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Abstract

Introduction : Hypomagnesaemia has been reported to occur 8825of patients with Type 2 DM especially in those
without good metabolic control. This present sthadg been undertaken to estimate serum magnesiwindepatients
with diabetes mellitus and to correlate betweenrsemagnesium levels and glycemic control, duratibdiabetes and
its complicationsMethods and Materials This is a prospective study done in March 201Rajah Muthiah Medical
College and Hospital. 132 Type 2 DM patients ineldidn the study was estimated with serum magne$wel and
compared with the age matched control gro@psults The mean serum magnesium was 1.0432mg/dl. Of the
patients, 33(25%) had low serum magnesium levets({han or equal to 1.5mg/dl). We observed thatrsenagnesium
levels were lower in patients with increasing diarabf diabetes. Out of the 19 patients who hadohyggnesaemia, 18
patients had HbAlc > 7 %. This correlates betwegpomagnesaemia and poor glycemic control in oudystu
Conclusion Serum magnesium level was low in Type 2 DM; sernagnesium was low in patient with poor glycemic
control.
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Introduction
study has been undertaken to estimate serum

magnesium level of patients with diabetes mellitus
attending our outpatient department and to coeelat
between serum magnesium levels and glycemic control
duration of diabetes and its complications.

Diabetes is an iceberg disease. The prevalence of
diabetes in adults was around 4% worldwide. The
recent WHO report suggests that over 19% of worlds
diabetic population currently resides in India [1].
Magnesium is the fourth most abundant mineral & th
body and the most abundant intracellular divalent
cation, with essential roles in many physiological
functions [2]. Hypomagnesaemia is known to occur in ~ This study was a prospective study done over ageri
diabetes. Hypomagnesaemia has been reported to occu of one month from March®1to march 3% 2015. 132
in 25-38% of patients with type 2 DM especially in patients of Type 2 DM getting treatment from Rajah
those without good metabolic control [3]. Muthiah Medical College and Hospital were includged
this study. Inclusion criteria Type 2 diabetes |
Magnesium modulates glucose transport through the age 18 and above were included. Exclusion criteria
membrane and it is a cofactor in several enzymatic Type 1 diabetes mellitus, alcoholism, chronic diag,
reactions involving glucose oxidation. Its defiagn patients on diuretics and malabsorption syndrome.
may increase insulin résistance. The reasons for Detailed history from the subjects and examinatias
magnesium deficiency in diabetes are not very clear  done to diagnosis of micro vascular and macro \lascu
This could be due to higher urinary loss and lower complication of diabetes. Laboratory values wes® al

Materials and Methods

dietary intake/impaired absorption [4].This present supported. Serum magnesium levels were estimated in
Manuscript received: 20.June 2015 the study group, 30 age matched healthy comrol*s we
Reviewed: 8 July 2015 compared. Normal serum magnesium level is 1.5 -2.5
Author Corrected: 14July 2015 R i

Accepted for Publication: $&July 2015 mg/dl. Less than 1.5mg/dl is considered as
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hypomagnesaemia. Element specific electrode ionic ethad was used to estimate serum magnesium levels.

Results

132 patients with Type 2 DM who were treated in REIMIin the month march 2015 were included in thegtédmong
the study group youngest patient was 26 yearstandltest patient was 85 years. Majority of thegpas (81/132) were
between 40-60 years. Of 132 patients, 71(53.79%k fiemales and 61(46.21%) were males. The mean B&M
2548.7.

Total132 patients were studied and divided inteehgroups according to duration of Type 2 DM namgtgup | (less
than 5 years), group Il (5 to 9 years) and groulid & more than 10 years). 72 patients (54.54%jenin group | and
30 of these were newly diagnosed.22(15.90%) weggaonp 11.39(29.54%) were in group Il and out bist9 had DM
for more than 20 years.

Glycemic status of the study group
Figure 1: shows the HbALlc of the patients studied.
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HbA1lc Values

The range of HbAlc was 4.4 to 12.8%. HbAlc of 7% dess considered as good glycemic control, abdXe 7
considered as poor glycemic control. The mean Hbwas 7.63%+2.5%. The HbAlc value was more than 7% in
94/132 (71.2%) patients and 7% & less than 7% i1 3828.78%) patients. There were five patienthwibAlc level
>10% indicating very poor glycemic control.

Serum Magnesium Levels:
Figure Serum Magnesium Levels in Study group
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In present study the serum magnesium levels vabetveen 1.1 to 3.1 mg/dl. Our normal laboratoryugafor
magnesium is 1.5 -2.5 mg/dl. The mean serum magmesias 1.746.32mg/dl. Of the patients, 33(25%) had low serum
magnesium levels(less than or equal to 1.5mg/dii¢. Jerum magnesium levels in 30 healthy controls.

Thirty healthy patients were selected randomly.sEhiecluded RMMCH staff members and subjects corfongnaster
health check up and routine out patients. The sanagnesium levels in the control group ranges betwk6 to 2.1

mg/dl. The mean serum magnesium in this group wé%40.142 mg/dl.

Serum magnesium in relation to duration of diabetes

Table 1: serum magnesium level in relation to durationiabdtes

Duration of diabetes No. of patients Mean HbA1C Mea serum magnesium
<5 years 72 7.54 1.8

5 -9 years 21 7.68 1.73

>10 years 39 7.86 1.63

Table 1 shows the mean serum magnesium level atigelto duration and glycated hemoglobin. We obesrthat
patients with longer duration of diabetes had highean HbAlc values and lower mean serum magnesilunes.

Table 1(a): serum magnesium level in three groups, Duratiotiafetes - <5 years, 5-9years,>10 years

Serum magnesium | Number of <5 years 5-9 years >10 years
levels patients

<15 19 12 01 06
15-1.7 60 33 08 19
1.8-2.0 34 18 05 11

2.1 &above 19 11 05 03

Table 1 (a) shows the distribution of magnesiunelen relation to the duration of diabetes. Weenbad that a total of
19 patients had serum magnesium of less than 1dbn@@ patients had a serum magnesium level betviegn

1.7mg/dl.

Table 2: distribution of hypomagnesaemia in three groups

Duration of diabetes Normal Sr.Mg Low Sr.Mg Total
<5 years 56 16 72
5 -9 years 14 7 21
>10 years 29 10 39
Total 99 33 132

Sixteen of 132 patients with diabetes mellitus l&ss than 5 years had low serum magnesium. Tenfdd® patients
with diabetes mellitus >10 years duration had l@nusn magnesium. However, on statistical analysigag found that
there was no significant correlation between daratif diabetes and serum magnesium leyéls@.06, p= 0.803)

Table 3: Mean serum magnesium vs. HbAlc

HbALc (N =132) 4.4 -7 % (N=38) 7.1-12.8% (N=p4

1.852 1.696

Mean Sr.Mg (mg/dl)

Table 3 shows that mean serum magnesium valuatianps with HbAlc less than or equal to 7% andeptg with
HbA1c more than 7%. Mean serum magnesium levelhigtsin groups with HbAlc <7%
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Table 4: distribution of serum magnesium level in relatiorHbAlc

Serum Number of | HbAlc HbAlc HbAlc HbAlc HbAlc
magnesium levels| patients <5% 5-7% 7.1-8% 8.1-9% >9%
<15 19 0 1 9 8 1
15-1.7 60 1 18 33 7 1
1.8-2.0 34 0 10 14 6 4
2.1& above 19 0 8 2 6 3

Table 4 shows the number of patients with low sen@gnesium levels in both controlled and uncorgtbtiiabetics as
indicated by HbA1c levels. There were 19 patienth vow magnesium level (<1.5mg/dl) out of which f8tients had
HbAlc value >7% whereas only 1 patient had lowiseklg level in group with HbAlc <7%. This differeneas found

to be statistically significant (p=0.0007).

Table 5: distribution of complications

Complications Low Mg Normal Mg Total (%)
Neuropathy 21 14 35(26.51%)
Nephropathy 14 12 26(19.69%)
Retinopathy 11 11 22(16.66%)
CVA 3 4 7(5.03%)
CAD 14 9 23(17.24%)
PVD 3 0 3(2.27%)

Total 76 patients in the study group had one oremmacro or micro vascular complications. Of thi8, patients had
single complications, 19 patients had two compilicet, 6 patients had three complications and 3 fad

complications. There were more patients with migsscular complications. 35 patients had neuropaftty,had
nephropathy and 22 had retinopathy. Among macrowas complications coronary artery disease wastiremonest.
The correlation was analyzed separately by Pearsthod, P = 0.105(not significant)

Table 6: mean serum magnesium levels in patients with cicatdns

Complications | Neuropathy | Nephropathy | Retinopathy | C\A CAD PVD

mean Sr.Mg 1.705 1.661 1.704 1.707 1.914 1.7

Table 6 shows the lowest mean serum Mg was fouipgiients with nephropathy. Other complications lileuropathy,
retinopathy, CAD, PVD were having mean serum magnesround 1.7 mg/dl

Table 7: Hypomagnesaemia vs. diabetic complications

Patients (N =132) Low magnesium Normal magnesium Tal
With complications 20 56 76
Without complications 13 43 56
Total 33 99 132

Among 132 patients, 76 patients had diabetic caraptins. Of this, 20 patients had low magnesiunelevOf the 56
patients without complications 13 had low serum nasium levels. This difference was analyzed stedity and there
was no significant correlationZ =0.6488, p = 0.42)

Discussion ADA  statements.48  patients (52.75%) had
This study was a case control study for a periodnef complications. While comparing the glycemic status
month in March 2015. 132 Type 2 DM were selected  with duration of diabetes, the highest mean HbA&s w
randomly and were included in the study. In thespng found in group Il (>10 years of diabetes). Typ®KI

study, 94 of 132 patients (71.21%) had uncontrolled is a progressive disorder. There is progressive
hyperglycemia with HbAlc more than 7% as defined in deterioration of glycemic control with increasing
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duration of the disease due to progressive beth cel
failure and it accounts for the inadequacy of the
treatment. In a study done by Reheja et alif%)as
found that Indians had the highest HbAlc valuesramo
Asian patients with diabetes. They also found that
mean HbAlc value was increasing with duration of
diabetes.

Serum magnesium level in patientsin the present
study, 33 patients (25.00%) had low serum magnesium
levels <1.5mg/dl. Similarly A.G.Kulkarni et al in his
study concluded that low magnesium is common in
Type 2 DM [6]. Mohamed Murtuza Kauser et al in his
study concluded serum magnesium level was lower in
Type 2 DM [7]. However the free level of magnesium

cannot be estimated by serum magnesium level alone.

Only 1% of body’s magnesium stores are distribumed
the extra cellular fluid. Serum magnesium is ngbad
indicator to reflect body’s magnesium depletion.rida
de Lourdes et al [3] studied the effect of magmasiu
supplementation in increasing dose on the contypeT

2 DM. In the study 47.7 %( N=128) had low plasma
magnesium and 31.1% had low intra mononuclear Mg
levels. They concluded that there was no correfatio
between intracellular and serum magnesium levels.
However they found better control of diabetes with
increasing dose of magnesium supplementation in
diabetics. Similarly Maj et al [8] in their studg 11995
found that the serum magnesium levels were
significantly lower in participants with cardiovadar
disease, hypertension and diabetes than in theseofr
these diseases. Paolisso et al [9] 1989 suggelsted t
magnesium supplementation was found to improve
insulin sensitivity and metabolic control in TypeDM

with decreased serum magnesium level.

Magnesium and diabetes:Insulin has been proposed
as a regulatory hormone of magnesium balance; thdee
following ingestion of glucose load, insulin causes
shift of magnesium from extracellular into intrdakdr
space, thus producing a significant decline in mpkas
magnesium with an accompanying increase in
erythrocyte magnesium content. Opposite changes in
plasma and erythrocyte magnesium levels are akso se
during a euglycemic — hyperinsulinaemic glucose
clamp. In diabetic patients, plasma magnesium is
inversely related to metabolic control [10].

At the cellular level, patients with diabetes, as
compared with non diabetic subjects, displayed
suppressed cytosolic free magnesium and increased f
calcium. Monika K Walti et al studied magnesium

International Journal of Medical Research and Review

Research Article

absorption and retention in type 2 diabetes ang the
found that they are not impaired in patients with
reasonably well controlled type 2 diabetes mell[dis

In a study from Kashmir, India by AH Zagar, NA Shah
et al [11] reported the levels of copper, zinc and
magnesium in non dependent diabetes mellitus. Rlasm
copper, zinc, magnesium levels were compared with
diabetic and non-diabetic subjects. They obserted t
age, sex, duration and control of diabetes did not
influence the serum copper, zinc and magnesium
concentrations.

Serum magnesium level and duration of diabetes:
We observed that serum magnesium levels were lower
in patients with increasing duration of diabetestHe
present study we were not able to find any sigaifee
between the serum magnesium levels with relation to
the duration of diabetes.

Serum magnesium level and glycemic contro©Dut of

the 19 patients who had hypomagnesaemia, 18 patient
had HbAlc > 7 %. This correlation between
hypomagnesaemia and poor glycemic control was
statically significant (P=0.007). Similarly S.Ranaad

et al in his study found serum magnesium levelsewer
found to decline with rise in HbAlc levels and dioa

of Type 2 DM [12]. Sharma A et al in his study
concluded poor glycemic control was associated with
hypomagnesaemia [13]. In a study from Zurich,
Switzerland, Walti MK et al [14] found that
hypomagnesaemia was common in Type 2 DM but did
not have any significant correlation with HbAlc.

Hypomagnesaemia and diabetic complicationtn the
present study 76 patients (57.57%) were found te laa
combination of diabetic micro and macro vascular
complications. Of this, 48 patients had single
complication, 19 patients had two complications, 6
patients had three complications and 3 patientsftnad
complications. Micro vascular complications were
found to be present in more number of patients. Agno
the macro vascular complications coronary artery
diseases was the commonest. The Chennai urban
population study (CUPS-16) by Mohan V Shanthirini
CS et al [15] showed that mortality rates due tbdies

in urban population was mainly due to cardiovascula
and renal diseases.

As said earlier, hypomagnesaemia is well known to
occur in diabetes especially those with poor glyicem

control. A study by Martha Rodriguez Moran and
Fernando from Mexico has shown that serum
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magnesium depletion is observed and shows a strong
relationship with foot ulcers in subjects with Tyge
DM [16].

Hypomagnesaemia can potentiate chronic diabetic
complications probably as a result of its positation

in inositol transport (through ATPase activation)[8r

its action of reducing platelet aggregation . Nagteal
pointed out that hypomagnesaemia may double tke ris
of developing coronary artery disease in a diabetic
patient because of increasing platelet reactivig)].[

Guerrero —-Romero F et al suggested that
hypomagnesaemia by a etiopathogenic pathway
independent of glycemic status may be involvedhin t
reduction of HDL -—cholesterol [18]. Lipinski B,
Lipinski L et al studied the effect of magnesium on
fibrin formation from low molecular weight fibrineg
and they found that the circulating fibrinogen umian
blood is comprised of high molecular weight (HMW)
and lower molecular weight fractions (LMW). LMW
fraction of fibrinogen was significantly increased
diabetic patients [19].

Conclusion

As the study states a significant decrease in ¢nens
magnesium levels in patients with Type 2 DM, in poo
glycemic status and with multiple micro-macro vdacu
complications, it is important to insist magnesium
supplementation on uncontrolled Type 2 diabetes.

Limitations

As the growing problem of Type 2 DM and its
complication it's important to understand the cqise
in it. The study population is limited it requirenaore
study population and elaborate study with estinmatb
other trace elements in Type 2 DM.
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