Magnesium: Why is it so important in clinical
medicine ?

Nilrat Wannasilp, M.D.*

Abstract : Magnesium (Mg) is the second most plentiful intracellular cation. It has many important
physiologic functions, including enzyme, membrane, caleium antagonist and structural functions. The
serum contains Mg concentration less than 19 of the total body Mg, and the remainder is mostly present
in the soft tissue and bone. Consequently, assessing Mg status is quite difficult. At present, the majority of
clinical laboratory information comes from the determination of the total Mg concentration in serum and
24- hour urinary excretion, but instrumentations to evaluate ionized Mg and intracellular Mg should be
available in the near future. Disorders of Mg metabolism, especially hypomagnesemia (Mg deficiency),
are frequently observed in clinical medicine. These may play important roles in the pathophysiology of
many diseases or conditions, such as hypocalcemia, acute myocardial infarction and migraine. Also, Mg
supplement may be a factor in the treatment of these conditions, but its routine use in emergency medicine
is still controversial.
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INTRODUCTION

Currently, magnesium (Mg) is of interest to
many clinicians and researchers. Why is it so
important in clinical practice? Mg is the fourth
electrolyte that is concentrated in the body and the
second most abundant cation in the cell, Many studies

Table 1. Functions of magnesium in the human body.

show that it may be related to a number of diseases
and medical conditions. While its essential functions
are well known (Table 1), there is still little informa-
tion about its relationship with many diseases and
conditions, especially cardiovascular disease.

Enzyme function :

- Enzyme substrate ; Kinases B = Hexokinase, Creatinine kinase, Protein kinase

- ATPases or GTPases : Na*, K*-ATFase, Ca*® ATPase

- Cyclases : adenylate cyclase, gutamylate cyclase

. Direct enzyme activation : Phosphofructokinase, Creatinine kinase, Adenylate cyclase, Na* K*-
ATPase, 5-phosphoribosyl-pyrophosphate synthetase

Membrane function :
- Cell adhesion
- Transmembrane electrolyte flux
Calcium antagonist :
- Muscle contraction/relaxation
- MNeurotransmitier release

- Action potential conduction in nodal tissue

Structural function :
- Protein
- Polyribosomes
- Mucleic acids
- Muldple enzyme complexes
- Mitochondria

Magnesium distribution:

Mg is an element with an atomic number of
12 and a mass of 24.32 daltons. The normal human
body contains about 1,000 mmol or 22.66 g of Mg,
The distribution of Mg within the body is shown in
Table 2. Serum contains less than 1% of total body
Mg, of which 50% is found in bone. The normal
serum Mg level ranges between 0.75 and 0.95 mmol/
L (1.7-2.2 mg/dL, 1.5-1.9 meg/L). In the serum, Mg
is present in three different states: ionized (55%),
complexed to anions (15%), and bound to protein
(30 %), (Figure 1)

Magnesium nutrition :

Although the human requirement for Mg 1s
still controversial, the recommended dietary
allowance (RDA) of Mg for adults is 4.5 mg/kg/day.
The daily requirement is higher in many conditions
(pregnancy, lactation, following debilitating illness,
those on high intakes of calcium, phosphate and high
fat diet, and those under environmental stress), Cereal
grains, nuts, legumes and chocolate are high in Mg;
vegetables, fruits, meats and fish are intermediate;
dairy products and beverages are low in Mg. Drinking
water, especially hard water, is an important source.
Modern food technology causes loss of Mg by
refining or processing food.
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Table 2. Distribution of magnesium in the adult human.

Tissue % of total body magnesium
Serum 0.3
Red blood cells 0.5
Soft tissue 19.3
Muscle 27
Bone 529

Albumin 15%

Phosphate, Citrate

55%

Figure I. Fractions of magnesium in serum,

Magnesium absorption and excretion:

The majority of Mg absorption is in the
ilinm and colon, and the absorption rate is inversely
proportional to the amount ingested. The major organ
of Mg regulation is the kidney. Many factors, both
hormonal {parathyroid hormone, calcitonin, gluca-
gon and vassopressin) and nonhormonal (magnesium
restriction, acid-base changes and potassium
depletion) have an effect on renal reabsorption. In
the plasma, Mg concentration controls its homeosta-
sis by itself. Forexample, hypermagnesemia reduces
loop transport but hypomagnesemia induces
transport, whether there is magnesium depletion or
not.

Assessment of magnesium status :

At the present, there are a lot of laboratory
methods to evaluate Mg status both intracellular and
extracellular Mg content {Table 3). However, there is

no simple, rapid and accurate laboratory test to
indicate the total body Mg status. Even though
intracellular Mg is more than 90%, serum total Mg
concentration is still the only common method to be
available now.

Many methods for the measurement of
serum total Mg level have been used. Previously,
historical tests were based on gravimetric, titrimetric
and flame emission. Currently, they have no role in
current clinical laboratory practice because of their
poor accuracy, bad performance and time-consuming
nature.

Second, many laboratories use atomic
absorption spectroscopy. It has excellent specificity,
precision and accuracy, so it has been established as
ade facto reference method for Mg analysis in clinical
practice, On the other hand, it is impractical for
routine use because the equipment is so sophisticated
and expensive. In addition, the methodology is
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Table 3. Tests used in assessing magnesium status.

Serum magnesium concentration
- Total magnesium
- Ultrafiltrable magnesium
- Ionized magnesium
Intracellular magnesium content
- Red cells
- Mononuclear blood cells
- Skeletal muscle
Physiologic test
- Metabolic balance studies
- 24-hour urinary excretion of magnesium
- Magnesium loading test
Intracellular free magnesium ion concentration
- Fluorescent dye
- MNuclear magnetic resonance spectroscopy
Others
- Magnesium balance
- Isotope studies
- Hair or tooth magnesium
- Functional assays

potentially hazardous, as it produces gases that are
dangerous to the environment,

Third, enzymatic assays have been
developed to examine Mg concentration in the blood.
They are hased on specific enzymes that involve in
glycolysis and carbohydrate metabolism. There are
many advantages (simplicity, specificity and good
performance characteristics) but they have not yet
gained widespread acceptance in routine laboratory
practice, possibly because of other cations, heavy
metals, proteins and lipaemia interference, and by
the lack of readily available commercial kits,

Finally, photometric tests are currently the
most commonly used method in routine measurement
of Mg. Of these methods, xylidyl blue is the most
widely use in many laboratories. It is automated
available and has good precision and accuracy;
however, interference by calcium remains controver-
sial.

Although the total serum Mg concentration
is a widespread method, it is not the best method to
evaluate Mg status. About half of serum Mg is bound
to proteins and anions so alteration of protein and

anion concentration affect serum total Mg concentra-
tion without necessarily affecting the physiologically
active ionized fraction. In the last few years, ion-
selective electrodes for Mg have been developed and
several commercial analyzers for measurement of
ionized Mg concentration are now available. Even
though the instruments achieve within-run coefficient
variation (CV) of approximately 3-5% and between-
run CV of 129, they do not use in routine clinical
practice because they have high interference by
calcium,

MNowadays, abundant intracellular Mg
measurements have been developed in many
laboratories by using red blood cell, mononuclear
blood cells, platelet and skeletal muscle to evaluate.
While they are reproducible, reliable, accurate and
easy to perform, the techniques are still difficult,
especially skeletal muscle Mg measurement; it is an
invasive procedure and requires special expertise.
They require more clinical evaluation,

Mg loading test has been used for assessing
Mg status. Mg is infused intavenously into the body
and 24-hour urine is been collected to measure Mg
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excretion, In consequence, the method requires
normal renal function and it may be of limited value
for patients with poor renal function,

Other methods such as intracellular free Mg
measurement, isotope studies, Mg balance test, hair
or tooth Mg measurement and function assays have
been used, but they need further investigation.

Hypomagnesemia:

Hypomagnesemia is defined as a serum Mg
level below 1.7 mg/dL. The majority causes of
hypomagnesemia are in Table 4. First, many
gastrointestinal diseases may induce Mg loss, such
as acute and chronic diarrhea, malabsorption
syndrome and acute pancratitis, The second common
cause of hypomagnesemia is renal losses by chronic
parenteral fluid therapy of volume expanded states.

Table 4. Causes of hypomagnesemia.

Finally, Mg loss may occur during medical therapy.
Many drugs involving divretics, alcohol, aminogly-
coside antibiotics, cisplatin, amphotericin B and
cyclosporine have been reported to be associated with
hypomagnesemia. Other conditions related to
hypomagnesemia are phosphate depletion, hungry-
bone syndrome, correction of chronic systemic
acidosis, postobstructive nephropathy, renal
transplantation, diuretic phase of acute renal failure
and primary renal tubular magnesium wasting,

Clinical manifestations of hypomagnese-
mia have been shown in Table 5. Most of the
symptoms and signs of moderate to severe
hypomagnesemia are non-specific and they are
usually associated with other ion abnormalities, such
as hypocalcemia, hypokalemia and metabolic
alkalosis,

Gastrointestinal losses
- Prolonged nasogastric suction
- Acute and chronic diarrhea
- Malabsorption syndromes
- Steatorrhea
- Extensive bowel resection
- Primary intestinal hypomagnesemia
- Acute pancreatitis
- Severe malnutrition
- Intestinal fistula
Renal losses
- Chronie parenteral fluid therapy
- Volume expanded stales
- Hypercalcemia and hypercalciuria
- Osmotic diuresis (diabetes, urea, mannitol)
Drugs
- Diuretics (thiazide or loop)
- Alcohol
- Aminoglycoside
- Antibiotics
- Cisplatin
- Amphotericin B
- Cyclosporine
- Foscarnet
- Pentamidine
Phosphate depletion
Hungry-bone syndrome
Correction of chronic systemic acidosis
Postobstructive nephropathy
Renal transplantation
Diuretic phase of acute renal failure
Primary renal tubular magnesium wasting
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Table 5. Clinical manifestations of hypomagnesemia.

Neuromuscular

- Trousseau and Chvostek signs

- Carpopedal spasm

- Seizures

- Vertigo and ataxia

- Muscular weakness

- Depression, psychosis
Metabolic

- Carbohydrate intolerance

- Hyperinsulinism

- Atherosclerosis
Cardiovascular

- Widening of QRS complex

- Prolongation of PR interval

- Inversionof T wave, U waves

- Severe ventricular arthythmias

- Sensitivity to cardiac glycosides
Bone

- Osteoporosis and osteomalacia

Role of hypomagnesemia in pathophysiology of
diseases and conditions:

As more knowledge about Mg function has
been established, the list of diseases and conditions
possibly affected by alteration of Mg metabolism
has increased.

Hypokalemia is a common event in hypo-
magnesemic patients, appearing in 40-60% of cases.
The relationship is due to underling diseases that
cause both Mg and potassium loss (diuretic therapy
and diarthea), Hypomagnesemia is associated with
cellular Mg depletion, which may then lead Lo
decrease in ATP activity and increase in the number
of open potassium channels. Given the very high
cell potassium concentration, these changes would
promaote potassium secretion from the cell into the
lumen and enhance urinary losses. In the same way,
hypokalemia in hypomagnesemic patients may
contribute to the cardiac manifestation of hypomag-
nesemia,

Hypocalcemia may invalve in development
of clinical signs of severe hypomagnesemia,
including tetany, positive Chvostek and Trousseau
signs and generalized convulsions. Hypocalcemia

occurs in patients with severe hypomagnesemia by
four mechanisms: parathyroid hormone resistance,
reduction in parathyroid hormone secretion, vitamin
[ deficiency and vitamin D resistance. Additionally,
there are many conditions in hypomagesemic
patients that can lower the total and ionized calcium,
such as sepsis, hypoalbuminemia and stress.

Heart and cardiovascular disorders may
occur in patients with prolonged hypomagnesemia.
Two prospective studies report that people with
hypomagnesemia may contribute to increase risk for
development of cardiovascular artery disease. In the
same manner, patients with acute myocardial
infarction who have mild hypomagnesemia appear
1o have a two-to three-fold increase in the frequency
of ventricular arrhythmias in the first 24 hours when
compared to those with normal plasma magnesium
levels, In congestive heart fallure, many reports find
that an increased incidence of hypomagnesemia has
been found in these patients by many mechanisms
(diuretic therapy, low Mg intake, hypophosphatemia,
hypokalemia, chronic congestive heart failure and
respiratory alkalosis), Also, hypomagnesemia may
appear in patients with Torsade De pointes.

LT R, R T
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Intensive care wnit patients may be at
increased risk for reduction of serum Mg concentra-
tion. Hypomagnesemia is a common co-incidence of
patients in intensive care unit, the percentage being
as high as 60-65%. Many reports suggest that these
patients have a high mortality rate when compared
with ill normomagnesemic patients.

Acute asthma is associated with reduced
intracellular Mg concentrations while plasma levels
remain unchanged. This decline in intracellular Mg
content appears regardless of the severity of the
exacerbation and returns to normal values after
control has been achieved.

Diabetic patients, especially type 2 diabetes
mellitus, are at high risk to develop intracellular Mg
depletion and have been associated with increased
risk of cardiovascular artery disease. Decreased
intracellular Mg might underlie the initial
pathophysiologic events leading to insulin
resistance and abnormality of platelet coagulation.
In addition, Mg has one function like an antioxidant.
When reduced intracellular Mg occurs, there is
probably a decrease in antioxidant status too. The
implication is the greater susceptibility to low density
lipoprotein-cholesterol oxidation. The attendant risk
of the development of premature coronary heart
disease is discussed.

Cancers have been reported to be associated
with hypomagnesemia. Reduction of serum Mg level
is evident in about one third of leukemic patients,
and decreased intracellular Mg content seems Lo be
associated with the development of acute leukemia
and malignant lymphoma, Many studies found that
disturbances of Mg status may contribute to an
underlying pathophysiological event in diseases like
gastric cancer, breast cancer, colon cancer, bladder
cancer and upper digestive tumors, but the
mechanisms are still unknown and controversy.

Chronic renal failure may contribute to
reduction of intracellular Mg levels. As a result,
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