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Abstract: Dysmagnesemia is a serious disturbance of microelement homeostasis. The aim of
this study was to analyze the distribution of serum magnesium concentrations in hospitalized
patients according to gender, age, and result of hospitalization. The study was conducted from
February 2018 to January 2019 at the Central Clinical Hospital in Warsaw. Laboratory test results from
20,438 patients were included in this retrospective analysis. When a lower reference value 0.65 mmol/L
was applied, hypermagnesemia occurred in 196 patients (1%), hypomagnesemia in 1505 patients
(7%), and normomagnesemia in 18,711 patients (92%). At a lower reference value of 0.75 mmol/L,
hypomagnesemia was found in 25% and normomagnesemia in 74% of patients. At a lower reference
value of 0.85 mmol/L, hypomagnesemia was found in 60% and normomagnesemia in 39% of patients.
Either hypo- or hyper-magnesemia was associated with increased risk of in-hospital mortality.
This risk is the highest in patients with hypermagnesemia (40.1% of deaths), but also increases
inversely with magnesium concentration below 0.85 mmol/L. Serum magnesium concentration was
not gender-dependent, and there was a slight positive correlation with age (p < 0.0001, r = 0.07).
Large fluctuations in serum magnesium level were associated with increased mortality (p = 0.0017).
The results indicate that dysmagnesemia is associated with severe diseases and generally severe
conditions. To avoid misdiagnosis, an increase of a lower cut-off for serum magnesium concentration
to at least 0.75 mmol/L is suggested.
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1. Introduction

Magnesium is one of the most important minerals for maintaining microelement homeostasis.
It acts as a cofactor or activator for over 800 enzymes, is essential for neuromuscular conduction, and
affects blood glucose level and blood pressure [1-3]. Its absorption and excretion are regulated by the
kidneys, gut and bones [4]. Magnesium is absorbed primarily in the intestine in an amount of 30-50%
of daily intake (~100 mg daily, at a daily recommended intake of 320-420 mg per day for women and
men, respectively). There are two pathways in which Mg?* is absorbed: one is a paracellular transport
within the small intestine, and the other is a transcellular transport in the cecum and colon [1,4-6].
Total storage of magnesium is estimated for 2400 mg, among which 50-60% is stored in bones bound to
the hydroxyapatite crystals, 25-30% is stored in muscles, and 20-25% in other soft tissues [5-7]. Daily,
~2400 mg of magnesium is filtered by the kidneys’ glomeruli, and up to 99% of this microelement is
reabsorbed. This results in daily excretion of magnesium by kidneys in an amount of approximately
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100 mg [1,4,5,7]. Unabsorbed magnesium from daily intake is excreted with feces (approximately
270 mg per day) [6]. Mg?* concentration is measured routinely in serum during medical laboratory
testing, however it does not provide full information about magnesium homeostasis in the body, since
serum concentration constitutes ca. 1% of the total amount of the body’s magnesium [6]. Despite
being the second most abundant ion in the cells, its free concentration remains low (up to 1.2 mM).
Nevertheless, its role in the cells metabolism is inestimable: bound to polynucleotides, ribosomes, or
adenosine triphosphate (ATP), it takes part in nucleotide binding, supports variable enzymatic reaction
as a crucial activator or cofactor, allows protein synthesis, and controls cell proliferation [6]. Magnesium
homeostasis is connected to calcium and phosphates. Imbalances of those element concentrations
result in serious disorders, i.e., arrhythmia, convulsions, and respiratory distress. Renal regulation
of its serum concentration occurs through glomerular filtration, tubular reabsorption, or secretion.
Under physiological conditions, calcium, phosphates, and magnesium are metabolized by adjusting
the amounts excreted in urine to the amount of supply [4].

Hypomagnesemia is reported to be a frequent condition. From the clinical laboratory point of view,
hypomagnesemia is defined as decreased serum magnesium concentration below reference ranges.
The discussion about reference values for magnesium is still ongoing, since several studies show
discrepancies between clinical symptoms of Mg deficiency and the threshold in serum magnesium
concentration applied to diagnose magnesium deficiency [8-10]. Despite the fact that serum magnesium
concentration is routinely used to assess body magnesium status, it has to be underlined that Mg in
serum may not correspond with total body magnesium content, since it reflects only 1% of total body
stores [2,6,11,12]. Serum magnesium concentration depends, among others, on the daily intake [2,11].
In the NHANES (National Health and Nutrition Examination Survey) results, 45% of the American
population was found to be dietary deficient [13], and other studies also point to populational
inappropriate magnesium intake [14-16]. Magnesium deficiency is associated with enhanced oxidative
stress, inflammation, impaired glucose transport, reduced pancreatic insulin secretion, increased
insulin resistance, and impaired endothelial function [6,17-19]. It is a part of the pathophysiology of
type 2 diabetes mellitus, ischemic heart disease, hypertension, dyslipidemia, metabolic syndrome, liver
diseases, migraines, and depression [17,19-27].

Hypermagnesemia is a less common condition and usually remains undetected. It occurs mostly as
aresult of chronic kidney disease or the misuse of magnesium-containing supplements or medicines [5].
Despite being a rare condition, extreme hypermagnesemia has serious clinical manifestation and may
lead to hypotension, complete heart block, coma, and death [6].

As mentioned above, the most commonly used method as an assessment of serum magnesium
concentration is a total Mg concentration assessment, which does not provide full information
about body magnesium status. Approximately 2% of clinical laboratories offer measurement of
ionized magnesium, which represents 55-70% of total magnesium and is biologically active [5,11].
Twenty-four-hour excretion of magnesium in urine gives reliable information about Mg metabolism
but should be very carefully used in patients with renal disorders. Insufficient glomerular filtration
rate would falsify results of magnesium turnover [5,7,11]. The aforementioned method is particularly
useful in assessment of magnesium retention during oral or parenteral loading tests. Decreased
excretion of Mg with urine suggests increased magnesium embedding to the bones, which might
suggest its depletion. On the other hand, excretion exceeding 60% of magnesium load with the highest
probability excludes Mg deficiency [5]. Other methods, which are not routinely and commonly used,
are assessment of red blood cell magnesium concentration, soft and hard tissue tests for magnesium
content, or isotope studies [5,11].

The aim of this study was to assess the frequency of total serum magnesium imbalance among
unselected subjects from inpatient departments using different lower reference values (0.65, 0.75, and
0.85 mmol/L) and its association with in-hospital mortality.
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2. Materials and Methods

We performed a retrospective analysis of serum magnesium assessment among 20,438 patients
hospitalized between February 2018 and January 2019 in the Central Clinical Hospital of the Medical
University of Warsaw. Among all subjects included, there were 11,537 men (56%) and 8901 women
(44%). Average mortality among included subjects was estimated for 3.6%, while overall mortality
in the corresponding period of time among all hospitalized patients was 2.3%. Mean age was
60.96 + 16.90 years, median 61 years (18-99 years). Magnesium concentration was tested upon
admission. The frequency of magnesium measurement was dependent on patients’ condition and
clinical requirements. For the analysis, the first time-measurements and measurements repeated at
least 10 times were included. Peripheral blood was taken by venipuncture into tubes with clotting
accelerator and left for 30 min for clotting. Then, samples were centrifuged for 10 min at 1500x g
and magnesium in serum was measured using a Cobas C702 analyzer (Roche). The principle of the
method is based on the reaction of magnesium with xylidyl blue in alkaline solution, which produces a
purple diazonium salt. Absorbance of the purple product is directly proportional to the magnesium
concentration. The measuring range was 0.10-2.0 mmol/L (0.243—4.86 mg/dL), with high precision
(coefficient of variation(CV) 0.7-1.3%).

All data were anonymized. The study included analysis of magnesium concentration, age, gender,
and outcome of hospitalization (mortality or survival). As a retrospective analysis, this study was
conducted according to rules of the Bioethical Committee of the Medical University of Warsaw.

Statistical analysis was performed using Microsoft Office Excel 2019, GraphPad Prism 6.0, and
Statsoft Statistica. A nonparametric analysis was performed using the Mann—-Whitney test (difference
in magnesium concentration between 2 groups), one-way analysis of variance (ANOVA) (difference in
magnesium concentration between age groups), the Fisher exact test (sex difference among different
magnesium state groups), and the Kruskal-Wallis test (difference in magnesium concentration between
3 groups), where appropriate. The correlation between age and magnesium concentration was
estimated with nonparametric Spearman correlation. Variations in magnesium concentration in
patients who were tested at least 10 times were calculated as a delta (A) between the lowest and the
highest serum magnesium concentration during one hospitalization. Normality of distribution of the
results was assessed using Shapiro-Wilk and Kolmogorov—-Smirnov tests. Results were considered
statistically significant at p < 0.05.

3. Results

The mean serum magnesium concentration was 0.82 + 0.13 mmol/L. According to different lower
reference values of serum magnesium that are recommended in the literature [8,9,11,12], analyses were
performed separately for cut-offs of 0.65, 0.75, and 0.85 mmol/L.

3.1. Reference Valuesof 0.65—1.2 mmol/L

Hypomagnesemia (Mg < 0.65 mmol/L) was found in 1505 subjects (7%), among which 840 were
men (56%) and 665 were women (44%). Patients with hypomagnesemia had a mean Mg concentration
of 0.57 £ 0.06 mmol/L.

Normomagnesemia (Mg 0.65-1.2 mmol/L) was found in 18,711 (92%) subjects, among which
10,580 (57%) were men and 8131 (43%) were women. Mean Mg concentration in the normomagnesemic
group was 0.83 £+ 0.1 mmol/L.

Hypermagnesemia (Mg >1.2 mmol/L) was found in 196 subjects (1%), among which 105 (54%) were
men and 91 (46%) were women. Mean Mg concentration in this group was 1.36 + 0.22 mmol/L. All three
groups differed significantly in serum magnesium concentration, p < 0.0001 (the Kruskal-Wallis test)
(Figure 1A).



Nutrients 2020, 12, 1836 40f13

THRESHOLD 0.65%

W hypo
H normo
W hyper
A
100.00% 98.10%
79.90%
80.00%
59.90%
60.00%
40.10%
40.00%
20.10%
20.00%
0.00%
B
hypo normo hyper

M survived mdied

Figure 1. (A) Percentages of subjects assigned to hypo-, normo- and hyper-magnesemia groups at
reference values of 0.65-1.2 mmol/L, and (B) in-hospital mortality ratio among separated groups.
The difference between death ratio is statistically significant (Chi-square test), p < 0.0001.

The highest ratio of in-hospital mortality was found in the group of hypermagnesemic subjects
(40.1%). In the group of hypomagnesemic patients, in-hospital mortality was significantly lower
(20.1%) than in hypermagnesemic, but also significantly higher than in the normomagnesemic group
(1.9%), p < 0.0001 (Chi-square test) (Figure 1B).

3.2. Reference Values 0.75-1.2 mmol/L

Hypomagnesemia (Mg < 0.75 mmol/L) was found in 5109 subjects (25%), among which 2878 were
men (56%) and 2231 were women (44%). Patients with hypomagnesemia had a mean Mg concentration
of 0.66 + 0.07 mmol/L.
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Normomagnesemia (Mg 0.75-1.2 mmol/L) was found in 15,183 (74%) subjects, among which 8553
(56%) were men and 6630 (44%) were women. Mean Mg concentration in the normomagnesemic group
was 0.86 + 0.08 mmol/L.

Hypermagnesemia (Mg >1.2 mmol/L) was found in 196 subjects (1%), among which 105 (54%)
were men and 91 (46%) were women. Mean Mg concentration in this group was 1.36 + 0.22 mmol/L.
All three groups differed significantly in serum magnesium concentration, p < 0.0001 (Figure 2A).
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Figure 2. (A) Percentages of subjects assigned to hypo-, normo- and hyper-magnesemia groups at
reference values of 0.75-1.2 mmol/L, and (B) in-hospital mortality ratio among separated groups.
The difference between death ratio is statistically significant (Chi-square test), p < 0.0001.

In the group of hypomagnesemic patients, in-hospital mortality was significantly lower (16.8%)
than in hypermagnesemic (40.1%), but also significantly higher than in the normomagnesemic group
(2.3%), p < 0.0001 (Chi-square test) (Figure 2B).
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3.3. Reference Values 0.85-1.2 mmol/L

Hypomagnesemia (Mg < 0.85 mmol/L) was found in 12,177 subjects (60%), among which 840 were
men (56%) and 665 were women (44%). Patients with hypomagnesemia had a mean Mg concentration
of 0.74 + 0.08 mmol/L.

Normomagnesemia (Mg 0.85-1.2 mmol/L) was found in 8064 (39%) subjects, among which
4596 (57%) were men and 3468 (43%) were women. Mean Mg concentration in the normomagnesemic
group was 0.92 + 0.07 mmol/L.

Hypermagnesemia (Mg >1.2 mmol/L) was found in 196 subjects (1%), among which 105 (54%)
were men and 91 (46%) were women. Mean Mg concentration in this group was 1.36 + 0.22 mmol/L.
All three groups differed significantly in serum magnesium concentration, p < 0.0001 (Figure 3A).
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Figure 3. (A) Percentages of subjects assigned to hypo-, normo- and hyper-magnesemia groups at
reference values of 0.85-1.2 mmol/L, and (B) in-hospital mortality ratio among separated groups.
The difference between death ratio is statistically significant (Chi-square test), p < 0.0001.
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In the group of hypomagnesemic patients, in-hospital mortality was significantly lower (11.5%)
than in hypermagnesemic (40.1%), but also significantly higher than in the normomagnesemic group
(2.7%), p < 0.0001 (Chi-square test) (Figure 3B).

There was a statistically significant difference in in-hospital mortality between hypomagnesemic
groups, when using different lower reference values of serum magnesium (0.65 mmol/L, 0.75 mmol/L,
and 0.85 mmol/L), with the highest ratio of mortality in the group with the lowest reference value
applied (Figure 4).
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Figure 4. Differences in in-hospital mortality ratio between hypomagnesemic groups in dependence on
lower reference value applied. Analysis was performed using Chi-square test, p < 0.0001.

There was no difference in magnesium concentration between men and women, either in all
enrolled subjects, or in hypo-, normo-, and hyper-magnesemia groups at all reference values applied,
p > 0.05 (the Mann-Whitney test).

There was a slight positive correlation between magnesium concentration and age of studied
subjects (r = 0.07, p < 0.0001) (Figure 5A). However, differences in magnesium concentration were
found between different analyzed aged groups (Figure 5B and Table 1)
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Figure 5. (A) Magnesium concentration showed a slight positive correlation with patient age (r = 0.07,
p < 0.0001), assessed with nonparametric Spearman correlation. (B) Median and minimum/maximum
values in different age groups.
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Table 1. Statistical differences in median magnesium concentration among studied aged groups
(Kruskal-Wallis test).

Compared Aged Groups Median Mg Values p-Value
<20 vs 290 0.82vs 0.85 <0.01
20-29 vs 4049 0.80 vs 0.82 <0.001
20-29 vs 50-59 0.80 vs 0.82 <0.0001
20-29 vs 60-69 0.80 vs 0.82 <0.0001
20-29 vs 70-79 0.80 vs 0.83 <0.0001
20-29 vs 80-89 0.80 vs 0.83 <0.0001
20-29 vs 290 0.80 vs 0.85 <0.0001
30-39 vs 50-59 0.81 vs 0.82 <0.01
30-39 vs 60-69 0.81 vs 0.82 <0.01
30-39 vs 70-79 0.81vs 0.83 <0.0001
30-39 vs 80-89 0.81 vs 0.83 <0.0001
30-39 vs =90 0.81 vs 0.85 <0.0001
40-49 vs 80-89 0.82vs 0.83 <0.001
40-49 vs 290 0.82vs 0.85 <0.01
50-59 vs 80-89 0.82 vs 0.83 <0.01
50-59 vs 290 0.82vs 0.85 <0.01
60-69 vs 80-89 0.82 vs 0.83 <0.001
60-69 vs >90 0.82 vs 0.85 <0.01
70-79 vs 290 0.83 vs 0.85 <0.05

In the study, we also analyzed variation in magnesium concentration in patients who were
examined more than 10 times during one hospitalization. This group (n = 52) was divided into two
subgroups, depending on the outcome of hospitalization: death (n =17, 33%) or survival (n = 35,
67%). The variation in magnesium concentration was expressed as a difference between the lowest
and highest serum magnesium concentration during one hospitalization (A). In the group of patients
with in-hospital mortality, variations in serum magnesium concentration were higher than in the
group of subjects who survived (0.64 + 0.47 mmol/L vs 0.39 + 0.2 mmol/L; p = 0.0017; Figure 6).
We also found that the highest instability in magnesium concentration in the group of subjects with
in-hospital mortality was associated with hematological malignancies (0.94 + 0.79 mmol/L, n = 5),
septic shock (0.6 + 0.1 mmol/L, n = 2), and multi-organ failure (0.6 + 0.16 mmol/L, n = 4). In the
group of patients who survived, magnesium variations were as follows: hematological malignancies
0.44 £ 0.22 mmol/L (n = 14, p = 0.03), septic shock 0.69 + 0.15 mmol/L (n = 4, p = 0.53), and multi-organ
failure 0.40 + 0.13 mmol/L (n =5, p = 0.19).

Based on different lower reference values for magnesium concentration in serum, we analyzed
how many patients from the group which was tested at least 10 times were hypo-, normo- or
hyper-magnesemic upon hospital admission. When setting the reference value for 0.65 mmol/L,
there were 44 normomagnesemic and 8 hypomagnesemic patients, among which there was only
1 patient with hypomagnesemia who died during hospitalization (16 were normomagnesemic upon
admission). If the lower reference value is set to 0.75 mmol/L, among these 52 subjects, there were
17 hypomagnesemic and 35 normomagnesemic; moreover, 4 hypomagnesemic patients did not survive
hospitalization (and 13 normomagnesemic). If we use 0.85 mmol/L as a lower reference value, among
52 patients who were tested at least 10 times, there were 32 hypomagnesemic and 20 normomagnesemic
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upon admission. Ten patients with hypomagnesemia and seven with normomagnesemia died. None of
the patients who were tested at least 10 times had hypermagnesemia upon submission (Table 2).

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1

Variation in Mg concentration [mmol/LI]

C

Figure 6. Variation in magnesium concentration in group of patients who were examined at least
10 times and whose hospitalization resulted in (A) death or (B) survival. Figures A and B present
variations in magnesium concentration of ten subjects from each group, in which these fluctuations
were expressed the most. The value of magnesium variation was expressed as a difference between the
lowest and the highest serum Mg concentration during hospitalization. (C) The difference between
these two groups assessed with Mann—-Whitney test (death, n = 17 and survival, n = 35) was statistically
significant (p = 0.0017).

Table 2. Number of patients (1 = 52) tested at least 10 times who died (1 = 17) or survived hospitalization
(n = 35) with regard to their magnesium status. Data are separately presented for different lower cut-off
for reference magnesium concentration in serum.

0.65-1.2 mmol/L 0.75-1.2 mmol/L 0.85-1.2 mmol/L

Dead (n)  Survived 1) Dead (n)  Survived (n) Dead (n)  Survived (n)
Hypomagnesemia 1 7 4 13 10 22
Normomagnesemia 16 28 13 22 7 13

4. Discussion

In the present study, disturbances in magnesium homeostasis were assessed with regard to
different lower cut-offs for reference values of serum magnesium concentration: 0.65 mmol/L
(applied in the authors’ clinical laboratory), 0.75 mmol/L, and 0.85 mmol/L. At the lowest cut-off
value, normomagnesemia was found in 92% of patients, hypomagnesemia was found in 7%, and
hypermagnesemia in 1% of studied cases. An increase of the lower reference value for serum
magnesium allowed to increase hypomagnesemia frequency to 25% and 60% respectively, and decrease
normomagnesemia to 74% and 39%, respectively.

Laboratory relevant hypomagnesemia is recognized when total serum magnesium concentration
is below the lower reference value. However, discussion concerning an adequate cut-off for
normomagnesemia has been going on since the end of the 20th century. Wong et al. defined
hypomagnesemia when total serum Mg concentration was below 0.6 mmol/L, and this value was
obtained after assessment of serum magnesium in 341 individuals [10]. von Ehrlich [8] was considering
two cut-off values: 0.70 and 0.75 mmol/L to diagnose hypomagnesemia, and found that approximately
9% of patients with a syndrome of magnesium deficiency would remain omitted in clinical practice if
the lower cut-off value would be set for 0.7 mmol/L. Increasing the cut-off to 0.75 mmol/L allows to
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increase the ratio of appropriately diagnosed patients four times. Other studies suggest setting the
lower reference value in a range of 0.65-0.95 mmol/L [12,28-33]. Nevertheless, it has to be underlined
that magnesium deficiency should be assessed clinically, based on deficiency syndromes, not only
based on reference values provided by local laboratories or test manufacturers. Costello et al. underline
that clinical magnesium deficiency is accurately diagnosed at a cut-off value of 0.82 mmol/L, with
proper urinary magnesium excretion (40-80 mg/day) [12]. Liebscher and Liebscher point out that the
misdiagnosis ratio of magnesium disturbances could be decreased in a vast majority of patients (99%),
if the cut-off value was 0.9 mmol/L. They based their conviction on clinical studies in patients with
magnesium disorders, who expressed unspecific symptoms of Mg deficiency attributed to underlying
disease [9,11].

Here, we found that the hypomagnesemia ratio strictly depends on the cut-off value of serum
magnesium concentration. We found hypomagnesemia in 7%, 25%, and 60% of in-patients, using
cut-off values of 0.65, 0.75, and 0.85 mmol/L in hospitalized patients. Wong et al., based on a cut-off
value of 0.6 mmol/L, recognized hypomagnesemia in 11% of in-patients [10], which is similar to our
data and the results of a study performed last year in Italy [29]. Our observation is in contrast to the
recent study of Lorenzoni et al., who found that hypomagnesemia at a cut-off value of 0.65 mmol/L is
recognized in over 58% of elderly in-patients [28]. We have obtained such a level of hypomagnesemia
diagnosis at a cut-off value of 0.85 mmol/L. Our data obtained when a 0.75 mmol/L cut-off value
was applied are also in line with Cheungpasitporn et al.’s results, who diagnosed hypomagnesemia
(<0.7 mmol/L) in 20.2% of in-patients [31].

Literature data show that increased magnesium concentration in patients with severe conditions
is associated with a high risk of mortality. Here, we also confirmed this observation. Similar to an
aforementioned study performed in the Mayo Clinic, Rochester, USA [31], we assessed mortality ratio
in patients regarding their serum magnesium status. Comparably, we obtained a high mortality rate in
subjects of serum magnesium upon admission, with less than 0.75 mmol/L (16.8%) and 0.65 mmol/L
(20.1%) [31], but in our study, significantly higher mortality was associated with hypermagnesemia
upon admission (40.1%), a group that is much smaller (1%) than hypomagnesemia upon admission
(7%, 25%, or 60% depending upon cutoff). Our results are in line with a study by Lorenzoni et al.,
who assessed a mortality rate in hypermagnesemic subjects of 45% [28]. A higher mortality rate in
patients with hypermagnesemia has been also confirmed in other studies [33,34]. This phenomenon
may be associated with the influence of magnesium excess on heart muscle function—arrhythmia
associated with high magnesium levels may lead to death [34-36]. On the other hand, severe conditions
may disturb electrolyte homeostasis and induce the release of magnesium from cells, which leads to
hypermagnesemia. Moreover, it has been shown that, in general, hypermagnesemia bears a high risk of
in-hospital mortality, as well as of 30-day and 12-month mortality [33]. We also observed that mortality
in the group of enrolled subjects was higher than overall mortality among all hospitalized subjects in a
corresponding period of time. It suggests that, firstly, patients in whom magnesium concentration
is assessed upon admission are, in general, in worse condition than others, and secondly, that hypo-
(regardless, defined as less than 0.65 or 0.85 mmol/L) and, what is more expressed, hyper-magnesemia,
may characterize patients who are more susceptible to in-hospital mortality.

In our study, hypermagnesemia was less frequent than in other studies (1.78-12%) [5,29-31].
The differences may be associated with the selection of study group—we did not focus on patients
hospitalized due to calcium—phosphate-magnesium disorders, rather we analyzed the general
hospitalized population. Regardless of the reference value applied, disturbed magnesium homeostasis
is an adverse prognostic factor in in-patient subjects, especially in intensive care units, thus constant
and sufficient magnesium concentration might contribute to a decrease of in-hospital mortality [28,37].

Here, we did not observe significant changes in magnesium concentration with patient age—there
was only a very slight correlation, which showed that magnesium concentration increases with age.
A similar observation was reported by Cheungpasitporn et al. [31]. Interestingly, the mean age
of patients with hypomagnesemia was 57.5 years, and with hypermagnesemia, 63 years. Similar
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observations were reported in other studies, where the mean age with hypomagnesemia was 60 years,
and with hypermagnesemia, 65 years [31]. This phenomenon could be associated with inadequate Mg
intake in elderly people or decreased kidney function, which appears with age [37]; however, we did
not analyze estimated glomerular filtration rate (¢GFR) in enrolled subjects and we cannot confirm
this observation. Wakai et al. showed that the risk of hypermagnesemia in patients administering
magnesium oxide increases in subjects who are >68 years old or have decreased eGFR (<55.4 mL/min), or
urea nitrogen of >22.4mg/dL, and their daily administration of magnesium oxide exceeds 1650 mg [38].

Here, we showed that variations in magnesium concentration are associated with in-hospital
mortality. This is in line with the observations of Rhee et al., who showed that fluctuations in magnesium
concentration in dialyzed patients constitute a risk factor for increased mortality [39]. In our study,
the highest variations in magnesium concentration were associated with hematological malignancies,
septic shock, and multi-organ disfunction. Literature data show that both hypo- and hyper-magnesemia
increase the risk of septic shock in patients who are recognized with systemic inflammatory response
syndrome [40]. On the other hand, magnesium was not found as a marker that could help to predict
organ failure in critically ill adult patients [41]. Here, we also found differences in magnesium
concentration in a group of patients who suffered from different hematological malignancies with
different hospitalization outcomes. Significantly higher values were found in subjects with in-hospital
mortality. Variation in magnesium concentrations in patients suffering from acute leukemias have
already been reported [42] and may be associated with either tumor lysis syndrome triggered by
chemotherapy or improper parenteral nutrition. Regardless of etiology, variations in magnesium
concentration in these patients may lead to increased mortality due to arrythmia and cardiotoxicity [43].

5. Conclusions

To conclude, it has been shown that disturbances in magnesium homeostasis accompany systemic
diseases and severe conditions [39,40,43]. Either hypo- or hyper-magnesemia are associated with
increased risk of mortality, and, for this reason, primarily, hypermagnesemia should be treated as a
laboratory biomarker of critical value. Despite local laboratory reference values for serum magnesium
concentration, its deficiency should always be diagnosed based on clinical symptoms. To avoid
misdiagnosis, the increase of a lower cut-off value is suggested. High variation in magnesium levels
during hospitalization may be associated with increased in-hospital mortality [40,42]; thus, magnesium
levels should be routinely tested in hospitalized subjects.

Author Contributions: Conceptualization, O.C.; methodology, ].M. and O.C.; software, ]. M. and M.M.; validation,
J M., M.M,, and O.C,; formal analysis, ]. M., M.M., and O.C. investigation ].M., M.M., and O.C.; resources, ].M. and
0.C,; data curation, O.C.; writing—original draft preparation, ].M. and O.C. writing—review and editing, ].M.,
M.M,, and O.C.; visualization, ].M., M.M., and O.C.; supervision, O.C.; project administration, O.C. All authors
have read and agreed to the published version of the manuscript

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Grober, U.; Schmidt, J.; Kisters, K. Magnesium in Prevention and Therapy. Nutrients 2015, 7, 8199-8226.
[CrossRef] [PubMed]

2. Razzaque, M.S. Magnesium: Are We Consuming Enough? Nutrients 2018, 10, 1863. [CrossRef] [PubMed]

Volpe, S.L. Magnesium in disease prevention and overall health. Adv. Nutr. 2013, 4, 3785-383S. [CrossRef]

4. Blaine, J.; Chonchol, M.; Levi, M. Renal control of calcium, phosphate, and magnesium homeostasis. Clin. J.
Am. Soc. Nephrol. 2015, 10, 1257-1272. [CrossRef] [PubMed]

5. Jahnen-Dechent, W.; Ketteler, M. Magnesium basics. Clin. Kidney J. 2012, 5 (Suppl. 1), i3-i14. [CrossRef]
[PubMed]

6.  de Baaij, ].H.; Hoenderop, ].G.; Bindels, R.J. Magnesium in man: Implications for health and disease. Physiol.
Rev. 2015, 95, 1-46. [CrossRef]

S


http://dx.doi.org/10.3390/nu7095388
http://www.ncbi.nlm.nih.gov/pubmed/26404370
http://dx.doi.org/10.3390/nu10121863
http://www.ncbi.nlm.nih.gov/pubmed/30513803
http://dx.doi.org/10.3945/an.112.003483
http://dx.doi.org/10.2215/CJN.09750913
http://www.ncbi.nlm.nih.gov/pubmed/25287933
http://dx.doi.org/10.1093/ndtplus/sfr163
http://www.ncbi.nlm.nih.gov/pubmed/26069819
http://dx.doi.org/10.1152/physrev.00012.2014

Nutrients 2020, 12, 1836 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

Elin, R.J. Magnesium metabolism in health and disease. Dis. Mon. 1988, 34, 161-218. [CrossRef]

Ehrlich, B. Magnesiummangelsyndrom in der internischen Praxis. Magnes.-Bull. 1997, 19, 29-30.

Liebscher, D.H.; Liebscher, D.E. About the misdiagnosis of magnesium deficiency. J. Am. Coll. Nutr. 2004, 23,
730S-731S. [CrossRef]

Wong, E.-T.; Rude, RK, Singer, ER.; Shaw, S.T., Jr. A high prevalence of hypomagnesemia and
hypermagnesemia in hospitalized patients. Am. J. Clin. Pathol. 1983, 79, 348-352. [CrossRef]

Elin, R.J. Assessment of magnesium status for diagnosis and therapy. Magnes. Res. 2010, 23, S194-5198.
[PubMed]

Costello, R.B.; Elin, R.].; Rosanoff, A.; Wallace, T.C.; Guerrero-Romero, F; Hruby, A_; Lutsey, P.L.; Nielsen, FH.;
Rodriguez-Moran, M.; Song, Y.; et al. Perspective: The Case for an Evidence-Based Reference Interval for
Serum Magnesium: The Time Has Come. Adv. Nutr. 2016, 7, 977-993. [CrossRef]

Moshfegh Alanna, G.J.; Jaspreet, A.; Donna, R.; Randy, L. What We Eat in America, NHANES 2005-2006:
Usual Nutrient Intakes from Food and Water Compared to 1997 Dietary Reference Intakes for Vitamin D. Calcium,
Phosphorus, and Magnesium; US Department of Agriculture, Agricultural Research Service: Washington, DC,
USA, 2009.

Elwood, P.C; Fehily, A.M.; Ising, H.; Poor, D.].; Pickering, J.; Kamel, F. Dietary magnesium does not predict
ischaemic heart disease in the Caerphilly cohort. Eur. J. Clin. Nutr. 1996, 50, 694-697.

Choi, M.K.; Weaver, C.M. Daily Intake of Magnesium and its Relation to Urinary Excretion in Korean Healthy
Adults Consuming Self-Selected Diets. Biol. Trace Elem. Res. 2017, 176, 105-113. [CrossRef] [PubMed]
McKay, J.; Ho, S.; Jane, M.; Pal, S. Overweight & obese Australian adults and micronutrient deficiency. BMC
Nutr. 2020, 6, 12.

Del Gobbo, L.C.; Song, Y.; Poirier, P.; Dewailly, E.; Elin, RJ.; Egeland, G.M. Low serum magnesium
concentrations are associated with a high prevalence of premature ventricular complexes in obese adults
with type 2 diabetes. Cardiovasc. Diabetol. 2012, 11, 23. [CrossRef] [PubMed]

Lecube, A.; Baena-Fustegueras, J.A.; Fort, ].M.; Pelegri, D.; Hernandez, C.; Simo, R. Diabetes is the main
factor accounting for hypomagnesemia in obese subjects. PLoS ONE 2012, 7, €30599. [CrossRef] [PubMed]
Wu, J.; Xun, P; Tang, Q.; Cai, W.; He, K. Circulating magnesium levels and incidence of coronary heart
diseases, hypertension, and type 2 diabetes mellitus: A meta-analysis of prospective cohort studies. Nutr. J.
2017, 16, 60. [CrossRef] [PubMed]

Fang, X.; Han, H.; Li, M; Liang, C.; Fan, Z.; Aaseth, J.; He, J.; Montgomery, S.; Cao, Y. Dose-Response
Relationship between Dietary Magnesium Intake and Risk of Type 2 Diabetes Mellitus: A Systematic Review
and Meta-Regression Analysis of Prospective Cohort Studies. Nutrients 2016, 8, 739. [CrossRef] [PubMed]
Peters, K.E.; Chubb, S.A.; Davis, W.A_; Davis, T.M. The relationship between hypomagnesemia, metformin
therapy and cardiovascular disease complicating type 2 diabetes: The Fremantle Diabetes Study. PLoS ONE
2013, 8, €74355. [CrossRef]

Spiga, R.; Mannino, G.C.; Mancuso, E.; Averta, C.; Paone, C.; Rubino, M.; Sciacqua, A.; Succurro, E.;
Perticone, F.; Andreozzi, F; et al. Are Circulating Mg(2+) Levels Associated with Glucose Tolerance Profiles
and Incident Type 2 Diabetes? Nutrients 2019, 11, 2460. [CrossRef] [PubMed]

Sarrafzadegan, N.; Khosravi-Boroujeni, H.; Lotfizadeh, M.; Pourmogaddas, A.; Salehi-Abargouei, A.
Magnesium status and the metabolic syndrome: A systematic review and meta-analysis. Nutrition 2016, 32,
409-417. [CrossRef]

Tarleton, E.K,; Littenberg, B. Magnesium intake and depression in adults. . Am. Board Fam. Med. 2015, 28,
249-256. [CrossRef] [PubMed]

Liu, M,; Yang, H.; Mao, Y. Magnesium and liver disease. Ann. Transl. Med. 2019, 7, 578. [CrossRef] [PubMed]
Dolati, S.; Rikhtegar, R.; Mehdizadeh, A.; Yousefi, M. The Role of Magnesium in Pathophysiology and
Migraine Treatment. Biol. Trace Elem. Res. 2019. [CrossRef] [PubMed]

Altura, B.M.; Altura, B.T. New perspectives on the role of magnesium in the pathophysiology of the
cardiovascular system. I. Clinical aspects. Magnesium 1985, 4, 226-244.

Lorenzoni, G.; Swain, S.; Lanera, C.; Florin, M.; Baldi, I.; Iliceto, S.; Gregori, D. High- and low-inpatients’
serum magnesium levels are associated with in-hospital mortality in elderly patients: A neglected marker?
Aging Clin. Exp. Res. 2020, 32, 407-413. [CrossRef]

Catalano, A.; Bellone, F.; Chila, D.; Loddo, S.; Corica, F. Magnesium disorders: Myth or facts? Eur. J. Intern.
Med. 2019, 70, e22—e24. [CrossRef]


http://dx.doi.org/10.1016/0011-5029(88)90013-2
http://dx.doi.org/10.1080/07315724.2004.10719416
http://dx.doi.org/10.1093/ajcp/79.3.348
http://www.ncbi.nlm.nih.gov/pubmed/20736141
http://dx.doi.org/10.3945/an.116.012765
http://dx.doi.org/10.1007/s12011-016-0822-0
http://www.ncbi.nlm.nih.gov/pubmed/27543063
http://dx.doi.org/10.1186/1475-2840-11-23
http://www.ncbi.nlm.nih.gov/pubmed/22405520
http://dx.doi.org/10.1371/journal.pone.0030599
http://www.ncbi.nlm.nih.gov/pubmed/22291997
http://dx.doi.org/10.1186/s12937-017-0280-3
http://www.ncbi.nlm.nih.gov/pubmed/28927411
http://dx.doi.org/10.3390/nu8110739
http://www.ncbi.nlm.nih.gov/pubmed/27869762
http://dx.doi.org/10.1371/journal.pone.0074355
http://dx.doi.org/10.3390/nu11102460
http://www.ncbi.nlm.nih.gov/pubmed/31615167
http://dx.doi.org/10.1016/j.nut.2015.09.014
http://dx.doi.org/10.3122/jabfm.2015.02.140176
http://www.ncbi.nlm.nih.gov/pubmed/25748766
http://dx.doi.org/10.21037/atm.2019.09.70
http://www.ncbi.nlm.nih.gov/pubmed/31807559
http://dx.doi.org/10.1007/s12011-019-01931-z
http://www.ncbi.nlm.nih.gov/pubmed/31691193
http://dx.doi.org/10.1007/s40520-019-01230-6
http://dx.doi.org/10.1016/j.ejim.2019.10.013

Nutrients 2020, 12, 1836 13 of 13

30.

31.

32.

33.

34.

35.

36.
37.
38.

39.

40.

41.

42.

43.

Ayuk, J.; Gittoes, N.J. Contemporary view of the clinical relevance of magnesium homeostasis. Ann. Clin
Biochem. 2014, 51 Pt. 2,179-188. [CrossRef]

Cheungpasitporn, W.; Thongprayoon, C.; Qian, Q. Dysmagnesemia in Hospitalized Patients: Prevalence and
Prognostic Importance. Mayo Clin. Proc. 2015, 90, 1001-1010. [CrossRef]

Assadi, F. Hypomagnesemia: An evidence-based approach to clinical cases. Iran. ]. Kidney Dis. 2010, 4,
13-19. [PubMed]

Tazmini, K.; Nymo, S.H.; Louch, W.E.; Ranhoff, A.H.; Oie, E. Electrolyte imbalances in an unselected
population in an emergency department: A retrospective cohort study. PLoS ONE 2019, 14, e0215673.
[CrossRef] [PubMed]

Naksuk, N.; Hu, T.; Krittanawong, C.; Thongprayoon, C.; Sharma, S.; Park, J.Y.; Rosenbaum, A.N.; Gaba, P,;
Killu, A.M.; Sugrue, A.M.; et al. Association of Serum Magnesium on Mortality in Patients Admitted to the
Intensive Cardiac Care Unit. Am. J. Med. 2017, 130, 229.e5-229.e13. [CrossRef] [PubMed]

Haider, D.G.; Lindner, G.; Ahmad, S.S.; Sauter, T.; Wolzt, M.; Leichtle, A.B.; Fiedler, G.; Exadaktylos, A.K,;
Fuhrmann, V. Hypermagnesemia is a strong independent risk factor for mortality in critically ill patients:
Results from a cross-sectional study. Eur. J. Intern. Med. 2015, 26, 504-507. [CrossRef]

Cascella, M.; Vaqar, S. Hypermagnesemia; StatPearls: Treasure Island, FL, USA, 2020.

Van Laecke, S. Hypomagnesemia and hypermagnesemia. Acta Clin. Belg. 2019, 74, 41-47. [CrossRef]
Wakai, E.; Ikemura, K.; Sugimoto, H.; Iwamoto, T.; Okuda, M. Risk factors for the development of
hypermagnesemia in patients prescribed magnesium oxide: A retrospective cohort study. J. Pharm. Health
Care Sci. 2019, 5, 4. [CrossRef]

Rhee, C.M.; Chou, J.A,; Kalantar-Zadeh, K. Dialysis Prescription and Sudden Death. Semin. Nephrol. 2018,
38, 570-581. [CrossRef]

Thongprayoon, C.; Cheungpasitporn, W.; Erickson, S.B. Admission hypomagnesemia linked to septic shock
in patients with systemic inflammatory response syndrome. Ren. Fail. 2015, 37, 1518-1521. [CrossRef]
Helliksson, F.; Wernerman, J.; Wiklund, L.; Rosell, J.; Karlsson, M. The combined use of three widely available
biochemical markers as predictor of organ failure in critically ill patients. Scand. J. Clin. Lab. Investig. 2016,
76,479-485. [CrossRef] [PubMed]

Afridi, H.I; Kazi, T.G.; Talpur, EN. Correlation of Calcium and Magnesium Levels in the Biological Samples
of Different Types of Acute Leukemia Children. Biol. Trace Elem. Res. 2018, 186, 395-406. [CrossRef]
[PubMed]

British Committee for Standards in Haematology; Milligan, D.W.; Grimwade, D.; Cullis, J.O.; Bond, L.;
Swirsky, D.; Craddock, C.; Kell, J.; Homewood, J.; Campbell, K.; et al. Guidelines on the management of
acute myeloid leukaemia in adults. Br. |. Haematol. 2006, 135, 450-474. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1177/0004563213517628
http://dx.doi.org/10.1016/j.mayocp.2015.04.023
http://www.ncbi.nlm.nih.gov/pubmed/20081299
http://dx.doi.org/10.1371/journal.pone.0215673
http://www.ncbi.nlm.nih.gov/pubmed/31022222
http://dx.doi.org/10.1016/j.amjmed.2016.08.033
http://www.ncbi.nlm.nih.gov/pubmed/27639872
http://dx.doi.org/10.1016/j.ejim.2015.05.013
http://dx.doi.org/10.1080/17843286.2018.1516173
http://dx.doi.org/10.1186/s40780-019-0133-7
http://dx.doi.org/10.1016/j.semnephrol.2018.08.003
http://dx.doi.org/10.3109/0886022X.2015.1074519
http://dx.doi.org/10.1080/00365513.2016.1201850
http://www.ncbi.nlm.nih.gov/pubmed/27362714
http://dx.doi.org/10.1007/s12011-018-1340-z
http://www.ncbi.nlm.nih.gov/pubmed/29682679
http://dx.doi.org/10.1111/j.1365-2141.2006.06314.x
http://www.ncbi.nlm.nih.gov/pubmed/17054678
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Reference Valuesof 0.65–1.2 mmol/L 
	Reference Values 0.75–1.2 mmol/L 
	Reference Values 0.85–1.2 mmol/L 

	Discussion 
	Conclusions 
	References

