) M: 0.93 (0.81-1.02)
F: 0.90 (0.70-1.02) F: 0.95 (0.76-1.02) F: 0.93 (0.85-0.95)
P value 0.76* 0.7818", 0.7708"
Cholesterol 173.5 (91-343) 161 (91-331) 165 (118-234) <0.0001
P value <0.00001* 0.03977, 0.7593*
Triglyceride 190 (71-341) 145 (64-298) 146 (99-200) <0.0001
P value <0.00001* <0.000017, 0.2346*
HDL Cholesterol 33 (20-55) 47 (26-59) 49 (32-59) <0.0001
P value <0.00001* <0.000017, 0.0607#
LDL Cholesterol 98.9 (12.6-273.8) 86 (14.4-263) 84.5 (39-162.4) <0.0001
P value <0.00001* 0.00017, 0.8317#
VLDL Cholesterol 38(14.2-68.2) 29 (12.8-59.6) 29.2 (19.8-40) <0.0001
P value <0.00001* 0.0043", 0.2058%
Diabetes 52.8% (93) 19.2% (24) 6.4 %(8) <0.0001
P value <0.00001* 0.21817, 0.3545*
Hypertension 74.9% (131) 50% (501) 22.7% (5) 0.0040
P value <0.0001* <0.0001%, 0.0361*
Diabetes and hypertension 40.3% (71) 16.7% (17) 22.7% (5) 0.0001
P value <0.00001* 0.17097, 0.744*
Smoking 40.3 % (71) 32.4% (33) 31.8% (7) 0.3604
P value 0.2309* 0.589"1, 0.813*
Less physical activity 38.3% (67) 38.2 % (39) 45.5 % (10) 0.8011
P value 0.9046* 0.676", 0.684*

*P value between Group-1 and Group-2. 'P value between Group-1 and Group-3. *P value between Group-2 and Group-3

Serum magnesium

Anthropometric parameters were comparable in all three
groups. There was no correlation between body mass index
and waist hip ratio with serum magnesium level [Table 1].
Serum magnesium levels were independent of smoking
and physical activity.

Total cholesterol, triglycerides, VLDL and LDL cholesterol
were significantly higher and HDL cholesterol significantly
lower in group 1 when compared with group 2 and group 3.
There was no significant difference between group-2 and
group-3. This significant association was maintained even
after adjustment with age, sex, waist hip ratio and BMI

[Tables 1-3].

Number of subjects with DM; and DM with HTN were
significantly higher in group-1 compared to group-2. DM in
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these three groups was 52.8%, 19.2%, 6.4% in group 1, 2,
and 3 respectively. However, subjects with HTN, DM, and
DM with HTN had significantly lower serum magnesium
levels than without these risk factors [Table 4]. DM and
HTN were negatively correlated with serum magnesium
levels; which were maintained even after adjustment with
age, sex, BMI and waist hip ratio in multiple regression
analysis [Tables 2 and 3.

Dietary magnesium

Dietary magnesium was positively correlated with serum
magnesium (beta coefficient: 53.46, P:< 0.0001) and this
was maintained even after adjustment with age and sex in
multiple regression analysis.

Intake of dietary calcium, potassium, total dietary fiber,
proteins, sodium and folic acid increased with increased intake
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of dietary magnesium (P < 0.0001, P < 0.05). Significance
remained after adjustment for age and sex. However, there
was no correlation between dietary fat, carbohydrate, vitamin
B12, saturated and polyunsaturated fatty acids intake with
dietary magnesium level (Data not given).

Total cholesterol, triglycerides, LDL and VLDL were
significantly higher and HDL cholesterol significantly
lower in the dietary magnesium groupl when compared
with group2 [Table 5]. There was no change in significance
after adjustment with age and sex.

When dietary magnesium was correlated with risk
factors, subjects with HTN, DM and DM with HTN had
significantly lower dietary magnesium levels than without
these risk factors (diabetic; Yes = 314.8 £ 58.6 mg/day,
No = 339.9 £ 69.4, P = 0.001; DM and HTN; Yes =

after adjustment with age, sex and dietary variables (sodium,
potassium, carbohydrate, energy, dietary fiber, protein
intake, vitamin B12 and folic acid) in multiple regression
analysis |Tables 6 and 7]. However, no correlation was
found between other smoking, HTN, physical activity
and dietary magnesium levels. Patients in group-1 also
had decreased intake of protein, dietary fibers, calcium,
potassium and folic acid compared to other groups
[Supplementary Table 1 |.

DISCUSSION

This is the first study conducted in angiographically
proved cardiovascular patients analyzing role of serum

Table 4: Comparative serum magnesium in relation to
cardiovascular risk factors

306.7  56.04 mg/day, No = 339.7 + 68.04 mg/day, P <  Parameter SIZ;‘;’I"(nT:g:iS;:')“ Pvalue
0.0001). Patients with dyslipidemia had significantly low  ppeies
dietary magnesium levels as compared to patients without Yes (n=125) 154 + 0.51 0.0002
dyslipidemia (Dyslipidemia; Yes = 293.8 + 53.3 mg/day, No (n=175) 1.78 £ 0.56
No = 354.6 = 62.9 mg/day, P < 0.0001). DM and DM Smoking
with HTN and dyslipidemia were negatively correlated with Yes (n=111) 1.62+0.52 0.1609
. , . o . No (n=189) 1.71£0.56
dietary magnesium levels in univariate analysis and even .
Hypertension
Yes (n=95) 1.53+0.42 <0.0001
Table 2: Correlation of serum magnesium with No (n =205 ) 193+0.64
cardiovascular risk factors (univariate analysis) Diabetes and hypertension
Parameters Beta coefficient P value Yes (n=93) 15+ 049 0.0001
Age -0.003 0.3004 No (n =207 ) 1.76 £ 0.55
Sex 0.137 0.0531 Dyslipidemia
BMI 0.001 0.9116 Yes (n=124) 1.32+0.13 <0.00001
WHR 0.272 0.6063 No (n = 175) 1.93 + 0.59
Smoking -0.093 0.1609 Less physical activity
Hypertension -0.408 <0.0001 Yes (n=116) 1.7 £0.57 0.6607
Diabetes -0.243 0.000155 No (n = 183) 1.66 + 0.54
Dyslipidemia -0.606 <0.00001 BMI
Cholesterol -0.002 0.0025 Normal: <25, (n = 23) 1.72 £0.57 0.6861
Triglyceride —-0.004 <0.00001 Overweight/obese: 25, (n = 27) 1.67 +0.55
HDL 0.038 <0.00001 WHR
LDL -0.002 0.000396 <0.9 (90) 1.67 £ 0.55 0.9518
VLDL -0.022 <0.00001 >0.9(210) 1.68 +0.55

Table 3: Correlation of serum magnesium with
cardiovascular risk factors after adjustment with age,
sex, BMI and WHR in multiple regression analysis

Table 5: Lipid levels according to dietary magnesium
groups
Dietary magnesium intake P value

Lipids

Parameters Beta coefficient P value <350 mg/day >350 mg/day

Diabetes —0.231 00003 Dietary Magnesium intake ~ 286.7 + 35.6  399.3 +40.1 <0.0001
Hypertension -0.404 <0.0001 (mg/day)

Dyslipidemia -0.599 <0.00001 Serum magnesium (mg/dl)  1.48 +0.44 2.0+0.57 <0.0001
Cholesterol —-0.002 0.0031 Total Cholesterol(mg/dl) 185+49.07 168.5+37.4 0.0073

Triglyceride —-0.004 <0.00001 Triglyceride (mg/dl) 182.4 +48.2 152.6 £36.1 <0.0001
HDL 0.038 <0.00001 HDL cholesterol (mg/dl) 35.7+8.7 442 +7.41 <0.0001
LDL -0.002 0.0005 LDL cholesterol (mg/dl) 112.7£54.8 93.7+£40.05 0.0074

VLDL -0.017 <0.00001 VLDL (mg/dl) 36.4 + 9.64 30.5+7.23 <0.0001
Journal of Cardiovascular Disease Research Vol. 3 / No 4 283
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and dietary magnesium from India. In present study more
than half of patients (58.6%) were having low magnesium
level and 62% were taking dietary magnesium below
recommended dietary allowance (350 mg/day). Others have
documented hypomagnesaemia 19%--53% in patients with
cardiovascular disease and acute myocardial infarction.'*!”

Few studies have shown that hypomagnesaemia plays an
important role in modifying risk factors of cardiovascular
disease like dyslipidemia, DM, and HTN.I'""I In present
study there are significantly higher numbers of subjects
with DM, HTN and dyslipidemia in lowest group indicating
hypomagnesaemia is common in these conditions. Similar
correlation was observed in dietary magnesium. All these
risk factors had lower serum magnesium level except in
subjects with isolated HTN. Other studies have also reported

Table 6: Univariate analysis of dietary magnesium with
risk factors

Parameter Beta coefficient P value
Diabetes -25.123 0.0011
Smoking -14.163 0.07

Hypertension -32.7 <0.0001
Diabetes and Hypertension -33.04 <0.0001
Dyslipidemia -60.842 <0.0001

no differences in serum magnesium levels in hypertensive
patients."*!”! Serum magnesium had significantly negative
correlation cardiovascular risk factors which persisted after
adjustment with age, sex, and anthropometric parameters
in multiple regression analysis. None of the subjects
were hypertensive in group-3, which suggest that serum
magnesium level may be protective in development of
HTN. Many epidemiological and clinical investigations
that supported the hypothesis that increased magnesium
intake contribute to prevention of HTN and cardiovascular
disease.””*! However, in a six-year follow-up ARIC
(atherosclerosis risk in communities) study, in which
healthy individual were taken and followed up for incident
HTN, there was no significant association between dietary
magnesium intake and incident HTN in male and female.!

Table 7: Correlation of dietary magnesium with risk
factors after adjustment with age, sex, and dietary
variables (sodium, potassium, carbohydrate, energy,
total dietary fiber, protein intake, vitamin B12, folic acid)

Parameter Beta coefficient P value
Diabetes —25.265 0.008
Hypertension -19.77 0.001
Diabetes and Hypertension -33.793 0.0004
Dyslipidemia —61.689 <0.0001

Supplementary Table 1: Dietary differences between groups according to magnesium levels

Dietary ingredients

Group 1 (< 1.6 mg/dl)
median (range)

Group 2 (> 1.6-2.6 mg/dl)
median (range)

Group 3 (> 2.6 mg/dl)
median (range)

mean * SD mean * SD mean * SD
Carbohydrate (g/day) 225(130.6-737.2) 213.7(102.7-397.9) 228.7(126.2-378.4)
239.3 +£66.8 223.3+51.7 229.5+63.8
P-value 0.0441* 0.5145f7, 0.6239*
Protein (g/day) 41.4(24.6-89.9) 53.1(24.8-135.6) 49.8(25.3-71.2)
43.1+10.6 56.6 + 16.4 50.9+9.7
P-value <0.0001* 0.00141, 0.2201#
Fat (g/day) 72.8(46.7-142.7) 78.8(49.5-142.7) 73.2(51.4-138.5)
766 +17.4 80.7+£19.5 78.3+19.4
P-value 0.0704* 0.6666", 0.6021*
Minerals (g/day) 8.1(4.3-14.3) 10.13(5.95-14.8) 9.5(6.2-14.2)
8.2+1.67 10.2 + 1.66 9.6 +1.68
P-value <0.0001* 0.0006", 0.0963*
Total dietary fiber (g/day) 10.7(2.5-29.4) 15.1(3.03-39.4) 12.5(7.7-36.7)
11.8+4.7 16.3+6.4 14.3+7.1
P-value <0.0001* 0.1036", 0.2183*
Calcium (mg/day) 568.1(162.05-1772.8) 632.3(314.5-1668.2) 638.6(334.5-1072.5)
635.3 +273.8 729.2 +292.9 668.7 + 219
P-value 0.0077* 0.58311, 0.3622*
Potassium (mg/day) 1083.2 (463.8-1991.9) 1366.1(552.8-2176.9) 1387.7(632.3-2176.9)
1100.0 £+ 286.0 1366.0 £ 345.4 1383.5 £ 394.2
P-value <0.0001* 0.00041, 0.8339*
Folic Acid (ug/day) 118.5(39.1-279.8) 151.2(60.5-471.6) 154.1(41.4-283.8)
124.6 + 50.1 158.8 + 64.6 148.6 £ 67.1
P-value <0.0001* 0.04371, 0.5053*
Vitamin B 12 (ug/day) 0.224(0-1.87) 0.224(0.07-4.12) 0.240(0.14-0.462)
0.295 + 0.26 0.402 £ 0.62 0.272 £ 0.11
P-value 0.1686* 0.42121,0.9789*
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Several studies have addressed the question of the relation
between hypomagnesaemia and DM. Although studies in
small groups of patients have yielded conflicting results,*!
overwhelming evidence from human and animal studies
indicates that both plasma and tissue magnesium levels are
reduced in DM.#" In a study” mean plasma magnesium
concentration of the diabetics was significantly lower
than that of the control group. Hypomagnesemia was
reported to be one of the strongest predictors of gain in
LVM over the following 5 years in “Study of Health in
Pomerania”.”* In addition, expetimental hypomagnesaemia
inhibits prostacyclin receptor function, producing an
imbalance between prostacyclin and thromboxane effects;
such imbalance has been suggested to be of etiological
importance for the development of diabetic vascular
disease.**"!

In present study total cholesterol, triglycerides, VLDL,
and LDL cholesterol were significantly higher and
HDL cholesterol significantly lower in subjects with
hypomagnesaemia. All lipid parameters had negative
correlation with serum magnesium level except HDL;
which was positively correlated with serum magnesium
level. Similar observations have made by other studies!""!’!
but an equal number of studies have failed to demonstrate
this association.'’! Studies using patients with metabolic
syndrome or DM have shown that individuals with
low levels of magnesium have lower levels of HDL-
cholesterol® ¥ but higher levels of triglycerides*¥
and total cholesterol. ¥
magnesium levels have shown a positive correlation with
HDL-cholesterol, triglycerides, LDL Cholesterol and
total cholesterol when general population was studied.

Among subjects with metabolic syndrome a potential
m 1333436

Other studies examining serum

relationship between low ionized magnesiu I or
total serum magnesium®** and an atherogenic lipid
profile, involving low serum HDL-cholesterol!'*'" and
high total cholesterol,?**! and high triglycerides®* have
been reported, proposing a potential role for magnesium
in the pathogenesis of CVD.P>* Similar association was
found between dietary magnesium with total cholesterol,
triglyceride, LDL, HDL and VLDL. Similar association
has been reported between dietary magnesium and lipid
levels. Total cholesterol tended to decrease with increasing
magnesium intake across the ranges of magnesium®’ and
was inversely related to HDL cholesterol."! Patients with
hypomagnesaemia also had decreased intake of protein,
dietary fibers, calcium, potassium and folic acid compared
to other groups, which may also contribute to various risk
factors.

Main limitation of the study was absence of long term

Journal of Cardiovascular Disease Research Vol. 3/ No 4

follow-up. Further there were male predominance and less
number of cases in group-3. As we have taken consecutive
cases and CVD being male predominance disease this
imbalance in sexes can be explained.

CONCLUSION

Half of cardiovascular disease patients have hypomagne-
saemia. There is a strong correlation between serum and
dietary magnesium. Serum and dietary magnesium are
strongly related to cardiovascular risk factors such as dys-
lipidemia, DM, and HTN. There are few studies indicating
improvement in atherogenic lipid profile with magnesium
supplementation.” Hence, magnesium supplementation in
our population may help in reducing cardiovascular disease.
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