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Abstract

Objective: The aim of this study was to evaluate the effect of zinc
and magnesium supplementation on glycemic control and serum
insulin in type 2 diabetic patients.

Materials and Methods: In this randomized clinical trial 70
diabetic patients who referred to Yazd Diabetes Center were
selected. Subjects received 500 mg/day magnesium oxide or 100
mg/day zinc sulfate randomly for 8 weeks. At the start and end of
treatment period fasting blood sugar (FBS), 2 hour postprandial
glucose (2-hpp), glycated hemoglobin (HbA1C) and fasting insulin
level were measured.

Results: Magnesium and Zinc supplementation for 8§ weeks cause
significantly decrease in HbAlc (P=0.005, P=0.001).No
significantly difference was observed after trial between magnesium
and zinc groups in FBS (42.08 £7.43 vs. 35.15 + 6.52) (P=0.97),
HbAIC (1.22+0.21 vs. 1.77£0.32) (P=0.07) and fasting serum
insulin (39.81 £7.03 vs.36.68+6.81) (P=0.83) respectively.
Conclusion: Results of this study showed that 500 mg/day
magnesium oxide or 100 mg/day zinc sulfate administration for 8
weeks could improve HbA1C in type 2 diabetic patients and this
effect is same in two groups. But more studies for evaluating effect
of magnesium and zinc supplementation on type 2 diabetic patients
were suggested.
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Introduction

ype 2 diabetes accounts for
approximately 90 to 95% of all
diagnosed cases of diabetes (1).
Hypomagnesaemia has been reported to occur
in 13.5 to 47.7% of non-hospitalized patients
with type 2 diabetes (2).
Magnesium is a necessary cofactor for several
enzymes that play an important role in glucose

metabolism (3). Some short-term metabolic
studies (4-5). Suggested that magnesium
supplementation has a beneficial effect on
insulin action and glucose metabolism.
Magnesium is an important component of
many unprocessed foods (6). The over
processing of food and some kinds of diet
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caused insufficient magnesium intake in
industrialized countries during the last century.
Moreover, diabetic patients have lower serum
levels of zinc (7). Zinc (Zn) is an essential
trace element. A wide spectrum of proteins,
metalloenzymes, and transcription factors
contain this metal ion. It is a micronutrient
with known antioxidant activity (8-9). Zinc
salts with low toxic profiles (10) have anti-
diabetic effects on diabetic mice (11-13). Also,
Zn (car)2CI2 has the in vitro insulin mimetic
activity and in vivo blood glucose lowering
effect (14). There is this hypothesis that Zn
enhances anti-diabetic activity and increases
the absorption of glucose by muscle and
hepatic cells (15-16). Zn plays a clear role in
the synthesis, storage and secretion of insulin,
also on conformational integrity of insulin in
the hexameric form, the decreased Zn, which
affects the ability of the islet cell to produce
and secrete insulin, might then compound the
problem, particularly in Type 2 diabetes (17-
18).

The possible benefits of magnesium and zinc
administration as adjuvant factors for the
treatment of type 2 diabetes were studied in
controlled trial (19-23). However, the benefits
of administration of magnesium (24-26)and
zinc (27-29) salt in type 2 diabetes is
controversial. The aim of this study was to
compare the effect of magnesium and zinc
administration on glycemic control in type 2
diabetic subjects.

Materials and Methods

The study was conducted with an experimental
double-blinded parallel design. The volunteers
who met following inclusion criteria were
enrolled in the study: type 2 diabetic patients
older 30 years old (diagnosed according to
ADA criteria) (30) with fasting blood sugar
(FBS) between 140-250 mg/dl were recruited
from Yazd Diabetes Research Center.
Exclusion criteria were: Cigarette smoking,
current treatment with diuretic and/or calcium
antagonist drugs or other medication except
oral hypoglycemic agent, diabetic
complications, using vitamins or minerals

supplements in the previous 2 months, renal
failure, ischemic heart disease, congestive
heart failure, uncontrolled hypertension,
history of stroke, chronic liver disease and
major abdominal surgery, pregnancy and
lactation.

The institution's Research Ethics Committee of
Azad University approved this study. Informed
consent was obtained in all cases. At first visit
demographic and clinical information were
documented.

In this study neither physical activity nor food
planning were modified. Adherence to
pharmacological treatment and lifestyle
intervention were assessed every month by
interview.

A total of 70 eligible subjects were enrolled
and randomly allocated to receive either
magnesium or zinc supplementation daily for 8
weeks. We used the zinc sulfate capsule (Iran,
Alhavi) (containing 100 mg zinc) or
magnesium oxide (containing 500 mg
magnesium) (Iran, Abidi). At baseline and
after 8 weeks of treatment, anthropometric
measurements, HbAlc, serum glucose, and
serum insulin levels were measured.
Laboratory methods:

Serum glucose was measured by colorimetric
method (GPO-PAP) with Photometer 5010
(Parsazmon kit, Iran). HbAIC was measured
with DS5 analyzer and DS5 Pink Reagent Kkit.
Insulin levels were measured by Elisa (with
Insulin AccuBind ELISA Kit, Monobind Inc.).
The homeostasis model assessment for insulin
resistance (HOMA-IR) (fasting glucose
(mmol/l)x fasting insulin (Ul/ ml)/22.5) was
used for estimating insulin sensitivity (31).
Statistical analysis:

Statistical analysis was performed using
Statistical Package for Social Sciences (SPSS
version 12.0, Chicago IL).To compare before
and after metabolic responses paired t-test and
for compare variable differences between two
groups independent t-test were used.
Significance was considered P<0.05. Results
were given with their 95% confidence interval
(CI). All findings were presented as means *
standard deviation (SD).
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Results

In this study 70 type 2 diabetic patients who
fulfilled the inclusion criteria were randomized
to receive either magnesium oxide or zinc
sulfate. Nine subjects dropped-out because of
unwilling to continue the study (6 in
magnesium oxide group and 3 in zinc sulfate
group). Both magnesium oxide and zinc
sulfate were well tolerated and there were no
serious adverse events or side effects due to
drugs. Only in two subjects, mild abdominal
pain was seen that did not required any
treatment or discontinuation of supplements.
Adherence to treatment was achieved for 32
subjects in zinc sulfate and 29 subjects in
magnesium oxide group.

Table 1 and 2 show the parameters before and
after trial. The studied parameters did not
differ between the groups at the beginning of
study. At the end of study HbAlclevels
showed a significant decrease in magnesium
oxide and zinc sulfate groups. Although
fasting insulin and HOMA ratio decreased in
magnesium oxide group, but it was not
significant at 5% levels.

Table 3 shows there were no significant
difference between two groups in studied
parameters.

Discussion

This study showed that oral magnesium and
zinc supplementation as an adjuvant therapy
could reduce HbAlc significantly in type 2
diabetic patients.

Our results showed beneficial effects of
magnesium supplementation on long term
glycemic control as reflected by HbAlc levels
(as an index of overall glycemic control over
the preceding 3-4 months) (32). This is in line
with the results of several studies as in a
clinical randomized double-blinded trial was
done by Rodriguez et al, a total of 63 subjects
with type 2 diabetes and low level of serum
magnesium (serum magnesium levels <=0.74
mmol/l) treated by glibenclamide received
either 50 ml MgCI2 solution (containing 50 g
MgCI2 per 1,000 ml solution) or placebo daily
for 16 weeks. At the end of the study, subjects

Table 1. Parameters studied before and
after magnesium supplementation

Parameters Magn.esmm P-value*
oxide
Weight (Kg) Before  73.41+10.23 0.53

After 73.69+10.01

Before 164.19+44.6
RS LR e (FIE5 (

Before 266.2+84.8
2hpp (mg/dl) . p 253.6265.1 e

Before 8.4+1.9

SINER) g 7.7+1.7 ot

Insulin(IU) i‘f’fge ;ﬁi 0.85
Before 22423

R After 2.2+1.7 e

* Independent T-test

Table 2. Parameters studied before and

after Zinc supplementation

Parameters Zinc sulfate P-value*

. Before  74.97+10.94

Weight (Kg)  jpor 745051103 014
Before 153.2+48.8

FBS (mg/dl) ¢ 15328506 07
Before 241.2+65.8

Zhpp (mgfdD) o 455:835 072

Before 8.7£1.9

HbALC(#)E v 7742 0.003
. Before 6.4+5.4

Insulin(IU) After 5434 0.14
Before 2.4+23

ELDLIE After 1.9+1.6 il

* Independent T-test

Table 3. Differences of parameters studied
before and after Zinc and Magnesium
supplementation
Magnesium  Zinc
oxide sulfate
Weight (Kg) -0.27+2.34 0.37+1.43 0.19
FBS (mg/dl) -4.8+42.1 0.7435.11 0.62
2hpp (mg/dl) -12.6267.5 434656  0.32
HbAlc (%) 0.7£1.2 1+1.4 0.57
Insulin(IU) 0.01+£53  -1.4+4.8 0.24
HOMA 0.04+2.2 0.5+£2.1 0.38
* Independent T-test

Index P-value*

who received magnesium supplementation
showed significant higher serum magnesium
concentration and lower HOMA-IR index,
fasting glucose levels, and HbA1c than control
subjects (33). Similarly, this relation was seen
in other studies in type 2 diabetic patients (34)
and non-diabetic elderly subjects (35).
Nevertheless, results from studies have not
been consistent, as in Sjogren study
magnesium hydroxide (500 mg/day) was
administered orally to the diabetics. Although
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requirements of insulin were reduced
significantly during the course of the study,
but the levels HbAlc and glucose were not
changed (36). In Lal study although mean
serum magnesium at baseline in the diabetic
patients was significantly lower than that in
controls fasting and post-prandial blood
glucose levels did not show any significant
change after 12 weeks of magnesium
supplementation (600 mg daily) when
compared with baseline (37). Also in de Valk
study shows plasma magnesium concentration
was higher after supplementation than after
placebo, as was Mg excretion. But no
significant differences were found in glycemic
control (38).

Although it is hypothesized that decrease of
insulin levels were a direct effect of
magnesium on beta-cell or a consequence of
improvement in the insulin- mediated glucose
disposal (31), in our study HbAlc decreased
significantly without significant changes in
serum insulin levels. Also, the decrease of
magnesium concentration results in both
defective  tyrosine-kinase  activity = and
reduction of auto phosphorylation on the at the
insulin receptor level (39-40), exerting
deleterious effects on glucose metabolism due
to insulin sensitivity reduction (41-44), which
contributes to poor metabolic control in
diabetic subjects (45-48).Lima et al. showing
that diabetic subjects who received magnesium
oxide (41.4 mmol/l) for 1 month achieved
serum magnesium levels similar to those of
healthy control subjects (49).

However, current ADA nutrition guidelines
recommend the use of magnesium
supplements for people with diabetes mellitus
who have low serum magnesium levels (50).
Our results clearly show that magnesium
supplementation significantly decrease
HbAIC levels.

The results of current study indicated zinc
supplementation could decrease HbAlc
significantly, that is in accordance with
previous studies. In a prospective, randomized,
double blinded study, 56 normal glucose-
tolerant obese women were randomized for

treatment with 30 mg zinc daily for 4 week.
Insulin did not change in the placebo group,
whereas there was a significant decrease of
this hormone in the supplemented group.
HOMA also decreased in the zinc-
supplemented group but did not change in the
placebo group (51).

In Partida study patients received 100 mg zinc
sulfate treatment in a crossover double-blinded
study with starch as placebo. In this study
statistically significant differences were found
prior to and after zinc treatment in glucose
levels as well as in the percentages of
glucosylated hemoglobin (23) A randomized,
controlled trial on diabetic subjects was done
by Afkhami et al. forty patients received
randomly either 660mg zinc sulfate or placebo
for six weeks. Level of FBS, 2hpp, HbAIC
decreased after six weeks treatment with zinc
sulfate, but it was not statistically significant.
Due to zinc sulfate administration, significant
decrease occurred in TG, Chol, LDL and
systolic blood pressure. After 12 weeks, there
was a significant decrease in HbA1Cwith zinc
sulfate consumption (52). In some studies
failed to show beneficial effects of zinc
supplementation on glucose homeostasis in
type 2 diabetic patients (53,54). In Roussel
study zinc supplementation (30 mg/day of zinc
gluconate) caused a reduction in lipid pre-
oxidation monitored by plasma TBARS after 6
months with no significant changes HbA1C
and glucose homeostasis (54). Zinc has
numerous potential targets to modulate insulin
activity. In rats, zinc deprivation led to plays a
role in insulin synthesis and activity (55).
Some investigators have also speculated that
zinc supplementation could improve insulin
sensitivity in type 2 DM (56). As suggested by
Preuss (57), there may be improvements in
insulin sensitivity that are associated with
improved antioxidant status. Despite, in our
study zinc supplementation associated with a
tendency to a decrease in fasting insulin levels
and HOMA, but it was not significant at 5%
levels. It might result from low dose or short
duration of supplementation in our study.
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Our study showed no significant difference
between magnesium and zinc supplementation
on FBS, HbAlc and fasting insulin levels in
type 2 diabetic patients. We could not find any
study like this so these results were not
conclusive because of scarcity of published
information.

We did not measure serum magnesium and
zinc levels before the study. An accurate
assessment of intracellular magnesium and
zinc status is needed to reliably reflect the
normalization of hypomagnesaemia and
hypozincemia after magnesium and zinc
replacement. Although there were no major
adverse effects for magnesium and zinc
supplements in the trials, optimal dosage to
replenish magnesium and zinc deficiency and
long-term safety of therapy, particularly at
high doses, should also be evaluated in future
studies,. Moreover, we did not measure
pancreatic store or beta cell function, which
influence pancreatic insulin secretion.
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