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Abstract 

Introduction and background: Magnesium is involved in insulin synthesis. Some studies claim that there is 
hypomagnesemia in type I diabetes patients and they have implicated its use to increase insulin production, reduce the 
complications. This study was done to know serum magnesium levels in type I diabetes patients and whether there is any 
significant correlation between serum magnesium levels and glycemic control. As there are variety of results found in different 
studies it was important to evaluate serum magnesium levels in type I DM patients and any scope of improvement of insulin 
levels by its supplementation. Materials and Methods: A case control study was done involving 44 cases, 44 sex and age 
matched controls. All patients less than 18yrs diagnosed with type I diabetes mellitus were included in study. Serum 
magnesium levels in cases and controls were compared. Percentage of hypomagnesemia in both groups, correlation between 
HbA1c levels and serum magnesium levels in cases were calculated. Results: 27.27% of type I DM whereas 11.4% of controls 
had hypomagnesemia. Mean serum magnesium level in cases and normal controls were 1.83 and 1.88 respectively (p 0.8). 
Conclusion: Hypomagnesemia in cases was more than double as compared to controls. Although, there was no significant 
difference between mean serum magnesium levels in cases and controls, no significant correlation between serum magnesium 
and HbA1C levels was found in cases. Therefore, magnesium supplementation in type I diabetes mellitus for improvement of 
insulin levels is not recommended. 
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Introduction 

Type I diabetes is a chronic disease, causing significant 
morbidity in childhood. It has impact on health but also on 
lifestyle and psychosocial development of a child.  
 
Magnesium, the second most common intracellular cation, 
plays a fundamental role as a cofactor in various 
enzymatic reactions involving energy metabolism, glucose 
utilization by cells. It is also involved at multiple levels in 
insulin synthesis, secretion, binding and activity. 
Magnesium deficiency can alter the activity of membrane 
bound sodium potassium ATPase which is involved in 
maintenance of sodium potassium gradient across cells 
and also glucose transport.  
 
Hypomagnesemia has been related as a cause of insulin 
resistance, and when it is chronic, it leads to the 
installation of macro and microvascular complications of 
diabetes [1].  
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The mechanism involving diabetes mellitus and 
hypomagnesemia is still unclear, although some metabolic 
studies demonstrate that Mg supplementation has a 
beneficial effect in the action of insulin and in the glucose 
metabolism. Experimental studies have shown that 
hypomagnesemia inhibits prostacyclin receptor function, 
producing an imbalance between prostacyclin and 
thromboxane effects.  
 
Hypomagnesemia can increase platelet reactivity, increase 
vascular and adrenal responses to angiotensin II, enhance 
thromboxane A 2 (TXA 2) release, and leads to organ 
damage from free radicals [2]. To date, the precise 
mechanism for the development of diabetic macrovascular 
changes is not clearly explained. Since the risk of ischemic 
heart disease is increased in diabetes, magnesium 
depletion may be one of the contributing factors to the 
development of ischemic heart disease in diabetics [3].  
 
Many studies have claimed the importance of hypomagne-
semia and scope of magnesium supplementation in 
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improvement of insulin synthesis and reduction of 
complications associated with diabetes [4] whereas some 
studies have declined existence of hypomagnesemia in 
these patients [5].  
 
Therefore, there is a need to find out magnesium levels in 
diabetes and to interrogate any correlation between serum 
magnesium levels and glycemic control but no such study 
has been done in India. Any future prospect of magnesium 
supplementation in these patients can open gates for new 
treatment options. 

Methods 

Type of Study and Setting: A case control study was 
done in hospitalized setup from Oct 2015 to August 2018.  
 
Sampling methods: 3ml of blood sample was taken by 
fresh venupuncture and serum magnesium levels estimated 
by xylidyl dye method in both controls and cases after 
taking valid consent.  
 
Sample size calculation: 44 cases and 44 controls were 
included; sample size was calculated based on incidence 
and prevalence of type I diabetes mellitus in the area. 
 
Inclusion criteria 
Patients with type I diabetes mellitus (<18years), admitted 
or coming as outpatient, diagnosis confirmed by C peptide 
levels, were included as cases. Age and sex matched 
controls were taken. 
 

Exclusion criteria 

Other conditions affecting serum magnesium levels – 
chronic diarrhoea, malnutrition, malabsorption, renal 
failure, acute pancreatitis, patients on diuretics, asthma, 
seizures/epilepsy, patients on magnesium containing 
antacids.  
 
Data collection procedure: After taking informed 
consent from parents of study subjects, questionnaire was 
asked to obtain history and thorough physical examination 
was done. Magnesium reacts with xylidyl blue to form a 
coloured compound in alkaline solution. The intensity of 
colour formed is proportional to the magnesium in sample 
estimated by colorimetric method, normal serum 
magnesium level was taken as 1.7-2.7mg/dl according to 
the method used in estimation.  
 
Ethical consideration and permission: Ethical 
committee clearance was taken at the institute in year 
2015, before starting the study.  
 
Data Analysis: The data collected was entered in MS 
excel 2010 and analyzed using SSPS version 22. 
Descriptive statistical measures like percentage, mean, 
standard deviation were applied. Inferential statistical tests 
like independent sample t test, chi square test, Pearson’s 
correlation were applied. Serum magnesium levels of 
cases and controls were compared, percentage of 
hypomagnesemia in both groups was calculated. In cases 
correlation between serum magnesium levels and 
hypoglycemic control (HbA1c levels) was calculated.  

Results 

In the present study, 40.9% of cases were in age group 0-9 years, 59.1% of cases were in group 10-18 years. 38% of controls 
were in group 0-9years, whereas 62% were in group 10-18years. Median age of cases was 12 years, median age of 44 controls 
was 10.5 yrs.  
 
There was almost equal sex distribution in cases and controls, 52.3% males that is 23 out of 44, 47.7% females that is 21 out of 
44. Mean duration of treatment was 1.8years, both newly diagnosed and previously treated cases were included in the study.  
 
Mean insulin treatment received was 1.06 units/kg/day. 12 (27.27%) cases had hypomagnesemia as compared to 5 (11.4%) of 
controls (Table 1). \ 
 
          Table-I: Hypomagnesemia in cases and controls 

Magnesium level Cases Controls 

Normal 72.73% 88.6% 

Hypomagnesemia 27.27% 11.4% 

*Out of 44 cases, 12(27.27%) had hypomagnesemia. Out of 44 controls 5(11.4%) had hypomagnesemia. 
 
Mean serum magnesium values in cases and the control group were 1.83 (0.36) and 1.88 (0.26) (Table 2).  There was no 
significant difference in serum magnesium levels of cases and controls, p value being 0.8. 
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         Table-2: Mean serum magnesium levels in cases and controls. 

 
Magnesium 

Mean Standard Deviation 
Cases 1.83 .36 

Control 1.88 .26 

* Mean serum magnesium level in cases and normal controls are 1.83 with standard deviation of 0.36 and 1.88 standard 
deviation 0.26 respectively. 
 
# p value of 0.8 which is more than 0.05 therefore there is no significant correlation between serum magnesium levels and type 
I DM.  
 
Mean HbA1C levels in cases with normal magnesium was 12.34±1.81 and in cases with hypomagnesemia was 11.99±3.05. 
There was no significant correlation between serum magnesium levels and HbA1C levels, p value being 0.23 (Table 3). 
 
          Table-3: Correlation between cases with hypomagnesemia and HbA1C levels. 

Cases 
HbA1C 

Mean Standard Deviation 

Magnesium Normal 12.34 1.81 

Low 11.99 3.05 

*Mean HbA1C levels in cases with normal magnesium was 12.34 with standard deviation of 1.81 and in cases with 
hypomagnesemia was 11.99 with standard deviation of 3.05. 
# p value being 0.23. 

Discussion 

The term diabetes mellitus describes a complex metabolic 
disorder characterized by chronic hyperglycemia resulting 
from defects in insulin secretion, insulin action, or both. 
Inadequate insulin secretion and/or diminished tissue 
responses to insulin in the complex pathways of hormone 
action result in deficient insulin action on target tissues, 
which leads to abnormalities of carbohydrate, fat, and 
protein metabolism [6]. 
 
It is estimated that India is housing about 97,700 children 
with type 1 diabetes mellitus (T1DM). A study of 30 
children with insulin-dependent diabetes with age at 
diagnosis ≤15 years, conducted in 1992, reported a 
prevalence of 0.26/1000 children. The peak age at 
diagnosis was 12 years. The Karnataka state T1DM 
registry listed an incidence of 3.7/100,000 in boys and 
4.0/100,000 in girls over 13 years of data collection [7]. 
 
Mg is the second predominant component in the 
intracellular compartment, an important regulator of the 
cellular processes, co-factor of more than 300 essential 
metabolic reactions, including the ones that produce or use 
the Mg ATP complex. Its functionality is related to the 
synthesis of tissue constituents, growth and thermogenesis, 
and with the activity of tyrosine kinase, in the metabolism 
of glucose [8]. The homeostasis of Mg depends on the 
amount of ingestion, efficiency of absorption and on the 
intestinal and renal excretion.  

 
 
The absorption of this mineral occurs along the whole 
intestinal tract, especially in the ileum and colon, and its 
regulation is made mainly by the kidney [9]. The 
responsible mechanisms for Mg deficiency in patients with 
diabetes have still not been clarified. It is speculated that 
one of the triggering factors is the increase in urinary 
excretion of Mg, especially in patients with unsatisfactory 
metabolic control, dietary deficiency or absorption 
reduction. The scientific evidences indicate the role of the 
Mg as mediators of the insulin action. In diabetes occur 
chronic alterations of homeostasis of intracellular Mg. The 
effects result in damages on the tyrosine kinase activity, in 
level of receptors unchaining the outlying insulin synthesis 
and resistance [10]. 
 
The hyperglycemia, independent of insulin, or other 
responses due to oral glucose ingestion has potential role 
in cellular ionic changes of free Ca and Mg. The 
hyperglycemia per se elevated intracellular Ca and 
suppressed intracellular Mg in normal human red cells. 
The Mg deficit interferes on enzymatic reactions that use 
or produce adenosine triphosphate (ATP), in consequence 
modifies the enzymatic cascade that involves the 
carbohydrates metabolism, triggering diabetes. As 
observed by Delva et al, [11] in hyperglycemia, existing 
ionic alterations in the cells, there is an increase of the 
intracellular ATP concentration, that induce a reduction of 
the intracellular ionized Mg levels.  
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In patients with diabetes, the supplementation with 
micronutrients must be individualized, based on dietary 
history, clinical features and laboratorial evaluation of the 
nutritional state [12]. Even so the oral supplementation 
with Mg improves the secretion and sensitivity to insulin 
in type 1 and 2 diabetic patients, there are still 
controversies based on human and animal studies 
accomplished. 
 
In the present study, out of 44 cases, 27.27% had 
hypomagnesemia whereas out of 44 controls only 5 
(11.4%) had hypomagnesemia. By our case-control study 
involving 44 cases and 44 controls, no significant 
correlation was found between serum magnesium level 
and type I DM, therefore, questioning any future role of 
magnesium supplementation on improvement of serum 
insulin levels. Similar study was done in Taiwan by Ching 
Chiang Lin et al in 2015 on 88 patients, where only 3.4% 
of diabetes patients were found to have hypomagnesemia, 
in addition they have found that low serum magnesium 
levels correlate with high malondialdehyde levels 
(p<0.001, which is a marker of oxidative stress [13]. 
 
Vahap et al have done study in Turkey (2016) on intra 
erythrocytic levels of magnesium in type I DM patients 
which was found to be same in cases and controls, 
whereas intracellular retention of magnesium and urinary 
excretion of magnesium were increased after IV 
administration of magnesium challenge 90.2% as 
compared to 50% in controls, therefore depicting 
intracellular deficiency of magnesium [14]. 
 
On the other hand study done in Egypt on 25 type I DM 
patients had shown significantly low serum magnesium 
levels in cases as compared to controls, also they have 
found negative correlation between duration of illness and 
serum magnesium levels.  A study done in Egypt observed 
that the relation between serum magnesium levels and 
glycemic control, on 150 type I DM patients, it was 
observed that 37.3% of patients had hypomagnesemia and 
those patients had higher HbA1C levels as compared to 
rest [15]. 
 
A study done by Doaaa Shahbah et al in 2017, in Egypt, 
on 71 patients, has found hypomagnesemia in 28.2% 
patients, they have also found that patients with lower 
magnesium levels had higher HbA1C, LDL, total 
cholesterol, triglyceride levels, therefore correlating serum 
magnesium level to complications of diabetes. Also, they 
have supplemented the patients with hypomagnesemia 
with oral magnesium for 3 months and they found 
significant improvement in HbA1C levels [16]. 
In a cross-section study done on 50 type I and type II 
diabetes mellitus patients, in 2007, in Bikaner it was found 
that diabetic patients have significant hypomagnesemia 

(p<0.005), Serum magnesium was significantly low in 
diabetes with complication than without complications (p 
< 0.001). Duration of diabetes and serum magnesium were 
inversely related. Poor glycaemic control was associated 
with hypomagnesaemia (-2.623; p < 0.05). There was 
strong association between hypomagnesaemia and 
retinopathy (1.76±0.26), obesity (1.878±0.326) and 
hypertension (1.75±0.071) and it was statistically 
significantly (p < 0.005, 0.042, 0.000 respectively). Hence 
it was concluded that the change in serum magnesium 
level may have a bearing on the complication and 
morbidity in patients of diabetes mellitus [1]. 
 
Limitation of this study- Intra erythrocytic magnesium 
level is more accurate as compared to serum magnesium 
level as magnesium is mainly intracellular ion.  

Conclusion 

As there are variety of results found in different studies it 
was important to evaluate serum magnesium levels in type 
I DM patients and any scope of improvement of insulin 
levels by Mg supplementation in future should be looked 
into. Although hypomagnesemia in type I diabetes 
mellitus patients is more than controls but magnesium 
level is not significantly reduced. Hence, hypomagnesemia 
cannot be implicated as contributory factor in insulin 
reduction and complications in diabetes. Magnesium 
supplementation in diabetes therefore, may not be useful.  
Intra erythrocytic magnesium level is more accurate as 
compared to serum magnesium level as magnesium is 
mainly intracellular ion, therefore measurement of 
intracellular magnesium levels in type I diabetes patients 
may give more information about its status in these 
patients.  

What this study adds to the existing 
knowledge? 

Magnesium is not significantly low in type I DM patients 
as compared to controls. Therefore, supplementation of 
magnesium in these patients is not recommended.  
Hypomagnesemia does not correlate with HbA1c levels, 
there is no correlation between severity of disease and 
hypomagnesemia. 
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