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Abstract 

Aims: We investigated the relationship between renal function and serum magnesium 

concentration in elderly patients treated with magnesium oxide (MgO) in an outpatient 

setting of an urban hospital in Japan. 

Methods: In the present study, 44 elderly outpatients (23 patients with constipation 

treated with daily oral MgO and 21 untreated patients in the control group) who visited 

Kameyama municipal medical center were enrolled. Variables were age, sex, weight, 

height, serum magnesium concentration, serum blood urea nitrogen level, serum 

creatinine level, use of other magnesium-containing supplements, and symptoms 

associated with hypermagnesemia. We calculated the estimated glomerular filtration 

rate (eGFR) and classified patients based on eGFR category. 

Results: Compared to the control group, the MgO group showed a significantly higher 

concentration of serum magnesium [median 2.2 mg/dL (interquartile range 2.1−2.3) vs. 

2.4 mg/dL (2.2−2.6), P < 0.001]. Hypermagnesemia (>2.6 mg/dL) was noted only in the 

MgO group. However, symptoms associated with hypermagnesemia occurred in patients 

from both groups, with no significant difference between groups. In the MgO group, 

significant difference was seen in the median serum magnesium concentration between 

eGFR categories (P < 0.05). The category G4 (eGFR 15−29 mL/min/1.73m2) group had 

the highest serum magnesium concentration in the MgO group [3.0 mg/L (2.9−3.1)]. 
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Conclusions: Elderly patients treated with MgO have higher serum magnesium levels 

compared to the control group. MgO should prescribed with caution in patients with low 

renal function as shown by a GFR category G3b or less (eGFR < 30 mL/min/1.73 m2).  

Keywords: elderly outpatients, estimated glomerular filtration rate, magnesium oxide, 

serum magnesium concentration.  

 

Introduction 

Constipation is a common health problem in the primary care setting.1 The prevalence 

of constipation in elderly people is high, and laxatives are frequently prescribed for these 

patients.2,3 Laxatives are classified into osmotic and stimulant types.4,5 The most 

commonly used osmotic laxatives in Japan are made of magnesium oxide (MgO). MgO is 

annually used by 45 million Japanese people.6 While MgO is a relatively safe drug, there 

is a potential risk of excessive absorption resulting in dose-dependent hypermagnesemia 

in patients with bowel disorder or renal insufficiency.7 In 2008, the Ministry of Health, 

Labour, and Welfare Ministry of Japan alerted healthcare facilities about a relationship 

between the use of MgO and hypermagnesemia.6 

 Total body magnesium concentration mainly depends on gastrointestinal absorption 

and renal excretion.8 Generally, renal function in the elderly is diminished, and drugs 

excreted from the kidney require a dose reduction.9 According to a previous study on the 

correlation between intake of MgO and serum magnesium concentration in elderly 

inpatients, patients with decreased renal function have a higher serum magnesium 

concentration.7 However, those results are not sufficient to establish a clear prescription 

criteria for MgO administration in elderly outpatients. Generally, physicians use 

estimated Glomerular filtration (eGFR) for evaluation of patient’s renal function, and 

classify eGFR into GFR category based on a clinical guideline. Therefore, we investigated 

the correlation between renal function classified by using international guidelines and 

serum magnesium concentration in elderly patients treated with MgO in the outpatient 

setting of an urban hospital in Japan. And the aim of study was to provide a clear 

prescription criteria for MgO administration in elderly outpatients. 

 

Method 

 

Study participants 

In the present study, we enrolled 44 elderly patients who visited Kameyama Municipal 

Medical Center from March 1, 2011 to October 31, 2011. Kameyama Municipal Medical 

Center is an urban small hospital in Kameyama City in the Mie prefecture and has 60 

sick beds. Of 44 patients, 23 had chronic constipation treated with daily oral MgO, and 
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21 untreated patients included in the control group. All patients were aged 65 years or 

older. We excluded patients who had chronic renal failure receiving hemodialysis, 

cognitive impairment, or acute disease. We recorded age, sex, daily dose of MgO, intake 

of other magnesium-containing supplements, and symptoms associated with 

hypermagnesemia. Symptoms of hypermagnesemia were defined as skin flushing, 

lethargy, headache, somnolence, and nausea.7,8,10,11 These symptoms were collected 

through personal interview. The study was approved by the local ethical committee at 

Kameyama city, and all participants signed an informed consent prior to their 

participation. 

 

Clinical and laboratory measurements 

Body weight and height were measured. Laboratory tests included measurements of 

serum magnesium concentration, blood urea nitrogen level, and serum creatinine level. 

We calculated the estimated glomerular filtration rate (eGFR) according to following 

equation suitable for the Japanese: eGFR = 194 × serum creatinine-1.094 × age-0.287 [×

0.739 if female].12 According to the KDIGO (Kidney Disease: Improving Global 

Outcomes) 2012 Clinical Practice Guidelines, we classified the participants’ renal 

function into GFR categories.13 The GFR categories are classified into five groups: G1 

(eGFR ≥ 90 mL/min/1.73m2), G2 (60−89), G3a (45−59), G3b (30−44), G4 (15−29), and G5 

(15>). 

 

Statistical analysis 

Continuous variables are presented as the median and interquartile range, and 

categorical variables are presented as the percentage. Patient age, body weight, height, 

and laboratory values were compared according to their intake of MgO using the Mann-

Whitney U test, and other categorical data were compared using Fisher’s exact test. In 

the MgO group, serum magnesium concentration according to GFR category was 

compared using the Kruskal-Wallis test. A P-value <0.05 was considered significant. All 

statistical analyses were carried out using EZR on R-commander (version 1.24 for 

Windows).14 

 

Results 

The clinical and laboratory characteristics of the study participants are shown in Table 

1. There were no significant differences in age, sex, height, and weight between groups. 

Some participants in both groups had symptoms associated with hypermagnesemia, 

with no significant difference between groups. None of the patients took other 

magnesium- containing supplements. The median daily dose of MgO was 1.0g (1.0−1.5) 
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in the MgO group. Compared to the control group, the MgO group showed a significantly 

higher concentration of serum magnesium [median 2.2 mg/dL (interquartile range 

2.1−2.3) vs. 2.4 mg/dL (2.2−2.6), P < 0.001], but there was no significant difference in 

serum blood urea nitrogen level, serum creatinine level, or eGFR values between groups.  

Hypermagnesemia (≥2.6 mg/dL) was only seen in the MgO group (Figure 1), with the 

highest serum magnesium level being 3.1 mg/dL. We classified all participants into two 

groups according to the serum magnesium concentration; normal group and 

hypermagnesemia group, and found no difference in the incidence of symptoms 

associated with hypermagnesemia (Table 2).  

In the MgO group, there was no significant correlation between age and serum 

magnesium concentration (r =0.238, P = 0.274). The number of patients in each GFR 

category group was not significantly different between the MgO group and the control 

group (Table 3).  

In the MgO group, the median serum magnesium concentration was significantly 

different according to eGFR category (P < 0.05) (Table 4). The GFR category G4 (GFR 

15−29 mL/min/1.73 m2) group had the highest serum magnesium concentration in the 

MgO group [3.0 mg/L (2.9−3.1)]. 

 

Discussion 

In our results, compared to the control group, the MgO group showed significantly higher 

concentration of serum magnesium. Furthermore, patients with low renal function, such 

as those in the GFR category G4 group (eGFR 15−29 mL/min/1.73 m2) had the highest 

levels of serum magnesium in the MgO group. These results suggest that physicians take 

caution when prescribing MgO for elderly patients with decreased renal function less 

than G3b of GFR category. 

Magnesium is the fourth most abundant cation in the body, and the second most 

prevalent intracellular cation. Total body magnesium levels depend mainly on 

gastrointestinal absorption and renal excretion. The kidney is the principal organ 

involved in magnesium regulation. Hypermagnesemia is rare and iatrogenic after 

intravenous magnesium or when magnesium-containing laxatives or supplements have 

been administered.8,15 Those most at risk are the elderly and patients with bowel 

disorders or renal insufficiency. In other words, the cause of hypermagnesemia includes 

intake of magnesium-containing drugs, decreased renal excretion, and rarely, 

redistribution with acidosis.8  

A previous study on 6,252 patients in Japan showed that only 51 patients (0.8%) had 

hypermagnesemia.10 All 51 patients received treatment with magnesium-containing 

drugs, while only a portion of them had renal failure. Another study on 996 patients with 
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electrolyte imbalance admitted to the emergency department in Turkey reported that 

only 10 patients (1.0%) were hypermagnesemic.16 These two reports suggest that 

hypermagnesemia is a rare electrolyte disorder and an iatrogenic cause.  

There are several reports on the correlation between intake of magnesium-containing 

laxatives and symptomatic hypermagnesemia worldwide. According to a case report in 

the United States, and South Korea, and two case reports in Japan, all patients had 

some degree of bowel disorder and all took magnesium-containing laxatives.11,17,18,19 In 

these cases, hypermagnesemia had an iatrogenic cause. 

Constipation is a common health problem in elderly.2-5 A previous study showed that 

70.7% of elderly residents of nursing homes in Spain have chronic constipation.2 In 

another report in China, 18.1% of the elderly population has constipation.3 Similarly, in 

Japan, constipation is expected as a common health problem in the elderly. Magnesium-

containing laxatives, such as MgO, are the most commonly prescribed osmotic laxatives 

in Japan.6 In addition over-the-counter magnesium-containing drugs such as antacids, 

many laxatives, and herbal supplements are easily available to the population.8 In 2008, 

the Ministry of Health, Labour, and Welfare Ministry of Japan called attention to all 

healthcare facilities in Japan on the relationship between the use of MgO and 

hypermagnesemia, and recommended that the serum magnesium concentration of such 

drugs users be checked regularly.6 However, serum magnesium concentration is not 

examined routinely in blood tests.16 After this recommendation was announced, several 

studies examining the relationship between serum magnesium concentration and intake 

of MgO were performed in Japan. 

 In a study of children with functional constipation treated with MgO, the serum 

concentration of magnesium in the MgO group was significantly higher than in the 

control group.20 The renal function of all participants were normal in that study, and the 

serum magnesium concentration decreased significantly with age. In our study, there 

was no significant correlation between serum magnesium concentration and age.  

In another study in patients from facilities for the physically and psychiatric 

handicapped, whose age ranged from 9 to 82 years, and whose GFR values, which 

indicate renal function, were in greater than the G2 category, there were no significant 

correlation between serum magnesium concentration and duration of intake of MgO, the 

daily dose of MgO, or patient renal function.21 In our study, the GFR values of our 

participants were classified into the G2, G3, or G4 category, and the median serum 

concentration of the G4 category group was significantly higher than that of the other 

groups. 

In a study of 1,282 elderly inpatients over 65 years of age, the serum concentration of 

magnesium in the MgO group was significantly higher than that in the control group.7 
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In addition, the serum magnesium concentration was significantly higher in patient with 

eGFR less than 30mL/min/1.73 m2 than in patients with eGFR more than 30 

mL/min/1.73 m2. According to KDIGO guidelines, patients with eGFR less than 30 

mL/min/1.73 m2 are classified into the G4 category. This result is similar to the finding 

of our study. However, differences with our study are that, in the previous study, the 

patients’ renal function was not classified based on the KDIGO guidelines, and that 

inpatients were included. In that study, the GFR categories are uniquely defined into 

five groups: Group 1 (eGFR < 30 mL/min/1.73 m2), Group 2 (30−59), Group 3 (60−89), 

Group 4 (90−129), and Group 5 (≤130).  

In these three Japanese studies, no patients developed symptomatic hypermagnesemia. 

In our study, symptoms associated with hypermagnesemia were compared between the 

normal group (1.4−2.5 mg/dL) and hypermagnesemia group (≥2.6 mg/dL), but no 

significant differences were noted (Table 2). We also assessed symptoms of 

hypermagnesemia (skin flushing, lethargy, headache, somnolence, and nausea), but 

these symptoms are not disease-specific but rather common symptoms that may occur 

in patients who do not have hypermagnesemia. Generally, the symptomatic 

hypermagnesemia may develop when the serum magnesium concentration is greater 

than 4.8 mg/dL.11 In fact, the maximum serum concentration of magnesium was 3.1 

mg/dL in our study. 

Our study had several limitations. First, our study included a small sample size. Second, 

we did not evaluate the conditions of the gastrointestinal tract of patients. Third, we did 

not check the patient’s compliance with intake of MgO. However, there are also several 

strengths to our study. First, to the best of our knowledge, this is the first study to 

evaluate the serum magnesium concentration of elderly patients treated with MgO 

according to GFR category based on KDIGO guidelines. Second, since we investigated 

elderly outpatients, our results are useful to primary care physicians. 

 In conclusion, elderly patients treated with MgO had elevated levels of serum 

magnesium compared to patients not treated with MgO. In patients with renal function 

lower than a GFR category of G3b (GFR < 30 mL/min/1.73 m2), physicians should 

prescribe MgO with caution.  
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Figure 1 

 

 

Figure legends 

Figure 1. Serum magnesium concentration in the magnesium oxide group and in the 

control group 
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Table 1. Clinical and laboratory characteristics of the study participants 

 Magnesium Oxide 

(n=23) 

Control 

(n=21) 

P-

value 

Age (years) 80.0 (77.5−85.5) 80.0 (76.0−85.0) 0.805 

Sex (proportion of men, %) 34.8 42.8 0.758 

Height (cm) 146.5 (143.0−157.0) 150.8 (144.0−157.0) 0.497 

Weight (kg) 49.0 (42.7−61.8) 50.1 (45.2−62.7) 0.563 

Symptoms of hypermagnesemia 

(number of patients) 

   

Skin flushing 1 2 0.599 

Headache 3 6 0.272 

Somnolence 3 6 0.272 

Lethargy 5 5 1 

Nausea 2 1 1 

Intake of other magnesium-

containing supplements  

(number of patients) 

0 0 NA 

Daily dose of MgO (g) 1.0 (1.0−1.5) 0 NA 

Serum Mg (mg/dL) 2.4 (2.2−2.6) 2.2 (2.1−2.3) <0.001 

Serum BUN (mg/dL) 17.0 (14.5−21.0) 18.0 (15.0−19.0) 0.962 

Serum Cr (mg/dL) 0.8 (0.7−1.2) 0.9 (0.7−1.0) 0.561 

eGFR (mL/min/1.73 m2) 50.6 (38.4−68.9) 60.8 (51.0−71.0) 0.269 

Continuous variables are presented as the median and interquartile range, and the 

proportion of men is presented as the percentage. Symptoms of hypermagnesemia and 

intake of other magnesium-containing supplements are presented as the actual 

number. MgO, magnesium oxide; Mg, magnesium; BUN, blood urea nitrogen; Cr, 

creatinine; eGFR, estimated glomerular filtration rate; NA, not applicable. 
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Table 2. Serum magnesium concentration and symptoms of hypermagnesemia 

 Hypermagnesemia 

group (n=6) 

Normal group 

(n=38) 

P-value 

Symptoms of hypermagnesemia 

(Number of patients) 

   

Skin flushing 0 3 1 

Headache 1 8 1 

Somnolence 1 8 1 

Lethargy 2 8 0.606 

Nausea 1 2 0.363 

Hypermagnesemia defined as a serum magnesium concentration greater than 2.6 

mg/dL, Normal serum magnesium concentration defined by a range of 1.6−2.5 mg/dL. 

 

 

 

 

 

 

Table 3. Number of patients in each GFR category 

 Magnesium Oxide 

(n=23) 

Control 

(n=21) 

P-value 

GFR categories (mL/min/1.73 m2)    

G1 ≥90 0 0 NA 

G2 60−89 9 11 0.545 

G3a 45−59 5 6 0.732 

G3b 30−44 6 2 0.245 

G4 15−29 3 2 1 

G5 <15 0 0 NA 

Data are presented as the actual number. GFR, glomerular filtration rate; NA, not 

applicable. 
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Table 4. Serum magnesium concentration in each GFR category in the MgO group 

 Serum magnesium concentration (mg/dl) 

GFR categories (mL/min/1.73 m2)  

G1 ≥90 No case 

G2 60−89 2.4 (2.2−2.5) 

G3a 45−59 2.3 (2.2−2.4) 

G3b 30−44 2.4 (2.3−2.4) 

G4 15−29 3.0 (2.9−3.1) 

G5 <15 No case 

P-value 0.0451 

Data are presented as the median and interquartile range. GFR, glomerular filtration 

rate; MgO, magnesium oxide. 

 

 

 

 


