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Abstract. Magnesium is an essential element needed for health. Even though only
1% of the total body magnesium is present in blood, the serum magnesium concentration (SMC) is the predominant test used by medicine to assess magnesium
status in patients. The traditional method to establish a reference interval for the
SMC is flawed by the large number of “normal” individuals who have a subtle
chronic negative magnesium balance due to a significant decrease in magnesium
intake over the past century. Evidence-based medicine should be used to establish
the appropriate lower limit of the reference interval for health and I recommend
0.85 mmol/L based on current literature. The decrease in magnesium in the diet
has led to chronic latent magnesium deficiency in a large number of people since
their SMC is still within the reference interval due to primarily the bone magnesium supplementing the SMC. These individuals need adjustment of their diet or
magnesium supplementation to achieve a normal magnesium status for health.
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Laboratory tests to assess magnesium status
Since approximately 99% of the total body magnesium is in bone and soft tissue, this makes clinical
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laboratory assessment of magnesium status
problematic [1]. Tests should be available to assess
magnesium status in tissue and the state of magnesium. At present, the assessment of magnesium
status in an individual is a challenge to the clinical
laboratory. I would like to review the clinical and
research laboratory tests that have been used to
assess magnesium status (table 1).
The serum ionized (free) magnesium concentration has been available in the United States for
over 15 years. At present, only the Nova electrode
is available for clinical laboratories in the United
States. In 1997, thiocyanate, which is increased in
the blood of smokers, was documented to have a
negative interference for the Nova ion-selective
electrode for magnesium [2]. Even though there
have been improvements to the electrode, a more
recent study still shows interference by thiocyanate
[3]. At present, only 105 clinical laboratories subscribe to the College of American Pathologists
(CAP) proficiency testing program for ionized
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Magnesium is an important element for health
and disease. Magnesium, the second most abundant
intracellular cation, has been identified as a cofactor in over 300 enzymatic reactions involving energy
metabolism and protein and nucleic acid synthesis.
Approximately half of the total body magnesium is
present in soft tissue, and the other half in bone.
Less than 1% of the total body magnesium is present
in blood. None the less, the majority of our information about this element comes from determination
of magnesium in serum. In this review, I will
explore the clinical and research laboratory tests
available for the assessment of magnesium status,
why we need an evidence-based reference interval
for the serum magnesium concentration (SMC) and
the concept of chronic latent magnesium deficiency.

ASSESSMENT OF MAGNESIUM STATUS

Table 1. Laboratory tests to assess magnesium
status.
Clinical laboratory tests
- Total serum Mg concentration
- Serum ionized Mg concentration
- Twenty-four hour excretion of Mg in urine
Research tests
- Mg retention test
- Total and free red blood cell Mg concentration
- Tissue Mg-muscle, bone, etc.
- Electron probe for total Mg in tissue
- NMR for free Mg in tissue
- Isotope studies

magnesium but 5,485 subscribe for the SMC [4].
This means less than 2% of clinical laboratories in
the United States who use CAP proficiency testing
(the majority of hospital-based laboratories) offer
ionized magnesium. Thus, it seems like physicians
have not found ionized magnesium to be of significant value for patient care in the United States. The
24-hour excretion of magnesium in the urine is
offered by many hospitals and is of value to assess
magnesium wasting by the kidney but is not a test to
assess magnesium status.
I also list most of the research tests that have
been used with varying success to assess magnesium status (table 1). By and large, these tests are
not available to the practicing physician to assess
magnesium status in their patients. Thus, we are
left with the SMC as essentially the only test used
by patient care physicians to assess magnesium
status. What are the properties of this test and
how can we improve interpretation of the results?
Serum magnesium concentration
At present, clinical medicine has identified the SMC
as the preferable test to assess magnesium status
which is related to the technology and the tests
readily available in the clinical laboratory. Magnesium has been determined in serum far more
frequently than in any other tissue. However, with
the exception of interstitial fluid and bone, the SMC
has not been shown to correlate with other tissue
pools of magnesium. In a study of 14 patients,
Alfrey et al. found an excellent correlation (r = 0.96)
between bone and the SMC [5]. This study has not
been repeated by other investigators to support
this finding. Further, the SMC does not reflect the
total body magnesium status. There are individuals
with the SMC within the reference interval that

have a total body deficit of magnesium. This is especially likely when an individual has chronic latent
magnesium deficiency, which I will describe in
greater detail later in the paper. The reverse
situation, a low SMC but normal magnesium body
content, also occurs, but less frequently. This is
usually seen when drugs are given to a patient
which acutely increase the excretion of magnesium
in urine, reducing the SMC. However, clinical medicine has chosen the SMC as the standard for the
assessment of magnesium status, imperfect as it
may be. I will describe some of the properties of
the SMC and propose how to use this important
test result more effectively for patient care.
Magnesium exists in serum in three states.
Approximately one-third of the magnesium in
serum is bound by protein; approximately 25%
of the total SMC is bound to albumin and 8% to
globulins [6]. For the two thirds of the SMC that is
ultrafilterable, approximately 92% is free (61% of the
total serum magnesium) and approximately 8%
is complexed to phosphate, citrate and other compounds [7]. Albumin and SMCs are related linearly
at high and low albumin concentrations. However,
within the reference interval for albumin, the SMC
is independent of the albumin concentration [6].
Since only the ionized magnesium is physiologically
active, the SMC is a reasonable approximation of
ionized magnesium but varies primarily with the
albumin concentration.
The equilibrium among most tissue compartments (including serum) for magnesium is reached
very slowly, if at all. Studies suggest that the
biologic half-life for the majority of magnesium in
the body is approximately 1,000 hours [8]. Thus,
changes in the total body magnesium content and
SMC normally occur very slowly over a period of
months to years in the normal individual. This is
evident by studies where oral magnesium supplementation is started but the SMC doesn’t change
for weeks to months [9].
The reference interval for serum magnesium was
determined in a U.S. population of 15,820 individuals between the ages of 18-74 years as part of
the NHANES I study. The results of this study identified the reference interval (central 95th percentile)
as 0.75 mmol/L to 0.955 mmol/L with a mean concentration of 0.85 mmol/L [10]. This is a definitive
study because of the large number of subjects and
also because the magnesium was determined by
atomic absorption. The assumption in any study to
determine the reference interval is that the individuals have a “normal” concentration of the analyte
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under study. However, a substantial number of
adults in the United States fail to consume adequate
magnesium in their diet which may lead to an SMC
that is lower than that needed for health [11]. This
would bias a traditional study to statistically determine the reference interval. Is there a better way to
determine the reference (normal) interval for SMC?
Evidence-based reference interval
for serum magnesium
I recommend an expert panel to establish an
evidence-based reference interval for the SMC
similar to that which was done many years ago for
cholesterol and related lipids. In 1988, an expert
panel reviewed the literature related to the serum
cholesterol/related lipids and health/disease. The
panel established reference intervals for cholesterol
and related lipids that are still in place today [12].
We need a similar process to establish the reference
interval for the SMC. As with cholesterol, many
individuals who were considered “normal” had
markedly elevated cholesterol based upon their
diet, which skewed the upper limit of the reference
interval beyond the level that was consistent with
health. Since the intake of magnesium has fallen
dramatically in the past century, primarily related
to the processing of food, the majority of individuals
have an intake below the recommended daily allowance (RDA) [11, 13]. Thus, the reference interval
study that I sited before from NHANES I probably
contained many individuals with an inadequate
intake of magnesium over a prolonged period of
time which had reduced their SMC below a concentration suitable for health. If an expert panel cannot
be convened, and for the immediate future, I would
recommend that the lower limit of the reference
interval for serum magnesium be 0.85 mmol/L for
health, the mean of the NHANES I reference interval study [10]. I would cite the following studies to
support that recommendation.
In a study done in Europe, magnesium deficiency
was determined clinically and compared with the
SMC. These investigators found that for a SMC of
0.70 mmol/L, 90% of the individuals had clinical
magnesium deficiency; at a cutoff of 0.75 mmol/L,
50% of individuals had clinical magnesium deficiency; at a cutoff of 0.80 mmol/L, 10% of individuals
had clinical magnesium deficiency and at a cutoff of
0.90 mmol/L, only 1% of the individuals had clinical
magnesium deficiency [14, 15]. Several studies have
shown an inverse relationship between the SMC
and the risk for type 2 diabetes mellitus. In a second
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study, a cohort of 9,784 participants in the NHANES
I study was followed for 18 years [16]. There were
690 participants who developed type 2 diabetes
mellitus. Using an adjusted Cox’s regression, the
authors showed that the hazard ratio was 1.20
with a SMC between 0.80 and 0.84 mmol/L and
the hazard ratio was 1.51 when the SMC was
< 0.80 mmol/L. The risk ratio began to increase
when the SMC was < 0.85 mmol/L. In the third
study, individuals between the ages of 20-65 were
screened with a fasting blood glucose, a glucose
tolerance test and a SMC and were excluded from
the study if any of these tests were abnormal [17].
A total of 817 normal individuals were identified and
reexamined 10 years later with the same tests.
A Poisson regression model was used for data
analysis. The results show that there was greater
risk for an impaired fasting glucose concentration
with a SMC < 0.85 mmol/L and an impaired glucose
tolerance test with a SMC < 0.8 mmol/L. The above
three studies support the hypothesis that our current reference interval for the SMC based on the
statistics of a “normal” population is not providing
what is optimum for health at the lower limit of the
reference interval for magnesium. This is particularly true for type 2 diabetes mellitus where patients
are frequently in the lower half of the reference
interval for the SMC and have what I have chosen
to call chronic latent magnesium deficiency,
i.e. since the SMC is within the reference interval,
the physician assumes no problem for magnesium.
I will discuss this concept in greater detail.
Chronic latent magnesium deficiency
Several factors are needed to achieve and maintain
magnesium balance. Figure 1 depicts the factors
needed for magnesium balance and lays the foundation for the etiology of chronic latent magnesium
deficiency. This is chronic since it extends over
years to a lifetime. It is latent since frequently the
SMC is within the current reference interval, albeit
at the lower end of the reference interval.
The normal individual has an adequate intake of
magnesium, normal absorption of magnesium from
the gastrointestinal tract and does not waste magnesium through excretion in the urine. However,
a change in any one of these three entities that is
chronic may lead to chronic latent magnesium
deficiency. An inadequate intake of magnesium is
the most likely culprit that leads to chronic latent
magnesium deficiency. As I indicated before, a
shift in eating habits in many parts of the world to
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Figure 1. The etiology of chronic latent Mg deficiency.
a diet with a significant amount of processed and/or
fast foods has significantly reduced magnesium
intake [11, 13]. This has led to a subtle chronic
magnesium imbalance that occurs over years or a
lifetime. In the vast majority of individuals, this
imbalance is not detected by measuring the SMC,
since magnesium is slowly leeched from bone to
maintain the SMC within the reference interval
[18]. The best evidence that magnesium has been
taken from bone in a state of chronic latent magnesium deficiency is a study that shows a very significant negative correlation between (r = - 0.992)
between bone magnesium content and the magnesium retention test [19]. The magnesium retention
test is viewed as the best assessment of magnesium
deficiency [20]. If the bone magnesium is normal,
implying normal magnesium status, the individual
does not retain a significant amount of magnesium
after intravenous administration, indicating that
body pools have adequate magnesium, particularly
bone. On the other hand, if a significant amount of
the intravenous magnesium is retained and not
excreted in the urine, it indicates magnesium
deficiency. It is this equilibrium between bone and
the SMC that facilitates the development of chronic
latent magnesium deficiency in “normal” individuals. Certain disease entities do not permit the
appropriate absorption of magnesium from the gastrointestinal tract and increase the probability for
this entity. Chronic wasting of magnesium through
the kidney into the urine is seen in common
diseases such as diabetes mellitus and alcoholism
and also a growing list of drugs that enhance
magnesium excretion in the urine. Thus, chronic
latent magnesium deficiency is prevalent in our
population but can be identified and treated by

establishing an evidence-base reference interval
for the SMC where the lower limit is adjusted to a
value for health, approximately 0.85 mmol/L.
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