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Safety of Long-Term PPI Use

Proton pump inhibitors (PPIs), which are used for
treatment of gastroesophageal reflux disease (GERD)
and for prevention of upper gastrointestinal adverse
effects caused by NSAIDs and aspirin, are one of
the most commonly prescribed classes of drugs in
the US. All PPIs are similarly effective and generally
well tolerated,1,2 but their long-term use has been
associated with a number of safety concerns.3,4
Recommendations addressing these concerns have
recently been published.5,6
FRACTURES — The labels of all prescription PPIs
include a warning about an increased risk of fractures
with long-term use.7
Mechanism – Reduced gastric acidity might interfere
with calcium absorption.
Clinical Studies – A meta-analysis of 18 trials involving
a total of 244,109 fracture cases found that PPI use was
associated with a modest increase in the risk of hip (RR
1.26), spine (RR 1.58), and any-site fractures (RR 1.33).
Fracture risk was similar with short-term (<1 year) and
longer use.8 A prospective cohort study that followed
9423 patients for 10 years found, after controlling
for multiple risk factors, that PPI use was associated
with a shorter time to a first nontraumatic fracture
(HR 1.75).9 However, a prospective cohort study including 79,899 postmenopausal women from the Nurses’
Health Study found, after adjustment for confounding
variables, no significant association between PPI use
and fracture risk.10 No association between PPI use and
osteoporosis has been demonstrated.
HYPOMAGNESEMIA AND QT PROLONGATION — Hypomagnesemia has occurred rarely with prolonged PPI
use and is usually accompanied by hypokalemia and
hypocalcemia.11 QT interval prolongation and torsades
de pointes (TdP) associated with severe PPI-induced
hypomagnesemia have been reported.12-14 TdP has also
been reported in patients taking a PPI concomitantly
with drugs that directly prolong the QT interval.15,16
Mechanism – The exact mechanism by which PPIs
cause hypomagnesemia is not known, but they may
interfere with magnesium absorption.17

Table 1. Oral Proton Pump Inhibitors
Drug

Usual
Adult Dosage1,2

Cost3

Dexlansoprazole – Dexilant (Takeda)

30-60 mg once/d

$258.70

Esomeprazole magnesium – generic
Nexium (AstraZeneca)
Nexium 24HR (OTC) (Pfizer)

20-40 mg once/d

153.40
250.90
17.904

Lansoprazole – generic
Prevacid (Takeda)
Prevacid Solutab (Takeda)
Prevacid 24HR (OTC)5 (GSK)

15-30 mg once/d

56.50
415.10
415.10
18.504

Omeprazole – generic
Prilosec OTC 5 (AstraZeneca/P&G)

20-40 mg once/d

11.80
16.804

Omeprazole/sodium bicarbonate6 –
generic
Zegerid (Salix)
Zegerid OTC5 (Bayer)

20-40 mg once/d

Pantoprazole – generic
Protonix (Pfizer)

40 mg once/d

6.00
393.30

Rabeprazole – generic
Aciphex (Eisai)
Aciphex Sprinkle (Eisai)

20 mg once/d

48.60
524.70
490.107

2620.90
3033.80
16.104

OTC = over the counter
1. The lower end of the range is generally used for initial treatment of
GERD. Higher or more frequent doses may be needed for patients with
erosive esophagitis, peptic ulcer disease, hypersecretory conditions
such as Zollinger-Ellison syndrome, or for treatment of Helicobacter
pylori infection.
2. PPIs are generally taken 30-60 minutes before the first meal of the day.
Taking one before the evening meal or taking the drug twice daily may be
more effective for nocturnal acid control. PPIs should generally be swallowed whole and should not be crushed or chewed. Omeprazole/sodium
bicarbonate (Zegerid) should be taken on an empty stomach at least 1
hour before a meal. Dexlansoprazole (Dexilant) can be taken with or without food.
3. Approximate WAC for 30 days’ treatment with the lowest usual adult
dosage. WAC = wholesaler acquisition cost or manufacturer’s published
price to wholesalers; WAC represents a published catalogue or list
price and may not represent an actual transactional price. Source:
AnalySource® Monthly. July 5, 2017. Reprinted with permission by First
Databank, Inc. All rights reserved. ©2017. www.fdbhealth.com/policies/
drug-pricing-policy.
4. Approximate cost for 28 tablets or capsules.
5. Also available generically.
6. Immediate-release formulation that contains sodium bicarbonate as a
buffer; it should be used with caution in patients on a low-sodium diet.
7. Approximate cost for 30 5-mg sprinkle capsules.

Clinical Studies – A meta-analysis of 9 observational trials including a total of 109,798 patients
found that those who took a PPI had a higher risk
(RR 1.43) of developing hypomagnesemia than
those who did not.18
KIDNEY DISEASE — Use of PPIs has been associated
rarely with acute interstitial nephritis and subsequent
progression to chronic kidney disease (CKD).19 Recent
observational studies have reported an increased
risk of CKD without acute kidney injury in long-term
PPI users.
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Mechanism – The mechanism by which PPIs might
cause CKD is unknown.
Clinical Studies – A prospective cohort study in 10,482
patients with an estimated glomerular filtration rate
(eGFR) of ≥60 mL/min/1.73 m2 who were followed for
about 14 years found that the risk of CKD was higher
(HR 1.45) in those who took a PPI than in those who
did not.20 A retrospective analysis of 114,833 new
PPI and H2-receptor antagonist (H2RA) users found
that patients taking a PPI were more likely to have a
doubling of serum creatinine levels, a ≥30% decrease in
eGFR, end-stage renal disease, and acute kidney injury
than those taking an H2RA.21 Another retrospective
analysis of 144,032 PPI and H2RA users reported
similar results, but found that <50% of cases of CKD
were preceded by acute kidney injury.22
VITAMIN B12 DEFICIENCY — Decreased absorption
and subsequent deficiency of vitamin B12 can occur
with chronic use of PPIs and/or H2RAs, particularly
with high doses and use in elderly patients.23
Mechanism – Release of vitamin B12 from dietary
protein is dependent on gastric acid.
Clinical Studies – A case-control study compared use
of a PPI or an H2RA to no acid-suppressing therapy
in 25,956 patients with vitamin B12 deficiency and
184,199 controls. Patients who received ≥2 years’
supply of a PPI or an H2RA had an increased risk of
vitamin B12 deficiency. The risk appeared to be higher
in women and younger patients.24
IRON DEFICIENCY — Use of PPIs can inhibit iron absorption, but the clinical significance of this effect is unclear.
Clinical Studies – A recent case-control study of
77,046 patients with newly diagnosed iron deficiency
and 383,314 controls found that those taking a PPI
or an H2RA for ≥2 years had an increased risk of iron
deficiency; the risk was higher in those who took >1.5
PPI dosage units/day for at least 10 years.25
COMMUNITY-ACQUIRED PNEUMONIA (CAP) — Use of
PPIs has been associated with a small increase in the
risk of CAP, but the results of studies are conflicting.
Mechanism – The exact mechanism by which PPIs
might increase the risk of CAP is not known. Reduced
gastric acidity might promote bacterial colonization in
the upper GI tract.
Clinical Studies – A meta-analysis of 9 trials involving
a total of 120,863 pneumonia cases found that shortterm PPI use (<30 days) or high-dose PPI therapy was
132
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associated with an increased risk of CAP.26 However,
a case-control review of 80,066 patients and 79,881
controls found, after adjustment for confounding
factors, no significant association between PPI use
and an increased risk of CAP.27 A retrospective cohort
study compared the incidence of hospitalization for
CAP among new NSAID users who also started a PPI
with those who did not take a PPI; after adjusting for
confounding variables, there was no difference between
the two groups in the 6-month incidence of CAP.28
CDI — Recent studies of an association between
PPI use and an increased risk of Clostridium difficile
infection (CDI) have produced conflicting results.
Mechanism – Whether acid suppression increases
the risk of bacterial gastroenteritis and CDI is
controversial. Reduced gastric acidity may promote
bacterial colonization and increase the ability of C.
difficile spores to convert to the vegetative form and
survive in the lumen of the GI tract.
Clinical Studies – In a population-based study in
385 patients, use of PPIs and H2RAs appeared to be
associated with an increased risk of CDI, but after
adjusting for age and comorbid conditions, there
was no association with an increased incidence or
recurrence of the infection.29 In a case-control study in
137 hospitalized patients, the duration or dose of PPI
did not increase the risk of CDI.30 In contrast, a pooled
analysis of observational studies found that PPI use
increased the risk of developing CDI by 75% and the
risk of recurrent infection 2.5-fold.31
DEMENTIA — PPI use has been associated with
cognitive decline, but a causal relationship has not
been established and the evidence to date is limited.
Mechanism – PPIs can reduce vitamin B12 levels,
which has been associated with cognitive decline.32
Animal studies have found that PPI use can enhance
beta-amyloid production in the brain.33
Clinical Studies – A prospective cohort study including
73,679 patients ≥75 years old without dementia who
were followed for 7 years found that those who took
a PPI regularly were more likely to develop dementia
than those who did not (HR 1.44).34
A recently published analysis of prospectively collected
data from 13,684 women in the Nurses’ Health Study
II did not find, after controlling for H2RA use, an
association between PPI use and cognitive decline.35
ALL-CAUSE MORTALITY — An observational study
in US veterans followed for >5 years found that,
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compared to use of H2RAs, PPI use was associated
with an increased risk of death (HR 1.25). The duration
of PPI use and use in patients without an indication for
a PPI were also associated with an increased risk of
all-cause mortality.36
CONCLUSION — Long-term PPI use has been
associated with an increasing number of safety
concerns. Few of these concerns are supported by a
causal relationship or consistent data. For patients
with a clear indication for long-term treatment with a
PPI, the benefits probably outweigh the risks. ■
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