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ABSTRACT

Background: Hypomagnesaemia is known to occur among patients with type 2 diabetes compared with those who
are non-diabetics. It has been linked to the development of diabetes mellitus as well as poor glycemic control. Our
objective was to assess the levels of serum magnesium among newly diagnosed type 2 diabetes patients and its
correlation with their glycemic status.

Methods: 42 newly diagnosed type 2 diabetic patients without any micro or macro vascular complications were
selected, divided into two groups (n=21), Group 1 diabetics — HbAlc <7.0% and Group 2 diabetics — HbAlc >7.0%.
Serum levels of magnesium and HbA1C values were measured and analysed.

Results: Hypomagnesaemia was present in both controlled and uncontrolled diabetics groups. Even though low
magnesium levels were noted even at the time of diagnosis, Group 2 had significantly lower values when compared to
Group 1 [0.7267 £ 0.2114 vs 1.9862 + 0.329, P < 0.0001]. Serum magnesium level was inversely correlated to
glycemic control which was statistically significant [r = - 0.8647, P < 0.00001].

Conclusions: Serum magnesium levels were low at the time of diagnosis of diabetes in our study. As the age of the
study population increased, serum magnesium levels also varied but the changes were not statistically significant.
Serum levels of magnesium were lower even before the onset of diabetic micro and macro vascular complications.
Large scale studies are needed to confirm this observation so that serum magnesium levels can be used as a potential
indicator of risk of development of diabetic complications.
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INTRODUCTION

Magnesium is the second most abundant intracellular
cation in the body. It plays a significant role in many
metabolic pathways, especially in glucose metabolism, by
acting as a cofactor for several enzymes. It plays a vital
role in insulin secretion, insulin binding and
homeostasis." Low levels of magnesium have shown to

damage tyrosine kinase activity and receptors involved in
signaling.? Both intracellular and extracellular magnesium
deficits are associated with type 2 diabetes mellitus.®
Hypomagnesemia has been implicated in carbohydrate
intolerance,  hyperglycaemia,  insulin  resistance,
complications of diabetes and hyperlipidemia.*
Hypomagnesemia is common among diabetic patients
which is frequently underdiagnosed. It is now established
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that diabetes can by itself induce hypomagnesemia and
hypomagnesemia can in turn induce onset or worsen
diabetes mellitus.* Many studies have reported
significantly lower serum magnesium levels in type 2
diabetics when compared with non-diabetic healthy
controls.> Among diabetics, low serum magnesium values
were reported in patients with retinopathy.® Magnesium
deficiency may be an independent risk factor for the
development of hyperglycemia.* Systemic inflammation
and insulin resistance are the important reasons for the
inverse relationship of magnesium intake and diabetes
mellitus."

Even though low plasma magnesium levels have been
found and reported in many studies from various
countries, there are very few reports from our part of the
country.>*® Also, the comparative studies within diabetic
population based on glycemic control are limited. With
this background, we decided to study the level of serum
magnesium in newly diagnosed type — 2 diabetics without
micro vascular complications and correlate with glycemic
status.

METHODS
Study design and patient selection

The study was designed as a hospital based, cross —
sectional, comparative study for assessment of serum
magnesium levels in newly diagnosed type 2 diabetic
patients without any micro or macrovascular
complications, recruited from the diabetic outpatient
clinic of a tertiary care medical college hospital of South
India.

The study included uncomplicated diabetic patients of
age between 30 to 60 years. Patients with pre-diabetes,
diabetics  with  microvascular or  macrovascular
complications, renal failure, hepatic failure, cardiac
failure, thyroid disorders, alcoholics, lactating and
pregnant females and those who were treated with
magnesium  supplements, Tetracycline’s, Cisplatin,
Quinolones, Amiloride, ACE Inhibitors and Thiazide
diuretics were excluded. In order to detect a statistically
significant difference between the two groups with a 95%
confidence interval and to ensure a minimum power of at
least 80%, the population sample was calculated to be at
least 19 in each group. Due permission was obtained
from Institutional Research Board and Institutional Ethics
Committee before the start of the study. A total of 468
newly diagnosed diabetics were found to be eligible for
the study during the study period, out of which 226
diabetics who were found to have HbAlc < 7.0% were
assigned to Group 1 while 242 patients who had HbAlc >
7.0% were assigned to Group 2. In order to eliminate
selection bias, the patients were selected by systematic
random sampling such that every 10" patient was
recruited in to the study.

All the selected patients were invited to take part in the
study. Detailed patient information sheet was provided
and the investigators explained the study details to the
patients. Willing patients were requested to give their
written informed consent. One patient in Group 1 and
three patients in Group 2 were not willing to provide
informed consent. Therefore, the study groups consisted
of 21 patients each.

5ml blood sample was collected, irrespective of the last
meal, in a trace element free vacutainer tube and was
centrifuged at 2000 rpm to separate the serum. Serum
magnesium levels were estimated using Inductively
Coupled Plasma — Optical Emission Spectrophotometer
(ICP — OES). ICP — OES which was used for magnesium
estimation is more specific in comparison with Atomic
Absorption Spectrometry which was utilized in most of
the previously done studies. It also minimized the blood
requirement for estimation.

Statistical analysis

The result from ICP — OES was expressed as Mean + SD.
Data was compared between the two groups using
appropriate parametric tests by SPSS for Windows
statistical software version 20.

RESULTS

Among the patients who participated in our study, 62%
were males and 38% of them were females. Patients with
HbAlc < 7.0% were assigned to Group 1 while patients
who had HbAlc > 7.0% were assigned to Group 2.

Table 1: Baseline characteristics and serum
magnesium of the study population.

Group 1 Group 2 P
(HbAlc < (HbAlc > Value
7.0% 7.0%
Mean 95% Mean 95%
Cl Cl
Age 4752 43.78- 4795 44.8- 0.8550
(In years) 51.26 51.05
Sex (M/F) 14/7 12/9
Mean HbAlc 6.59 6.47- 10.23 9.49- <0.0001
(%) 6.71 10.97
Serum 199 184- 0.73 0.63- <0.0001
magnesium 2.14 0.83

(mg/dL)

In Group 1, 66% were males and 34% were females
whereas in Group 2, 57% were males and 43% were
females. The mean age of participants of group 1 was
47.52 + 8.22 and of group 2 was 47.95 + 6.82, which was
comparable and not statistically significant (P = 0.855).
Mean HbAlc level of the two groups was estimated and
the difference was found to be statistically significant
(6.59 + 0.266 vs. 10.233 + 1.623, P < 0.0001).
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Table 2: Mean serum magnesium concentrations
according to the sex distribution.

Group 1

ML (HbALc <
Serum

| Magnesium
(mg/dL)

Group 2
(HbAlc >

95% - 95%
cl Cl

1.81- 0.60- <
Males 202 553 073 gae 00001

1.66- 0.54- <
Females 193 520 972 090 0.0001

Group 1 had higher levels of serum magnesium when
compared to Group 2 and the difference was statistically
significant (P < 0.0001) (Table 1). This difference was
maintained across age groups and as well as in the sex
distribution in both the groups (Table 2, 3). However,
there was no relation between the age group or sex of the
patient and the serum magnesium levels in our study.

Regression analysis revealed a significant inverse
relationship between serum magnesium levels and
HbAlc values (r = - 0.8647, P < 0.00001) (Figure 1).

Table 3: Mean serum magnesium concentrations
according to the age distribution.

M Group 1 Group 2
Serur (HbAlc<  (HbAlc>
Erum - 7.0%) 7.0%)
| Magnesium
31-40 1.85+ 1.70- 0.76+ 0.39
years 014 200 030 -1.13 <0.0001
41 -50 2.14+ 1.73- 0.71+ 0.57-
years 044 255 0.21 0.85 R
51-60 1.95+ 1.70- 0.74+ 0.54-
years 030 220 019 094 <0.0001
4
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Figure 1: Correlation between serum magnesium
levels and hbalc values.

DISCUSSION

Magnesium is clinically used to treat eclampsia,
preeclampsia, constipation, status asthmaticus, alcohol
withdrawal, torsade de pointes and provides symptomatic
relief in migraine and dyspepsia. It was investigated for
treating leg cramps in pregnant women and prevention of
osteoporosis.” Recent research links magnesium
deficiency with diabetic nephropathy, aging and
cognitive decline.? High magnesium intake has been
proven to be beneficial in conditions like dyslipidaemia,
metabolic syndrome, coronary artery diseases and
hypertension.? It is of use in diabetic ketoacidosis as a
deficit of 1 to 2 meg/L of magnesium is seen in diabetic
ketoacidosis and magnesium replacement in such
documented cases has improved the outcomes.®

In this study, we observed low levels of magnesium in
group 2 where HbAlc was above 7% when compared to
group lwhere HbAlc was less than 7%. Sharma et al
observed that those who had low serum magnesium
levels were prone for diabetes related complications
(hypertension, dyslipidaemia, and retinopathy). The study
also showed lower levels in diabetics when compared to
healthy controls.’® Diwan et al had made similar
observations about magnesium.™ Kareem et al found low
serum magnesium level in diabetic patients and that the
level was lowest in patients with retinopathy. They also
demonstrated an inverse relationship between magnesium
level and glycemic control which was similar to the
relationship established in our study.®

Walti et al showed low magnesium status among type 2
diabetics and suggested periodic monitoring of
magnesium levels is necessary to prevent secondary
complications." Coronary Artery Risk Development in
Young Adults (CARDIA), a longitudinal study of
American adult population, again found an inverse
association between magnesium intake and diabetes
risk.’> Wang et al found that the dietary intake of
magnesium was inadequate even in non diabetics with
metabolic syndrome and by increasing the dietary intake,
it is possible to protect against the development of insulin
resistance in such cases.* There was a significant
difference in magnesium levels in newly diagnosed
uncontrolled diabetics and well controlled diabetics in
our study. This difference may be used as a potential
predictor for the onset of microangiopathies, similar to
the findings of Kundu et al who concluded that low
magnesium levels were observed in diabetic patients and
it can be used as a marker to predict retinopathy.**

As observed in multiple studies, the present study also
revealed low magnesium levels with increasing age and
in female diabetics.®®® The causes of low magnesium
levels in diabetes are still debated and it may due to an
increased urinary loss of magnesium due to the osmotic
action of glycosuria along with decreased tubular
reabsorption of magnesium due to hyperglycemia.™®
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In a recent meta-analysis published by Dong et al, the
authors observed an inverse association between
magnesium intake and risk of type 2 diabetes.” Though
few Indian studies have studied the role of magnesium
supplementation in diabetics, more large scales studies
from India would help to decide about the dosage and
side effects encountered in our population. Current
recommendations for dietary intake of magnesium are
based on the studies done abroad and extrapolated to the
Indian population.'®*®

We compared the levels of magnesium in newly
diagnosed controlled and uncontrolled diabetes patients,
which was not done in previous studies. Most studies
compared diabetic subjects with healthy non diabetic
subjects, but we decided both our groups will be diabetics
for better understanding. The limitations of our study
were its small sample size, exclusion of complicated
cases, absence of normal controls and non-inclusion of
dietary patterns.

CONCLUSIONS

Magnesium deficiency is present at the time of diagnosis
in newly diagnosed diabetic patients who have higher
levels of HbAlc. As the age of the study population
increased, serum magnesium levels also varies. Levels of
magnesium drop with increasing glucose levels, much
more before the onset of diabetic micro and macro
vascular complications. This can be used as a marker to
assess the risk of complication even at the first encounter
with diabetic patients as values correlates with HbAlc
levels. It may be worthwhile to screen newly diagnosed
Indian diabetic patient for hypomagnesaemia.
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