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ABSTRACT

Introduction: Magnesium (Mg) deficiency is a common problem in diabetic patients. Deficiency of Mg may
increase the incidence of diabetes mellitus (DM) and occurrence of diabetic complications.

Objective: To assess the serum magnesium and HbA1c levels in type 2 diabetes patients.

Method: This is a case control study and the sample size was 60 ( 30 type 2 diabetic patients and 30 controls).
Serum magnesium levels and HbAlc were measured . Statistical analysis was performed using SPSS 16.0

(SPSS Inc., Chicago, IL, USA)

Results: The serum magnesium levels are significantly lower in diabetic patients when compared to controls
(P<0.001) . There was a significant correlation between the diabetic status and low serum magnesium levels. The
values of HbA1C (%) were positively correlated with blood glucose level and negatively correlated with serum
magnesium levels.

Conclusion: Hypomagnesaemia is associated with micro vascular complications and poor glycemic control. It is

important to regularly monitor magnesium levels in all type 2 diabetic patients.
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INTRODUCTION

Diabetes is expected to distress about 170 million
people worldwide and this represents about 2% of the
world’s population ? . Magnesium is the fourth most
profuse cation in the human body and the second most
abundant intracellular cation. It is a main cofactor
in a number of key enzymatic reactions and appears
to play an essential role in glucose metabolism and
insulin homeostasis. It plays a vital role in carbohydrate
metabolism. It can affect the release and activity of
insulin 3. Blood levels of magnesium are reduced in
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individuals with type-2 diabetes. Hypomagnesaemia
may exacerbate insulin resistance.

The kidneys perhaps lose their ability to retain
magnesium during periods of severe hyperglycemia
(considerably elevated blood glucose). The increased
excretion of magnesium in urine could then result
in lower blood levels of magnesium®. Magnesium
reduction and Insulin resistance result in a vicious
cycle of decrease in intracellular Mg2+ and worsening
insulin®. It is not known whether difference in trace
elements status is a result of diabetes and hyperglycemia
or instead their reduced levels contribute to the
pathogenesis of the disease. However, different studies
have given conflicting results®’. In current years,
increasing verification has appeared suggesting an
association between magnesium deficiency and type 2
diabetes mellitus (T2DM) 812,

Because of increasing prevalence of DM in India,
with the well-known biochemical parameters we
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decided to search the association of serum magnesium
in Type 2 Diabetes. In the present study we evaluated the
serum magnesium and HbAlc in type-2 diabetes cases
& controls.

MATERIALS AND METHOD

Patients of type 2 diabetes mellitus of age 40-
70 years, in the Department of Medicine, Chittoor
Government district Hospital from December 2015
to April 2016 were taken for this study considering
the inclusion and exclusion criteria. Informed written
consent was taken from all subjects and the study was
approved by the ethics committee.
compared to cases by gender, age and BMI. None

Controls were

of the participants had a positive clinical history of
chronic or acute renal failure, malignancy, chronic
diarrhea, alcohol intake. Subjects receiving magnesium
supplementation or treated with drugs known to modify
magnesium metabolism (such as calcium antagonist,
diuretics, thyroxin, and lithium) were excluded from
the study. No patient with type 1 diabetes was included
and none of the women were pregnant. Total of 60
subjects were included in this study 30 type 2 diabetic
cases and 30 controls between age of 40- 70years .
According to earlier studies, hypomagnesaecmia was
defined as a serum magnesium concentration #0.75
mmol/L > 1314 T2DM was defined according to the
criteria recommended by the Expert Committee on the
Diagnosis and Classification of Diabetes.

Height, body weight and body mass index (BMI),
calculated with the formula weight/
heightsquare(kg/m2), were recorded for each patient. A

which was

venous blood sample was collected from each subject
in the morning after 12-hour fasting, to evaluate fasting
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glucose [hexokinase with enzymatic reference methods];
Serum magnesium [Colorimetric end point methods
with ksilidil blue], HbAlc [HPLC-high performance
liquid chromatography- Biorad Variant II Turbo ].

Statistical analysis was performed using SPSS
16.0 (SPSS Inc., Chicago, IL, USA). Student 't’ test
/Chi-square test has been used to find the significance
of homogeneity of study characteristics between both
groups of patients. Analysis of variance has been used
to find the significance of study parameters between
the groups. Results were expressed as mean + SD.
Probability values of P< 0.05 were considered to
indicate statistical significance.

RESULTS

The cases and controls were group matched
according to age and sex. The male/female ratio of both
cases and controls is 13:12. The mean age group of cases
is 58.449.46 and for controls is 59.12+6.90 (Table 1).
The serum magnesium levels are significantly lower in
diabetic patients when compared to controls (P<0.001).
Whereas, HbA1C was significantly higher in diabetic
patients when compared to controls (P<0.001) (Table
2).

Table 1 Showing age and BMI of Diabetic
patients and controls .

Para- Status Mean + Std.

meter Deviation t P
Controls 59.120+6.9000 307

Age ' 0.76
Cases 58.400+9.4648
Controls 22.47+£2.21

BMI 4.377 .0001*
Cases 25.57+2.75981

Table 2 Showing Serum Magnesium levels and HbA1C (%) in cases and controls

Parameter | Subjects Mean t P
N=25 Std. Deviation
Serum Controls [2.08+.407 -8.110 000>
Magnesium
o Bl =
BMI (kg/m?) | Controls [22.47+2.21 4.377 .0001*
Cases [25.5742.75981
[HbAIC (%) [Controls #.93 £ 2.50 5.337 .0001*
(Cases 8.98 + 2.26
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Table 3 Showing Linear regression of Serum Magnesium with Diabetic status

Un-standardized Coefficients Séamfi; r.d 1z:3d
CONSTANT octlicients t p
Beta Std. Error Beta
Diabetic Status 723 114 723 6.358 .0001

There is very highly significant correlation between
the diabetic status and lower serum magnesium levels
(P<0.001) (Table 3). The HbA1C (%) values were found
to be significantly higher in diabetic group. The values
of HbA1C (%) were positively correlated with blood
glucose level and negatively correlated with serum
magnesium levels.

DISCUSSION

Hypomagnesaemia may be an independent risk
factor for type Il diabetes. Defective tubular reabsorption,
diarrhea, intestinal malabsorption, shift of magnesium
from ECF to bone can result in hypomagnesaemia.
Magnesium acts as cofactor for many enzymes involved
in carbohydrate metabolism. Also, there is a strong
relationship between magnesium and insulin action. A
reduction of magnesium in the cells increases insulin
resistance '>!¢ . Tyrosine- kinase an intracellular enzyme
requires magnesium to let insulin to exert its blood-
sugar-lowering effects. In several studies, daily oral
magnesium supplementation significantly improved
insulin sensitivity by 10 percent and reduced blood
sugar by 37 percent %,

The mechanisms by which T2DM causes low serum
magnesium levels remain to be fully understood. It has
been suggested that insulin deficiency or resistance
can promote magnesium wasting at thick ascending
limb of the loop of Henle '*%. Secondly, lower serum
magnesium in obese type 2 diabetic patients may be
because of reduced intestinal magnesium absorption
secondary to lower fiber in diet and higher fat intake 2'-*
.Diabetic autonomic neuropathy may also reduce oral
intake and gastrointestinal absorption %2,

Also, we found diabetics with micro vascular
complications had poorer glycemic control than
diabetics without micro vascular complications.
Previous studies showed that higher level of HbA1C
increases risk for development of micro angiopathy and

macro angiopathy in diabetics *.

There are some possible limitations that should be
taken into consideration in interpreting the results of our
study. First, we did not measure intracellular magnesium
content, a more sensitive indicator of magnesium
balance*. Although, approximately only 1% of whole-
body magnesium is found extracellularly, there is a
good correlation between extracellular and intracellular
Magnesium is estimated by nuclear magnetic resonance
spectroscopy. Second, we have not explicitly evaluated
dietary magnesium daily intake. Finally, only a selected
population of morbidly obese subjects was included

CONCLUSION

Diabetes is responsible for the low magnesium
levels which are risk factors for various cardiovascular
and other complications. The supplementation of
magnesium and proper exercise to maintain the
weight are advisable to prevent the diabetes associated
complications in the future.

Conflict of Interest : Nil
Source of Funding : Nil

Ethical Clearance: Institutional ethics committee

REFERENCES

1. Wokoma FS. Diabetes and hypertension in Africa,
an overview. Diabet Int 2002; 12:36-40.

2. Unwin N, Sobngwi E, Albert KGMM. Type-2
diabetes: the challenge of preventing a global
epidemic. Diabet Int 2001; 11:3-8.

3. Kobrin SM and Goldfarb S. Magnesium Deficiency.
Semin Nephrol 1990; 10: 525-35.

4. Institute of Medicine. Food and Nutrition Board.
Dietary. Reference Intakes: Calcium, Phosphorus,

Magnesium, Vitamin D and Fluoride. National
Academy Press. Washington, DC, 1999.

5. Hua, H : Gonzales, J : Rude, R K .Magnesium
transport induced ex vivo by a pharmacological



International Journal of Physiology, January-June 2017, Vol. 5, No. 1

dose of insulin is impaired in non-insulin-dependent
diabetes mellitus. Magnes-Res 1995 Dec; 8 (4):
359-66.

Kao WHL, Folsom AR, Nieto FJ, MO JP, Watson
RL, Brancati FL. Serum and dietary magnesium
and the risk for type 2 diabetes: The Atherosclerosis
Risk in Communities Study. Arch Intern Med 1999;
159:2151- 59.

De Lourdes Lima, M, Cruz T, Pousada JC,
RodriguesLE, Barbosa K, Canguco V. The effect of
magnesium supplementation in increasing doses on
the control of type 2 diabetes. Diabetes Care 1998;
21:682-86.

Kao WH, Folsom AR, Nieto FJ, Mo JP, Watson RL,
et al. Serum and dietary magnesium and the risk for
type 2 diabetes mellitus: the Atherosclerosis Risk
in Communities Study. Arch Intern Med 1999;159:
2151-2159.

Rodry’guez-Moran M, Guerrero-Romero F . Oral
supplementation
sensitivity and metabolic control in type 2 diabetic

magnesium improves insulin
subjects. A randomized double-blind controlled

trial. Diabetes Care 2003;26:1147—-1152.

10. Lopez-Ridaura R, Willett WC, Rimm EB, Liu S,

11.

12.

13.

14.

15.

Stampfer MJ, et al. Magnesium intake and risk of
type 2 diabetes in men and women. Diabetes Care
2004; 27: 134-140.

Sales CH, Pedrosa Lde F . Magnesium and diabetes
mellitus: their relationship. Clin Nutr 2006; 25:
554-562.

Montagnana M, Lippi G, Targher G, Salvagno GL,
Guidi GC. Relationship between hypomagnesaemia
and glucose homeostasis. Clin Lab 2008; 54: 169—
172.

Agus ZS . Hypomagnesaemia. ] Am Soc Nephrol
1999;10: 1616-1622.

Topf JM, Murray PT .
hypermagnesaemia. Rev Endocr Metab Disord
2003;4: 195-206.

Paolisso G, Scheen A, D ‘Onofrio F, Lefebvre P.

Magnesium and glucose homeostasis. Diabetologia
1990; 33: 511-514.

Hypomagnesaemia and

16

17.

18.

19.

20.

21.

22.

23

24.

183

. Nadler JL, Buchanan T, Natarajan R, Antonipillai
I, Bergman R, Rude R: Magnesium deficiency
produces
thromboxane synthesis. Hypertension1993; 21:
1024-1029.

insulin  resistance and increased

Guerrero-Romero F, Tamez-Perez HE, Gonzalez-
Gonzalez G et al. Oral magnesium supplementation
improves insulin sensitivity in non-diabetic subjects
with insulin resistance. A double-blind placebo
controlled randomized trial. Diabetes Metab 2004
;30 (3): 253-258.

Rodriguez-Moran M and Guerrero-Romero F. Oral
magnesium insulin
sensitivity and metabolic control in type 2 diabetic
subjects: a randomized double-blind controlled

trial. Diabetes Care 2003; 26(4): 1147-1152.

supplementation improves

Barbagallo M, Dominguez LJ .Magnesium
metabolism in type 2 diabetes mellitus, metabolic
syndrome and insulin resistance. Arch Biochem
Biophys 2007;458:40-47.

Pham PC, Pham PM, Pham SV, Miller JM, Pham
PT . Hypomagnesaemia in patients with type 2
diabetes. Clin J Am Soc Nephrol 2007; 2: 366—
373.

Brink EJ, Beynen AC.Nutrition and magnesium
absorption: a review. Prog Food Nutr Sci 1992 ;16:
125-162.

Schulze MB, Schultz M, Heidemann C,
Schienkiewitz A, Hoffmann K, et al. Fiber and
magnesium intake and incidence of type 2 diabetes:
a prospective study and meta-analysis. Arch Intern
Med 2007; 167: 956-965.

. Asha S Khubchandani, Hiren Sanghani, Study of
Serum Magnesium and HbA1C in Diabetic Patients
along with Changes in their Lipid Profiles. Indian
Journal of Clinical Practice 2013; 23(11):717-19 .

Nadler J, Rude R .Disorders of magnesium
metabolism. Endocrinol Metab Clin North Am
1995:24: 623-641.



