
rare side effect of long-term PPI use affecting only sus-
ceptible individuals. The U.K. Medicines and Healthcare
Products Regulatory Agency Drug Safety Update recom-
mends obtaining baseline serum magnesium on new pa-
tients started on PPIs and regular monitoring of patients
on long-term PPI treatment (10, 11 ).

CONCLUSIONS

A case of PPIH and secondary hypoparathyroidism has
been described. PPIH, hypocalcemia, and secondary hy-
poparathyroidism resolved after ceasing esomeprazole
and switching the patient to ranitidine. The exact
mechanism of PPIH is still unknown but may be based
on either the disruption of TRPM-6/7–mediated ac-
tive transport or passive absorption of intestinal mag-
nesium. Hypomagnesemia has complex effects on car-
diac ion channels and can predispose to a number of
arrhythmias, especially in patients with predisposing
cardiac conditions.
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Commentary

Mark A. Perazella*

Proton pump inhibitors (PPIs) are one of the most widely
used medications to treat acid-related gastrointestinal
disease. Although they are generally safe, hypomag-
nesemia is an adverse effect confirmed in numerous case
reports/series and observational studies. In contrast to
most drug-related causes of hypomagnesemia, the source

of magnesium wasting with PPIs is gastrointestinal rather
than renal. Gastrointestinal magnesium absorption oc-
curs via passive paracellular diffusion and active transport
via apical membrane magnesium channels (TRPM-6/7)
in enterocytes. The gut absorbs magnesium, and the kid-
neys regulate its excretion via TRPM-6 magnesium chan-
nel reabsorption in distal tubules. Because intracellular
magnesium is a cofactor for enzymatic reactions and is
critical in energy metabolism, the body is poised to pre-
vent deficiency.

The current case is an extreme example of this PPI-
related adverse effect. The reader should appreciate that
hypomagnesemia is a relatively rare complication given
the extent of PPI use. PPIs do not cause hypomagnesemia
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POINTS TO REMEMBER

• Low serum magnesium results should be investigated
when first discovered.

• Guidelines recommend obtaining baseline serum mag-
nesium on new patients started on PPIs and regular
monitoring of patients on long-term PPIs.

• Consider drug history when investigating hypomagnesemia.

• Consider hypomagnesemia when investigating hypocal-
cemia and hypoparathyroidism.
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in most patients, and a spectrum of severity exists, with
mild cases often unreported. Clinicians should recognize
that underlying host characteristics/comorbidities and
individual pharmacogenetics (possibly TRPM-6/7 chan-
nel mutations) contribute to the ultimate severity of mag-
nesium deficiency. Hypomagnesemia develops mainly
after chronic PPI ingestion, generally over years, and oc-
curs most frequently in elderly women. Concurrent di-
uretic use, which exacerbates hypomagnesemia through
renal losses, is common. Symptoms of weakness, cramps,
tetany, seizures, and arrhythmias reflect the effects of hy-
pomagnesemia and its concomitant electrolyte disorders
(hypokalemia/hypocalcemia). Chronic hypomagnesemia
promotes magnesium efflux from bone, increasing frac-
ture risk.

Patients at risk to develop hypomagnesemia (gastro-
intestinal disorders, diuretics) or serious complications
(cardiac disease) from PPI-associated hypomagnesemia

should be preemptively identified. An H2 antagonist
might be the better choice for such patients, although for
those who truly require PPI therapy, increased oral mag-
nesium supplementation may normalize plasma levels.
The possibility of hypomagnesemia does not eliminate
PPIs as an option; it requires clinicians to prescribe them
fully apprised of their complications.
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Commentary

John C. Lieske1,2*

Although not as storied as other inorganic cations (so-
dium, potassium, calcium), magnesium is a major intra-
cellular cation and a crucial cofactor in many systems,
including all adenosine triphosphate–dependent enzy-
matic reactions (1 ). Extracellular magnesium concentra-
tions are highly regulated by balancing gastrointestinal
absorption and renal elimination. Total body magne-
sium is approximately 25 g, with 70% in bone, with the
remainder either free (20%) or bound to proteins, citrate,
phosphate, or other complex forms (10%) (2 ). Hyper-
magnesemia is typically caused by a combination of
chronic kidney disease and excessive magnesium intake.
Conversely, hypomagnesemia is typically caused by im-
paired gastrointestinal absorption or renal magnesium
wasting. In cases of hypomagnesemia, measurement of
renal fractional excretion of magnesium (FEMg) pro-
vides crucial information regarding the potential cause;
24-h urine magnesium �24 mg/day or FEMg �0.5%
suggests renal magnesium wasting (2 ). Lower values sug-
gest inadequate magnesium intake and/or gastrointesti-
nal losses.

In recent years, much has been learned regarding the
molecular mechanisms that underlie renal magnesium
handling, and hence the potential sites of acquired and
genetic abnormalities. A large percentage of magnesium
is reabsorbed paracellularly in the thick ascending limb,
with a smaller transcellular flux in the distal tubule (1 ).
Drugs and specific genetic defects can affect both pro-
cesses. Causes of gastrointestinal magnesium wasting can
be nonspecific and are often associated with any of a
variety of malabsorptive syndromes. In this issue, Vijoen
and colleagues present a more interesting cause, namely
the use of proton pump inhibitors. Clearly, this unex-
plained hypomagnesemia was associated with morbid-
ity, requiring at least 3 hospitalizations for magnesium
infusions. Their case discussion nicely illustrates that a
simple and systematic workup inevitably led directly to
the cause. Gratifyingly enough, the hypomagnesemia
promptly resolved after withdrawal of the offending
drug, making the whole exercise clearly worthwhile.
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