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Abstract

First introduced in 1989, proton pump inhibitors (PPIs) are among the most widely utilized medications
worldwide, both in the ambulatory and inpatient clinical settings. The PPIs are currently approvedby theUSFood
and Drug Administration for the management of a variety of gastrointestinal disorders including symptomatic
peptic ulcer disease, gastroesophageal reflux disease, and nonulcer dyspepsia as well as for prevention of
gastrointestinal bleeding in patients receiving antiplatelet therapy. PPIs inhibit gastric acid secretion, and themost
commonly associated adverse effects include abdominal pain, diarrhea, and headache. Although PPIs have had an
encouraging safety profile, recent studies regarding the long-term use of PPI medications have noted potential
adverse effects, including risk of fractures, pneumonia,Clostridiumdifficilediarrhea, hypomagnesemia, vitaminB12
deficiency, chronic kidney disease, and dementia. These emerging data have led to subsequent investigations to
assess these potential risks in patients receiving long-termPPI therapy.However,most of the published evidence is
inadequate to establish a definite association between PPI use and the risk for development of serious adverse
effects. Hence, when clinically indicated, PPIs can be prescribed at the lowest effective dose for symptom control.
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P roton pump inhibitors (PPIs), which
reduce the production of gastric acid
through irreversible binding to the

hydrogen/potassium ATPase enzyme found
on gastric parietal cells, were first approved
for use in 1989. Over the past several decades,
PPIs have become one of the most commonly
prescribed medications in the United States
with use in nonhospitalized patients doubling
between 1999 and 2012 and accounting for
more than $11 billion in expenditures annu-
ally.1 Currently, long-term PPI use is approved
for prevention and symptom control of gastro-
esophageal reflux disease, for Barrett esoph-
agus, as prophylaxis for nonsteroidal
anti-inflammatory drug (NSAID)eassociated
bleeding, and for pathologic hypersecretory
conditions including Zollinger-Ellison syn-
drome (Table 1). Recent studies, however,
have suggested an association between PPI
use and several adverse effects. These studies
have been well publicized and have been a
source of major concern to both patients and
physicians. The majority of results were
reported from retrospective, observational
studies with accepted statistical methods,
which revealed mild to moderate overall asso-
ciations but did not prove cause and effect.
Therefore, the purpose of this review was to
analyze recently published literature regarding
several of the emerging concerns related to
long-term use of PPIs and to determine
whether the adverse effects mandate changes
to our current practices (Table 2).

ASSOCIATION LIKELY CAUSATIVE

Hypomagnesemia
Hypomagnesemia associated with PPI use was
first described in 2006 in patients who had
been taking PPIs for more than 1 year and pre-
sented with carpopedal spasm.2 Moreover,
serum magnesium levels normalized with
discontinuation of PPI therapy. Impaired ab-
sorption of magnesium may contribute to the
development of hypomagnesemia. A meta-
analysis of 9 observational studies and
109,798 patients reported a 43% increased
risk of hypomagnesemia in patients receiving
PPIs, thus suggesting a causative association.3

In 2011, the US Food and Drug Administra-
tion (FDA) issued a safety warning regarding
the association between PPI use and

hypomagnesemia and recommended moni-
toring of magnesium levels in patients receiving
long-term PPI therapy. Some guidelines suggest
monitoring patients, particularly those concom-
itantly using diuretics or those with malabsorp-
tion disorders, because PPIs appear to be
causative in this relationship.

Vitamin B12 Deficiency
Data from the National Health and Nutrition
Examination Survey have revealed low serum
vitamin B12 levels in 3.2% of adults.4 Gastric
acid is required for the release of vitamin B12
from dietary proteins to facilitate absorption
in the terminal ileum. In a study performed at
Kaiser Permanente, 25,956 patients with
vitamin B12 deficiency were compared with
184,199 patients without vitamin B12 defi-
ciency to assess the association with acid sup-
pression therapy. Those who had received PPI
treatment for more than 2 years had a 65%
increased risk for vitamin B12 deficiency when
compared with nonusers. Use of 11/2 or more
pills per day was also significantly associated
with vitamin B12 deficiency (odds ratio [OR],
1.95; 95% CI, 1.77-2.15).5 Of note, this
increased relative risk (RR) of B12 deficiency
would increase the prevalence of vitamin B12
deficiency in this population (�50 years)
from 2.3% to 3.8%. Current guidelines do not
recommend monitoring vitamin B12 levels in
patients receiving long-term PPI treatment.

Small Intestine Bacterial Overgrowth
Small intestine bacterial overgrowth (SIBO) has
been associated with PPI use. Decreased gastric

TABLE 1. FDA-Approved Indications for Proton
Pump Inhibitor Therapy

Treatment of gastroesophageal reflux disease
Healing of erosive esophagitis
Maintenance treatment for healed

erosive esophagitis
Treatment of gastric and duodenal ulcers
Treatment and prophylaxis for NSAID-induced ulcers
Treatment of Helicobacter pylori infection in
combination with antibiotics

Management of pathologic hypersecretory
conditions (including Zollinger-Ellison syndrome)

FDA ¼ Food and Drug Administration; NSAID ¼ nonste-
roidal anti-inflammatory drug.
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