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Abstract: Despite the fact that hypermagnesemia is a relatively common electrolyte abnormality among
end-stage cancer patients, a clinical approach to avoiding hypermagnesemia in these patients has yet
to be identified. Thus, we designed a cross-sectional study to identify a clinical approach to avoiding
hypermagnesemia in end-stage cancer patients receiving palliative care and considered whether these risk
factors could be avoided in end-stage cancer patients. Patients with end-stage cancer who were hospitalized
in a palliative care unit at Himeji St. Mary’s Hospital, Japan, between January 2017 and December 2019 were
included in the study. Laboratory results of the blood samples collected from the subjects were examined.
Participants’ medical records were assessed to identify previously reported risk factors of hypermagnesemia
and evaluate the physical status specific to end-stage cancer patients. Logistic regression analysis was used
to analyze the relationship between risk factors and physical status. During the study period, 674 end-stage
cancer patients were hospitalized in the subject palliative care unit. Serum magnesium levels were measured
in 533 patients, and hypermagnesemia was observed in 123 (23.08%) of them. Renal dysfunction, short
prognosis prediction, and oral magnesium oxide laxative were all significant predictor variables of a higher
rate of hypermagnesemia. Patients who had all three risk factors had a significantly higher incidence of
hypermagnesemia. Thus, it is important not to use magnesium oxide laxatives on end-stage cancer patients to

prevent hypermagnesemia—especially when renal dysfunction is observed and a short prognosis is predicted.
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Introduction

Normally, an adult individual possesses about 25 g of
magnesium, which is necessary for life-sustaining functions
such as enzymatic action, transporters, and the synthesis
of nucleic acids. Abnormalities in magnesium also affect
other electrolytes such as sodium, calcium, and potassium,
so early detection and treatment is recommended (1).
Hypermagnesemia is a rare electrolyte abnormality which
occurs in less than 1% of the general population (2), but
is found in 7-9% of hospitalized patients with a severe

disease (3,4). Recently, it has been reported that even
mild hypermagnesemia is correlated with pneumonia
in patients with severe diseases (4,5); this suggests that
hypermagnesemia should be avoided to minimize suffering,
such as dyspnea, even in end-stage cancer patients who
are receiving palliative care. Another study has shown that
hypermagnesemia is even more prevalent in palliative care
cases—occurring in 13% of patients—and is correlated with
poor prognosis in end-stage cancer patients (6). Thus, little
effort is being made in daily clinical practice to measure
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serum magnesium levels and avoid hypermagnesemia,
including in palliative care, despite the fact that
hypermagnesemia can lead to a variety of disorders. This is
because avoiding previously identified risk factors can easily
prevent injury from hypermagnesemia without measuring
serum magnesium levels (7-12). However, an extensive
literature review revealed that no studies have examined
risk factors for hypermagnesemia with regard to end-stage
cancer patients receiving palliative care.

Therefore, we designed a cross-sectional study aimed at
identifying risk factors of hypermagnesemia specific to end-
stage cancer patients receiving palliative care. After logistic
regression analysis was used to investigate previously
identified risk factors of hypermagnesemia and physical
conditions specific to end-stage cancer patients, we then
considered whether these risk factors could be avoided in
end-stage cancer patients. We present the following article
in accordance with the STROBE (The Strengthening
the Reporting of Observational Studies in Epidemiology)
reporting checklist (available at http://dx.doi.org/10.21037/
apm-20-986).

Methods
Study design

"This is a cross-sectional study.

Sample size calculation

To investigate risk factors for hypermagnesemia in end-
stage cancer patients receiving palliative care in a palliative
care unit, we used logistic regression for seven already-
known risk factors that we considered likely to be observed
in a palliative care unit: Renal dysfunction, magnesium
oxide laxative use, active vitamin D use, constipation,
hypothyroidism, and lithium use (7-12). Renal dysfunction
was defined by chronic kidney disease (CKD) grade 3
or higher. Constipation was defined by the Roma IV
classification (13). Hypothyroidism was defined as low free
thyroxine or high thyroid-stimulating hormone (TSH).
Because different cut-off values of oral magnesium oxide
laxative doses for the development of hypermagnesemia
have been previously reported (11,12), we performed a
preliminary survey in September and October 2019, and
the cut-off value was calculated by the receiver operating
characteristics (ROC) curve method. The cut-off value
(area under the ROC curve: AUC) of oral magnesium oxide
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laxative dose was 330 mg/day (0.67). Because the minimum
dose of oral magnesium oxide laxative in our hospital is
330 mg/day, we did not set a cut-off value in this study, and
the presence or absence of oral magnesium oxide laxative
was considered. Reference values were determined based on
the common reference ranges established by the Japanese
Committee for Clinical Laboratory Standards (JCCLS) (14).
For parameters not described by the JCCLS, the subject
hospital’s reference ranges were used. In addition, to
determine whether end-stage cancer patient status is a risk
factor for hypermagnesemia, the following two factors were
considered for logical regression analysis: physical status
and prognosis. Physical status was evaluated using the
Eastern Cooperative Oncology Group Performance Status
(ECOG PS). Prognosis was assessed using the Palliative
Prognostic Score (PaP Score), where a score above 11
points reflected a <30% probability of 30-day survival (15).
Finally, we submitted age and gender to the logical
regression analysis to correct for confounding factors. For
logical regression analysis of the above 11 factors, more
than 110 patients with hypermagnesemia were needed.
Since our preliminary survey, performed during September
and October 2019, demonstrated that hypermagnesemia
was observed in five of 29 patients (17.24%), we calculated
that enrolling 639 patients would result in finding 110
patients with hypermagnesemia. To avoid a selection bias in
which seasonal dietary changes may alter magnesium intake,
we planned to enroll all patients throughout the year to
recruit a sufficient number of cases for the calculated sample
size. Since our palliative care unit receives about 200-250
patients per year, patients admitted to our palliative care
unit in the last 3 years were enrolled in the present study.

Target patients

According to the sample size calculation, all patients with end-
stage cancer who were hospitalized in the palliative care unit of
Himeji St. Mary’s Hospital, Japan, between January 2017 and
December 2019 were enrolled in the present study.

Ethical concerns

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the institutional ethics board of Himeji
St. Mary’s Hospital, Japan (No. 020-01) on January 7,
2020. The patients enrolled in the study, or their legal
representatives, were given the opportunity to opt out
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Table 1 Characteristics of patients with medical records of their
serum magnesium levels in our palliative care unit between January
2017 and December 2019

Characteristics Values
Number of patients 533
Age (years) 74.0+12.2
Sex (men/women) 265/268

Admission outcome
Number of live discharges 42 (7.88%)
Number of inpatient deaths 491 (92.12%)

Types of cancer (n)

Lung cancer 87
Colorectal cancer 75
Gastric cancer 66
Pancreatic cancer 53
Cholangiocarcinoma/gallbladder carcinoma 32
Breast cancer 29
Head and neck cancer 24
Hematapostema 20
Liver cancer 20
Prostate cancer 18
Uterine cancer 18
Other types of cancer 91

from having their data used in the research during the
period of January 9 to February 29, 2020. Information on
the opportunity to opt out was presented on the hospital
website. The requirement of informed consent was waived
by the institutional ethics board.

Clinical data collection

Clinical data were collected from the medical records between
February 1 and February 29, 2020. Since there was no JCCLS
reference range for serum magnesium levels, the hospital’s
reference values (1.8-2.5 mg/dL) were used. In patients where
hypermagnesemia was detected several times, clinical data
were collected at the first diagnosis. In patients whose blood
was collected several times but who were never diagnosed
with hypermagnesemia, clinical data were collected when the
highest level of serum magnesium was observed.
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Statistical analysis

Logistic regression analysis was performed using EZR in
R commander version 1.37 (16). All analyses were two-
sided, and the statistical significance was set at 0.05. Since
the present study is a cross-sectional study that extracts
data from the medical records of patients already out of
practice, a deficit in outcome (presence or absence of
hypermagnesemia) due to a lack of measurement was
assumed. Therefore, as a sensitivity analysis, we performed
a logistic regression analysis identical to the main analysis,
albeit at an extreme setting, assuming that all cases in
which serum magnesium levels were not measured had
hypermagnesemia or did not have hypermagnesemia.

Results
Incidence of bypermagnesemia

During the study period, 674 patients with end-stage
cancer were hospitalized in the hospital’s palliative care
unit. These patients were all Japanese. Among them, we
were able to obtain 544 blood samples and measure the
serum magnesium levels of 533 patients; 42 of the 533
patients were discharged alive, and their final outcome
could not be tracked. Table 1 presents the characteristics of
patients with a medical record of their serum magnesium
levels. Hypermagnesemia was observed in 123 patients
(23.08%).

Risk factors of bypermagnesemia

Lithium use and hypothyroidism were excluded from
the logical regression analysis for the following reasons.
Since only one patient was using lithium, the number
of cases was considered insufficient for statistical
processing. There were 12 patients who were taking
Levothyroxine, but none of them had thyroxine and TSH
levels measured, so we determined that none of them
could be accurately diagnosed with hypothyroidism. A
logistic regression analysis was performed using renal
dysfunction, constipation, oral magnesium oxide laxatives,
oral active vitamin D3 preparations, hypercalcemia,
ECOG PS, PaP score, age, and sex. The results
revealed that the predictors of a significantly higher
rate of hypermagnesemia were: renal dysfunction, short
prognosis prediction (PaP Score >11), and oral magnesium
oxide laxatives (Tuble 2).
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Table 2 Results of logistic regression analysis using previously reported risk factors of hypermagnesemia and patient status

Variables Category OR 95% ClI P value
Renal dysfunction CKD grade =3 (n=218) vs. CKD grade <2 6.37 3.84-10.60 <0.01*
Magnesium oxide Use (n=183) vs. without use 5.20 3.03-8.91 <0.01*
Active vitamin D3 Use (n=9) vs. without use 1.52 0.24-9.75 0.66
Hypercalcemia Yes (n=160) vs. no 0.97 0.57-1.63 0.89
Constipation Yes (n=117) vs. no 0.76 0.41-1.39 0.37
ECOG PS PS 1 (n=2); PS 2 (n=17); PS 3 (n=184); PS 4 (n=330) 0.66 0.40-1.08 0.09
PaP Score >11 (n=231) vs. <11 3.96 2.30-6.81 <0.01*
Age (years) <65 (n=93) vs. >65 0.90 0.48-1.72 0.76
Sex Men (n=265) vs. women 1.25 0.77-2.01 0.36

*, P<0.05 was considered significant. CKD, chronic kidney disease; ECOG PS, Eastern Cooperative Oncology Group Performance Status;

PS, Performance Status; PaP Score, Palliative Prognostic Score.
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Figure 1 Relationship between the number of risk factors and the

incidence of hypermagnesemia.

Relationship between the number of risk factors and
incidence of hypermagnesemia

Based on the results shown in Table 2, we analyzed
the relationship between the number of risk factors of
hypermagnesemia and the incidence of hypermagnesemia
(Figure I). The incidence of hypermagnesemia in each
group, according to their number of risk factors, was 0.82%
(1/122) in the group with no risk factors; 14.61% (32/219)
in the group with one risk factor; 40.49% (66/163) in the
group with two risk factors; and 82.76% (24/29) in the
group with three risk factors.

Sensitivity analysis

A significantly higher predictor of hypermagnesemia was
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precisely consistent with the main result, assuming that all
the cases without serum magnesium levels measurement did
not have hypermagnesemia (7able 3). On the other hand,
assuming that all of the cases without serum magnesium
levels measurement had hypermagnesemia, constipation
was detected as a significantly lower predictor of
hypermagnesemia in addition to the three factors indicated
in the main results (Table 4).

Discussion
Incidence of bypermagnesemia

The incidence of hypermagnesemia in the present study
(23.08%) seems to be higher than that of hospitalized patients
who received palliative care in Egypt, as reported by Alsirafy
et al. (6). However, inpatient death rates significantly differed
between the two studies (91.12%, current study vs. 41.7%,
Alsirafy er al.), suggesting that the overall medical condition
of the present study’s target patients was significantly
different. Indeed, when participants were limited to those
who died as inpatients, the incidence of hypermagnesemia
in Alsirafy et al.’s study (19.4%) was very similar to our
findings (6). These results indicate that the incidence of
hypermagnesemia in end-stage cancer patients is around
20%, which is higher than that of outpatients and inpatients
who are hospitalized for other diseases (2-4).

Risk factors of bypermagnesemia

This study revealed that the significant predictor variables
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Table 3 Logistic regression analysis assuming no hypermagnesemia in missing measurements

Variables Category OR 95% Cl P value
Renal dysfunction CKD grade =3 (n=271) vs. CKD grade <2 5.89 3.62-9.60 <0.01*
Magnesium oxide Use (n=220) vs. without use 5.10 3.07-8.48 <0.01*
Active vitamin D3 Use (n=11) vs. without use 1.61 0.26-9.90 0.60
Hypercalcemia Yes (n=202) vs. no 0.79 0.48-1.29 0.34
Constipation Yes (n=125) vs. no 0.96 0.53-1.74 0.89
ECOG PS PS 1 (n=2); PS 2 (n=18); PS 3 (n=226); PS 4 (n=428) 0.65 0.41-1.05 0.08
PaP Score >11 (n=316) vs. <11 3.28 1.94-5.55 <0.01*
Age (years) <65 (n=126) vs. >65 0.97 0.53-1.78 0.92
Sex Men (n=353) vs. women 1.38 0.88-2.18 0.16

*, P<0.05 was considered significant. It was assumed that all cases without serum magnesium levels measurement had no
hypermagnesemia. CKD, chronic kidney disease; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PS, Performance

Status; PaP Score, Palliative Prognostic Score.

Table 4 Logistic regression analysis assuming 100% hypermagnesemia in missing measurements

Variables Category OR 95% Cl P value
Renal dysfunction CKD grade =3 (n=271) vs. CKD grade <2 3.33 2.27-4.88 <0.01*
Magnesium oxide Use (n=220) vs. without use 2.56 1.69-3.90 <0.01*
Active vitamin D3 Use (n=11) vs. without use 1.28 0.29-5.71 0.74
Hypercalcemia Yes (n=202) vs. no 1.33 0.89-1.99 0.16
Constipation Yes (n=125) vs. no 0.47 0.29-0.79 <0.01*
ECOG PS PS 1 (n=2); PS 2 (n=18); PS 3 (n=226); PS 4 (n=428) 0.74 0.50-1.08 0.12
PaP Score >11 (n=316) vs. <11 2.96 1.96-4.48 <0.01*
Age (years) <65 (n=126) vs. >65 0.76 0.47-1.24 0.27
Sex Men (n=353) vs. women 0.90 0.61-1.61 0.56

*, P<0.05 was considered significant. It was assumed that all cases without serum magnesium levels measurement had hypermagnesemia.
CKD, chronic kidney disease; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PS, Performance Status; PaP Score,

Palliative Prognostic Score.

of hypermagnesemia are renal dysfunction, short prognosis
prediction (PaP Score >11), and oral administration of
magnesium oxide laxatives. The result of sensitivity analysis,
assuming no hypermagnesemia in all cases where serum
magnesium levels were not measured, is consistent with the
main result (7zble 3). On the other hand, the result of the
sensitivity analysis, assuming hypermagnesemia in all cases
where serum magnesium levels were not measured, was not
consistent with the main result, and shows that constipation
is a significantly lower predictor of hypermagnesemia
(Tuble 4). This result contradicts previous reports that
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constipation is a risk factor for hypermagnesemia (7-12).
Because the incidence of hypermagnesemia was 23.08%
in cases where serum magnesium levels were measured,
we determined that assuming hypermagnesemia in all
cases where serum magnesium levels were not measured
was a more extreme setting, compared with assuming no
hypermagnesemia in all cases where serum magnesium
levels were not measured. Even in a more extreme setting,
the result of sensitivity analysis was consistent with the main
result with the exception of constipation. This suggests that
this result was fairly robust.
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Renal dysfunction and oral magnesium oxide
laxatives have already been reported as risk factors of
hypermagnesemia (7-12). Oral magnesium oxide laxatives
increase serum magnesium levels due to the magnesium
intake, while renal dysfunction increases serum magnesium
levels due to decreased magnesium excretion. It should
be noted, however, that a short prognosis prediction
has not previously been reported as a risk factor of
hypermagnesemia; this is a new finding of the present study.
Since there are no previous findings on the matter, we do
not believe that a short prognosis prediction is directly
related to magnesium intake or excretion. On the other
hand, it is well known that muscle mass decreases in end-
of-life cancer patients (17). Loss of muscle mass results in
lower serum creatinine levels, and the estimated glomerular
filtration rate is calculated to be higher than real renal
function. Many patients predicted to have a short prognosis
may have had renal dysfunction and decreased magnesium
excretion, even though their estimated glomerular filtration
rate has not declined.

Relationship between the number of risk factors and
incidence of hypermagnesemia

"This study revealed that the incidence of hypermagnesemia
increased as the prevalence of risk factors increased.
This suggests that it is important not to use magnesium
oxide laxatives on end-stage cancer patients when renal
dysfunction is observed and short prognosis is predicted
(e.g., by having a PaP Score above 11 points). By avoiding
magnesium oxide laxatives, hypermagnesemia may be
prevented.

Study limitations

This cross-sectional study has some limitations. First, it
failed to evaluate some rare genetic diseases, such as familial
hypercalciuric hypercalcemia, which were determined to be
risk factors of hypermagnesemia by earlier studies. However,
since these diseases are by definition rare, testing for them
would not have had a significant impact on the results of the
present study. Second, we did not measure the serum levels
of parathyroid hormone and parathyroid hormone-related
peptides in patients with observed hypercalcemia of the risk
factors of hypermagnesemia; thus, we cannot ensure that
these patients were accurately diagnosed. Finally, all the
participants were recruited from a single center; thus, they
could not represent the general population of end-stage
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cancer patients admitted to palliative care units, and the
results must be interpreted with caution.

Conclusions

Risk factors for hypermagnesemia in end-stage cancer
patients were renal dysfunction, short prognosis, such as
through a PaP Score of above 11 points, and magnesium
oxide laxative use. To prevent hypermagnesemia, it is
important not to use magnesium oxide laxatives on end-
stage cancer patients when renal dysfunction is observed
and a short prognosis is predicted. Other multicenter
studies are needed to validate the results of this study.
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