ORIGINAL ARTICLES

Laboratory of Public Health', Division of Drug Informatics?, Faculty of Pharmacy, Kindai University, Osaka, Japan

Adverse event profiles of hypomagnesemia caused by proton pump
inhibitors using the Japanese Adverse Drug Event Report (JADER) Database

K.YamasHiro!, K. Hosowmi?, S. Yokoyama?, F. Ocata’, T. Nakamura', N. Kawasaki'*

Received May 7, 2022, accepted June 17, 2022

*Corresponding author: Naohito Kawasaki, Laboratory of Public Health, Faculty of Pharmacy, Kindai University,
3-4-1, Kowakae, Higashi-Osaka, Osaka, 577-8502, Japan kawasaki @ phar.kindai.ac.jp

Pharmazie 77: 243-247 (2022) doi: 10.1691/ph.2022.2416

Proton pump inhibitors (PPIs) are commonly used for the prevention or treatment of gastric ulcers, but they can
induce hypomagnesemia. Little is known about the onset duration and risk factors related to patient charac-
teristics of this adverse event in Japanese patients. Therefore, we analyzed the time-to-onset of PPI-induced
hypomagnesemia and evaluated the association between hypomagnesemia and PPIs using the Japanese
Adverse Drug Event Report (JADER) database. We analyzed hypomagnesemia cases between 2004 and 2021.
The time-to-onset analysis was performed using the Weibull distribution, and the adjusted reporting odds ratio
(aROR) or 95% confidence interval (95% CI) was calculated using a multiple logistic regression analysis. The
analysis database comprised 236,525 cases, with 188 cases associated with hypomagnesemia. The median
onset duration (interquartile range) of PPI-induced hypomagnesemia was 99.0 (51.8-285.5) days, which is
considered the random failure type. The multiple logistic regression analysis revealed that hypomagnesemia is
significantly associated with male sex (aROR, 95% CI: 1.66, 1.23-2.25), age < 60 (1.59, 1.14-2.21), estimated
body-mass index (eBMI) (0.94, 0.91-0.98), PPIs (1.66, 1.18-2.30), and the interaction of age (<60)*PPIs (1.58,
1.13-2.19). However, diuretics were not significantly associated with hypomagnesemia. Our results suggest
that serum magnesium levels should be measured regularly regardless of the duration of PPl use, especially in
patients with male sex, age < 60, or low BMI. These findings will assist health professionals in the adequate use

of PPIs. These findings need to be evaluated by cohort studies and long-term clinical investigations.

1. Introduction

Hypomagnesemia can be induced by long-term use of proton
pump inhibitors (PPIs) (Florentin and Elisaf 2012). PPIs and
potassium-competitive acid blockers are used for the prevention
of gastric ulcers caused by long-term use of corticosteroids and
nonsteroidal anti-inflammatory drugs (Bardhan et al. 1991; Sava-
rino et al. 2017; Yeomans et al. 1998), and they are commonly
used over long-term periods. The relationship between PPI admin-
istration and hypomagnesemia was first reported in 2006 (Epstein
et al. 2006; Swaminathan 2015), and previous studies have agreed
with this finding (Boonpheng et al. 2019; Cheungpasitporn et al.
2015; Morii et al. 2022; Recart et al. 2021; Srinutta et al. 2019).
PPIl-induced hypomagnesemia is a rare adverse event, and it is
difficult to determine the exact administration period. Although
data regarding a time-to-onset profile are needed to evaluate the
cause of drug-induced hypomagnesemia, few studies have inves-
tigated time-to-onset.

One possible mechanism underlying PPI-induced hypomagne-
semia is PPI’s impairment of intestinal magnesium absorption. PPI
administration increases pH in the intestine, can change the affinity
of the transient receptor potential melastatin-6 and 7 channel,
and reduces active transport of magnesium ions (Bai et al. 2012;
Perazella 2013). Severe hypomagnesemia is reportedly difficult
to treat by magnesium injection (Fakih et al. 2006). PPI-induced
hypomagnesemia can be treated by discontinuing PPI therapy and
converting to a histamine-2 receptor antagonist (H-RA) (Hoorn
et al. 2010). The concomitant use of PPIs and diuretics induces
hypomagnesemia (Danziger et al. 2013) because diuretics inhibit
the control of magnesium in the kidney (Dai et al. 2001). The risk
of PPIl-induced hypomagnesemia has been found to be higher in
males and in the elderly population (Luk et al. 2013). Previous
studies have suggested that PPI-induced hypomagnesemia is asso-
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ciated with patient characteristics such as sex, age, and concomitant
drugs; however, data on the participant characteristics are limited.
The Japanese Adverse Drug Event Report (JADER) database is
a spontaneous reporting system (SRS) developed by the Pharma-
ceuticals and Medical Devices Agency (PMDA). Although various
biases can affect study outcomes with use of the JADER database
(de Boissieu et al. 2014; Pariente et al. 2012), the JADER is a
valuable tool that can be used to evaluate drug-associated rare and
severe adverse events.

Luk et al. (2013) had reported an association between PPIs and
hypomagnesemia in an SRS provided by the US Food and Drug
Administration. Kambara et al. (2020) reported a safety profile
of vonoprazan compared with proton pump inhibitors using the
JADER. However, this previous study has not evaluated the patient
characteristics associated with PPI-induced hypomagnesemia, and
no data exist on the association between PPIs and hypomagnesemia
in the JADER. It is necessary to investigate PPI’s adverse events
in Japan using the JADER database to examine whether PPIs are
associated with hypomagnesemia.

Data on the time-to-onset profile or risk factors for PPI-induced
hypomagnesemia in Japanese patients is lacking. It is important for
appropriate use of PPIs to obtain data on the time-to-onset profile
and the characteristics of patients with PPI-induced hypomagne-
semia. Therefore, in the present study, we analyzed the time-to-
onset of PPI-induced hypomagnesemia using the Weibull distribu-
tion and we evaluated the association between hypomagnesemia
and PPIs using multiple logistic regression.

2. Investigations and results

The (a) DEMO table included 678,913 cases; the (b) DRUG
table included 3,819,667 cases; and the (¢c) REAC table included
1,072,444 cases. After excluding duplicates and cases with missing
data, 236,525 cases were analyzed, and we identified 188 cases of
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Fig. 1: Histogram and Weibull shape parameter of hypomagnesemia in (A) PPIs and (B) other drugs

hypomagnesemia. The number of hypomagnesemia cases was 122
in males and 66 in females. Similarly, the number of hypomag-
nesemia cases was 71 in those aged 0-59 years and 117 in those
aged 60 years or older. The meanz+standard deviation (minimum to
maximum) of estimated BMI (eBMI) was 21.0 + 3.7 (11.4-31.2)
kg/m? in hypomagnesemia cases and 21.8 + 3.9 (11.3-31.2) kg/m?
in non-cases.

To evaluate time-to-onset of hypomagnesemia, we included in
the analysis the reports that had complete information from “All
reports” regarding the date treatment was started and the date
of hypomagnesemia onset. Figure 1 shows the histogram and
Weibull shape parameter of hypomagnesemia. In PPIs, the median
and interquartile range (IQR) of onset duration was 99.0 and
51.8-285.5 days. The minimum and maximum duration were 8
and 1392 days, respectively. Furthermore, the o and 3 values were
223.67 (119.30-405.09) and 0.76 (0.54-1.01), respectively. The
95% confidence interval (CI) of the  value was 1, and the onset of
hypomagnesemia was considered the random failure type. In other
drugs, the median onset duration was 40.0 (14.0-90.0) days, and
the o and B value were 65.09 (52.94-79.68) and 0.78 (0.69-0.87),
respectively. The onset of hypomagnesemia in other drugs was
considered the early failure type.

Table 1 shows the number of cases and reporting odds ratios
(ROR) of PPIs, diuretics, and H2-RAs. A disproportionate occur-
rence of hypomagnesemia was observed in PPI users (crude ROR
[cROR] 1.42, 95% CI 1.03-1.97), whereas it was not observed
in H>-RA users (cROR 1.15, 95% CI 0.73-1.81). Especially in
PPIs, this disproportionality was observed in patients who used
esomeprazole or vonoprazan (cROR 2.28, 95% CI 1.32-3.93 and
cROR 4.03, 95% CI 2.13-7.63, respectively). A disproportional
occurrence of hypomagnesemia was observed in patients who
used potassium-sparing diuretic/aldosterone antagonists (PSD/
AA) or carbonic anhydrase inhibitors (CAI) (cROR 2.07, 95%
CI 1.20-3.58 and cROR 5.41, 95% CI 1.34-21.85, respectively),
whereas it was not observed in diuretics users overall (cCROR 1.34,
95% C10.91-2.00). The cROR with 95% CI for analogous thiazide
and cimetidine could be not calculated.

Table 2 shows a multiple logistic regression analysis of hypo-
magnesemia using variables of drug and patient background. In
all cases, the multiple logistic regression analysis revealed that
hypomagnesemia is significantly associated with sex (p = 0.001),
age < 60 (p = 0.006), eBMI (p = 0.002), and PPIs (p = 0.003).
The adjusted ROR (aROR) (95% CI) of sex, age, eBMI, and PPIs
was 1.66 (1.23-2.25), 1.59 (1.14-2.21), 0.94 (0.91-0.98), and 1.66
(1.18-2.30), respectively. The interaction of age (<60)*PPIs was
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Table 1: Number of cases and ROR of PPIs, diuretics, and H>-RAs

Hypomagnesemia

Cases Non-cases Crude 95% CI
188 236,337 ROR
PPIs 50 47,925 1.42 1.03-1.97
Omeprazole 6 6,972 1.08 0.48-2.45
Lansoprazole 19 21,497 1.12 0.70-1.81
Rabeprazole 5 9,993 0.62 0.25-1.50
Esomeprazole 14 8,059 2.28 1.32-3.93
Vonoprazan 10 3,249 4.03 2.13-7.63
Diuretics 29 28,225 1.34 0.91-2.00
Thiazide 5 4,689 1.35 0.55-3.28
Thiazide analogous 0 942 N/A N/A
Loop 20 21,755 1.17 0.74-1.87
PSD/AA 14 8,826 2.07 1.20-3.58
CAI 2 469 5.41 1.34-21.85
H2-RAs 21 23,357 1.15 0.73-1.81
Roxatidine 1 594 2.12 0.30-15.17
Famotidine 19 19,339 1.26 0.78-2.03
Cimetidine 0 959 N/A N/A
Lafutidine 1 1,703 0.74 0.10-5.26
Nizatidine 1 981 1.28 0.18-9.16

PPI: proton pump inhibitor; PSD/AA: potassium-sparing diuretic/aldoste-
rone antagonist; CAI: carbonic anhydrase inhibitor; H2-RA: histamine-2
receptor antagonist. Using all cases (236,525 cases) from the JADER
dataset from April 2004 to January 2021. The reporting odds ratio (ROR)
and 95% confidence intervals (95% CI) of hypomagnesemia were calcu-
lated for PPIs, diuretics, and H2-RAs. N/A: not available.

also significant, and the aROR (95% CI) was 1.58 (1.13-2.19).
However, diuretics were not significantly associated with hypo-
magnesemia. In PPI cases, the multiple logistic regression analysis
revealed that PPI-induced hypomagnesemia is significantly associ-
ated with the male sex (p = 0.045), age < 60 (p = 0.001), and eBMI
(p = 0.023), and these aRORs (95% CI) were 1.85 (1.03-3.44),
2.53 (1.42-4.42), and 0.92 (0.85-0.99), respectively.

Pharmazie 77 (2022)



ORIGINAL ARTICLES

Table 2: Multiple logistic regression analysis of hypomagnesemia using
drug and patient background variables

Variable All cases PPI cases

aROR  95%CI  p-value aROR  95%CI  p-value
Sex 1.66  1.23-2.25 0.001%** 1.85 1.03-3.44 0.045*
Age 1.59  1.14-2.21 0.006** 2.53  1.42-4.42 0.001%*
eBMI 0.94  0.91-0.98 0.002%%* 0.92  0.85-0.99 0.023*
PPIs 1.66  1.18-2.30 0.003**
Diuretics
Sex*Age
Sex*eBMI
Sex*PPIs

Sex*Diuretics

Age*eBMI

Age*PPlIs 1.58  1.13-2.19 0.007**
Age*Diuretics

eBMI*PPIs

eBMI*Diuretics

PPIs*Diuretics

Sex: male vs. Female; age: <60 vs. 260, eBMI: estimated body-mass
index (kg/m?); PPI: proton pump inhibitor. Using all cases (236,525
cases) from the JADER dataset from April 2004 to January 2021. The
adjusted reporting odds ratio (aROR), 95% confidence intervals (95% CI),
and p-value of hypomagnesemia were calculated using a multiple logistic
regression analysis. The effectiveness of explanatory variables was evalu-
ated using the stepwise method with a significance level of 0.05 (forward,
and backward).*p<0.05, **¥p<0.01.

3. Discussion

In the present study, we analyzed the time-to-onset of PPI-induced
hypomagnesemia, and also evaluated the association between
hypomagnesemia and PPIs. Our results suggest that serum magne-
sium levels should be measured regularly regardless of the dura-
tion of PPI use, especially in patients with male sex, age < 60, or
low BML.

Our results showed the median onset duration (IQR) of hypomag-
nesemia was 99.0 (51.8-285.5) days for PPIs and 40.0 (14.0-90.0)
days for other drugs. The time-to-onset profile of PPIs was consid-
ered the random failure type, whereas that of other drugs was
considered the early failure type in this study. The onset duration
of PPIl-induced hypomagnesemia has been reported to be more
than 1 year (Florentin and Elisaf 2012). Hess et al. (2012) had indi-
cated the time-to-onset of PPI-induced hypomagnesemia ranged
from 14 days up to 13 years, with a mean of 5.5 years. Meanwhile,
the duration of PPI use was not significantly associated with serum
magnesium levels (Mikolasevic et al. 2016). These findings and
our results indicate that the time-to-onset of PPI-induced hypo-
magnesemia is more variable than with other drugs. In these
cases, it is important to evaluate the risk factors related to patient
characteristics and to monitor long-term serum magnesium levels
compared with other drugs.

Our findings showed a disproportionality of hypomagnesemia in
PPI users especially those who used esomeprazole and vonoprazan,
whereas it was not observed in the patients who used H>-RAs or
diuretics, excluding PSD/AA and CAI The mechanism of PPI-in-
duced hypomagnesemia has been considered to be PPI adminis-
tration increasing intestinal pH, which can reduce active transport
of magnesium ions (Bai et al. 2012; Perazella 2013). On the other
hand, previous studies have shown that drugs that inhibit acid
secretion, such as H:-RA, do not induce hypomagnesemia (Hess
et al. 2012; Zipursky et al. 2014). Reportedly, the acid-inhibitory
effect of PPIs is stronger than that of H-RA and is poorer overnight
than in the daytime (Tutuian et al. 2000; Xue et al. 2001). For this
reason, PPIs might inhibit the absorption of magnesium from a meal
more than H>-RA. Additionally, tolerance to famotidine is reported
to occur during continuous administration for 14 days (Komazawa
et al. 2003). These findings suggest that H--RA does not induce
hypomagnesemia. Our results showed that a disproportionality of
hypomagnesemia was not observed in patients who used diuretics,
excluding PSD/AA and CAI Loop and thiazide diuretics are known
to induce hypomagnesemia, which results from decreased magne-
sium reabsorption by inhibition of the electrical gradient in the thick
ascending loop (Ahmed and Mohammed 2019; Topf and Murray
2003). We assume it is for this reason that no hypomagnesemia
disproportionality was observed in the patients who used loop or

All reports in the JADER from April 2004 to January 2021 (678,913 cases)

Complete
treatment and date of hypomagnesemia onset.

Time-to-onset analysis

information of date of starting

A 4

Median (interquartile), Weibull parameter

Reports limited with complete information of sex, age, height, and weight (241,901 cases)

v

Estimated BMI (eBMI) was calculated, and the range was limited to
1.5 times the interquartile range * 25th or 75th percentile.

Analysis table (236,525 cases)

Reports limited with complete information of sex, age, and eBMI

Reporting odds ratio calculation, Multivariate logistic regression analysis

Fig. 2: Flowchart for dataset construction from the JADER
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Cases of interest Other cases Total
Drugs of interest A B A+B
All other drugs C D C+D
Total A+C B+D A+B+C+D

AD
Reporting odds ratio (ROR) = E

95% confidence interval (Cl) = exp|In(ROR) + 1.96 x /% + % + % +%

Fig. 3: Two-by-two contingency table for calculating the ROR and 95% CI of hypomagnesemia

thiazide in this study. Although PSD/AA is considered not to induce
hypomagnesemia because PSD/AA decreases magnesium excretion
(Ahmed and Mohammed 2019), a disproportionality of hypomag-
nesemia was observed in patients who use PSD/AA in the present
study. Additionally, CAI carries a light risk of hyponatremia and
hypokalemia (Kataoka 2018), and the onset of hypokalemia is asso-
ciated with magnesium deficiency (Baaij et al. 2015). Our results
could indicate that PSD/AA and CALI are potential risk factors for
hypomagnesemia. Nevertheless, the use of loop and thiazide is a risk
factor for hypomagnesemia, and their concomitant use with other
drugs could enhance this phenomenon.

The multiple logistic regression analysis revealed that PPI-induced
hypomagnesemia is significantly associated with male sex, age <
60, and eBMI. A previous meta-analysis has shown that obesity
induces hypomagnesemia (Cruz et al. 2020). Hyperglycemia has
also been associated with hypomagnesemia irrespective of obesity
(Guerrero-Romero et al. 2016). However, our results indicated
that PPI-induced hypomagnesemia is associated with a low eBMI.
Although we could not determine a plausible biological mecha-
nism, lower BMI might be a risk factor for PPI-induced hypomag-
nesemia but not for non-drug-induced hypomagnesemia. Previous
studies have reported PPI-induced hypomagnesemia is associated
with the male sex (Luk et al. 2013) and an age < 45 years (Kim
et al. 2015), and our results are similar to these studies. These
characteristics might enhance the likelihood of onset of hypomag-
nesemia caused by PPIs. Further research is needed to confirm the
patient characteristics related to this adverse event.

This study has several limitations. First, the study outcome is
subject to a lack of a denominator, over-or-under-reporting, and
various biases such as competition bias and notoriety bias. Never-
theless, the JADER database is a valuable tool that can be used to
evaluate drug-associated rare and severe adverse events. Second,
the number of cases using the time-to-onset analysis is limited.
It is difficult to investigate the date of starting PPIs because this
treatment period is often long-term; thus, our assessment of the
time-to-onset profile is useful for monitoring adverse events. To
our knowledge, this is the first study to evaluate the time-to-onset
profile of PPI-induced hypomagnesemia and also to evaluate the
association between hypomagnesemia and PPIs using the JADER
database. Here we provide new evidence for appropriate adminis-
tration of PPIs.

4. Experimental

4.1. Data source and flowchart of data selection

The JADER database, which was recorded from April 2004 to January 2021, was
obtained from the PMDA website (http://www.pmda.go.jp/). The JADER dataset
consists of 4 tables: (a) a DEMO table, including patient information such as sex,
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age, body height, and weight; (b) a DRUG table, including patient drug information;
(c) a REAC table, including patient adverse events and outcomes; and (d) a HIST
table, including medical history and primary illness. Three tables (a, b, and ¢) were
used for the analyses in the present study. When we accessed these tables with an ID
number, duplicated data were removed and the results were combined into a single
table. The combined table was defined as “All reports” (678,913 cases), and it was
used for constructing a time-to-onset analysis table. Figure 2 shows a flowchart for
the construction of the dataset from the JADER. We excluded cases in which data
on sex, age, height, and weight were missing or unclear from the “All reports.” The
age classifications used in this analysis were as follows: <10, 10-19, 20-29, 30-39,
40-49, 50-59, 60-69, 70-79, 80-89, 90-99, and 2100 years.

In the JADER dataset, height and weight were recorded for each classification. Given
that it was difficult to calculate BMI, we calculated eBMI using the below formula.
The intermediate value of height or weight was defined as the intermediate value in
each classification. For instance, for a patient whose height and weight were 160—169
cm and 50-59 kg, the eBMI was calculated as follows:

eBMI = intermediate of weight (kg)/[intermediate of height (m)]* = 55 (kg)/[1.65
(m)]* = 20.2 kg/m?

After calculating eBMI, an outlier of eBMI was excluded using the boxplot method
(Schwertman et al. 2004). The range of eBMI in this study was limited to 1.5 times the
IQR =+ 25th or 75th percentile. This table was defined as an “Analysis table” (236,525
cases).

4.2. Definitions of adverse events and drugs of interest

The definition of adverse events in the present study was compliant with the Medical
Dictionary for Regulatory Activities/Japanese (MedDRA/J) version 24.0 (https://
www.jmo.gr.jp/jmo/servlet/mdrLoginTop). We evaluated the preferred terms (PTs)

Table 3: Drug classifications

Drug classification Drugs
PPIs Omeprazole, lansoprazole, rabeprazole, esome-
prazole, vonoprazan
Diuretics
Thiazide Trichlormethiazide, bentyl hydrochlorothiazide,

hydrochlorothiazide

Thiazide analogous Chlorthalidone, methyclan, indapamide, tri-
pamide, meflusid

Loop Furosemide, bumetanide, torasemide, azosemide,
piretanide
PSD/AA Triamterene, spironolactone, eplerenone, potassi-
um canrenoate
CAI Acetazolamide
H2-RAs Roxatidine, famotidine, cimetidine, lafutidine,

nizatidine

The combination agent of each drug was also included in this study. PPI:
proton pump inhibitor; PSD/AA: potassium-sparing diuretic/aldosterone
antagonist; CAI: carbonic anhydrase inhibitor; H2-RA: histamine-2
receptor antagonist.
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“magnesium deficiency” (PT code: 10025433), “blood magnesium decreased” (PT
code: 10005654), and “hypomagnesemia” (PT code: 10021027) for hypomagnesemia
according to the MedDRA/J. The three types of drugs selected for this investigation
were PPIs, diuretics, and H2-RA; and the details are listed in Table 3.

4.3. Statistical analysis

To perform the time-to-onset analysis, “All reports” were limited to complete infor-
mation on the date of treatment initiation and the date of hypomagnesemia onset. The
shortest duration of onset was defined as the time-to-onset in this study. The median
day, IQR day, and the Weibull shape parameters were used to clarify the time-to-onset
profile of hypomagnesemia. The Weibull distribution has two parameters: the scale
parameter (o) and the shape parameter (). The shape parameter indicates the failure
rate distribution over time and was assessed as follows: upper limit of 95% CI of p <1,
the incidence might decrease over time (the early failure type); 95% CI of B includes
1, the incidence might be constant over time (the random failure type); lower limit of
95% CI of B >1, the incidence might increase over time (the wear-out failure type).
To evaluate the effect of age on hypomagnesemia, the analysis table was stratified
into the following age groups: 0-59 years and 60 years or older. We compiled a
two-by-two contingency table based on two classifications: the presence or absence
of hypomagnesemia, and the drug of interest (PPIs, diuretics, and H2-RAs). Then,
we calculated the ROR and 95% CI based on the previous study (van Puijenbroek
et al. 2002) (Fig. 3). A signal was considered positive when the lower limit of the
95% CI was >1. Furthermore, a multiple logistic regression analysis was performed
to consider confounding factors that might be present in the database. Multiple
logistic regression analyses have been performed in various studies based on JADER
(Hosoya et al. 2017; Shimada et al. 2019). The objective variable was set to hypo-
magnesemia, and the explanatory variables were set to sex, age, eBMI, PPIs, and
diuretics. A forward and backward stepwise selection with a significance level of 0.05
was performed to evaluate the effectiveness of the explanatory variables including
all interaction terms (Shimada et al. 2019; Takeyama et al. 2017). The final multiple
logistic regression model was as follows:

log(odds) = Bo + B1S + P2A + B3B+ P4P + BsA*P

S: sex (male vs. female), A: age (<60 vs. 260), B: eBMI (kg/m?), P: PPIs.

The aROR was calculated using the parameter estimates, and the results of the
likelihood ratio test with p-values below 0.05 were considered statistically signifi-
cant regarding the influence of explanatory variables. The statistical analyses were
performed using JMP Pro, version 15.0.0 (SAS Institute Inc., Cary, NC, USA). A
p-value less than 0.05 was considered significant.

Acknowledgment: The authors would like to thank Enago (www.enago.jp) for the
English language review.

Funding: This work was supported by JSPS KAKENHI (grant numbers: JP16K09084
and JP19K16461).

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

Ethics approval: No ethical approval was needed for this study.
Availability of data and material: The datasets generated during and/or analyzed
during the current study are available in the JADER, http://www.pmda.go.jp/.

Authors’ contributions: K.Y. and K.H. contributed to the concept and designed the
study. K.Y. analyzed the data and wrote the manuscript. K.H. and S.Y. interpreted the
data and helped to write the manuscript. FO., T.N. and N.K. supervised the findings
of the study and reviewed the manuscript. All authors have read and approved the final
version of the manuscript.

References

Ahmed F, Mohammed A (2019) Magnesium: the forgotten electrolyte-a review on
hypomagnesemia. Med Sci 7: 56.

Baaij JHFd, Hoenderop JGJ, Bindels RIM (2015) Magnesium in man: implications
for health and disease. Physiol Rev 95: 1-46.

Bai JP, Hausman E, Lionberger R, Zhang X (2012) Modeling and simulation of the
effect of proton pump inhibitors on magnesium homeostasis. 1. oral absorption of
magnesium. Mol Pharm 9: 3495-3505.

Bardhan KD, Naesdal J, Bianchi Porro G, Petrillo M, Lazzaroni M, Hinchliffe RF,
Thompson M, Morris P, Daly MJ, Carroll NJ (1991) Treatment of refractory peptic
ulcer with omeprazole or continued H2 receptor antagonists: a controlled clinical
trial. Gut 32: 435.

Boonpheng B, Thongprayoon C, Bathini T, Sharma K, Mao MA, Cheungpasitporn W
(2019) Proton pump inhibitors and adverse effects in kidney transplant recipients:
a meta-analysis. World J Transplant 9: 35-47.

Cheungpasitporn W, Thongprayoon C, Kittanamongkolchai W, Srivali N, Edmonds
PJ, Ungprasert P, O’Corragain OA, Korpaisarn S, Erickson SB (2015) Proton
pump inhibitors linked to hypomagnesemia: a systematic review and meta-analysis
of observational studies. Ren Fail 37: 1237-1241.

Cruz KJC, de Oliveira ARS, de Freitas ST, Henriques GS, do Nascimento Marreiro
D (2020) Hypomagnesemia in obese subjects: evidence of systematic review and
meta-analysis. Curr Nutr Food Sci 16: 1044-1051.

Dai L-J, Ritchie G, Kerstan D, Kang HS, Cole DEC, Quamme GA (2001) Magnesium
transport in the renal distal convoluted tubule. Physiol Rev 81: 51-84.

Danziger J, William JH, Scott DJ, Lee J, Lehman LW, Mark RG, Howell MD, Celi
LA, Mukamal KJ (2013) Proton-pump inhibitor use is associated with low serum
magnesium concentrations. Kidney Int 83: 692-699.

de Boissieu P, Kanagaratnam L, Abou Taam M, Roux M-P, Dramé M, Trenque T
(2014) Notoriety bias in a database of spontaneous reports: the example of osteo-

Pharmazie 77 (2022)

necrosis of the jaw under bisphosphonate therapy in the French national pharma-
covigilance database. Pharmacoepidemiol Drug Saf 23: 989-992.

Epstein M, McGrath S, Law F (2006) Proton-pump inhibitors and hypomagnesemic
hypoparathyroidism. N Engl J Med 355: 1834—1836.

Fakih MG, Wilding G, Lombardo J (2006) Cetuximab-induced hypomagnesemia in
patients with colorectal cancer. Clin Colorectal Cancer 6: 152—156.

Florentin M, Elisaf MS (2012) Proton pump inhibitor-induced hypomagnesemia: A
new challenge. World J Nephrol 1: 151-154.

Guerrero-Romero F, Flores-Garcia A, Saldafia-Guerrero S, Simental-Mendia LE,
Rodriguez-Mordn M (2016) Obesity and hypomagnesemia. Eur J Intern Med 34:
29-33.

Hess MW, Hoenderop JGJ, Bindels RIM, Drenth JPH (2012) Systematic review:
hypomagnesaemia induced by proton pump inhibition. Aliment Pharmacol Ther
36: 405-413.

Hoorn EJ, van der Hoek J, de Man RA, Kuipers EJ, Bolwerk C, Zietse R (2010) A
case series of proton pump inhibitor—induced hypomagnesemia. Am J Kidney Dis
56: 112-116.

Hosoya R, Uesawa Y, Ishii-Nozawa R, Kagaya H (2017) Analysis of factors asso-
ciated with hiccups based on the Japanese Adverse Drug Event Report database.
PLoS One 12: 0172057

Kambara H, Hosohata K, Nakatsuji T, Ueno S, Oyama S, Inada A, Niinomi I, Waka-
bayashi T, Iwanaga K (2020) Safety profile of vonoprazan compared with proton
pump inhibitors: insight from a pharmacovigilance study. Pharmazie 75: 527-530.

Kataoka H (2018) Treatment of hypochloremia with acetazolamide in an advanced
heart failure patient and importance of monitoring urinary electrolytes. J Cardiol
Cases 17: 80-84.

Kim S, Lee H, Park CH, Shim CN, Lee HJ, Park JC, Shin SK, Lee SK, Lee YC, Kim
HY, Kang DR (2015) Clinical predictors associated with proton pump inhibitor—
induced hypomagnesemia. Am J Ther 22: 14-21.

Komazawa Y, Adachi K, Mihara T, Ono M, Kawamura A, Fujishiro H, Kinoshita Y
(2003) Tolerance to famotidine and ranitidine treatment after 14 days of adminis-
tration in healthy subjects without Helicobacter pylori infection. J Gastroenterol
Hepatol 18: 678-682.

Luk CP, Parsons R, Lee YP, Hughes JD (2013) Proton pump inhibitor—associated
hypomagnesemia: what do FDA data tell us? Ann Pharmacother 47: 773-780.

Mikolasevic I, Milic S, Stimac D, Zaputovic L, Lukenda Zanko V, Gulin T, Jakopcic
I, Klaric D, Gulin M, Orlic L (2016) Is there a relationship between hypomag-
nesemia and proton-pump inhibitors in patients on chronic hemodialysis? Eur J
Intern Med 30: 99-103.

Morii Y, Fujimoto S, Nakahara R, Okawa K, Senaha H, Fujiwara K, Tsubaki M,
Matzno S, Takegami M, Shimomura K, Nishida S (2022) Effect of proton pump
inhibitors on the development of hypomagnesemia induced by panitumumab.
Pharmazie 77: 81-84.

Pariente A, Avillach P, Salvo F, Thiessard F, Miremont-Salamé G, Fourrier-Reglat A,
Haramburu F, Bégaud B, Moore N, Association Francaise des Centres Régionaux
de P (2012) Effect of competition bias in safety signal generation. Drug Saf 35:
855-864.

Perazella MA (2013) Proton pump inhibitors and hypomagnesemia: a rare but serious
complication. Kidney Int 83: 553-556.

Recart DA, Ferraris A, Petriglieri CI, Alonso Serena M, Bonella MB, Posadas-Mar-
tinez ML (2021) Prevalence and risk factors of long-term proton pump inhibi-
tors-associated hypomagnesemia: a cross-sectional study in hospitalized patients.
Intern Emerg Med 16: 711-717.

Savarino V, Dulbecco P, de Bortoli N, Ottonello A, Savarino E (2017) The appropriate
use of proton pump inhibitors (PPIs): need for a reappraisal. Eur J Intern Med 37:
19-24.

Schwertman NC, Owens MA, Adnan R (2004) A simple more general boxplot method
for identifying outliers. Comput Stat Data Anal 47: 165-174.

Shimada K, Hasegawa S, Nakao S, Mukai R, Sasaoka S, Ueda N, Kato Y, Abe J, Mori
T, Yoshimura T, Kinosada Y, Nakamura M (2019) Adverse reaction profiles of
hemorrhagic adverse reactions caused by direct oral anticoagulants analyzed using
the Food and Drug Administration Adverse Event Reporting System (FAERS)
database and the Japanese Adverse Drug Event Report (JADER) database. Int J
Med Sci 16: 1295-1303.

Srinutta T, Chewcharat A, Takkavatakarn K, Praditpornsilpa K, Eiam-Ong S, Jaber
BL, Susantitaphong P (2019) Proton pump inhibitors and hypomagnesemia: a
meta-analysis of observational studies. Medicine 98: e17788.

Swaminathan K (2015) Proton pump inhibitor-induced hypomagnesemic hypopara-
thyroidism. Indian J Pharmacol 47: 330-331.

Takeyama M, Sai K, Imatoh T, Segawa K, Hirasawa N, Saito Y (2017) Influence
of Japanese regulatory action on denosumab-related hypocalcemia using Japanese
Adverse Drug Event Report database. Biol Pharm Bull 40: 1447-1453.

Topf JM, Murray PT (2003) Hypomagnesemia and hypermagnesemia. Rev Endocrine
Metabol Disord 4: 195-206.

Tutuian R, Katz PO, Castell DO (2000) A PPI is a PPIis a PPI; lessons from prolonged
intragastric pH monitoring. Gastroenterology 118: A17.

van Puijenbroek EP, Bate A, Leutkens HGM, Lindquist M, Orre R, Egberts ACG
(2002) A comparison of measures of disproportionality for signal detection in
spontaneous reporting systems for adverse drug reactions. Pharmacoepidemiol
Drug Saf 11: 3—10.

Xue S, Katz PO, Banerjee P, Tutuian R, Castell DO (2001) Bedtime H2 blockers
improve nocturnal gastric acid control in GERD patients on proton pump inhibi-
tors. Aliment Pharmacol Ther 15: 1351-1356.

Yeomans ND, Tulassay Z, Juhasz L, Racz I, Howard JM, van Rensburg CJ, Swan-
nell AJ, Hawkey CJ (1998) A comparison of omeprazole with ranitidine for ulcers
associated with nonsteroidal antiinflammatory drugs. N Engl J Med 338: 719-726.

Zipursky J, Macdonald EM, Hollands S, Gomes T, Mamdani MM, Paterson JM, Lathia
N, Juurlink DN (2014) Proton pump inhibitors and hospitalization with hypomag-
nesemia: a population-based case-control study. PLoS Med 11: e1001736.

247



