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Proton pump inhibitors have been a cornerstone in the
treatment of gastresophageal reflux disease and pep-
tic ulcer disease since their introduction in the late

1980s. Gastresophageal reflux disease is a common disor-
der, and 12.4 million prescriptions for proton pump in-
hibitors were dispensed in Canada in 2004.1 It would there-
fore be of considerable public health importance if these
medications substantially influenced a common disease. In
this issue of CMAJ, evidence is presented2 that supports and
extends data from 2 other large administrative database
studies,3,4 suggesting that the use of proton pump inhibitors
is associated with increased risk of an osteoporotic fracture. 

Using administrative data, Targownik and colleagues re-
port that use of proton pump inhibitors was associated with
increased risk of an osteoporosis-related fracture (vertebral,
wrist or hip fracture) (odds ratio [OR] 1.92, 95% confidence
interval [CI] 1.16–3.18, p = 0.04). In particular, there was a
significant increase in the risk of hip fracture after 7 years of
exposure to proton pump inhibitors (OR 4.55, 95% CI
1.68–12.29, p = 0.002).

Proton pump inhibitors, which are the most potent acid-
suppressing drugs available, target the H+/K+ ATPase of the
gastric parietal cell and inhibit the final step in gastric proton
release. Stomach acid and the slightly acidic milieu of the
proximal duodenum appear necessary to liberate ingested cal-
cium from its food matrix for absorption.5 Consequently, cal-
cium malabsorption, negative calcium balance and potential
bone loss may occur if acid production is suppressed. Never-
theless, it is unclear whether any calcium malabsorption is
sufficiently severe to influence bone remodelling, and long-
term studies on calcium malabsorption or the negative effects
on skeletal metabolism are lacking. Furthermore, it is uncer-
tain whether other mechanisms for skeletal weakening are 
active. Thus, the biologic plausibility of the relation between
proton pump inhibitors and fracture, although compelling, 
requires further proof.

Observational studies that assess risks associated with
therapeutic interventions are particularly prone to confound-
ing because use of a medication is often associated with co-
morbidities, lifestyle behaviours or use of other medication
that may also be associated with the event of interest. For 
example, a patient may be taking a proton pump inhibitor be-
cause of concomitant use of a nonsteroidal anti-inflammatory
drug for a rheumatic disorder, both of which may increase the

risk of fracture. Furthermore, administrative database studies
are often unable to measure individual-level variables, such as
use of over-the-counter medications and anthropomorphic
measures, such as body mass index and bone mineral density,
which both influence fracture risk. Therefore, residual con-
founding due to improperly measured or unmeasured vari-
ables may influence the reported associations.

However, statistical methods may be used to reduce this
potential confounding by properly measuring and controlling
for their influence in the study design and analysis. In their
well-designed and executed study, Targownik and colleagues
have appropriately used several of these methods, such as
case–control matching and conditional logistic regression, to
decrease the probability that their results are spurious.

Because of the above limitations, it is prudent to assess
whether such an association between proton pump inhibitors
and adverse events has been consistently described in other
cohorts. Two previously published studies that used large ad-
ministrative database also found an important relation be-
tween the use of proton pump inhibitors and osteoporotic
fractures. In a study that included over 13 000 cases with hip
fractures and 135 000 controls, Yang and colleagues3 found
that proton pump inhibitor use was associated with increased
risk of fracture (OR 1.44, 95% CI 1.3–1.59) after just 1 year
of therapy. This relation increased with higher doses and
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Key points

• Three large studies using administrative databases have
implicated the use of proton pump inhibitors as a risk 
factor for hip fractures.

• The relation between the use of proton pump inhibitors
and fracture may involve calcium malabsorption due to 
induced hypochlorhydria, but this remains unproven.

• These retrospective administrative database studies should
be confirmed by randomized controlled trials or prospec-
tive cohort studies.

• Clinicians must weigh the proven benefits of proton pump
inhibitors when appropriately prescribed against the 
potential risk of osteoporotic fracture.
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longer durations.3 This study also found that histamine-2-
receptor antagonists were associated with increased risk of
fracture, although to a lesser degree (OR 1.23, 95% CI
1.14–1.39). Whether this suggests that both proton pump 
inhibitors and histamine-2-receptor antagonists act through a
similar mechanism (i.e., calcium malabsorption due to 
induced hypochlorhydria) or are similarly confounded by
their indication for therapy is currently unclear.

Intriguingly, in the study by Targownik and colleagues, a 
relation between the use of proton pump inhibitors and hip frac-
tures was only observed after 5 years of therapy. This is not sur-
prising, given that the skeletal effects of proton pump inhibitors
may require years of exposure to the drug. Nevertheless, Yang
and colleagues found such a relation after only 1 year of treat-
ment.3 It is possible that this discrepancy is simply a matter of
statistical power; the study by Yang and colleagues contained
several-fold more patients with hip fractures than the study by
Targownik and colleagues. This issue does, however, have con-
siderable clinical significance and needs to be resolved.

Should these findings change clinical practice? Use of pro-
ton pump inhibitors is common, and given the efficacy of
proton pump inhibitors, patients and their physicians are often
reluctant to discontinue their use. Certainly, at one extreme,
such as in patients with bleeding ulcers, the beneficial effects
may far outweigh the risks associated with fracture. At the
other extreme, liberal prescription of proton pump inhibitors
for nebulous disorders for extended periods of time is likely
worth revisiting. Nevertheless, further investigation into the
issue of fracture and proton pump inhibitor use is warranted
to provide evidence-based guidance for non-life-threatening
cases in which proton pump inhibitors are appropriately pre-
scribed over the long term. 

The fact that 3 large, well-designed studies consistently re-
port an association between the use of proton pump inhibitors
and fractures and that this association appears to be both
dose- and duration-dependent is certainly a strong basis for
encouraging further investigation. Randomized controlled 
trials designed to assess the efficacy of acid-lowering medica-

tions, but that also explicitly assess the incidence of osteo-
porotic fractures, would be the preferred experimental ap-
proach. However, it is likely that without these studies, physi-
cians will remain reliant upon epidemiologic studies to
examine the relation between proton pump inhibitors and
fractures. Evidence from prospective cohort studies, which
capture particular confounders unavailable to administrative
database studies, may also be helpful.

Of course, clinicians and their patients are regularly bur-
dened with the results of studies suggesting deleterious ef-
fects of medications that are used frequently in clinical prac-
tice. Physicians, together with their patients, must therefore
always weigh the risks against the benefits of any particular
medication. In the case of patients who use proton pump in-
hibitors, this equilibrium should be reconsidered with know-
ledge of the mounting, yet incomplete, evidence suggesting
that proton pump inhibitors increase the risk of fracture.
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