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Abstract 
Background: Magnesium & Calcium are essential factors for insulin to get released from the pancreatic cell. To 
evaluate the relation of hypomagnesemia and hypocalcemia in the glycaemic control and to analyze the importance 
of both in the insulin secretion mechanism. Method: A total of 239 individuals were selected for this study. HbA1c 
level, serum electrolytes, magnesium, and Calcium were assessed for all the individuals. Results: Out of 239 
individuals, 79 were uncontrolled diabetic by calculating HbA1c as a gold standard; the ratio was higher in males. 
Hypocalcemia is present in both individuals; females (31%) are much prone to sodium (Na) and potassium (K)  than 
males (20%). Females are highly affected by electrolyte imbalance, but in hypomagnesemia diabetic individuals, the 
males are high in electrolyte imbalance. Conclusion: Since Mg and Ca plays a vital role in insulin synthesis, secretion, 
repair, and alteration, along with the hypoglycaemic agents, the supplementation of magnesium or Calcium could 
be suggested via dietary or drug supplements. In addition to this, regular monitoring of electrolytes is essential to 
maintain fluid balance.
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Introduction

Diabetes is one of the known, most common 
non-communicable diseases globally. 
Population growth, urbanization, aging, 

physical inactivity, and increasing prevalence 
of obesity are several reasons the number is 
increasing. Diabetes mellitus (DM) is a group 
of metabolic disorders with high blood sugar, 
characterized as hyperglycemia, including 
frequent urination, increased thirst, and 
increased hunger [1,2]. DM is a chronic metabolic 
disorder resulting from defective insulin secretion 
or insulin resistance [3]. Insulin resistance (IR) 
is related to an impaired biological reaction 
to insulin stimulation of critical target tissues 
and impacts glucose utilization, resulting in a 
compensatory rise in beta-cell insulin production 

and hyperinsulinemia. It leads to metabolic 
syndrome and type 2 diabetes mellitus [4,5]. 

Glycosylated hemoglobin (HbA1c) is the critical 
target of glycaemic control. It is the gold standard 
in analyzing one’s status of the average blood 
glucose during the past three months. The 
desirable rate for HbA1c values below 7.0% 
and is also raised in diabetes individuals with 
hypomagnesemia [6]. Electrolyte imbalance 
is frequently existing in individuals with type 
2 diabetes mellitus (T2DM) [7]. These play an 
essential role in the human body, for instance, 
controlling fluid levels, acid-base balance (pH), 
etc. Electrolyte imbalance causing by dehydration, 
fever, kidney failure, and vomiting has been 
implied as one of the contributing aspects in the 
complications observed in diabetes [8].
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Magnesium (Mg) is the fourth most abundant 
cation, and after potassium, it is the second most 
abundant intracellular cation in the human body. 
It has numerous systems like regulating several 
significant functions such as glycaemic control, 
muscle contraction, myocardial contraction, 
neuromuscular conduction, and blood pressure 
[9,10]. According to the enzymatic databases list, 
Mg2+ acts as a cofactor for more than 600 enzymes 
and a further 200 in which Mg2+ may act as an 
activator [11]. Normal serum magnesium levels 
are in a range of 0.75-0.95 mmol/l (1.7-2.3 mg/
dl). Clinically, hypomagnesemia is characterized 
as a serum Mg concentration ≤1.6mg/dl [12]. The 
prevalence of hypomagnesemia in DM is 65%. 
The DM with hypomagnesemia has been found 
to confer increased risk in those individuals [13].

Magnesium act as an essential cofactor for 
several enzymes that take part in carbohydrate 
metabolism. Magnesium functions as an insulin 
sensitizer by regulating tyrosine kinase activity 
on insulin receptors and autophosphorylation of 
these receptors [14,15].

Calcium (Ca) plays a key role in glucose uptake 
once insulin binds muscle cells and in muscle 
contractions. Also, Calcium influences the affinity 
of insulin receptors and sensitivity to insulin. The 
insensitivity of liver, muscle, and adipose tissue to 
insulin muscle is one of the major sites liable for 
insulin resistance [16]. Hypocalcaemia is analysed 
by a total serum calcium concentration < 8.8 mg/
dL (< 2.20 mmol/L). Acute hypocalcemia can result 
in serious symptoms requiring hospitalization, 
while the individuals who progressively develop 
hypocalcemia are prone to be asymptomatic 
[17]. A trial of Mg2+ administration is commonly 
enquired in the presence of hypocalcemia. In 
general, Mg2+, an essential secondary messenger 
initiating or regulating several cellular functions 
in various cells, is considered the main antagonist 
of Ca2+ [18].

Insulin secretion is a Calcium dependant 
biological process, and a rise in Calcium is needed 
for both the first and second phases of insulin 
secretion [19]. The intracellular calcium changes 
in primary insulin target tissues may contribute 
to the peripheral insulin resistance via impaired 
insulin signal transduction to reduce GLUT 4 
activity [20]. Ca2+ dependent enzymes, Cytosolic 
Ca2+, and Ca2+ channels are relatively involved 
in glucose uptake by muscle cells [21].

Insulin secretion mechanism 

Pancreatic beta cells can synthesize, store and 
release insulin in response to various metabolic 
reactions. The process of insulin secretion from 

the β cells is controlled by the KATP channel 
closure, L-type calcium channels, and magnesium 
(Mg2+). The secretion of insulin is triggered by 
invading glucose molecules to the β cells via 
glucose transporter type 2 (GLUT 2) from the 
bloodstream, where the glucose is converted to 
glucose-6-phosphate (G6P) by the enzyme called 
glucokinase. G6P is further processed in glycolysis 
which produces ATP and causes an increase in 
ATP/ADP ratio; Mg2+ directly influences the rate 
of glucokinase enzyme activity by acting as a 
cofactor adenine nucleotides (MgATP). 

Now, more ATP is present inside the cells, which 
binds with the receptor of KATP channels. KATP 
channel consists of four central inwardly rectifying 
receptors (Kir6.2) and the surrounding four 
receptors called sulphonylurea (SUR1) subunit. 
The binding of MgATP controls the opening of this 
channel to SUR1; closing of the channel depends 
on the binding of ATP to Kir6.2. This binding leads 
to the closing of KATP channels and thus stops 
the potassium from proceeding out of the cell. 
On the other hand, a large amount of potassium 
inside the cell induces depolarization action, 
which helps open L-type calcium channels, which 
release Calcium, and the receptor binds with and 
forms a complex secretory granule of insulin. As 
of result of this signaling mechanism, the insulin 
got released from the pancreatic beta cells. The 
Calcium binds and releases insulin action, which 
Mg2+ negatively controls.

Material And Methodology

Study design: An analytical study 

Ethics approval: the study was approved by the 
institutional ethics committee. 

Locus of study: Billroth Hospitals, Shenoy 
Nagar, Chennai, Tamil Nadu

Sample size: 	The study was conducted on 
239 patients’ irrespective of age, who randomly 
came to the laboratory for diagnosis of HbA1C, 
magnesium, and Calcium

Inclusion criteria: Both men and women, 
irrespective of their age, are included in the 
study, individuals have HbA1c >7% for more 
than three years without control. The person 
with low levels of Magnesium and Calcium.

Exclusion criteria: Individuals with type 1 
diabetes, diabetic nephropathy were excluded 

Sample Collection: Based on the requisition 
given by the consultant, the blood samples were 
collected from the individuals by the Phlebotomist 
in Billroth Hospital. Blood samples were collected 
in the Becton Dickinson (BD) Vacutainer® with 
K2 Ethylene diamine tetraacetic acid (EDTA) 
and Plain Tube for serum analysis.

Sample Centrifugation: Vacutainers with EDTA 
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were put into the mixer until the process of 
Glycated Haemoglobin. Blood collected in plain 
Vacutainer® could clot and centrifuge at 5000 
rpm for 20 minutes. The obtained serum was 
used to analyze the serum magnesium, Calcium, 
and electrolytes (sodium and potassium). In 
addition, a sample separated with the fluoride 
tube was used for obtaining plasma glucose.

Methodology: All the process was automated 
and done in the biochemistry laboratory, Billroth 
hospitals. Estimation of Magnesium, Calcium, 
and Glucose was done in Beckman Coulter 
AU480 by the photometric method using Xylidyl 
blue, Arsenazo III, and Hexokinase method, 
respectively. Estimating of HbA1c in Biorad D10 
using ion-exchange high-performance liquid 
chromatography (HPLC) and the estimation 
of electrolytes like sodium and potassium in 
ST 200CC – Electrolytes analyzer by using ion 
sensing electrode method.

Results 

Each bar represents the total no. of normal Vs diabetic individuals 
and the categorization of male and female. Statistically 5% of the 
total occurrence was considered as a  Standard Error (SE) for the 

statistical significance

Fig 1. Assessment of Diabetes using HBA1c – 
(Glycosylated Haemoglobin) among the study group 

with gender difference

Each bar represents the total no. of diabetic individuals according 
to their severity of HbA1c levels and the categorization of male and 
female. Statistically 5% of the total occurrence was considered as a 

Standard Error (SE) for the statistical significance 

Fig 2. Evaluation of management of diabetes using 
HbA1c as a gold standard and the gender differences

Among the 239 individuals, the diabetic 
individuals were separated based on their 
measurement of HbA1c (Glycosylated 
Haemoglobin) level, the individuals with >6.5% 
of HbA1c were considered as diabetic. Out of 
239 individuals, 160 were normal, and 79 were 
diabetic. Among 79 diabetic individuals, 54 were 
male, and 25 were female, these 79 patients were 
selected for the study and related parameters 
were analyzed.

The diabetic individuals were selected based on 
Fig. 1. The severity of the diabetes was studied 
for those male and female individuals based on 
their HbA1c levels (7.1-8.0, 8.1-9.0, 9.1-10.0, 
<10.0%). Our study categories of HbA1c levels 
as 7.1-8.0% Mild, 8.1-9.0% Moderate, 9.1-
10.0% Severe, >10%: High risk for multiorgan 
complication. Our study shows that a more 
significant number of individuals were falls 
under the category of 7.1-8.0%.

The total number of diabetic individuals was 
separated according to the severity levels of 
HbA1c and the age intervals. The age intervals 

Fig 3. Evaluation of management of diabetes using HbA1c based on age and gender differences

Each bar represents the total no. of diabetic individ   uals related to their HbA1c level and the categorization of male and female in different 
age intervals. Statistically 5% of the total occurrence was considered as a Standard Error (SE) for the statistical significance 
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of the individuals divided for this study were 
30-40, 41-50, 51-60, 61-70, and more than 71.
In addition, the severity of the HbA1c level (as
fig. 2.) was checked for the above-mentioned
individuals. By this evaluation, the most affected
individuals were found to be at the age was more
than 71 who falls in the category of HbA1c level
(7.1-8.0%).

Each bar represents the no. of diabetes individuals corresponding to Each bar represents the no. of diabetes individuals corresponding to 
their magnesium level vs calcium levels and the categorization of male their magnesium level vs calcium levels and the categorization of male 
and female. Statistically 5% of the total occurrence was considered as and female. Statistically 5% of the total occurrence was considered as 

a Standard Error (SE) for the statistical significancea Standard Error (SE) for the statistical significance..

Fig 4. Estimation of serum magnesium and calcium 
levels in diabetes individuals with gender difference

Fig. 4. represents the estimation of serum 
magnesium and calcium levels in diabetic 
individuals. This study reveals hypomagnesemia 
and hypocalcemia in diabetic individuals. A 
more significant number of diabetic individuals 
were low in calcium levels while comparing with 
magnesium levels.

Each bar represents the percentage analysis of diabetic individuals 
with hypomagnesemia vs hypocalcaemia and the categorization 
of male and female. Statistically 5% of the total occurrence was 

considered as a Standard Error (SE) for the statistical significance.

Fig 5. Percentage analysis of hypomagnesemia and 
hypocalcemia cases in fig. 4. with gender difference

The percentage analysis for the diabetic 
individuals with hypomagnesemia and 
hypocalcemia obtained from fig. 4. were 
calculated. By this analysis, females were 
much prone to both hypomagnesemia and 
hypocalcemia compared to males with diabetes 

was identified. By comparing hypomagnesemia 
and hypocalcemia cases, diabetes with 
hypocalcemia individuals was higher in number.

Each bar represents the no. of diabetic individuals to their correlation 
of Mg and Ca levels and the categorization of male and female. 

Statistically 5% of the total occurrence was considered as a Standard 
Error (SE) for the statistical significance. 

Fig 6. Correlation of magnesium and calcium levels in 
a differential proposition of diabetic individuals with 
gender difference
The correlation of magnesium and Calcium were 
checked for all the diabetic individuals. The 
differential proposition like Mg↓ & Ca↓, Mg normal 
& Ca↓, Mg normal & Ca↑, Mg↑ & Ca normal, Mg↓ 
& Ca normal, and Mg normal & Ca normal were 
checked. There is no significant change in all 
other groups except Mg normal & Ca↓ correlated 
individuals who were more. This study shows 
that most diabetic individuals are Mg normal & 
Ca ↓; even more, the study significantly identifies 
that males (35%) are high in percentage than 
females (29%). The percentage of both levels of 
magnesium and Calcium are low in female (31%) 
than male (20%).

Each bar represents the electrolytes levels and the correlation 
of electrolytes (sodium and potassium) in diabetic individuals vs 

hypomagnesemia and diabetic individual’s vs hypocalcaemia and 
diabetic individuals with the categorization of male and female. 

Statistically 5% of the total occurrence  was considered as a Standard 
Error (SE) for the statistical significance.

Fig 7. Consideration of serum electrolytes level 
(sodium and potassium) in diabetic individuals 

with gender difference

The electrolyte level in Diabetic individuals: 
Serum sodium and potassium levels were 
analyzed for all the diabetic individuals. Low 
sodium, Low potassium Vs. both levels (Na & 
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K) are low were assessed; the study shows that
females are prone to low levels of electrolytes
than males.

Electrolyte levels in hypomagnesemia 
diabetic individuals : Low serum sodium levels 
were found in males, whereas low potassium 
was found in females. While comparing with 
hypomagnesemia diabetic individuals, both the 
electrolytes were found low in males.

Electrolyte levels in hypocalcemia diabetic 
individuals: The individuals who have low 
sodium, low potassium Vs. both electrolytes 
were assessed. The study significantly declares 
that all the levels (electrolytes) separately and in 
combination are low in hypocalcemia diabetic 
females.

Discussion

The DM is a chronic metabolic illness that 
is from defective insulin secretion or insulin 
resistance. Magnesium deficiency was found to 
be significantly associated with lowered insulin-
dependent glucose uptake and increased 
incidence of diabetes mellitus [23]. Diabetic 
individuals with hypomagnesemia are noted to 
have enhanced resistance to insulin and poor 
control of their blood glucose levels. Diabetes 
individuals can also develop hypocalcemia 
since Calcium is essential for insulin-mediated 
intracellular processes in insulin-responsive 
tissues like adipose tissue, with a very narrow 
range of intracellular Calcium needed for 
optimal insulin-mediated functions. Calcium 
and magnesium play a vital role in the course of 
insulin secretion.

The purpose of our study is to analyze the 
significant role of hypo magnesium and hypo 
calcium in the insulin signaling pathway of 
uncontrolled type II diabetic individuals without 
any age or gender difference. Hypomagnesemia 
is often present in patients with diabetes 
mellitus, and it appears that its prevalence 
increases with the period of diabetes mellitus 
[24]. Similarly, our study shows that most of the 
diabetic individual’s HbA1c levels are between 
7.1 to 8.0, elderly people are most affected, and 
hypomagnesemia is present in some individuals.

Magnesium (Mg2+) is an essential mineral 
and plays a vital role in insulin actions and 
the regulation of glucose homeostasis. It 
plays a vital role in the insulin secretion 
pathway; Mg2+ acts as a cofactor for adenine 
nucleotides (MgATP) and directly influences 
the amount of glucokinase enzyme activity 
[22]. Hypomagnesemia occurs at 13.5 to 47.7% 
among individuals with type 2 diabetes [25]. For 
uncontrolled diabetic individuals’, the tyrosine 
kinase activity is inhibited by the low level of 
magnesium and thus causes problems in insulin 

secretion. In the present study, we examined the 
magnesium levels in type 2 diabetic individuals, 
which showed a significant change in a low level 
of magnesium was found more in females (52%).

Fig 8. Defective insulin secretion by 
hypomagnesemia (modified from Kostov, 2019)

Fig 9. Defective insulin secretion by hypocalcemia 
(modified from Kostov, 2019)

Calcium is one of the central cations that take 
part in the activity of insulin secret, therefore, 
low. Therefore, low serum calcium may alter 
the insulin secretion mechanism, and it is 
significantly correlated with the abnormality 
of glucose level, insulin resistance, and β-cell 
function. Our study shows the significant 
correlation of low calcium levels in diabetic 
individuals; most of the diabetic individuals 
in this study have low serum calcium, which 
primarily includes females (79.1%). 

The prior studies show the comparison of diabetic 
with magnesium or diabetic with Calcium, 
but there is no comparison of diabetic with 
magnesium and Calcium together. In this study, 
we examined the correlation of both magnesium 
and Calcium in type 2 diabetic individuals. 
Compared to magnesium, low Calcium mainly 
occurs in diabetic individuals; thus, Calcium 
also plays a vital role in insulin secretion. 

The electrolyte imbalance is significantly present 
in individuals with uncontrolled diabetes; 
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therefore, serum electrolytes should be routinely 
quantified in those individuals [26]. From the 
data generated and the outcomes, diabetic 
individuals are prone to electrolyte imbalance 
[27]. This analysis shows a significant change in 
electrolytes (sodium and potassium) in diabetic, 
hypomagnesemia diabetic, and hypocalcemia 
diabetic individuals. Maintaining fluid balance 
is also essential in hypomagnesemia and 
hypocalcemia diabetic individuals.

Conclusion 
In the present study, serum Calcium (Ca) and 
Magnesium (Mg) levels are imperative or essential 
in diabetic patients as they play a significant role 
in the insulin signaling mechanism for synthesis, 
secretion, and maintenance of blood glucose in 
diabetic individuals. Therefore, along with the 
hypoglycaemic agents, the supplementation of 
magnesium/ calcium could be suggested via 
dietary or drug supplements to those individuals. 
Since Mg and Ca plays a vital role in insulin 
synthesis, secretion, repair, and alteration. In 
addition to this, regular monitoring of electrolytes 
is essential to maintain fluid balance, which is 
essential for the diabetic individual.
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