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Abstract

Background: Magnesium deficiency is proposed factor in pathogenesis of diabetic complications. Hypomagnesemia can be both 
a cause and consequence of diabetic complications. Objective: The aim of our study was to know the relationships between 
magnesium levels and diabetes its association with level of control of diabetes. Study design: This study was done in MVJ 
Medical College and Research Hospital, Hoskote, Bangalore. A total of 75 cases of type 2 diabetes mellitus (T2DM) were taken 
for study after satisfying the inclusion and exclusion criteria and also 35 nondiabetic patients admitted during this period 
were also included in this study under control group. All the patients were evaluated in detail including fasting blood sugar 
(FBS), postprandial blood sugar (PPBS), glycated hemoglobin (HbA1c) and fasting serum magnesium levels were estimated 
by using Calmagite method. Results: The serum magnesium among cases and controls are 1.88 ± 0.28 mg/dL and 2.10 ± 0.29 
mg/dL, respectively. The mean serum magnesium levels in patients with controlled diabetes were 2.04 mg/dL, while they were 
1.73 mg/dL in uncontrolled T2DM. Significant association was found between hypomagnesemia and diabetic retinopathy and 
nephropathy. Conclusions: There was significant reduction in serum magnesium levels in diabetics compared to controls. 
There was significant correlation between magnesium levels and levels of control in diabetics. Uncontrolled diabetics had low 
levels of serum magnesium. Duration of diabetes and high levels FBS also had an association with low magnesium levels. Low 
magnesium levels were mainly associated with diabetic retinopathy and nephropathy.
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Diabetes mellitus (DM) refers to a group of 
common metabolic disorders that share the 
phenotype of hyperglycemia. Several distinct 

type of DM are caused by a complex interaction of 
genetics and environmental factors. Depending upon 
etiology of DM, factors contributing to hyperglycemia 
include reduced insulin secretion, decreased glucose 
utilization and increased glucose production. 
The  metabolic dysregulation associated with DM 
causes secondary pathophysiologic changes in multiple 
organ systems such as microvascular (retinopathy, 
nephropathy, neuropathy) and macrovascular 

(coronary heart disease, peripheral arterial disease, 
cerebrovascular disease).1

Low magnesium status has repeatedly been 
demonstrated in patients with type 2 diabetes. 
Magnesium deficiency appears to have a negative 
impact on glucose homeostasis and insulin sensitivity 
in patients with type 2 diabetes.2

Magnesium deficiency has been found to be 
associated with microvascular disease in diabetes. 
Hypomagnesemia  has been demonstrated in 
patients with diabetic retinopathy, lower levels of 
magnesium more is the risk for diabetic retinopathy. 
Magnesium depletion has also been associated with 
arrhythmogenesis, vasospasm, platelet activity and 
hypertension.3

The reason why magnesium deficiency occurs in 
diabetes are not clear but may include increased urinary 
loss, lower dietary intake or impaired absorption of 
magnesium compared to nondiabetic individuals.4

Low dietary intake can also contribute to hypo-
magnesemia  in diabetics. Patients with type 2 diabetes 
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are often overweight and may consume a diet higher in 
fat and lower in magnesium than nondiabetics.5,6

The present study was undertaken to know the 
relationships between magnesium levels and diabetes 
and association with level of control of diabetes.

Material and Methods

Patients with type 2 diabetes admitted in MVJ Medical 
College and Research Hospital, Hoskote, Bangalore for 
a period of 1 year were included in the study. A total 
of 75 cases of T2DM were taken for study and also 35 
nondiabetic patients admitted during this period were 
also included in this study under control group. All the 
patients were evaluated in detail including fasting 
blood sugar (FBS), postprandial blood sugar (PPBS), 
glycated hemoglobin (HbA1c) and fasting serum 
magnesium levels were estimated by using Calmagite  
method.

Inclusion Criteria

All cases of T2DM and age- and sex-matched nondiabetic 
patients admitted to MVJ Medical College and Research 
Hospital, Hoskote, Bangalore. 

Exclusion Criteria

Patients with 
ÂÂ Chronic renal failure
ÂÂ Acute myocardial infarction in last 6 months
ÂÂ Malabsorption or chronic diarrhea 
ÂÂ History of alcohol abuse
ÂÂ Hypertension, proteinuria, eclampsia 
ÂÂ History of epilepsy
ÂÂ Patients on diuretics and receiving magnesium 

supplements or magnesium containing antacids.

Statistical Method

T-test was used to find the significance of mean 
pattern of serum magnesium between cases/controls, 
controlled/uncontrolled. Analysis of variance  
(ANOVA) was used to find the mean pattern of serum 
magnesium in different complications in different  
range of FBS.

Results

A comparative study consisting of 75 diabetics and 35 
controls was conducted to find serum magnesium in 
DM cases when compared to controls and magnesium 
levels in relation to complications.

The mean age of diabetics was 59.56 ± 9.70 and 
58.66  ±1  0.26 was that of controls (Table 1). The mean 
serum magnesium levels in cases and controls was 
1.88 mg/dL and 2.1 mg/dL, respectively with p value 
of <0.003, which was statistically significant (Table  1). 
Hypomagnesemia was seen in 38.6% of the cases, 
whereas only 2.9% of controls had hypomagnesemia 
(Table 1).

Mean serum magnesium levels among uncontrolled 
DM were lower as compared to patients with controlled 
DM (Table 2).

Mean serum magnesium levels in patients with and 
without diabetic retinopathy was 1.77 mg/dL and  
2.01  mg/dL, respectively, showing that patient with 
diabetic retinopathy had significantly lower levels 
of serum magnesium compared to those without 
retinopathy (p  <  0.0006) (Table 3). The mean serum 
magnesium levels in patients with and without 
diabetic neuropathy were 1.80 mg/dL and 2.09 mg/dL,  
respectively, which were statistically significant  
(p < 0.0002) (Table 3). 

The mean serum magnesium levels in patients with 
and without diabetic neuropathy were 1.92 mg/dL and 
1.83 mg/dL, respectively, which were not statistically 
significant (p < 0.2120) (Table 3). The mean serum 
magnesium levels in patients with and without ischemic 
heart disease (IHD) were 1.81 mg/dL and 1.92 mg/dL, 
respectively, which were not statistically significant  
(p < 0.139) (Table 3).

Table 1. Age, Sex, Mean FBS, Mean Serum Magnesium 
Among Cases and Controls

Cases  
(n = 75) 

Controls  
(n = 35) 

P value 

Mean age 59.56 ± 9.70 58.66 ± 10.26

Sex
	 Male
	 Female 

57.33%
42.67%

57.14%
42.86%

Mean FBS (mg/dL) 206.33 ± 
14.89

94.86 ± 11.78 0.0001

Mean serum 
magnesium (mg/dL)

1.88 ± 0.28 2.1 ± 0.29 <0.003

Serum magnesium
	 <1.8
	 1.8-2.5
	 >2.5 

29 (38.6%)
45 (60.0%)
1 (1.4%)

1 (2.9%)
32 (91.4%)
2 (5.7%)
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Table 2. Effect of Level of Control of DM on Serum 
Magnesium

Serum magnesium 
(mg/dL)

Controlled 
diabetes (n = 37)

Uncontrolled 
diabetes (n = 38)

Range (min-max) 1.5-2.7 1.1-2.1

Mean ± SD 2.04 ± 0.29 1.73 ± 0.23

P < 0.001

Table 3. Serum Magnesium Levels in Patients With 
and Without Retinopathy, Nephropathy, Neuropathy 
and IHD

Serum magnesium (mg/dL) Mean ± SD P value 

Retinopathy
NPDR (n = 23)
PDR (n = 16) 

1.77 ± 0.22
1.86 ± 0.25
1.63 ± 0.20 

<0.0006 

No retinopathy 2.01 ± 0.31 

Proteinuria (n = 53)
Microalbuminuria (n = 35)
Macroalbuminuria (n = 18) 

1.80 ± 0.28
1.86 ± 0.29
1.67 ± 0.20 

<0.0002 

No proteinuria (n = 22) 2.09 ± 0.27 

Neuropathy 1.92 ± 0.32 <0.212

No neuropathy 1.83 ± 0.27 

IHD (n = 51) 1.81 ± 0.28 <0.139 

No IHD (n = 24) 1.92 ± 0.32 

NPDR = Nonproliferative diabetic retinopathy; PDR = Proliferative diabetic retinopathy; 
IHD = Ischemic heart disease.

Mean serum magnesium levels in patients with 
one complication, two complications and three 
complications was 2.07 mg/dL, 1.79 mg/dL and  
1.74 mg/dL, respectively, which means that as the 
number of complications increase mean serum 
magnesium levels decrease (Table 4).

Mean serum magnesium levels in higher FBS range 
was low as compared to low FBS range i.e.: in range 
130-180 mg/dL, 181-230 mg/dL, 231-280 mg/dL, 281-330 
mg/dL, they were 2.2 mg/dL, 1.76 mg/dL, 1.80 mg/dL, 
1.73 mg/dL, respectively (Fig. 1).

Serum magnesium levels were low when HbA1c 
was on higher side i.e.: When HbA1c was >9.80 then 
serum magnesium level was <1.7 mg/dL and when 
HbA1c was <7.20 then serum magnesium level was  
>1.7 mg/dL (Table 5).

Mean serum magnesium levels according to the 
duration of diabetes i.e.: 0-5, 6-10, 11-15 and 16-20 years 
were 2.00, 1.90, 1.52 and 1.78 mg/dL, respectively 
(Table 6).

Discussion

The present study included 75 diabetics and 35 
nondiabetics. Serum magnesium levels were determined 
in all the subjects.

Table 5. Comparison of Serum Magnesium Levels in 
Relation to HBA1c Levels

Serum magnesium 
(mg/dL)

<1.7 ≥1.7

HbA1c  9.80 ± 1.75 7.20 ± 0.70

P <0.001 

Table 6. Comparison of Serum Magnesium Levels in 
Relation to Duration of Diabetes

Serum 
magnesium 
(mg/dL) 

0-5 years  
(n = 17) 

6-10 
years 

(n = 39) 

11-15 
years 

(n = 12) 

16-20 
years 
(n = 7) 

Mean ± SD 2.00 ± 
0.36 

1.90 ± 
0.27 

1.71 ± 
0.29 

1.78 ± 
0.20 

Table 4. Comparison of Serum Magnesium Levels 
According to the Number of Complications

Serum 
magnesium 
(mg/dL) 

One 
complication

(n = 25)

Two 
complications

(n = 35)

All three  
(n = 13)

Mean ± SD 2.07 ± 0.30 1.79 ± 0.25 1.74 ± 0.29

Figure 1. Comparison of serum magnesium levels according 
to different ranges of FBS.

M
ea

n 
M

g 
le

ve
ls

 (m
g/

dL
)

0

0.5

1

1.5

2

2.5

130-180

2.2

181-230

1.76

231-280

1.80

281-330

1.73



DIABETOLOGY

1141Indian Journal of Clinical Practice, Vol. 28, No. 12, May 2018

The present study had diabetic patients whose ages 
ranged for 41-80 years, which was consistent with study 
done by Biradar et al.7

Mean age   Cases Controls 

Biradar et al 55.42 ± 12.65 55.58 ± 12.84 

Present study 59.56 ± 9.70 58.66 ± 10.26 

Male patients in cases and controls were 57.3% and 
57.14%, respectively and females were 42.6% and 42.8%, 
respectively.

Mean serum 
magnesium 

Cases Controls P value 

Mean ± SD 1.88 ± 0.28 2.10 ± 0.29 <0.003 

In this study, serum magnesium levels were more in 
controlled group as compared to uncontrolled group, 
which was consistent with the study done by Jain et al.8

Mean serum 
magnesium levels 
(Mean ± SD) 

Controlled 
diabetes

Uncontrolled 
diabetes 

Jain et al 1.85 ± 0.08 1.68 ± 0.12

Present study 2.04 ± 0.29 1.73 ± 0.23

In present study, there was no any significant association 
between age and sex but duration of diabetes had a 
relation with serum magnesium levels; patients with 
duration of diabetes more than 5 years had a lower 
serum magnesium levels as compared to those with a 
duration less than 5 years.

In our study also significantly lower levels of 
serum magnesium were observed in diabetics with 
microvascular complications.

Hypomagnesemia has been reported in patients 
with diabetic retinopathy. Lower the level of serum 
magnesium greater is the risk of severe diabetic 
retinopathy, which was consistent with study done by 
Kauser et al and Mirza Shariff et al.9,10

Mean serum magnesium 
levels (mg/dL)

Retinopathy No retinopathy 

Kauser et al 1.79 ± 0.15 2.25 ± 0.16 

Mirza Shariff et al 1.28 ± 0.30 1.60 ± 0.40 

Present study 1.76  ± 0.23 2.01 ± 0.31 

The mechanism by which hypomagnesemia predisposes 
to retinopathy is unclear. Grafton et al11 have proposed 
the inositol transport theory to explain this association. 
But exact reason remains obscure.

Mean serum 
magnesium (mg/dL)

Microalbuminuria Macroalbuminuria 

Rao et al 2.0 ± 0.24 1.80 ± 0.20 

Present study 1.86 ± 0.29 1.67 ± 0.20 

Above Box shows that patients with macroalbuminuria 
had a lower serum magnesium level as compared to 
patients with microalbuminuria.12

There was no association seen with magnesium levels 
in patients with neuropathy. There was a correlation 
between serum magnesium levels and number of 
complications.

Patients with only one complication had mean 
serum magnesium level of 2.07 ± 0.03 mg/dL and 
patient with two complications had a mean of 
1.79 ± 0.25 mg/dL and those with three complications 
had a mean of 1.74 ± 0.29 mg/dL.

Patient with more than one complication had much 
lower serum magnesium levels, indicating more the 
complications, lesser the magnesium levels. 

Conclusion

ÂÂ Serum magnesium levels were low in type 2 
diabetics when compared to controls.

ÂÂ Levels of serum magnesium were further lowered 
in uncontrolled type 2 diabetics than those in whom 
diabetes was controlled.

ÂÂ Hypomagnesemia was associated with diabetic 
retinopathy and diabetic nephropathy.

ÂÂ No correlation was found in respect to neuropathy 
and IHD.

ÂÂ More the duration of diabetes and the levels of FBS, 
lower was the serum magnesium levels.

ÂÂ Hypomagnesemia is a factor in type 2 diabetes and 
associated with various complications and duration 
of diabetes leading to various complications. Hence, 
it is worth measuring serum magnesium levels in 
patients with T2DM and probably correlate their 
relationship with various complications. 
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