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Abstract

Background: Magnesium is the second most abundant intracellular cation. It plays an important role in insulin
homeostasis and glucose metabolism through multiple enzymatic reactions. With increasing data on magnesium
deficiency in diabetic patients and epidemiological studies demonstrating magnesium deficiency as a risk factor
for diabetes, it is logical to search for its possible beneficial effects on diabetes control and prevention. We
aimed to determine whether oral magnesium supplementation improves metabolic control, lipid profile and
blood pressure in patients with type II diabetes.

Methods: Fifty four patients with type II diabetes were included in a randomized double blind placebo-
controlled clinical trial.Patients received either placebo or 300 mg elemental magnesium (as magnesium sulfate
-MgSo,4-) daily, for 3 months. Metabolic control, lipid profile, blood pressure, magnesium status, hepatic en-
zymes, hemoglobin concentration, and anthropometric indices were determined in the beginning and at the end
of the study.

Results: Daily administration of 300 mg elemental magnesium for 3 months, significantly improved fasting
blood glucose (183.9+15.43 to 125.846.52 vs. 196.5+28.12 to 136.5+7.94, p< 0.0001), 2-hour post prandial glu-
cose (239.1+74.75 to 189.1+60 mg/dl vs. 246.4+97.37 to 247.8+£86.74 mg/dl, p< 0.01), lipid profile, blood pres-
sure and hepatic enzymes.

Conclusion: Oral magnesium supplementation with proper dosage has beneficial effects on blood glucose,
lipid profile, and blood pressure in patients with type II diabetes.
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Introduction

Magnesium (Mg) is the second most
abundant intracellular cation (1). Mg ho-
meostasis and metabolism is affected by
multiple factors but it is in part, a determi-
nant of cellular ionic environment and cel-
lular responsiveness to external stimuli
such as insulin and glucose (2). Mg is a co-
factor in the cell membrane glucose-
transporting mechanism, as well as in vari-
ous enzymes in carbohydrate oxidation. It

is also involved in insulin secretion, bind-
ing, and activity at various levels (3). It is
suggested that Mg depletion contributes to
states of insulin resistance such as hyper-
tension, metabolic syndrome and type II
diabetes (2).

Some studies have shown that hypomag-
nesaemia, which is a frequent condition in
patients with diabetes, could be involved in
the development of complications related to
diabetes (4). However total serum Mg con-
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centrations do not reflect the Mg status or
intracellular pool, and intracellular or se-
rum ionized Mg. Mg depletion can be seen
with normal total serum Mg concentration
(2). Previous studies have shown different
results for oral Mg administration in pa-
tients with diabetes. Purvis and colleagues
found that the administration of 386 mg
magnesium chloride for 6 weeks could sig-
nificantly decrease systolic blood pressure,
without any effect on metabolic indices or
lipid profile (5). Other studies have shown
different effects of Mg supplementation on
blood pressure (6,7). Paolisso and co-
workers found that the administration of
15.8mmol magnesium pidolate for 4 weeks
improved insulin stimulated glucose uptake
and glucose oxidation (8). Lima and col-
leagues compared supplementation with
20.7 or 41.4mmol magnesium oxide and
placebo for 30 days; they found that sup-
plementation with 20.7mmol Mg did not
show any beneficial effects, but a dosage of
41.4 mmol significantly reduced fructosa-
mine (9). Klitgard and colleagues used 500
mg of magnesium oxide daily for 24 weeks
and reported a significant reduction in total
cholesterol (TC), low density cholesterol
(LDL C.), and Apo lipoprotein B, but no
effect on  glycosylated  hemoglobin
(HbAlc) or fasting blood glucose (FBG)
(10). Yokota and co-workers stated that Mg
supplementation with a natural preparation
from a water lake had reduced homeostasis
model assessment index (HOMA-IR), but
not FBG or HbAlc (11).

In previous studies we found that oral
MgSO, administration in diabetic animal
models could decrease blood glucose and
blood pressure (12). We also reported that
MgSo4 had a beneficial effect on animal
model diabetic vessel complications (13).
Based on our previous studies and increas-
ing data on Mg deficiency in patients with
diabetes (12-17), as well as epidemiological
studies reporting Mg deficiency as a risk
factor for diabetes (18-22), it is logical to
search for its possible beneficial effects on
diabetes control and prevention.

We aimed to determine whether oral Mg
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supplementation improves blood glucose,
lipid profile, blood pressure, hepatic en-
zymes, hemoglobin concentration, and an-
thropometric indices, as control parameters
for patients with type II diabetes.

Methods

Patients

In this randomized double-blind con-
trolled trial we included patients with type
IT diabetes who did not have obvious dis-
turbances in Mg metabolism, with any level
of diabetes control, and were available and
willing to participate. Therefore, patients
with type II diabetes aged 20-60 years
were recruited from an out-patient primary
level medical care office, specific for dia-
betic patients in Bandar-Abbas, southern
Iran.

Before the study all patients completed a
questionnaire. Also, they were clinically
evaluated and blood samples were with-
drawn in order to exclude patients who
were using insulin, calcium channel block-
ers, and Mg or calcium (Ca) containing
supplements. Moreover, patients who had
experienced renal insufficiency (serum cre-
atinine levels more than 1.3 mg/dl in wom-
en and more than 1.5 mg/dl in men), ele-
vated hepatic enzymes (more than 3 folds
over normal values), recent infections (less
than one month prior to study) and chronic
inflammatory diseases, cerebrovascular ac-
cident (CVA) and acute coronary syndrome
(ACS) less than one month prior to the
study and were alcoholic, pregnant, or drug
abusers were excluded.

After obtaining informed consent, 54 pa-
tients with type Il diabetes were ultimately
enrolled in the study and randomly allocat-
ed to receive either Mg supplementation or
placebo for 3 moths using the simple ran-
domization method. The study flow dia-
gram is shown in figure 1. The patients and
personnel were blind to group assignment.
Only the study analyst saw unblended data,
but was not in contact with the participants.

The present study was a randomized dou-
ble-blind placebo-controlled clinical trial.
All patients and researcher except the one
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who was responsible for randomization,
were blind to the study protocol.

The study was approved by the Ethics
Committee of the Faculty of Medicine of
Bandar Abbas University of Medical Sci-
ences, and registered in the Iranian registry
of clinical trials (IRCT), with a member-
ship number of 1707.

Initially, 10ml blood was withdrawn from
the antecubital vein of all participants to
measure variables including FBG as the
primary outcome, 2-hour post prandial
blood glucose (2hr PP BS), HbA1C, fasting
plasma insulin (FPI) as indicators of meta-
bolic control, hemoglobin concentration
(Hb), triglycerides (TG), TC, LDL C., high
density cholesterol (HDL C.) as indicators
of diabetes complications, serum Ca and
Mg levels, urine Mg level, and Ca /Mg ra-
tio as indicators of diabetes-related vascular
complications (23). Hepatic enzymes (Ala-
nine transferase [ALT] and Aspartate trans-
ferase [AST]) were also measured as indi-
cators of hepatic side effects of Mg. Blood
pressure was measured at baseline using the
standard method (24). HOMA-IR index
(25) was calculated at the baseline and at
the end of the study using FBG and FPI; it
was then used as an indicator for insulin
resistance and metabolic control.

All patients were visited by an endocri-
nologist, who was blind to the grouping,
and their medications were adjusted.
Glibenclamide, metformin, atorvastatin,
and enalapril were used for treatment. After
the initiation of the intervention, the pa-
tients were visited every month to be eval-
uated for adherence to pharmacological
treatment. Blood pressure (Microlife
BPAGI1-20, Microlife, Swiss) and FBG
(glucometer, EasyGluco, Infopia CO., Ko-
rea) were measured monthly during the
study period and all laboratory measure-
ments were done completely. All partici-
pants were visited by the same endocrinol-
ogist every month and their drugs were re-
adjusted. At the end of the intervention the
changes in glucose lowering drug dosage
were recorded and used as indicators of
metabolic control.
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Drugs

Capsules containing MgSos were used as
magnesium supplement. Each capsule con-
tained 100 mg elemental Mg. Each patient
used 3 capsules per day; one with each
meal adding up to a daily supplementation
of 300 mg elemental Mg, according to our
pilot study. The placebo capsules were sim-
ilar to the Mg capsules and were used 3
times a day. Mg and placebo capsules were
prepared at the Herbal Drugs Research
Center of Tehran University of Medical
Sciences, Tehran, Iran.

Measurements

Height and weight were measured using
standard protocols when the patients were
wearing light clothing without shoes. Body
mass index (BMI) was calculated as weight
in kilograms divided by height in meters
squared (24).

FBG was measured every three weeks us-
ing the glucose—oxidase method (Glucose -
monoreagent kit, Kimia Pajhouhan, Iran) at
baseline and every month thereafter during
the study period. Two-hr PP BS was also
measured using the glucose—oxidase method.
Enzymatic methods were used for the meas-
urement of TC (CHOD-PAP cholesterol Kkit,
Pars Azmun, Iran), LDL C. (LDL- C kit, Pars
Azmun, Iran), HDL C. (CHOD-PAP choles-
terol kit, Pars Azmun, Iran), and TG (GPO-
PAP triglycerides kit, Pars Azmun, Iran). FPI
levels were measured using Elisa test (Mon-
obind insulin microplate Elisa test, Monobind
Inc., USA). Serum Mg concentrations (Col-
orimetric Magnesium kit, Pars Azmun, Iran)
and Hb concentration (Colorimetric Hb kit,
Pars Azmun, Iran) were measured with the
colorimetric method. Nycocard HbAlc kit
(Axis-shild, UK) was used for HbA1C meas-
urement. Cresol phethalein complex method
(Pars Azmun, Iran) was used to measure se-
rum Ca and monoreagent method (Pars
Azmun, Iran) was used for the measurement
of AST and ALT.

Insulin resistance was determined by the
homeostasis model assessment index (de-
fined as HOMA-IR= FBG(mg/dl)xFPI
(uu/ml) A405) (25).
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Statistical analyses

Data were expressed as mean = SD. The
normal distribution of our populations
(Gaussian distributions) was tested using
the Kolmogorov and Smirnov method.
Comparisons between groups were ana-
lyzed using the T test. Paired-T test was
used to analyze difference between means
of each group before and after the interven-
tion and different multiple statistical tests
such as Bonferroni and Newman-Keuls
tests were used to adjust for the effect of
other medications changes. SPSS software,
version 13, was used for the analyses.
p<0.05 was considered as statistically sig-
nificant.

Results

Fifty four patients were enrolled in our
study, and were randomly allocated into
Mg (n=26) and placebo (n=28) groups. The
Mg group received 300 mg elemental Mg
daily and the placebo group received place-
bo capsules. One woman in the placebo
group developed pyelonephritis during the
study and was excluded from the study to
receive appropriate treatment. Five other
participants in the placebo group were lost

to follow-up, because they moved from
Bandar Abbas. In the Mg group, one pa-
tient was excluded because of becoming
pregnant. Twenty five patients in the Mg
group and twenty two patients in the place-
bo group completed the three-month inter-
vention successfully (Fig. 1). Mg supple-
ment was well tolerated and did not cause
any adverse effects in the participants apart
from slight diarrhea in two patients without
the need for terminating the treatment.

The results of this study before the inter-
vention are shown in Table 1. Table 2
demonstrates the study results in both
groups after the intervention.

We found that Mg supplementation could
significantly ~ decrease  both  systolic
(p<0.001) and diastolic (p<0.05) blood
pressure (Table 2). Differences in the blood
pressure were significant, even when anti-
hypertensive drugs were taken into account.

Urine Mg concentration was also meas-
ured, showing a significant increase in the
Mg group compared with the placebo group
(p<0.05). We measured the Ca/Mg ratio as
an indicator for atherosclerosis; and ob-
served that this ratio was higher in the pla-
cebo group at the end of the study but the

1200 reviewed medical documents

A 4

49 not agreed to take part

A

225 documents suitable for the study

110 not responding the Phone

A\ 4

\ 4

66 came to office fo
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6 lost to follow up:

1 lost to follow up:

A
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Fig. 1. Study felow diagram.
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Table 1. Study variables in Mg treated and placebo group before intervention.

Baseline Baseline p

Age (years) 46.76 £9 50.15+6.93 Not significant
Sex (male/female) 7/18 6/16

Duration of diabetes (years) 4.11+4.23 5.35+4.01 Not significant
BMI (kg/m?) 26.19 £2.86 26.89+5.23 Not significant
Systolic blood pressure (mm Hg) 117.9 £14.99 120.8 £18.31 Not significant
Diastolic blood pressure (mm Hg) 7291 +8.10 73.75+8.82 Not significant
Serum Mg (mg/dl) 2.15+0.33 2.03+0.58 Not significant
Urine Mg (mg/dl) 5.67+1.77 5.54+1.56 Not significant
Calcium to magnesium ratio 4.58 +£0.68 4.79 +1.08 Not significant
Fasting blood glucose (mg/dl) 183.9+15.43 196.5 +28.12 Not significant
2hr PP blood glucose (mg/dl) 239.1+74.75 246.4 +97.37 Not significant
HbA1C (%) 8.33+1.47 8.30+1.99 Not significant
HOMA-IR index 247+£2.71 U3 LSO Not significant
Fasting plasma insulin (qIU/ml) 7.12+8.02 6.82 + 8.60 Not significant
Triglycerides (mg/dl) 162.6 + 68.92 188 +69.90 Not significant
Total cholesterol (mg/dl) 217.7£106.49 201+£54.07 Not significant
LDL cholesterol (mg/dl) 118.3 £32.55 130.65 £33.52 Not significant
HDL cholesterol (mg/dl) 4430+ 10.20 47.45 £10.50 Not significant
Non HDL cholesterol (mg/dl) 149.35 +35.07 158.38 £26.92 Not significant
Hemoglobin concentration (gr/dl) 13.45+1.26 I3ISD =D O Not significant
Aspartate transfrase (IU/ml) 18 £5.40 21 +6.50 Not significant
Alanin transfrase (IU/ml) 22.80+2.22 23.81+1.89 Not significant
Metformin dosage ( mg ) 1045.45 £ 598.60 1136.36 £551.85 Not significant
Glibenclamid dosage (mg) 11.36 +5.04 11.75 £ 6.66 Not significant
Enalapril dosage (mg) 15+4.56 15+2.88 Not significant
Atorvastatin dosage (mg) 2015==015 23.33+6.6 Not significant
Data are means + SD.

difference between the two groups was not Discussion

significant.

Blood glucose measurements showed re-
duced FBG and 2hr PP BS levels in the
participants of both groups which was sig-
nificantly lower in the Mg group compared
with the placebo group (p<0.0001 for per-
centage of FBG reduction and p<0.01 for
decrease in 2hr PP BS). At the end of the
study, the dosage of metformin used in the
placebo group was significantly higher than
the group treated with Mg (p<0.01). As
shown in table 2, we also found a signifi-
cant decrease in plasma LDL C. levels in
the Mg treated group compared with the
placebo group (p<0.01). After oral Mg sup-
plementation non-HDL cholesterol level
showed a significant reduction in the Mg
treated group compared with the placebo
group (p<0.001).

AST levels showed no significant differ-
ence, but the interesting finding was related
to the ALT levels. In the placebo group
ALT levels were rising during the study,
but in the Mg treated group these levels
remained unchanged (p<0.05).

MIIRI, Vol. 28.67. 15 July 2014

We found that oral Mg supplementation
could improve glycemic control, blood
pressure, and lipid profile in patients with
type II diabetes without having any im-
portant complications.

Since we had previously found beneficial
effects in supplementation with oral Mg (as
MgSo4) on streptozotocin induced diabetic
rats (12, 13), we designed a double-blind
placebo-controlled clinical trial with the
best preparation and dosage of Mg accord-
ing to our previous studies and other inves-
tigations. The purpose of this study was to
determine whether oral Mg supplementa-
tion improves metabolic control, lipid pro-
file, blood pressure, hepatic enzymes, he-
moglobin concentration and anthropometric
indices, as parameters of diabetes control in
patients with type II diabetes.

Considering the increasing prevalence of
diabetes and its complications throughout
the world, researchers are trying hard to
discover new prevention and treatment
methods for diabetes (26, 27). Mg supple-
mentation had proven to be effective in
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Table 2. Study variables in Mg treated and placebo group after 3 months intervention.
Placebo group (n = 22)

MgSO, group (n =25)

End End P

Age (years) o
Sex (male/female) o - -
Duration of diabetes (years) _—
BMI (kg/m®) 26.41 £3.29 2728 £5.13 Not significant
Systolic blood pressure ( mm Hg) 102.8 £9.51 117.2+3.48 <0.001
Diastolic blood pressure ( mm Hg) 62.85+7.55 70 +£7.07 <0.05
Serum Mg (mg/dl) 2.16 +0.36 2.23+0.50 Not significant
Urine Mg (mg/dl) DIV9EED. 4.56+1.72 <0.05
Calcium to magnesium ratio 4.64 £1.46 521+1.65 Not significant
Fasting blood glucose (mg/dl) 125.8 £6.52 136.5+7.94 <0.0001
2hr PP blood glucose (mg/dl) 189.1 +£60.05 247.8 +86.74 <0.01
HbA1C (%) 7.90 £ 1.68 7.61 £1.59 Not significant
HOMA-IR index 5.01+247 4.65+3.48 Not significant
Fasting plasma insulin (qIU/ml) 15.90 + 8.02 13.35+11.53 Not significant
Triglycerides (mg/dl) 158.7+77.16 175.5 +£107.5 Not significant
Total cholesterol (mg/dl) 176.2 +£48.33 182.7+56.23 Not significant
LDL cholesterol (mg/dl) 93.63 +£24.58 120.4 + 34.86 <0.01
HDL cholesterol (mg/dl) 41.7+8.79 43.65+11.20 Not significant
Non HDL cholesterol (mg/dl) 125.30 +£23.19 152.16 + 37.05 <0.001
Hemoglobin concentration (gr/dl) 1346 +1.51 IS8R+ | 7l Not significant
Aspartate transfrase (IU/ml) 18.15+10.40 2492 +12.12 Not significant
Alanin transfrase (IU/ml) 22.30+2.83 33.93£5.70 <0.05
Metformin dosage ( mg ) 1371.42 £625.21 1750 £379.77 <0.01
Glibenclamid dosage ( mg ) 10.76 £7.10 13.31+6.18 Not significant
Enalapril dosage (mg) 13+4.6 23+£6.6 <0.01
Atorvastatin dosage (mg) 15+ 1.88 17.5+3.65 Not significant

Data are means + SD.

controlling type II diabetes (2), and numer-
ous studies on animal models have found
consistent results (12,13). Recently, some
clinical trials have studied the effectiveness
of oral Mg supplementation in controlling
type II diabetic patients and found favora-
ble results; although there is not enough
data to confirm these benefits yet (4-11).
Blood glucose measurements in this study
indicated that the participants of both
groups had reduced FBG and 2hr PP BS
levels. This reduction is mainly due to the
glucose lowering agents prescribed by the
endocrinologist in monthly visits. Although
the endocrinologist was blind to the group
assignment, reduction of FBG and 2hrPP
BS was significantly higher in the Mg sup-
plemented group. To the best of our
knowledge, almost all previous clinical tri-
als have failed to show any changes in FBG
(5-11). This failure in showing beneficial
effects of Mg on FBG can be explained by
the differences in Mg dosage and duration
of supplementation. As in our previous
studies on diabetic rat models we found
that supplementation with just a dosage of

http://mjiri.iums.ac.ir

10 g/ MgSOy in drinking water could im-
prove glycemic control and the histological
structure of the pancreas and aorta (12).
Dosages less than 10 g/L, did not show
beneficial effects and dosage more than 10
g/L, could reduce blood glucose but had
deleterious effects on the histological struc-
ture of the pancreas (12).

Of course, the beneficial effects of Mg on
FBG and 2hr PP BS in our study can be
explained by their critical role in carbohy-
drate metabolism and post receptor reac-
tions in insulin receptors (2). However, the
important point is that although glycemic
control (FBG & 2hr PP BS) was improved,
we found no significant difference in
HOMA-IR index and FPI levels between
the two groups. This finding implies that
the beneficial effects of Mg in diabetes
control cannot be only due to improvement
of insulin sensitivity or insulin secretion.
Therefore we think that, one of the main
sites of Mg action can be the muscles. It is
possible that Mg can help, translocation of
glucose transporter number 4 (GLUT 4) to
the cell membrane, to take place.

MIIRI, Vol. 28.67. 15 July 2014
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On the other hand, it should be kept in
mind that in our study both groups were
blindly treated by oral hypoglycemic
agents. The main used oral hypoglycemic
agent was metformin in both groups.
Metformin dosage was significantly lower
in the Mg treated patients after three
months of Mg supplementation compared
with the placebo group.

The significant decrease in LDL
cholesterol in the Mg treated patients in this
study infers the beneficial effects of Mg on
atherogenic lipid profile, as shown in our
previous study in an animal model (13) and
other similar studies (9, 10). This effect can
be explained by the role of Mg in the
activity of lipoprotein lipase enzyme as
described by Rayssiguire and colleagues
(28). Mg deficiency enhances
catecholamine secretion which results in
increased  lipolysis. Enhancement of
lipolysis and subsequent elevation of
plasma free fatty acids may lead to an
increase in VLDL and TG synthesis and
secretion and elevated plasma TG
concentration (28)

Our results were in agreement with our
previous  study, showing significant
decrease in systolic, diastolic, and mean
arterial blood pressure (13). These effects
result from changes in intracellular ionic
environment (2). When the intracellular
Ca/Mg ratio increases as a result of Mg
deficiency, vascular smooth muscle tone
and smooth muscle cell response to
external constrictor stimuli increases,
which leads to vasoconstriction and as a
result elevation of blood pressure (2). In
our previous studies (13) we showed that
the administration of magnesium can
decrease = mesenteric ~ vascular  bed
sensitivity to phenylephrine and decrease
Ca/Mg ratio. We also showed that
magnesium decrease collagen thickness,
intima/media thickness and the lumen/
media ratio in aorta (13). So it seems that
administration of magnesium can decrease
blood pressure due to prevent vascular
morphological changes and decrease
vascular sensitivity to neurotransmitter.
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ALT levels significantly increases in the
placebo group during the study while there
was no significant increase in ALT levels
in the Mg group. The elevation of hepatic
enzymes in the placebo group could be a
sign of fatty liver disease. The higher
increase in metformin dosage in the
placebo group might be responsible for the
significant rise of ALT levels in this group
compared with the Mg supplemented
group.

In patients supplemented with Mg,
urinary Mg  increased  significantly
compared with the placebo group.
Increased urinary Mg without plasma Mg
changes may be due to an increase in
ionized or intracellular Mg in these
patients.

Conclusion

According to the results of our study and
the previous ones, we can conclude that not
only Mg supplementation can be helpful in
diabetes control, but also the effective
dosage and duration of supplementation,
and the patients who need the
supplementation should be considered.
Therefore, Mg is also recommended as an
inexpensive, easy to use, natural adjuvant
therapy for patients with type II diabetic.
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