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Abstract
Hypomagnesemia has been implicated in adversely
affecting diabetic complications. Magnesium is a
cofactor for over 300 enzymes particularly for those
concerned with ATP and energy production. It is also
required for normal DNA function, cell permeability
regulation and neuromuscular excitability. Clinically,
hypomagnesemia has been related to hypertension,
atherogenic dyslipidemia, impaired clotting, increased
inflammatory burden, oxidative stress, carotid wall
thickness and coronary heart disease. Type 2
Diabetes Mellitus facilitates low serum magnesium
levels and this in turn worsens glycemic control in
diabetes, thus establishing a vicious circle that leads
to a progressive impairment in metabolic control and
more risk of diabetic complications.
Conclusion: Hypomagnesemia is a cause or
consequence of type 2 diabetes mellitus remains yet
to be ascertained, but it is a cardiovascular risk factor
and favors diabetic complications. Periodic
determination of magnesium levels and appropriate
magnesium replacement can promote a better
glycemic control,a healthy life style and delay the
onset of diabetes related complications.
Keywords: Hypomagnesemia, Type 2 Diabetes
Mellitus, atherogenic dyslipidemia and coronary heart
disease.

Introduction
Diabetes mellitus is a chronic disease that requires
long-term medical attention to limit the development of
its devastating complications. The incidence of
diabetes is increasing worldwide. A 2011 Centers for
Disease Control and Prevention (CDC) report
estimated that nearly 26 million Americans have
diabetes. Additionally, an estimated 79 million
Americans have prediabetes (1).
The International Diabetes Federation predicts that the
number of people living with diabetes will rise from 366
million in 2011 to 552 million by 2030. It is a
disproportionately expensive disease; in the United
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States in 2007, the direct medical costs of diabetes
were $116 billion, and the total costs were $174 billion
(2). The treatment of the patients with diabetes
requires a multidisciplinary approach whereby every
potential complicating factor must be monitored
closely and treated.
Hypomagnesaemia has been reported to occur at an
increased frequency among patients with type 2
diabetes compared with their counterparts without
diabetes. Hypomagnesaemia occurs at an incidence
of 13.5 to 47.7% among patients with type 2 diabetes.
The increased incidence of Hypomagnesaemia among
patients with type 2 diabetes presumably is
multifactorial (3).

Physiological Role Of
Magnesium
Magnesium is the fourth most abundant cation in the
human body and the second most abundant
intracellular cation. It may exist as a protein-bound,
complexed, or free cation. Magnesium (Mg) is involved
in more than 300 enzymatic reactions and is essential
for life. Magnesium may be required for substrate
formation, as an allosteric activator of enzyme activity,
and for membrane stabilization. Adenylate cyclase (4)
and the sodium- potassium-adenosine triphosphatase
(Na, K, ATPase) (5) are enzymes that are critically
dependent on Mg. It is also an essential enzyme
activator for neuromuscular excitability and cell
permeability, a regulator of ion channels and
mitochondrial function, a critical element in cellular
proliferation and apoptosis, and an important factor in
both cellular and humoral immune reactions. The
effects of Mg on enzymes, as well as on other
important biological processes such as glycolysis,
oxidative phosphorylation, nucleotide metabolism,
protein biosynthesis, and phosphoinositol turnover,
underscore the importance of Mg in cellular
metabolism (6-10).
Basic studies suggest that Mg2 + ions modulate
immunological functions such as granulocyte oxidative
burst, lymphocyte proliferation, and endotoxin binding
to monocytes (11). Furthermore, Mg deficiency is
correlated with increases in interleukin-1, tumor
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necrosis factor-α, interferon-γ, and substance P
(12-14).
ASSESSMENT OF MAGNESIUM STATUS AND
HYPOMAGNESAEMIA
Magnesium deficiency refers to a total body deficiency
of Mg (15). Clinically, Hypomagnesaemia may be
defined as a serum Mg concentration ≤1.6 mg/dl or >2
SD below the mean of the general population (16).
However, because serum only contains 0.3% of the
total body Mg, it is a poor reflection of total body Mg
content(17).Thus, total serum Mg concentration may
not adequately reflect body Mg stores, and patients
may have a normal serum Mg and total-body Mg
depletion.
Intracellular Mg 2+ can also be estimated using
circulating red blood cells, mononuclear cells, and
skeletal muscle cells. Intracellular Mg 2+ has been
assessed as an index of Mg status [18] and is
generally a more accurate indicator of Mg status than
the total serum Mg concentration (19). However, a
great deal of overlap with the normal range is seen,
and intracellular Mg2+ is not a sufficiently discriminatory
test to diagnose Mg deficiency in any given patient
(20).Therefore, the clinical assessment of patients at
risk for Mg deficiency remains vital for making a timely
diagnosis.
Clinically, it has been suggested that in a patient with
suspected Mg deficiency, a low serum Mg
concentration is sufficient to confirm the diagnosis. If
the serum Mg level is normal in the same patient, then
other more sensitive tests should be performed (21).
Although controversies still exist as to how
hypomagnesaemia is best gauged, current
understanding on the clinical impact of
hypomagnesaemia in human is influenced by studies
that have relied predominantly on the measurements
of serum Mg concentrations (3)

glycosuria may also interfere with renal magnesium
handling, mainly by reducing the tubular reabsorption
of the cation (25) (Illustration II).
In diabetic patients the ultra filterable Mg load may be
enhanced by glomerular hyperfiltration, recurrent
excessive
volume
repletion
after
hyperglycemia-induced osmotic diuresis, recurrent
metabolic acidosis associated with diabetic
ketoacidosis, and hypoalbuminemia (26). The last two
conditions may increase the serum ionized Mg fraction
and, hence, ultra filterable Mg load and subsequent
urinary loss. In addition, it is conceivable that
significant microalbuminuria and overt proteinuria
among patients with diabetic nephropathy may
contribute to renal Mg wasting as a result of
protein-bound magnesium loss (3).
Other potential causes of lower serum magnesium in
obese type 2 diabetic patients include reduced
intestinal magnesium absorption secondary to higher
fat intake and lower fiber intake (27), and diabetic
autonomic neuropathy that may reduce oral intake and
gastrointestinal absorption (3). Insulin may induce a
shift of magnesium from the plasma to the
erythrocytes and smooth muscle cells, both in vivo and
in vitro, helping to explain the abnormalities in
magnesium circulating levels frequently reported in
diabetic patients (28).
In addition to its role in increasing serum ionized Mg
concentration and, hence, ultra filterable Mg load for
renal excretion, metabolic acidosis has been
suggested to enhance protonation of the Mg channel
in the DCT and subsequent inhibition of cellular Mg
uptake(29)-(Illustration- I).
IMPLICATIONS OF MAGNESIUM DEFICIENCY

The magnesium homeostasis is tightly regulated and
depends on the balance between intestinal absorption
and renal excretion (22) (Illustration-I). In addition,
genetic determinants and sex hormones can also
modulate serum magnesium levels (23). The
mechanisms whereby Hypomagnesaemia may induce
or worsen existing diabetes are not well understood.
Nonetheless, it seems that both insulin secretion and
insulin action can be affected (24).

Low circulating magnesium levels have been related
to elevated blood pressure, atherogenic dyslipidemia,
impaired clotting, increased inflammatory burden,
oxidative stress, carotid wall thickness and coronary
heart disease (30-31).Therefore, Hypomagnesaemia
could be considered an additional source of
cardiovascular risk in T2DM (Illustration –III) . In
addition, Hypomagnesaemia has been implicated in
adversely affecting diabetic complications (3). Lower
[Mg 2+ ] is associated with a faster renal function
deterioration rate in DM2 patients (16). Furthermore, it
has recently been shown that low serum magnesium
concentrations increase the risk of all-cause mortality
in T2DM (32).

Because insulin has been implicated in enhancing
renal magnesium reabsorption, insulin deficiency or
resistance could promote urinary magnesium
excretion (3). In addition, hyperglycemia and

Insulin Release-Apart from diabetic complications
and the mortality rate reduced intracellular magnesium
concentrations result in an altered cellular glucose
transport, a defective tyrosine-kinase activity,

HYPOMAGNESAEMIA IN TYPE 2 DIABETES
MELLTUS- A CAUSE OR CONSEQUENCE?
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post-receptor impairment in insulin action by
influencing intracellular signaling and processing, and
reduced pancreatic insulin secretion (24, 33).

(1,25-dihydroxyvitamin D), are the important causes of
hypocalcemia associated with hypomagnesaemia in
type 2 DM (36)- (Illustration IV).

Insulin resistance- In addition, chronic magnesium
deficiency has also been associated with elevated
concentrations of TNF-alpha, and this fact may also
contribute to post-receptor insulin resistance (34).
Therefore, T2DM could facilitate low serum
magnesium levels and this could in turn worsen
glycemic control of diabetes, thus establishing a
vicious circle that could lead to a progressive
impairment in metabolic control and more risk of
diabetic complications (35).

Neuromuscular hyperexcitability- Although
hypocalcemia may contribute to the neurological signs,
Mg deficiency without hypocalcemia has been
reported to result in neuromuscular hyper excitability
(43). Lowering the serum Mg concentration decreases
the threshold of axonal stimulation and increases
nerve conduction velocity (44) . Mg2+ has also been
shown to influence the release of neurotransmitters,
such as glutamate, at the neuromuscular junction by
competitively inhibiting the entry of calcium into the
presynaptic nerve terminal [45,46]. It is likely that a
decrease of extracellular Mg2+ would allow a greater
influx of calcium into the presynaptic nerves and the
subsequent release of a greater quantity of
neurotransmitters, resulting in hyper responsive
neuromuscular activity (47)- (Illustration IV).

CLINICAL MANIFESTATIONS AND BIOCHEMICAL
ALTEARTIONS
ASSOCIATED
WITH
HYPOMAGNESAEMIA
Symptomatic magnesium depletion is often associated
with multiple biochemical abnormalities such as
hypokalemia, hypocalcemia, and metabolic
alkalosis. As a result, it is often difficult to ascribe
specific clinical manifestations solely to
hypomagnesaemia (36)-(Illustration IV)
Hypokalemia is a common event in
hypomagnesaemia patients, occurring in 40 to 60% of
cases (37). This relationship is in part due to
underlying disorders that cause both magnesium and
potassium loss, such as diuretic therapy and diarrhea.
There is also evidence of renal potassium wasting in
hypomagnesemic patients (38). Potassium secretion
from the cell into the lumen in the cells of the thick
ascending limb and cortical collecting tubule is
mediated by ATP-inhibitable luminal potassium
channels (39) . Hypomagnesaemia is associated with
a reduction in cell magnesium concentration, which
may then lead to a decline in ATP activity, and, due to
removal of ATP inhibition, an increase in the number
of open potassium channels (40)). In addition,
decreasing cytosolic magnesium has been shown to
directly increase the activity of potassium channels of
ascending limb cells (41).Given the very high cell
potassium concentration, these changes would
promote potassium secretion from the cell into the
lumen and enhanced urinary losses (Illustration
IV).The hypokalemia in this setting is relatively
refractory to potassium supplementation and requires
correction of the magnesium deficit (42).

Hypocalcemia- The most classical sign of severe
hypomagnesaemia ( < 1.0 mEq/L, 0.5 mmol/L, or 1.2
mg/dl) is hypocalcemia. Suppressive effect of
hypomagnesaemia on PTH secretion, bone resistance
to PTH and Low plasma levels of Calcitriol
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Cardiovascular implications- Dysrhythmias,
hypertension, vasospasm, electrocardiographic
changes-prolonged QT interval, prolonged PR interval,
wide QRS peaked T waves are observed in
Hypomagnesaemia (48). Based on data from the
Atherosclerosis Risk in Communities (ARIC) Study, an
inverse association between serum Mg and the risk for
coronary heart disease was observed among men with
diabetes (49)- (Illustration III)
MANAGEMENT OF HYPOMAGNESAEMIA IN TYPE
2 DIABETES MELLITUS
Poor dietary intake as a result of gastrointestinal
autonomic dysfunction must be controlled. Tight
glycemic control is recommended to minimize
recurring renal Mg wasting in association with osmotic
diuresis and metabolic acidosis. Associated
hypophosphatemia and hypokalemia must be
corrected. Finally, control of glomerular hyperfiltration
with angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers or both may offer
additional benefits in reducing renal Mg wasting. When
Hypomagnesaemia persists despite all measures, oral
Mg supplementation is indicated (3).
Oral magnesium replacement therapy corrects
Hypomagnesaemia after a minimum treatment period
of 3 months (50).

Conclusion
Hypomagnesemia, can result in disturbances in nearly
every organ system and can cause potentially fatal
complications. It is necessary that routine screening
for hypomagnesemia be done and the condition be
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treated as early as possible.
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Illustrations
Illustration 1
Illustration -1- Causes of Hypomagnesaemia in Type 2 Diabetes Mellitus

Sr. No.

1

Category
Dietary inadequacy

2

Gastrointestinal Losses

Possible causes
a) Poor oral intake
b) Malabsorption
a) Esophageal dysfunction
b) Diabetic gastro paresis
c) Enhanced gastrointestinal losses (Acute and Chronic diarrhea)

3

Renal Losses

d) Diarrhea as a result of autonomic dysfunction
a) Enhanced filtered load
b) Glomerular hyper filtration
c) Osmotic diuresis (glucosuria)
d)Micro albuminuria and overt proteinuria

4

Altered blood biochemistry

e)Reduced renal reabsorption
a) Volume expansion as a result of excessive volume
replacement
b) Hypoalbuminemia
c) Metabolic acidosis (diabetic ketoacidosis)
d) Endocrinologic dysfunction: insulin deficiency or resistance
e) Electrolyte abnormalities: phosphate and potassium depletion
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Illustration 2
Illustration II - Hypomagnesaemia- Both a cause as well as a consequence of Type 2 Diabetes Mellitus

Illustration II -Hypomagnesaemia worsens glycemic control by impairing insulin release and promoting insulin
resistance.Therefore, T2DM could facilitate low serum magnesium levels and this could in turn worsen glycemic
control of diabetes, thus establishing a vicious circle that could lead to a progressive impairment in metabolic
control and more risk of diabetic complications.
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Illustration 3
Illustration III- Hypomagnesaemia induced Cardiovascular Complications

Illustration-III -Low circulating magnesium levels have been related to elevated blood pressure, atherogenic
dyslipidemia, impaired clotting, increased inflammatory burden, oxidative stress, carotid wall thickness and
coronary heart disease. Therefore, hypomagnesaemia could be considered an additional source of
cardiovascular risk in Type 2 Diabetes mellitus.
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Illustration 4
Illustration IV- Hypomagnesaemia induced Biochemical/Clinical Alterations in Type 2 Diabetes Mellitus

Sr. No.

1

Biochemical / Clinical Alteration
Insulin Resistance

Causes
a) Altered cellular glucose transport
b) Defective tyrosine-kinase activity,

2

Hypokalemia

c) Post-receptor impairment in insulin action
a) Diarrhea
b) Renal potassium wasting

3

Hypocalcaemia

a)Suppression of PTH secretion
b) bone resistance to PTH and

4

Neuromuscular hyper excitability

c) Low plasma levels of calcitriol (1,25-dihydroxyvitamin D)
a) Hypocalcaemia
b) Decreased threshold of axonal stimulation and increases
nerve conduction velocity
c) Greater release of Glutamate and other excitatory
neurotransmitters
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Cardiovascular implications

a) Hypertension
b) Atherogenic dyslipidemia
c) Oxidative stress
d) Impaired clotting
e) Carotid wall thickness
f) Dysrhythmias
g) Vasospasm

6

Electrolyte Imbalance

h) Coronary heart disease
a) Hypokalemia
b) Hyponatremia
c) Phosphate loss
d) Metabolic alkalosis (Hypokalemia induced)
e) Respiratory Alkalosis
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