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Abstract Keywords
Background: The reported risk of hypomagnesemia in patients with proton pump inhibitor (PPI)  Electrolyte, hypomagnesemia, magnesium,
use is conflicting. The objective of this meta-analysis was to assess the association between the meta-analysis, proton pump inhibitors

use of PPls and the risk of hypomagnesemia. Methods: A literature search of observational
studies was performed using MEDLINE, EMBASE and Cochrane Database of Systematic Reviews
from inception through September 2014. Studies that reported odd ratios or hazard ratios
comparing the risk of hypomagnesemia in patients with PPl use were included. Pooled risk
ratios (RRs) and 95% confidence interval (Cl) were calculated using a random-effect, generic
inverse variance method. Results: Nine observational studies (three cohort studies, five cross-
sectional studies and a case-control study) with a total of 109,798 patients were identified and
included in the data analysis. The pooled RR of hypomagnesemia in patients with PPl use was
1.43 (95% Cl, 1.08-1.88). The association between the use of PPIs and hypomagnesemia
remained significant after the sensitivity analysis including only studies with high quality score
(Newcastle-Ottawa scale score > 8) with a pooled RR of 1.63 (95% Cl, 1.14-2.23). Conclusions:
Our study demonstrates a statistically significant increased risk of hypomagnesemia in patients
with PPl use. The finding of this meta-analysis of observational studies suggests that PPl use is
associated with hypomagnesemia and may impact clinical management of patients who are
taking PPIs and at risk for hypomagnesemia related cardiovascular events.
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Introduction a relationship between hypomagnesemia and the risk of
recurrent coronary heart disease.”'” Moreover, hypomagnes-
emia was demonstrated to be associated with nonrecovery of
renal function after acute kidney injury episodes."’

Proton pump inhibitors (PPIs) are commonly used world-
wide, with or without a prescription, for the treatment of acid-
related disorders. In the United States, PPIs have been
increasingly prescribed; over 100 million times a year for the
past five years.” Studies, however, have reported the adverse
effects of PPIs including the risk of acute interstitial
nephritis,'? Clostridium difficile colitis,"® hospital-acquired
pneumonia'® and hip fractures.'® Recently, severe hypomag-
nesemia has been described in more than 30 cases with PPI
therapy in a systematic review.'® Regarding this potential
adverse effect, the US Food and Drug Administration (FDA)
issued a warning that PPIs may reduce Mg levels in March
2011."7 However, studies have subsequently demonstrated
conflicting results on PPI use and the risk of hypomagnes-
Address correspondence to Wisit Cheungpasitporn, MD, Department of emia. Several studies have shown that hypomagnesemia is
Medicine, Division of Nephrology and Hypertension, Mayo Clinic  a¢0ciated with the use of PPIs.'® 2! Conversely, a number of
College of Medicine, 200 First Street SW, Rochester, MN 55905, USA. . ..

Tel: + 1 507 266 7960: Fax: + 1 507 266 7891: E-mail: studies have demonstrated no associations between PPI use
wcheungpasitporn @ gmail.cor’n ’ and hypomagnesemia.s’zz’z‘l

Hypomagnesemia is a common clinical problem with a
prevalence of ~10% in hospitalized patients and up to 65% in
critically ill patients.' The clinical consequences of severe
hypomagnesemia include muscle weakness, tetany, convul-
sions, cardiac arrhythmias and hypotension.>™ Studies have
also demonstrated an association between hypomagnesemia
and both cardiovascular and non-cardiovascular mortality.®’
Magnesium (Mg) has been found to lower inflammation,
decrease oxidative stress and diminish endothelial dysfunc-
tion — all factors that underlie cardiovascular disease. Further,
magnesium helps to reduce platelet aggregation, which could
help to prevent the formation of dangerous blood clots.®
Serious arrhythmias and sudden death have been reported in
patients with hypomagnesemia and cardiovascular disease.
Several prospective epidemiological studies have also shown
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The objective of this meta-analysis was to assess the
association between the use of PPIs and the risk of
hypomagnesemia.

Methods
Search strategy

Two investigators (WC and CT) independently searched
published studies indexed in MEDLINE, EMBASE and the
Cochrane database from inception through September 2014
using the search strategy described in online Supplementary
Material. A manual search for additional relevant studies
using references from retrieved articles was also performed.

Inclusion criteria

The inclusion criteria were as follows: (1) observational
studies (cohort studies, case-control or cross-sectional) pub-
lished as original studies or conference abstracts to evaluate
the risk of hypomagnesemia in patients with PPI use, (2) odds
ratios, relative risks or hazard ratios with 95% confidence
intervals (CIs) were presented and (3) a reference group
composed of participants who did not use PPIs.

Study eligibility was independently determined by the two
investigators noted above. Differing decisions were resolved
by mutual consensus. The quality of each study was
independently assessed by each individual investigator using
the Newcastle-Ottawa quality assessment scale.”

Data extraction

A standardized data collection form was used to extract the
following information: last name of the first author, study
design, year of study, country of origin, year of publication,
sample size, characteristics of included participants, defin-
ition of PPI use, method used to diagnose hypomagnesemia
and adjusted effect estimates with 95% CI. The two inves-
tigators independently performed this data extraction.

Statistical analysis

Review Manager 5.2 software (Copenhagen, Denmark) from
the Cochrane Collaboration was used for data analysis. Point
estimates and standard errors were extracted from individual
studies and were combined by the generic inverse variance
method of DerSimonian and Laird.”® Given the high likeli-
hood of between study variances, we used a random-effect
model rather than a fixed-effect model. Statistical heterogen-
eity was assessed using the Cochran’s Q test. This statistic is
complemented with the I* statistic, which quantifies the
proportion of the total variation across studies that is due to
heterogeneity rather than chance. A value of I* of 0-25%
represents insignificant heterogeneity, 26-50% low hetero-
geneity, 51-75% moderate heterogeneity and >75% high
heterogeneity.”” The presence of publication bias was
assessed by funnel plots of the logarithm of odds ratios
versus their standard errors.”®

Results

Our search strategy yielded 681 potentially relevant articles.
Six hundred and sixty articles were excluded based on title

Ren Fail, 2015; 37(7): 1237-1241

and abstract for certainly not fulfilling inclusion criteria on
the basis of the type of article, study design, population or
outcome of interest. Twenty-one articles underwent full-
length article review. Twelve articles were excluded (seven
articles were not observational studies and five articles did
not report the outcomes of interest). Nine observational
studies with a total of 109,798 patients were identified and
included in the data analysis. Our search methodology and
selection process were included in online Supplementary
Material.

The risk of hypomagnesemia in patients with PPl use

Nine observational studies>'82+2° (three cohort studies, five

cross-sectional study and a case control study) with a total of
109,798 patients were included in the data analysis for the
risk of hypomagnesemia in patients with PPI use. Table 1
describes the detailed characteristics and quality assessment
of the included studies. The pooled RR of hypomagnesemia in
patients with PPI use was 1.43 (95% CI, 1.08-1.88, P of
87%). Figure 1 shows the forest plot of the included studies.
The association between the use of PPIs and hypomagnesemia
remained significant after the sensitivity analysis including
only studies with high quality scores (Newcastle—Ottawa scale
score > 8) with a pooled RR of 1.63 (95% CI, 1.14-2.23, r
of 91%).

Evaluation for publication bias

A funnel plot to evaluate publication bias for the risk of
hypomagnesemia in patients with PPI use is summarized in
Figure 2. The plot did not show significant publication bias of
included studies.

Discussion

Our meta-analysis results indicate a significant association
between hypomagnesemia and the use of PPIs with an overall
1.43-fold increased risk of hypomagnesemia compared to
those who did not use PPIs. This association remains
significant with the sensitivity analysis including only high-
quality studies (Newcastle-Ottawa scale score >8) with a
1.63-fold increased risk of hypomagnesemia.

The findings of our meta-analysis confirmed the FDA’s
warning of PPl-related hypomagnesemia. The underlying
mechanism of the association of hypomagnesemia in patients
with PPl use is likely explained by the disturbance of
gastrointestinal (GI) handling of Mg since studies have shown
that an increased renal Mg loss is not the only culprit in those
patients with significant hypomagnesemia after PPI use.’”
Although, GI absorption of Mg occurs by passive movement
between enterocytes, it is augmented by an active transport
system utilizing transient receptor potential Melastatin 6
(TRMP6) and TRPM7. A decrease in intestinal luminal pH by
the use of PPIs may alter TRPM6/TRPM7 channel affinity for
Mg and disrupt the active transport system. The passive
paracellular Mg absorption across the GI tract, however, is not
affected by alteration of pH by PPIs. Therefore, hypomag-
nesemia does not occur in everyone who uses PPIs due to
sufficient passive GI absorption of Mg. The risk of PPI-
induced hypomagnesemia should be considered in patients
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Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% CI
Gau et al 0.916291 0.284387 11.4% 2.50[1.43, 4.37] 2012 —
Koulouridis et al -0.19845094 0.152718 17.1% 0.82[0.61, 1.11] 2013 i
Kim et al 1.684545 0.830498 2.5% 5.39[1.06, 27.45] 2013
Faulhaber et al 0 0 Not estimable 2013
Danziger et al 0.09531 0.067338 20.4% 1.10[0.96, 1.26] 2013 ul
Charabaty et al 0.231112 0.179674 15.9% 1.26 [0.89, 1.79] 2013 ™
Gil et al -0.13926 1.155053  1.4% 0.87[0.09, 8.37] 2014
Smith et al 0.81093 0.323533 10.1% 2.25[1.19, 4.24] 2014 —
Markovits et al 0.506818 0.035296 21.1% 1.66 [1.55, 1.78] 2014 n
Total (95% CI) 100.0% 1.43 [1.08, 1.88] L 2

PN 2 — s 2 = i - 12 = B79, ; + t {
Heterogeneity: Tau? = 0.09; Chi? = 53.39, df = 7 (P < 0.00001); I* = 87% 0.01 01 1 10 100

Test for overall effect: Z =2.53 (P = 0.01)

Favours decreased risk Favours increased risk

Figure 1. Forest plot of the included studies comparing risk of hypomagnesemia in patients who used PPI and those who did not; square data markers
represent risk ratios (RRs); horizontal lines, the 95% Cls with marker size reflecting the statistical weight of the study using random-effects meta-
analysis. A diamond data marker represents the overall RR and 95% CI for the outcome of interest. IV, inverse variance; SE, standard error.

Figure 2. Funnel plot of nine studies included o SE(0g[RR]) ‘0
in the meta-analysis for the risk of hypo- o
magnesemia in patients with PPI use. The O o
plot did not show significant publication bias ) 6)
of included studies. RR =risk ratio, :
SE = standard error. '
05T :
:
'
i O
1T |
:
o
]
:
15T .
I
1
; ¢ : RR
0.01 0.1 1 10 100

with a low intake of Mg, GI malabsorption disorders or an
increased renal loss of Mg due to diuretic use.

Although, almost all included studies were of moderate to
high quality (as evaluated by Newcastle—Ottawa scale) and we
also confirmed the result by sensitivity analysis in only high
quality studies,>'®2%** there are some limitations. Firstly,
there are statistical heterogeneities in the complete analysis.
The potential sources of these heterogeneities include the
differences in the exposure definition (types of PPI and
duration of PPI use), the differences in confounder adjusted
methods and the duration of the follow-up, and the different
patient settings (inpatient and outpatient). Unfortunately, the
data on types of PPI and duration of PPI use in the included
studies of our meta-analysis are limited, so we were unable to
investigate these details, and further studies are needed. In
addition, although most of the included studies adjusted for
diuretic use, GI malabsorption and malnutrition are also very
important factors that need to take into consideration. Lastly,
this is a meta-analysis of observational studies with its

inherent limitations. Therefore, our meta-analysis can at best
demonstrate an association but not a causal relationship.
However, since epidemiological studies have shown the
association between hypomagnesemia and the risk of recur-
rent coronary heart disease and serious arrhythmias,”'® PPIs
need to be cautiously used in patients with cardiovascular
diseases and hypomagnesemia.

In conclusion, our study suggests a statistically significant
association between PPl use and hypomagnesemia.
Physicians should be aware of this potential association
which may impact clinical management of patients who are
taking PPIs who are at risk for cardiovascular events from
hypomagnesemia, especially those who have impairment in
gastrointestinal absorptive capacity for magnesium, renal
losses of magnesium due to diuretics or poor nutrition.
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