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ABSTRACT
Aim: Hypomagnesaemia has been reported associated
with long-term proton pump inhibitor (PPI) treatment.
However, there have been no studies in Japanese
patients. We therefore assessed the effects of long-term
PPI use on serum magnesium concentrations in
Japanese patients.
Methods: Data from 481 outpatients who visited our
centre in October and November 2011 were reviewed to
determine their underlying diseases, oral medications,
including PPIs, and serum magnesium concentrations.
The association between PPI use and serum Mg
concentrations was assessed by multiple linear
regression analysis.
Results: Serum magnesium concentrations were
significantly lower in PPI users (n=199) than in PPI non-
users (n=282; 1.86±0.21 vs 1.91±0.19 mg/dL, p<0.01).
Multiple linear regression analysis showed that the
presence or absence of cirrhosis and PPI use was a
significant predictor of magnesium concentration. In
evaluating magnesium concentrations among PPI users
and non-users with and without cirrhosis, we found that
mean serum magnesium concentrations in patients with
cirrhosis were significantly lower in PPI users than non-
users (1.78±0.22 vs 1.87±0.22 mg/dL, p=0.03).
Conclusions: Outpatients receiving long-term PPI
treatment had significantly lower serum magnesium
concentrations than those not treated with PPI. To the
best of our knowledge, this study is the first to show
hypomagnesaemia in Japanese patients with cirrhosis
receiving long-term PPI treatment.

INTRODUCTION
Proton pump inhibitors (PPIs) are widely used
to treat gastrointestinal disorders, such as
gastric ulcers, duodenal ulcers and reflux
oesophagitis.1 Because these drugs are well tol-
erated, increased numbers of patients receive
long-term PPI treatment. However,
PPI-associated hypomagnesaemia has been
reported in several patients in the USA and
Europe.2 Magnesium is the fourth most
common cation in the body. Although found
primarily in the muscles and bones and a con-
stituent of numerous body structures,

magnesium is also essential for enzymes
involved in generating ATP, thus playing a key
role in regulating numerous physiological func-
tions.3 Hypomagnesaemia may result from diar-
rhoea or malabsorption or it can be induced by
medications such as cisplatin preparations.4

Although hypomagnesaemia may cause serious
conditions, such as tetany, spasms and arrhyth-
mias, some patients are asymptomatic. Thus,
the specific incidence of hypomagnesaemia
associated with PPIs remains unknown.
In May 2011, the US Food and Drug

Administration issued an alert stating that the
long-term use of PPIs may result in hypomag-
nesaemia.5 Serum magnesium concentrations
were found to be significantly lower in the
western inpatients and outpatients who

Summary box

What is already known about this subject?
▸ Hypomagnesaemia may result from diarrhoea or

malabsorption or it can be induced by medica-
tions such as cisplatin preparations.

▸ The US Food and Drug Administration issued an
alert stating that the long-term use of proton pump
inhibitors (PPIs) may result in hypomagnesaemia.

▸ Statistically significant relations were observed
between lower serum magnesium concentra-
tions and PPI treatment in US inpatients.

What are the new findings?
▸ Statistically significant relations were observed

between lower serum magnesium concentra-
tions and PPI treatment in Japanese outpatients.

▸ Serum magnesium levels did not differ among the
groups of patients taking the three types of PPIs.

▸ PPI users with cirrhosis had significantly lower
serum magnesium levels than non-users with
cirrhosis and than patients without cirrhosis,
regardless of PPI use.

How might it impact on clinical practice in
the foreseeable future?
▸ PPIs are frequently used in everyday medical

practice. Although PPI-induced hypomagnes-
aemia is extremely rare, it may be life threaten-
ing in some patients.
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received long-term PPI treatment compared with those
who did not.6 7 Serum magnesium concentrations of
patients receiving PPIs have only been rarely investigated
in Japan, and there is only one case report.8 We therefore
examined the effect of long-term use of PPIs on serum
magnesium concentrations in Japanese outpatients.

METHODS
We studied 1742 individuals treated as outpatients at
the Ishikawa Prefectural Central Hospital between
October and November 2011. Our general hospital
has a focus on digestive diseases. The study partici-
pants were 481 outpatients who met the inclusion cri-
teria as follows: age >20 years and no history of
hospitalisation within 1 week of blood sampling.
Exclusion criteria were as follows: dialysis patients and
patients who were administered magnesium oxide,
diuretics or cisplatin preparations that may have
affected serum magnesium. Cirrhosis was defined by
clinical findings, blood examination data and image
diagnosis (CT or ultrasound). Outpatients underwent
blood sampling in the morning after at least a 12 h
overnight fast. We measured serum magnesium levels
in units of 0.1 mg/dL. Patient records were retrospect-
ively reviewed to determine their underlying diseases
(hypertension, diabetes, cirrhosis and dyslipidaemia),
possibility of ingestion, oral medications used, long-
term use of PPIs and serum magnesium concentra-
tions. Patients administered a PPI for >1 year were
regarded as PPI users, whereas those administered a
PPI for <1 year or not at all were considered PPI
non-users. At the time this study was conducted, only
three PPIs were approved for clinical use in Japan:
omeprazole, lansoprazole and rabeprazole. The dose
of each drug was omeprazole 20 mg, lansoprazole 15
or 30 mg and rabeprazole 10 mg. Further, during this
study, none of the patients were hospitalised for hypo-
magnesaemia. The protocol and consent form for this
study were approved by the Institutional Review Board
of Ishikawa Prefectural Central Hospital, and all
patients provided written informed consent.

Statistical analysis
Mean, SD and percentage with frequency were used to
report continuous and discrete variables. χ2 test or two-
sample t test was used to assess significant differences
between two groups. Multiple linear regression analysis
was used to determine whether serum Mg concentrations
were significantly associated with PPI use; the mode was
adjusted for potential confounders, including age, sex,
diagnosis of cirrhosis, diabetes, hypertension, dyslipidae-
mia and PPI. A p value <0.05 was considered statistically
significant. All statistical analyses were performed using
SPSS II statistical software (SPSS Japan Inc, Tokyo, Japan).

RESULTS
Patient characteristics are shown in table 1. Serum magne-
sium concentrations were significantly lower in PPI users
than in PPI non-users (1.86±0.21 vs 1.91±0.19 mg/dL,
p<0.01). The distribution of serum magnesium concentra-
tions in PPI users and non-users is shown in figure 1. Of
the 481 patients, 199 were PPI users and 282 were PPI
non-users (administered a PPI or not at all: 263 patients;
period of 6 months from 1 month: 15 patients; period of
1 year from 6 months: 4 patients). Their mean ages were
67.5±11.7 and 62.8±14.6 years, respectively (p<0.01).
Serum magnesium stratified by age is shown in table 2.
There were significant differences in serum magnesium in
PPI users (1.86±0.04 mg/dL) and non-users (1.91
±0.04 mg/dL) in patients aged >61 years.
Their underlying diseases included hypertension in

30.2% and 20.2%, respectively (p<0.01), and dyslipidae-
mia in 17.6% and 7.8%, respectively (p<0.01). There
were no significant differences between PPI users and
non-users in the occurrence of cirrhosis or diabetes.
Serum creatinine concentrations were significantly
higher in PPI users than in PPI non-users (0.79±0.30 vs
0.73±0.26 mg/dL, p<0.01). Serum albumin concentra-
tions did not differ significantly between PPI users and
PPI non-users (table 1). Serum magnesium concentra-
tions were similar in patients taking the PPI omeprazole
(1.86±0.24 mg/dL), lansoprazole (1.86±0.17 mg/dL)
and rabeprazole (1.86±0.20 mg/dL; table 3).

Table 1 Patient demographic and clinical characteristics

PPI users (n=199) PPI non-users (n=282) p Value

Age Year, mean±SD (range) 67.5±11.7 (31–91) 62.8±14.6 (20–87) <0.01*

Sex Male/female 108 (54.2%)/91 (45.8%) 151 (53.5%)/131 (46.5%) NS†

Cirrhosis Present/absent 55 (27.6%)/144 (72.4%) 57 (20.2%)/225 (79.8%) 0.06†

Diabetes Present/absent 26 (13.1%)/173 (86.9%) 34 (12.1%)/248 (87.9%) NS†

Hypertension Present/absent 60 (30.2%)/139 (69.8%) 57 (20.2%)/225 (79.8%) <0.01†

Dyslipidaemia Present/absent 35 (17.6%)/164 (82.4%) 22 (7.8%)/260 (92.2%) <0.01†

Serum Cr mg/dL, mean±SD (range) 0.79±0.30 (0.35–3.68) 0.73±0.26 (0.26–2.73) <0.01*

Serum Mg mg/dL, mean±SD (range) 1.86±0.21 (1.2–2.5) 1.91±0.19 (1.1–2.5) <0.01*

Serum Alb g/dL, mean±SD (range) 4.06±0.54 (2.5–5.1) 4.08±0.53 (2.4–5.2) NS*

*Calculated using the t test.
†Calculated using the χ2 test.
PPI, proton pump inhibitor; NS, no significance.
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Linear regression analysis for each patient characteris-
tic, with use or non-use of a PPI as an explanatory vari-
able and serum magnesium concentration as a response
variable, showed that the latter differed significantly in
patients with and without liver cirrhosis and with and
without PPI use (table 4). Multiple linear regression ana-
lysis showed that both of these factors were significantly
predictive of magnesium concentration (table 5). Serum
magnesium concentration was significantly lower in
patients with and without cirrhosis (1.82±0.22 vs 1.91
±0.19 mg/dL, p<0.01; figure 2). Among patients with cir-
rhosis, long-term PPI users had significantly lower serum
magnesium level than PPI non-users (1.78±0.22 vs 1.87
±0.22 mg/dL, p=0.03). Although among the non-
cirrhosis patients, long-term PPI users did not have sig-
nificantly lower serum magnesium levels than PPI
non-users (1.89±0.20 vs 1.92±0.18 mg/dL).

DISCUSSION
We have shown here that serum magnesium concentra-
tions were lower in Japanese outpatients who did receive
long-term PPI treatment than in those who did not.
Although several cases of PPI-associated

hypomagnesaemia have been reported in the USA and
Europe,2 9–12 only one has been reported in Japan.8

Hypomagnesaemia has been observed in >20% of hos-
pitalised patients and in 65% of patients in intensive care
units.13–15 Among US inpatients, those who received
long-term PPI treatment had significantly lower serum
magnesium levels than PPI non-users.6 Our results in
Japanese outpatients were similar to those reported for
US inpatients and indicate that PPI-induced hypomag-
nesaemia is also highly probable among outpatients.
Magnesium is the fourth most common cation in the

body, with a standard concentration range of 1.9–
3.1 mg/dL. Maintaining serum magnesium levels
depends primarily on food intake and effective function
by the kidneys and small intestine.3 Hypomagnesaemia
may be caused by diarrhoea; malabsorption syndrome;
malabsorption caused by excessive alcohol consumption;
and nephrotoxic agents such as cisplatin, amphotericin
B and cyclosporine.4 Because magnesium is essential for
the enzymatic reactions involved in generating ATP as
well as for enzymes that are involved in nucleic acid
metabolism, magnesium insufficiency can affect ATP
generation and neural transmission.
The mechanism of PPI-induced hypomagnesaemia has

not yet been determined. Renal magnesium wasting has
not been observed to date in patients with PPI-induced
hypomagnesaemia, suggesting that the latter is associated
with the gastrointestinal system. Magnesium is absorbed
in the small intestine through active and passive transport
systems. Active transcellular process mediated by the
transport proteins TRPM6 and TRPM7 are normally
responsible for approximately 30% of the absorption,
while a passive paracellular pathway through enterocyte
tight junctions is responsible for the remaining 70%.16 17

The functions of these TRPM6 and TRPM7 channels

Table 2 Serum magnesium stratified by age

Age

Serum Mg, mg/dL,

mean±SD p Value

20–60 PPI-user (n=43) 1.87±0.04 0.44

Non-user (n=91) 1.90±0.04

61∼ PPI-user (n=156) 1.86±0.04 <0.01

Non-user (n=192) 1.91±0.04

Calculated using the t test.
PPI, proton pump inhibitor.

Figure 1 Distribution of serum magnesium concentrations in proton pump inhibitor (PPI) users and non-users.

Table 3 Serum magnesium concentrations in patients receiving three types of PPIs

OPZ (n=77) LPZ (n=39) RPZ (n=83)

Serum Mg mg/dL, mean±SD (range) 1.86±0.24 (1.3–2.5) 1.86±0.17 (1.5–2.3) 1.86±0.20 (1.2–2.5)

LPZ, lansoprazole; OPZ, omeprazole; PPI, proton pump inhibitor; RPZ, rabeprazole.
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may be impaired by a lack of protons or affected patients
may be heterozygous for mutations in the TRPM6
genes.4 18 Alternatively, the passive paracellular transport
mechanism may be much less efficient.
Clinical symptoms have often been observed in patients

with serum magnesium concentrations <1.2 mg/dL.16

Of our patients, one PPI user and one PPI non-user
had serum magnesium concentrations below 1.2 mg/dL,
although neither was clinically symptomatic. Although
serum magnesium levels were significantly lower in PPI
users than in non-users, few had concentrations low
enough to trigger clinical symptoms. Patients with

PPI-associated hypomagnesaemia had extremely low
magnesium levels.3 4 6 7 11 19 Although additional patients
should be examined, patients with extremely low magne-
sium levels may have factors that could further exacerbate
PPI-induced hypomagnesaemia.
Serum magnesium concentrations decreased with

increasing age in PPI users (table 2). Age was not a sig-
nificant factor in our multivariate analysis (table 5).
Therefore, hypomagnesaemia should be carefully moni-
tored even in patients receiving long-term PPI treatment.
Serum magnesium levels did not differ among the

groups of patients taking the three types of PPIs.
Long-term administration of all these preparations, ome-
prazole, lansoprazole and rabeprazole, has been
reported to result in hypomagnesaemia. Therefore,
regardless of the preparation used, hypomagnesaemia
should be carefully monitored in patients receiving long-
term PPI treatment.
Our study also showed that cirrhosis was associated

with hypomagnesaemia. Because biosynthesis reactions
and reactions involving trace elements occur in the liver,
patients with cirrhosis have reduced trace element con-
centrations as well as low serum magnesium.20 We found
that serum magnesium levels were lower in patients with
cirrhosis than in those without. Further, PPI users with
cirrhosis had significantly lower serum magnesium levels
than non-users with cirrhosis and than patients without
cirrhosis, regardless of PPI use (figure 2). Although the
effect of long-term PPI administration on serum magne-
sium levels in patients with cirrhosis has not yet been
examined in detail and PPI-induced hypomagnesaemia
is rare, it may be life threatening in Japanese outpatients
with cirrhosis.
This study had several limitations. First, it was per-

formed at a single institution. Since PPI-associated hypo-
magnesaemia is extremely rare, randomised comparative
trials of serum magnesium concentrations and PPI use
were virtually impossible. Second, the study included
only outpatients who underwent blood sampling. Blood

Table 5 Multiple linear regression analysis of factors

predictive of lower serum magnesium concentration

Variables

Standardised

coefficients p Value 95% CI

Cirrhosis −0.17 0.01 −0.12 −0.04
PPI −0.11 0.02 −0.08 −0.01
PPI, proton pump inhibitor.

Table 4 Univariate analysis of the association between

patient characteristics and serum magnesium

concentrations

Variables

Standardised

coefficients p Value 95% CI

Age 0.04 0.38 −0.00 0.01

Sex 0.03 0.52 −0.02 0.04

Cirrhosis −0.18 0.00 −0.12 −0.04
Diabetes −0.02 0.71 −0.06 0.04

Hypertension 0.00 0.92 −0.04 0.04

Dyslipidaemia −0.02 0.58 −0.07 0.04

PPI −0.12 0.01 −0.09 −0.01
Serum Cr 0.03 0.49 −0.03 0.07

Serum Alb 0.02 0.96 −0.03 0.03

PPI, proton pump inhibitor.

Figure 2 Serum magnesium

levels in cirrhosis and

non-cirrhosis (PPI, proton pump

inhibitor) users.
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is sampled from only some outpatients, introducing a
selection bias and preventing these results to be extrapo-
lated to normal healthy adults. Third, a history of
whether these patients took supplements containing
magnesium was not evaluated completely. Although the
study protocol excluded patients with a history of admin-
istration of medications that are believed to affect serum
magnesium levels, supplements containing magnesium
were not assessed and may have affected our results.
Fourth, nutritional status (diet, alcohol intake and diar-
rhoea) that could affect serum magnesium levels was
unknown in this study.

CONCLUSION
PPIs are frequently used in everyday medical practice.
PPI-induced hypomagnesaemia may be life threatening
in some patients. Some patients with PPI-induced hypo-
magnesaemia are asymptomatic, and this may be over-
looked because of lack of information. Thus, we
recommend that serum magnesium concentrations be
measured periodically in outpatients receiving long-term
PPI treatment. To the best of our knowledge, this study is
the first to show an association between long-term PPI
treatment and hypomagnesaemia in patients with cirrho-
sis. It is necessary to recognise the possibility of hypomag-
nesaemia when treating cirrhosis patients with PPIs.
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