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ABSTRACT

There are limited data supporting the relationship between low levels of certain minerals
with abnormal glucose metabolism in humans, this does not clearly distinguish between associations
of insulin resistance and type-2 diabetes mellitus with macrominerals. A hospital based- case
control study was conducted in Najran University Hospital (Najran, Saudi Arabia). The study
aimed to reveal the possible impact of BMI on serum calcium and magnesium levels in type 2
diabetic patients.Patients’ sera were used to measure the concentrations of sodium, potassium,
chloride, calcium, phosphorus and magnesium. BMI was subsequently calculated as weight (kg)
per height (m2).Pearson correlation coefficient showed a high significant negative correlation for
serum magnesium with FBS, BMI, HbA1c in diabetic patients (r = -0.582, p < 0.0001, -0.234, p <
0.0001 and -0.643, p< 0.0001 respectively). Meanwhile, a significant high negative correlation
between serum calcium and BMI was found in our study (r = -0.140, p < 0.038). A significant
renunciative decrease was found in the levels of serum calcium and magnesium in diabetic
patients by increasing BMI from normal weight, overweight, obese, to morbidly obese patients as
proven by one way ANOVA (p < 0.05)It was concluded that hypocalcemia and hypomagnesemia
are clinical prognostic indicators for poor glycemic control in type 2 diabetes. Hypomagnesemia
and hypocalcemia in type 2 diabetic patients are impacted on by BMI. The higher BMI, the lower
serum magnesium and calcium levels and hence the worse glycemic control.
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INTRODUCTION

Diabetes is a chronic disease that occurs
either when the pancreas could not produce enough
insulin or when the body could not efficiently use
the insulin it produces. The prevalence of diabetes
in the age groups between 20 to 70 years worldwide
was estimated to be 8.3% in 2013 and 10.1% in
2035."

Type-2 diabetes mellitus (DM) is a
syndrome characterized by disorder in metabolism
and abnormally high blood glucose
(hyperglycemia) resulting from low levels of insulin
with or without abnormal resistance to the action of
insulin.?

Type 2 diabetes mellitus, previously
referred to as “non-insulin-dependent diabetes” or
“adult-onset diabetes”, accounts for 90-95% of all
diabetes. Type 2 diabetes mellitus encompasses
individuals who have insulin resistance and usually
relative (rather than absolute) insulin deficiency. At
least initially, and often throughout their lifetime,
these individuals may not need insulin treatment to
survive.®

Logically, lack of essential elements may
lead to the failure of antioxidant defense and also
to glucose intolerance, both important in the
progress of diabetes. Furthermore, the overload of
some transition metals may be responsible for
oxidative damage.*
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Among all the minerals our bodies need
to maintain optimal health, magnesium is a fierce
contender for first place. After decades of research,
it's become increasingly evident that magnesium,
the fourth most abundant mineral in the human body,
is absolutely essential for regulating hundreds of
biochemical processes and several physiological
systems that maintain metabolic and cardiovascular
health. Mounting evidence shows this
macromineral is much more important than
previously thought.®

Magnesium, occasionally had been called
the “forgotten cation”is the second-most abundant
intracellular cation and, overall, the fourth-most
abundant cation. It plays a fundamental role in many
functions of the cell, including energy transfer,
storage, and use; protein, carbohydrate, and fat
metabolism; maintenance of normal cell membrane
function; and the regulation of parathyroid hormone
(PTH) secretion. Systemically, magnesium lowers
blood pressure and alters peripheral vascular
resistance.®’

There are limited data supporting the
relationship between low levels of certain minerals
with abnormal glucose metabolism in humans, this
does not clearly distinguish between associations
of insulin resistance and type-2 diabetes mellitus
with macrominerals. Therefore, this proposed study
aims to reveal the possible impact of BMI on serum
calcium and magnesium levels in type 2 diabetic
patients.

METHOD

This is a hospital based- case control study
that was conducted in Najran University Hospital
(Najran City, southwestern Saudi Arabia) during a
7-month period from March 2015 to September
2015. Saudi Arabia). Two hundred-twenty type 2
diabetic patients (120 males and 100 females) and
76 healthy control subjects (42 males and 34
females) were enrolled in this study and their ages
ranged between 35 and 86 years. All patients were
newly discovered as type 2 diabetes mellitus.
Patients were clinically diagnosed as type 2 diabetic
according to WHO criteria.?
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Weight was measured using electronic
digital scales. Height was measured using a wall-
mounted stadiometer. BMI was subsequently
calculated as weight (kg) per height (m2).

Exclusion criteria included patients who
receive minerals’ supplements or vitamin D
supplementation, renal disease, pregnancy, pre-
existing parathyroid, thyroid, or calcium metabolism
disorders, requirement for calcium channel
blockers, type | diabetes and active malignancies.

Cases for the study were selected in

accordance with the above mentioned inclusion
and exclusion criteria. Data were collected using a
pre-tested proforma meeting the objectives of the
study.
Venous blood samples were collected following an
overnight fast (>10 h) and 2-hour after 75 g glucose
load in plane vacutainers and anticoagulant
containing vacutainers.Blood tubes were
centrifuged (2280xg, 30 min). Fasting plasma
glucose and 2h-plasma glucose (after 75g glucose
load) were estimated. HbA1c was measured using
spectrophotometric method. The sera were used to
measure the concentrations of sodium, potassium,
chloride, calcium, phosphorus and magnesium as
well.

Results of this study were statistically
analyzed using statistical package for social
science (SPSS) program. Significant differences
between groups were assessed by one-way
ANOVA and t- test. Skewness and kurtosis values
of variables were less than 1 indicating normal
distribution of data variables.

Pearson correlation was done and the r
values were calculated at level of (p < 0.05)
significance.

RESULTS

Our study included 220 type 2 diabetic
patients (120 males and 100 females) admitted to
Najran University hospital and 76 healthy control
subjects (42 males and 34 females), their ages
ranged between 35 and 86 years.
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Fasting blood sugar, FBS (mmol/l) was
11.42 +4.76 (mean = S.D.) while 2h-BS was 14.22+
5.01. Results of the studied parameters are listed
in table 1.

Our results revealed that HbA1c % was
significantly higher in diabetic group than that of
healthy control group (9.71 + 2.39 vs.5.47 + 0.70, p
< 0.01).

Pearson correlation coefficient showed a
high significant negative correlation for serum
magnesium with FBS, BMI, HbA1c in diabetic
patients(r = -0.582, p < 0.0001, -0.234, p < 0.0001
and -0.643, p< 0.0001 respectively). Moreover, a
significant high negative correlation between serum
calcium with HbA1cand BMI was found in our study
(r = -0.272, p < 0.0001 and -0.140, p < 0.038
respectively).

Results of macrominerals serum levels in
diabetic and control subjects are listed in table Il
while, results of macrominerals in different BMI
groups of type 2 diabetic patients are listed in table
lIl.Interestingly, there were a significant renunciative
decrease in the levels of serum calcium and
magnesium in diabetic patients by increasing BMI
from normal weight, overweight, obese, to morbidly
obese patients as proven by one way ANOVA (p <
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0.05) (table Ill, figure 1). In addition, there was
statistically significant positive correlation between
levels of serum calcium with age of type 2 diabetic
patients and statistically significant negative
correlation between levels of serum magnesium
with age of type 2 diabetic patients (r = 0.285, p <
0.0001 and -0.214, p < 0.001 respectively). Such
significant correlations were not found between
serum calcium and magnesium with gender.

DISCUSSION

Almost all enzymatic reactions that use
energy for phosphorylation need magnesium for
activation. Magnesium is involved in most of
biochemical metabolic pathways (e.g.,
deoxyribonucleic acid [DNA] and protein synthesis,
glycolysis, oxidative phosphorylation). Magnesium
serves as a molecular stabilizer of ribonucleic acid
(RNA), DNA, and ribosomes. Because magnesium
is bound to adenosine triphosphate (ATP) inside
the cell, shifts in intracellular magnesium
concentration may help to regulate cellular
bioenergetics, such as mitochondrial respiration.®

Our study showed significant
hypomagnesemia in type 2 diabetes mellitus when
compared with control group (0.75 mg/dl + 0.106
vs. 1.74 £ 0.116, p < 0.01). Hypomagnesemia was

Table 1: Results of BMI, FBS, 2h-BS and HbA1c

Subjects BMI FBS 2h-BS HbA1c
mmol/L mmol/L %
Diabetic Mean 34.09** 11.42** 14.22** 9.71**
Standard 1.098 0.321 2.55 0.161
Error
Standard 16.28 4.76 5,01 2.39
Deviation
Healthy Mean 25.75 4.31 6.39 5.47
control Standard Error 0.325 0.071 0.361 0.081
Standard Deviation 2.84 0.617 0.721 0.703

BMI: Body Mass Index; FBS: Fasting Blood Sugar; 2h-BS: 2 hours Blood Sugar (after
759 glucose load); HbA1c: Glycated hemoglobin.

*Significant difference as compared with control group (Significance at level p < 0.05).
**Highly significant (Significance at level of p < 0.01).
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found to be associated with poor glycemic control
and increased incidence of complications.™

Moreover, there was a high significant
negative correlation between serum magnesium
and FBS. This is in concordance with results of
previous several studies that have reported an
inverse relationship between glycemic control and
serum Mg levels.™: 2

Although many authors have suggested
that diabetes may induce hypomagnesemia and
higher incidence of diabetes increases the risk for
Mg deficiency'®, others have reported that higher
Mg intake may confer a lower risk for type 2 diabetes
mellitus. '
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It is interesting that the induction of Mg
deficiency has been shown to reduce insulin
sensitivity in individuals without diabetes, whereas
Mg supplementation has been shown to improve
glucose handling in elderly individuals without
diabetes.™

However, some other studies did not
observe a correlation between glycemic control and
serum Mg levels or improvement of glycemic control
with Mg replacement.’® Insulin by itself does not
influence the serum magnesium concentration. But
in a hyperglycemic state, insulin causes a rapid
intracellular uptake of glucose. This process causes
an increase in the phosphorylation by sodium-
potassium ATPase on the cell membrane. Since

Table 2: Levels of macrominerals in the studied groups

Macrominerals

Sodium Potassium Chloride

Calcium Phosphorus Magnesium

Type-2 diabetic Mean 138.93 4.42
(mmol/L)

S.D. 2.531 0.450

Control Mean 139.22 4.43
(mmol/L)

S.D. 2.347 0.435

104.29 2.16* 1.19 0.74*
7.746 0.252 0.249 0.106
102.20 2.35 1.18 1.74
2.857 0.091 0.254 0.116

S.D: Standard deviation
* Significant (p < 0.05).

**Highly significant (Significance at level of p < 0.01).

Table 3: Results of macrominerals serum levels in different BMI groups of type 2 diabetic patients

Sodium Potassium Chloride Calcium Phosphorus  Magnesium
Normal weight 139.59 + 2.28 4.47 + 0.48 103.71 £3.36  2.294 + 0.20* 1.166 + 0.24 1.35 + 0.49*
(18.5 — 24.9 Kg)
Overweight 138.69 + 2.48 442 + 0.44 103.56 + 3.84 2.25 + 0.22* 1.18 £+ 0.26 1.167 + 0.51*
(25 — 29.9 Kg)
Obese 138.66 + 2.74 4.41 +0.40 104.63 = 3.08 2.18 £ 0.25* 1.195 + 0.26 0.851 = 0.32*
(30 — 34.9 Kg)
Morbid obesity 139.43 +2.18 442 + 0.49 102.93 £ 12.7 2.13 + 0.24* 1.20+0.24 0.751 £ 0.11*
(e” 35 Kg)

Data (mmol/L) are expressed as means + S.D.

Na: Sodium; K: Potassium; CI: Chloride; Ca: Calcium; P: Phosphorus; Mg: Magnesium.
* Significant differences (p < 0.05) when compared with normal control group.



BABIKR et al., Biomed. & Pharmacol. J., Vol. 9(3), 933-940 (2016)

937

a
in
T

Mean serum calceium (mmol/L)
[
i
T

1.4

Mean serum magnesium (mmol/L)

0.6+

T T T T
Nermal weight Overweight Obese

BMI Groups

Morbid obesity

T T T T

Mormal weight Overweight Obese Meorbid obesity

BMI Groups

Error bars 95% CI

Fig. 1: Renunciative decrease in the levels of serum calcium and
magnesium by exponential increase in BMI of type 2 diabetic patients

magnesium is a cofactor for sodium potassium
ATPase, magnesium is consumed, which
subsequently decreases the serum magnesium
concentration.'®

Our interesting finding that magnesium
decrease with exponential increase of BMI in type
2 diabetic patients may be explained by the link of
adiposity with type 2 diabetes since adiposity, even
in the absence of metabolic dysfunction, is a risk
factor for prediabetes and type 2 diabetes'”'®
meanwhile, overweight and obese individuals are
at increased risk for developing type 2
diabetes(compared with normal weight
patients)’and the risk of type 2 diabetes increases
exponentially as BMI increases above about 25
kg/m2."*Overpositive energy balance that leads to
obesity, especially excess visceral adiposity,
provides an adverse metabolic environment that
fosters the development of insulin resistance and
beta cell dysfunction resulting in the emergence of
glucose intolerance and type 2 diabetes mellitus.?°

Many studies found a strong association
between T2 DM and hypomagnesemia and low Mg
concentrations were significantly linked with poor
glycemic control.2"?2 Magnesium (Mg) is actively

involved in a number of metabolic reactions as an
important co-factor for kinase with special emphasis
on carbohydrate metabolism.2® Hence, the
regulatory role of magnesium in important metabolic
pathways involved in energy metabolism and
glycaemic control is well addressed.

Our study revealed a high significant
negative correlation between serum calcium and
BMI (r = -0.140, p < 0.038). Moreover, there was a
significant renunciative decrease in the level of
serum calcium in diabetic patients by increasing
BMI from normal weight, overweight, obese, to
morbidly obese patients as proven by one way
ANOVA (p < 0.05). This may indebt calcium in the
pathogenesis of adiposity and type 2 diabetes.
Anastassios et al. showed that vitamin D and
calcium insufficiency may negatively affectglycemia
while combined calcium and vitamin D
supplementation may be beneficial in optimizing
glucose metabolism.?*

Calcium is essential for insulin-mediated
intracellular processes in insulin-dependent tissues
such as skeletal muscle and adipose tissue® with
a very narrow range of calcium ions needed for
optimal insulin-mediated functions.?® Changes in



938

calcium ions in primary insulin target tissues may
contribute to peripheral insulin resistance.?’
Enhanced insulin sensitivity mediated through the
action of 1,25-hydroxyvitamin D3 and/or
osteocalcin may have emerged as an adaptation
to conditions when dietary sources of calcium are
scarce in order to overcome the secretory deficiency
of pancreatic beta-cells induced by low calcium
levels.?

In the Women’s Health Initiative Study,
women who were randomly assigned to calcium
and vitamin D supplementation arm had
significantly less weight gain.?® Major et al., showed
that calcium and vitamin D supplementation
enhanced body weight loss in over weight and
obese women.*® Contrarily, Chandler et al. reported
that in overweight African-Americans, short-term
high-dose vitamin D supplementation did not alter
BMI.%!

CONCLUSION

Hypocalcemia and hypomagnesemia are
clinical prognostic indicators for poor glycemic
control in type 2 diabetes mellitus.
Hypomagnesemia and hypocalcemia in type 2
diabetic patients are impacted on by BMI. The higher
BMI, the lower serum magnesium and calcium
levels and hence the worse glycemic control.
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