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ABSTRACT... Objective: To determine frequency of Hypomagnesaemia in patients of type 2 diabetes mellitus in our population. Data
Source: Random selection of DM Il patients from Outpatient Department CMH, Kharian. Design: Cross sectional study. Setting:
Combined Military Hospital Kharian, Department of Medicine. Duration of study: January 2011 to December 2011. Materials &
Methods: We selected outdoor patients of DM-2 from both gender between 40 to 70 yrs of age by random sampling. Those selected,
were subjected to blood fasting and random glucose measurements as well as serum magnesium levels. Blood samples were collected
using full aseptic measures and within one hour, samples were transported to Armed Forces institute of Pathology (AFIP) for analysis.
Serum magnesium level estimation was done by timed endpoint method using calmagite dye. DXC 600 automated analyzer was used.
The results were verified by Pathologist. Results: The overall frequency of Hypomagnesemia was 32.2% (124 out of the 385 subjects)
using the cutoff value of less than 0.6mmol/l for Hypomagnesaemia, whereas 67.8% (261 out of the 385 individual) had normal serum
magnesium levels. Conclusions: Significant number of patients with type 2 diabetes mellitus suffers from Hypomagnesaemia. These
patients have increased risk risk of poor Glycemic control and diabetic complications due to Hypomagnesemia. Therefore, it is
recommended that serum magnesium levels should be checked regularly in patients with type 2 diabetes mellitus and oral magnesium

replacement should be done.
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INTRODUCTION

Magnesium is the fourth most abundant cation in the
human body and the second most abundant
intracellular cation’. It can exist naturally in three
forms. It may be protein-bound, complexed, or free
cation. It serves as a co-factor for all enzymatic
reactions that require ATP and as a key component in
various reactions that require kinases’. It is also an
essential enzyme activator for neuromuscular
excitability and cell permeability, a regulator of ion
channels and mitochondrial function, a critical element
in cellular proliferation and apoptosis, and an
important factor in both cellular and humoral immune
reactions. Magnesium deficiency has been
demonstrated in 2.5-14% of hospitalized patients and
is found to coexist in up to 40% of patients with other
electrolyte abnormalities, particularly hypokalemia
and to a lesser extent, hyponatremia or
hypocalcaemia’. Magnesium (Mg) serves as is a
cofactor in both glucose transporting mechanism of
cell membranes and various enzymes important in

carbohydrate oxidation®. Different endocrine and
metabolic disorders are associated with magnesium
deficiency. These include diabetes mellitus, Cushing
syndrome and hypothyroidism’. Approximately 90 to
95% of all diagnosed cases of diabetes mellitus (DM)
have type 2 diabetes mellitus (DM)°. Diabetes mellitus
was reported to be the sixth leading cause of death
listed on US death certificates in 2007’. About 6.9
million people are suffering from diabetes mellitus in
Pakistan®. Diabetes mellitus has been suggested to be
the most common metabolic disorder associated with
magnesium deficiency, having 13.5 to 47.7%
prevalence®**. Hypomagnesemia in DM represents
secondary magnesium depletion which requires more
or less specific correction of the different
perturbations of the control mechanisms of
magnesium deficit that are involved with diabetes.
Osmotic diuresis clearly accounts for a portion of the
magnesium loss’. On one hand Hypomagnesemia is
associated with type 2 diabetes and on other hand
numerous studies have reported an inverse
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relationship between Glycemic control and serum Mg
levels*®. Although many authors have suggested that
diabetes per se may induce Hypomagnesemia, others
have reported that higher Mg intake may confer a lower
risk for type 2 diabetes". Different studies have shown
that those diabetics who have low serum magnesium
levels have a poor Glycemic control, increased insulin
resistance and rapid progression to diabetic micro and
macro complications™*"*. It has been suggested that
Hypomagnesemia may induce altered cellular glucose
transport, reduced pancreatic insulin secretion,
defective post receptor insulin signaling, and/or
altered insulin—insulin receptor interactions”. In
patients with type 2 diabetes, oral Mg supplementation
during a 16-wk period was suggested to improve
insulin sensitivity and metabolic control". This study
will help to find out frequency of Hypomagnesemia in
diabetic population in Pakistan and can provide guide
to start magnesium replacement in diabetics and
pre—diabetics to help improve Glycemic control and to
reduce rate of progression to diabetic complications.

METHODS & MATERIALS

385 patients of type 2 DM were selected randomly
from OQutpatient Department of Medicine, CMH
Kharian (a tertiary care hospital) in 01 year from
January 2011 to December 2011. Those selected,
were subjected to blood fasting and random glucose
measurements as well as serum magnesium levels.
Patients to be tested were asked to sit on a chair, roll up
their sleeves above elbow. Venous blood samples
were collected using full aseptic measures and
samples were immediately transported to Armed
Forces institute of Pathology for analysis. Blood
samples were collected using full aseptic measures.
Samples were transported to lab within one hour of
collection while serum was separated within 02 hours.
Samples bottles for Mg level were held in vertical
position during transport to laboratory. For HBA1c
estimation samples were collected in EDTA bottles.
Serum magnesium level estimation was done by timed
endpoint method using calmagite dye while DXC 600

2 [l

automated analyzer was used for blood sugar
estimation.. All results were verified by Pathologist. A
subject with Fasting Plasma Glucose at or above 126
mg/dL (7.0mmol/L) or random plasma glucose
concentration = 200 mg/dL (11.1mmol/L) measured
on two separate occasions was considered Diabetic.
Hypomagnesemia was considered when Serum
magnesium level was less than 0.6 mmol/L
determined by calmagite dye method using auto
analyzer. Only previously diagnosed patients of Type 2
diabetes mellitus having age between 40 to 70 years
from both gender were selected. Indoor/admitted
patients, patients on current nutritional support,
malabsorption syndrome, on diuretics, active
Tuberculosis infection, CCF, ESRD, CLD and stroke
were excluded from study. Quantitative variables
included in study were age, duration of diabetes,
glycosylated hemoglobin and serum magnesium
levels. Qualitative variables used were gender and
Hypomagnesemia. All the patients before being
sampled were given complete information about the
purpose and nature of the study and their consent was
obtained. Formal approval of study from hospital
ethical committee was also sought. All the data was
entered in computer software Statistical Package for
Social Sciences (version 16.0). Descriptive statistics
were applied out to summarize the data. Mean and
standard deviation (=SD) was calculated for all the
quantitative variables i.e. age, duration of diabetes and
serum magnesium levels. Frequency and percentages
were calculated for qualitative variables i.e. gender,
Hypomagnesemia.

RESULTS

385 subjects were recruited for study after careful
scrutiny using above mentioned inclusion and
exclusion criteria. Age range was between 40 to 70
years with Mean age (= SD) of 54.99 (£ 7.597)
years. Qut of 385 patients 63.9% were males (246 out
of 385) whereas 36.1% were females (139 out of
385). Mean duration of diabetes (+ SD) was 6.30 (=
3.661) years. Mean serum magnesium levels (+ SD)
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Std. Deviation

7.597

N Minimum Maximum Mean

Age in years 385 40 70 54.99

Table-I. Mean age + standard deviation of subjects

N Minimum Maximum Mean Std. Deviation

Duration of type 2 385 1 22 6.30 3.661
DM in years

Table-Il. Duration of type 2 diabetes mellitus = standard deviation of subjects

Hypomagnesemia Frequency Percent Valid percent Cumulative percent
Yes 124 32.2 32.2 32.2
No 261 67.8 67.8 100.0
Total 385 100.0 100.0
DISCUSSION

B Hypomagnesemia
. Normal Mg levels

were .652 (+ .2130) mmol/l. The overall frequency of
Hypomagnesemia was 32.2% (124 out of the 385
subjects) using the cut-off value of less than
0.6mmol/I for Hypomagnesemia, whereas 67.8%
(261 out of the 385 individual) had normal serum
magnesium levels.

Hypomagnesemia is present in 13.5 to 47.7% of
patients with type 2 diabetes mellitus (DM) as
compared with 2.5 to 15% of patients without diabetes
mellitus. Different studies have suggested that
decrease in serum magnesium levels increases the
risk of developing type 2 diabetes mellitus in
susceptible persons. Hypomagnesemia is also linked
to increased risk of diabetic complications. The
magnesium deficiency has been associated with
chronic diseases, amongst them; diabetes mellitus is

1,4,9.11

one of the most common and important™**"".

Hypomagnesemia is frequently present in diabetic
patients, however there is not an exact elucidation of
the mechanism of magnesium deficiency in diabetes
mellitus. On the other hand, Hypomagnesemia is
directly related with some micro and macro vascular
complications observed in diabetes, as cardiovascular
disease, retinopathy and neuropathy™". This way, the
chronic complications of diabetes can appear
precociously. Based on this, the supplementation with
magnesium has been suggested in patients with
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diabetes mellitus who have proven Hypomagnesemia
and the presence of its complications™.Our study
revealed that the overall frequency of
Hypomagnesemia was 32.2% (124 out of the 385
subjects) which is quite substantial. Our study lacks
the assessment of correlation of Hypomagnesemia
and diabetic complications, and effect of magnesium
replacement on diabetic control. A study done in Brazil
has shown that Hypomagnesemia causes rapid
progression to diabetic complications and oral
magnesium replacement is associated with better
Glycemic control'". Moreover it is emphasized that our
data cannot be easily applied to whole of population as
we focused our study in a highly selected group of type
2 diabetics. Nevertheless, we believe that the study
population is a representative sample of the general
population of type 2 diabetics in Pakistan’. The tested
population came from all parts of Pakistan (urban,
semi-urban, and rural) and from all social strata.
Magnesium is an important intracellular cation.1 It is
often labeled as orphan ion or forgotten ion because
not much importance is given to magnesium ion by
clinicians despite its role and association with different
clinical conditions, diabetes mellitus being one of the
mostimportant"”*". One of the objectives of this study
was to show that a significant population of diabetics
in our country is having Hypomagnesemia. Recently
there is a growing interest in clinicians about role of
magnesium and different studies have been done.
Frequency of Hypomagnesemia was found to be 23
percentinastudy by PhamPC etal"". It was found to be
29 percent in another study done in America”. Studies
have also shown that this Hypomagnesemia can
accelerate development of diabetic micro and macro
vascular complications™®. Liou K et al have also
shown that low plasma magnesium concentrations
may contribute to insulin resistance™. The relationship
between intracellular magnesium and insulin action is
also supported by negative correlation between the
integrated insulin response after glucose loading and
erythrocyte-free  magnesium concentration. The
results of the prospective study of Sloan F, provided the

+

support for an association between plasma
concentration and development of progression of
retinopathy in insulin using patients; but whether the
plasma magnesium concentration is a causative
factor or a marker remains to be determined. In
pregnant women with IDDM who are magnesium
deficient, lack of magnesium may even account for the
high rate of spontaneous abortion and birth defects
associated with IDDM". A study to explore further the
link between magnesium deficiency and insulin
resistance, hypertension and cardiovascular disease
looked at the effect of diet lacking in magnesium (<
0.5 mmol/day) on insulin resistance in non-diabetics.
The result showed that diet-induced magnesium
deficiency leads to decreased insulin sensitivity in lean
non-diabetics™. Double-blind research indicates that
supplementing with magnesium overcomes this
problem. Magnesium leads to improved insulin
production in elderly people with type 2 DM™. In a
double-blind, randomized crossover study, Paolisso
and colleagues investigated the effect of magnesium
supplementation in elderly subjects with insulin
resistance on the handling of glucose following an
intravenous glucose load and a euglycemic
hyperinsulinemic clamp procedure. Magnesium
pidolate at 4.5g per day (15.8 mmol/day) for four
weeks significantly improved insulin action, oxidative-
glucose metabolism, increased erythrocyte
magnesium concentration and decreased erythrocyte
membrane microviscosity”. There are few studies in
international literature to assess relation of
Hypomagnesemia and diabetes mellitus but no study
has been done yet in Pakistan. In majority of studies
mentioned above indoor patients were recruited.
hospitalized patients can have Hypomagnesemia due
to anumber of conditions as mentioned above and it is
quite hard to exclude influence of all of them. We
included only outdoor patients in our study to reduce
this bias.

The result of our study when analyzed in context of
these studies implies a significant number of diabetics
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having Hypomagnesemia. It is required that studies
more studies should be performed to assess effect of
magnesium replacement on diabetic complications.
No studies have yet compared effect of magnesium
replacement in pre diabetics . Studies should also be
done to assess whether magnesium replacement can
delay onset of overt diabetes mellitus in these patients.
In spite of all research ,so far mechanism of
Hypomagnesemia in diabetics is not known. More
research is required to find out mechanism of
Hypomagnesemia in diabetics so that corrective
measures to preventthese losses can be taken.

CONCLUSIONS

Significant number of patients with type 2 diabetes
mellitus has Hypomagnesemia. It is recommended
that serum magnesium levels should be checked in all
patients of type 2 diabetes mellitus and magnesium
replacement should be done where ever required.
Copyright© 07 May, 2013.
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"Management is doing things right;
leadership is doing the rigﬁt tﬁings‘”

Peter Drucker
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