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Proton pump inhibitors and fracture: do they do what
it says on the tin?
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Dear Editor,
Zhou et al. and Sugiyama et al. provide an engaging ex-

change [1, 2]. Large studies and meta-analyses continue to
show a strong connection between long-term use of high-
dose proton pump inhibitors (PPIs) and the risk of fracture,
in even young populations [1, 3–5]. The US Food and Drug
Administration also raise awareness to this potential hazard
( h t t p : / / w w w . f d a . g o v / D r u g s / D r u g S a f e t y /
PostmarketDrugSafetyInformationforPatientsandProviders/
ucm213206.htm). The link is important as PPIs are widely
used. However, what is perhaps most surprising is that the
mechanism by which PPIs predispose to fracture apparently
continues to baffle [1, 2]. PPIs inhibit the gastric parietal
proton pump (H+/K+-ATPase) by irreversible covalent
bonding. Bone osteoclasts also possess a proton pump,
critical to their function. It serves to acidify the osteoclast
micro-milieu (Howship’s lacuna) thereby facilitating the ac-
tion of enzymes responsible for bone resorption, a process
germane to bone remodelling and turnover [6, 7]. The most
parsimonious explanation for the tendency of PPIs to predis-
pose to fracture is via inhibition of the osteoclast proton pump
(H+-ATPase), thereby impairing bone remodelling and turn-
over. This in turn renders the bone vulnerable to fracture [4, 5].
There is strong clinical and experimental evidence for this
model.

Heritable mutations which cause a loss of function of
the osteoclast proton pump result in osteopetrosis [7]. In
this condition, failure to acidify the Howship’s lacuna
renders osteoclasts unable to resorb bone. Hence, oste-
oblastic action occurs unchallenged. Radiographically,
the bone appears sclerotic and radio-dense. However, a
lack of remodelling results in much more fragile bone
which is prone to fractures [7, 8]. It is conceivable that
partial blockade of the osteoclast proton pump by PPI
renders bone vulnerable to fracture in an analogous
manner. However, the inhibition is not to a degree that
sclerosis is evident, but in this model, neither is there
osteoporosis. This is significant, as it appears PPIs tend
not reduce bone mineral density [1, 2]. Indeed the putative
calcium malabsorption and hypomagnesaemia associated
with PPI use may temper the osteoblast response,
counteracting the tendency for bone ostesclerosis.

Mutations in the TCIRG1 gene are responsible for
almost 50 % of cases of osteopetrosis [8, 9]. The gene
encodes for the a3 isoform of the V0 (transmembrane)
subunit of the proton pump, which is found almost ex-
clusively in the osteoclast and gastric parietal cell pro-
ton pumps [8]. It is one site of PPI action on the gastric
proton pump [10]. The direct inhibition of the osteoclast
proton pump by PPIs has been demonstrated, although,
tellingly, at higher doses than that required for inhibi-
tion of the gastric proton pump. PPI-mediated inhibition
of osteoclast bone resorption has also been observed
[11].

PPIs are pro-drugs. They are only activated by very
acidic environments. The gastric parietal cell secretory
canaliculi and osteoclast resorption vacuole are possibly
the only two sites in the human body where pHs are
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sufficiently low for activation to occur [4]. There may
be no mystery in the action of PPIs on bone. Indeed,
inhibition of the osteoclast proton pump would simply
mean that PPIs Bdo what it says on the tin^.
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