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roton Pump Inhibitors and Histamine-2 Receptor Antagonists Are
ssociated With Hip Fractures Among At-Risk Patients
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ACKGROUND & AIMS: Drugs that inhibit gastric
cid might increase the risk of hip fracture. However,
ittle long-term exposure data exist and no large studies
ave been conducted in the United States. METHODS:
e conducted a case-control study using data from an

ntegrated health services organization. We evaluated
3,752 patients with incident diagnoses of hip/femur
ractures (cases), 130,471 matched members without
ractures (controls), prescription data for use of proton
ump inhibitors (PPIs) or histamine-2 receptor antago-
ists (H2RAs) (up to 10 years’ cumulative duration), and
onfounders. RESULTS: Patients with hip fractures were
ore likely than controls to have previously received a
2-year supply of PPIs (odds ratio [OR], 1.30; 95% con-

dence interval [CI], 1.21–1.39) or H2RAs (OR, 1.18; 95%
I, 1.08 –1.29). The risk was reduced after discontinua-

ion of medication (OR of 1.30 [95% CI, 1.21–1.41] for
urrent PPI users vs OR of 1.09 [95% CI, 0.64 –1.85] for
atients who received their last prescription 2–2.9 years
go). Higher dosages (but not increasing cumulative du-
ations) were associated with increased risk (eg, �1.5
ills/day: OR, 1.41 [95% CI, 1.21–1.64]; �0.74 pills/day:
R, 1.12 [95% CI, 0.94 –1.33]). Excess fracture risk for PPI
se was only present among persons with at least one
ther fracture risk factor. CONCLUSIONS: Use of
rugs that inhibit gastric acid is associated with an

ncreased risk of hip fracture; however, this associa-
ion was only found among persons with at least one
ther risk factor for hip fracture. Acid inhibition
ight therefore be associated with fracture risk in

ersons already at risk for osteoporosis, although
ther confounding cannot be excluded.

eywords: Calcium; Bone; Medication; Gastroesophageal
eflux.

iew this article’s video abstract at www.gastrojournal.
rg.

ip fractures are a major cause of morbidity and
mortality; more than 329,000 persons are hospital-

zed annually with hip fractures in the United States.1

he resultant disease burden is substantial, with a fre-
uent need for invasive interventions (eg, more than
34,000 hip replacement surgeries in 2004 alone), pro-

onged rehabilitation, and a mortality rate of 5% to 10%

ithin the first month.1 Thus, identifying modifiable risk
actors for hip fractures would be of substantial benefit
o the public health.2

Acid inhibitors, which are among the most commonly
sed pharmaceuticals in the United States, may theoret-

cally increase or decrease the risk of hip fractures.3,4

roton pump inhibitors (PPIs) and histamine-2 receptor
ntagonists (H2RAs) could diminish bone density by
ecreasing calcium absorption5 or by inducing hyper-
arathyroidism through hypergastrinemia.6,7 Alterna-
ively, acid inhibitors may modify acid-related enzymes in
ones that regulate bone remodeling, which could de-
rease (or increase) fracture risk.4,8,9

Few human studies of the association between acid
nhibition and hip fractures exist, the results are discor-
ant (even among 3 studies within the same European
ata set),10 –12 and no large or long-term studies have
een published from the United States. In addition, in
rior studies, increased fracture risk was also associated
ith medications not clearly associated with osteoporo-

is, such as anticholesterol medications, aspirin, or non-
teroidal anti-inflammatory drugs, raising the possibility
f confounding.10,13

Thus, we performed a nested case-control study of the
ssociation between prescriptions for acid-suppressing
edications (for up to 10 years) and the risk of hip

racture within a large, community-based population. We
lso evaluated whether fracture risk was generally asso-
iated with other commonly used medications, which
ould suggest confounding.

Materials and Methods
Study Population
We conducted a case-control study among the

pproximately 3.3 million members of the Kaiser Perma-
ente, Northern California (KPNC) integrated health
are delivery system, which provides comprehensive in-
atient and outpatient services. The KPNC membership

Abbreviations used in this paper: CI, confidence interval; GERD,
astroesophageal reflux disease; H2RA, histamine-2 receptor antago-
ist; ICD-9, International Statistical Classification of Diseases, 9th
evision; KPNC, Kaiser Permanente, Northern California; OR, odds

atio; PPI, proton pump inhibitor.
© 2010 by the AGA Institute

0016-5085/$36.00
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94 CORLEY ET AL GASTROENTEROLOGY Vol. 139, No. 1
emographics closely approximate the underlying census
emographics of the region.14 Prescription drug benefits
re utilized by �90% of members; pharmacy databases
lectronically record all dispensed prescriptions (includ-
ng amount, directions for use, calculated days supply,
nd refills), and their performance is validated for both
s-needed and daily medications.15,16 Additional data-
ases include information on membership, medical diag-
oses assigned by the provider for each outpatient visit,
ospitalization diagnoses, and procedures performed.
utpatient diagnoses are assigned by clinicians and are
ot linked with clinician compensation. The analyses
ere approved by the institutional review board.

Case Definition
Cases were KPNC members who met the follow-

ng criteria: an incident diagnosis of a hip fracture be-
ween January 1995 and September 2007, using Interna-
ional Statistical Classification of Diseases, 9th Revision
ICD-9) codes 820.0 to 821.20 (hip or femur fractures,
xcluding lower femoral condyle); at least 18 years of age
t the index date; no prior hip/femur fracture diagnosis;
nd at least 2 years of membership before the index date.
he index date was the fracture date. We evaluated the
alidity of electronic coding for hip fracture using a
anual record review of 60 randomly selected patients

rom 1998 to 2007; we identified data supporting a frac-
ure diagnosis in 90% of patients, indicating a high level
f coding validity.

Control Definition
For each case, up to 4 matched controls (if

vailable) were randomly selected from the KPNC
embership using incidence density sampling. With

his method, each control was chosen from among all
ligible adult members who lacked a diagnosis of a hip
racture at the index date of the matched case and who
ad at least 2 years of membership before the index
ate.17

Controls were matched by sex, year of birth (3-year age
roups), duration of membership (rounded to year), first
ear of membership, and race/ethnicity.

Exposure Status
Medication exposures used KPNC prescription

harmacy databases. All prescriptions were for before the
ndex date and definitions were created a priori (ie, before
he analyses). The databases contain detailed information
n dispensed medications since approximately January
994, the frequency of refills, and directions for use. The
rimary exposure for the analysis was the cumulative
ose, defined as “days supply.” The days supply variable
sed the number of pills dispensed and their directions

or use; for example, 60 pills dispensed, with instructions
o take one pill twice a day, equaled a 30-day supply. The

exposure duration” was the interval between the first c
nd last prescriptions plus the number of days supplied
or the last prescription. For subjects with a single pre-
cription, the duration equaled the days supplied. We
valuated compliance and dose intensity using the “aver-
ge daily dose” (dispensed pills divided by exposure du-
ation) and 3 dose categories: occasional use (�0.75 pills/
ay), approximate daily use (0.75–1.49 pills/day), and
wice-daily use (�1.5 pills/day).

For the PPI analyses, exposed subjects had all exposure
PI prescriptions dispensed before their index date; un-
xposed (reference) subjects had prescriptions for neither
PIs nor H2RAs.
For the H2RA analyses, exposed subjects had all expo-

ure H2RA prescriptions dispensed before their index
ate; unexposed (reference) subjects had prescriptions for
either PPIs nor H2RAs. We excluded subjects with PPI
rescriptions from all H2RA exposure categories.

Confounding and Effect Modification
In addition to the matched factors, we evaluated

he following as potential confounders (using ICD cod-
ng): arthritis, cerebrovascular disease, hemiplegia,
sthma, dementia, psychoses, diabetes mellitus, thyroid
isease, ischemic heart disease, epilepsy, gait disorder,
eptic ulcer disease, gastroesophageal reflux disease

GERD), visual impairment, and chronic kidney disease.
e evaluated smoking (prior or current) and alcohol

buse/counseling using ICD codes and internal KPNC
odes for substance use or treatment.

Persons with multiple health problems or health care–
eeking behavior may be more likely to receive common
iagnoses (such as reflux) and to receive treatment for
cid-related conditions (such as with a PPI). Thus, we also
valuated as potential confounders other diagnoses that
ndicate use of the health system, including essential
ypertension and colon polyp (both diagnoses require
creening tests), headaches, and diverticulosis (without
iverticulitis).
We evaluated whether expected associations were

resent for other medications known to modify fracture
isk (eg, glucocorticoids, estrogen, thiazide diuretics, thy-
oid supplementation, bisphosphonates, and anxiolytics)
nd medications not known to be associated with frac-
ure risk (eg, angiotensin-converting enzyme inhibitors,
alcium channel blockers, nonnarcotic analgesics).18 For
lucocorticoids or bisphosphonates, which can modify
racture risk with few doses, subjects were “exposed” if
hey received �1 prescriptions. For other medications,
atients were “exposed” if they received a �365-day sup-
ly, unexposed if they received no prescriptions, and not

ncluded in these analyses if they had intermediate
alues.

Finally, we evaluated common indications for antise-

retory therapy (ie, GERD).
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July 2010 PPIs AND H2RAs ARE ASSOCIATED WITH HIP FRACTURE 95
Primary Statistical Analysis
The study utilized standard analytic techniques

or evaluating case-control studies and conditional logis-
ic regression.17,19 –21 All definitions and modeling strat-
gies were planned a priori (ie, before analysis). We eval-
ated confounding by contrasting odds ratios (ORs)
etween models with and without potential confounders;
sing a priori criteria, the final model included factors
hat altered the OR by approximately �10%.17 Of all the
isk factors and medications, only smoking met these
riteria; thus, the final model included the outcome, the
xposure, and smoking. The “saturated” model contained
ll variables listed in the confounding section. Effect
odification (eg, differences in PPI effect across age

trata) was evaluated using cross product terms in the
ogistic regression model and by evaluating stratum-spe-
ific ratios.21 Comparable results were found for both
onditional and unconditional logistic regression mod-
ls; all main results used the conditional regression mod-
ls. The attributable fraction calculations used maximum
ikelihood estimates from the unconditional logistic re-
ression models.22

Results
We identified 33,864 members with a diagnosis of

ip fracture between 1995 and September 2007. Of these,
e excluded 112 cases (mainly elderly members) lacking

ontrols who fulfilled all the matching criteria, leaving
3,752 cases and 130,471 controls for the main analyses.
he cases were predominantly women (65.7%), subjects
0 years of age or older (69.4%), and non-Hispanic white
ubjects (79.6%) (Table 1). Of the cases, 20,498 (60.7%)
ad not received any prescriptions for PPIs or H2RAs.
mong PPI users, 1558 (4.6%) were dispensed a �2-year

upply. Among H2RA users (without any PPI use), 875
2.6%) were dispensed a �2-year supply.

Analyses
Antisecretory medication and fracture risk. We

efined long-term users as those with a �2-year supply of
edication. The risk of fracture was 30% higher among

ersons with a �2-year supply of PPIs compared with
onusers (OR, 1.30; 95% confidence interval [CI], 1.21–
.39). Fracture risk was also higher among persons with
2-year use of H2RAs (OR, 1.18; 95% CI, 1.08 –1.29).

Dose intensity and fracture risk. There was a gen-
ral trend for increased fracture risk among subjects
aking higher average daily doses (Tables 2 and 3). The
racture risk was not significantly elevated among per-
ons who used �0.75 PPI pills/day for �2 years com-
ared with nonusers (OR, 1.12; 95% CI, 0.94 –1.33). In
ontrast, risk was increased among persons taking 0.75 to
.49 pills/day (OR, 1.30; 95% CI, 1.19 –1.42) and �1.5
ills/day (OR, 1.41; 95% CI, 1.21–1.64; vs nonusers).

Dose duration and fracture risk. Fracture risk did

ot substantially increase with longer durations of use 0
Tables 2 and 3). Although there was a statistically sig-
ificant increase in risk with longer durations (P value
rend �.01 for both duration of PPI therapy and dura-
ion of H2RA therapy), this was mainly due to the in-
rease between nonusers and any use.

Fracture risk after discontinuation. The strength
f the association between PPI use and hip fracture was
trongest among current users and diminished after dis-
ontinuation of PPI use (Table 4). Among current users
a �2-year supply of PPIs before the index date and at
east one PPI prescription in the year before the index
ate), the fracture risk associated with PPI use was an OR
f 1.30 (95% CI, 1.21–1.41). The risk trended lower for
ersons whose most recent prescription was 1 to 1.9 years
efore the index date (OR, 1.24; 95% CI, 0.90 –1.72) and 2
o 2.9 years before the index date (OR, 1.09; 95% CI,

able 1. Demographic Characteristics

Controls Cases

otal subjects 130,471 33,752
emale sex 84,550 (64.8) 22,183 (65.7)
ge at index date (y)
18–29 5230 (4.0) 1302 (3.9)
30–39 4369 (3.4) 1075 (3.2)
40–49 6109 (4.7) 1531 (4.5)
50–59 9880 (7.6) 2452 (7.3)
60–69 16,026 (12.3) 3963 (11.7)
70–79 35,316 (27.1) 8890 (26.3)
80–89 43,322 (33.2) 11,332 (33.6)
Older than 89 10,219 (7.8) 3207 (9.5)

mokinga 29,473 (22.6) 9940 (29.5)
lcohol abuse 4883 (3.7) 2261 (6.7)
iabetes 19,607 (15.0) 6102 (18.1)
rthritis 44,104 (33.8) 13,462 (39.9)
idney disease 2966 (2.3) 1399 (4.1)
thnicity
Non-Hispanic
white

103,962 (79.7) 26,879 (79.6)

Hispanic white 8395 (6.4) 2183 (6.5)
Black 5952 (4.6) 1526 (4.5)
Asian/Pacific
Islander

5522 (4.2) 1424 (4.2)

Other 3902 (3.0) 1051 (3.1)
Unknown 2738 (2.1) 689 (2.0)
edication days
supply

PI useb

None 84,913 (65.1) 20,498 (60.7)
�2 years 4806 (3.7) 1558 (4.6)

2RA useb

None 84,913 (65.1) 20,498 (60.7)
�2 years 3061 (2.4) 875 (2.6)

OTE. All values are expressed as number of subjects (%) unless
therwise noted. Cases and controls were matched for sex, age,
uration of membership, first year of membership, and race/ethnicity.
Prior or current smoking diagnosis.
“None” designates members with no PPI or H2RA use. Among users
f acid suppression, H2RA users had no PPI use; PPI users could use
2RAs.
.64 –1.85).
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Attributable fraction and population incidence.
pproximately 1.78% (95% CI, 1.39 –2.17) of fractures in

he population were theoretically independently attribut-
ble to �1 year of PPI use, if we assume the association
as causal.
We calculated the crude fracture incidence rates for 2

roups matched by birth year, sex, health plan enroll-
ent date, and duration of KPNC membership. For per-

ons not exposed to PPIs, the incidence of hip fractures
as 2.14 per 1000 person-years. For persons with at least
365-day supply of PPIs, the fracture incidence after this

xposure period was 3.24 per 1000 person-years. These
stimates are within the range of prior population-based
eports of fracture incidence.10,23,24

Presence of other risk factors for hip fracture.
he association between �2 years of PPI use and hip

racture was only present among subjects with at least
ne other risk factor for hip fracture (�1 risk factor
resent: OR, 1.25; 95% CI, 1.16 –1.35; no risk factors
resent: OR, 0.66; 95% CI, 0.38 –1.12; P value interaction

.02; individual risk factors listed in Table 5 and Ma-
erials and Methods). At least one risk factor was present
mong 73% of persons 50 years of age or older and 36%
f persons younger than 50 years of age. Most of the
364 members with �2 years of PPI use had at least one
ther risk factor for hip fracture (6006 subjects; 94.4%);

able 2. PPIs and the Risk of Hip Fracture by Increasing Dail

C

No use �1 1–1.9 2–3.9

ills/day
0.01–0.74 Reference 1.08 (0.90–1.29) 1.21 (1.03–1.41) 1.23 (1.08–
0.75–1.49 Reference 1.30 (1.22–1.39) 1.36 (1.20–1.53) 1.43 (1.28–
�1.5 Reference 1.21 (1.13–1.29) 1.51 (1.24–1.85) 1.23 (1.01–

ll doses Reference 1.25 (1.19–1.31) 1.31 (1.20–1.42) 1.34 (1.24–
Total no. of cases and c

ases 20,498 3359 863 1114
ontrols 84,913 10,868 2591 3484

OTE. Reference group for all comparisons consists of members with no PPI o
Cases and controls were individually matched for sex, age, duration of mem
moking diagnosis.
No. of subjects for each cumulative duration category.

able 3. H2RAs and the Risk of Hip Fracture by Increasing D

C

No use �1 1–1.9 2–3.9

ills/day
0.01–0.74 Reference 1.17 (1.02–1.35) 1.09 (0.98–1.21) 1.12 (1.02–
0.75–1.49 Reference 1.18 (1.10–1.27) 1.19 (1.06–1.34) 1.14 (1.03–
�1.5 Reference 1.14 (1.09–1.19) 1.27 (1.12–1.45) 1.34 (1.18–

ll doses Reference 1.11 (1.06–1.15) 1.14 (1.04–1.24) 1.15 (1.06–
Total no. of cases and c

ases 20,498 3695 761 924
ontrols 84,913 13,720 2747 3352

OTE. Reference group for all comparisons consists of members with no PPI o
Cases and controls were individually matched for sex, age, duration of mem

moking diagnosis.
No. of subjects for each cumulative duration category.
n contrast, relatively few of the 112,437 subjects with �1
isk factor had �2 years of PPI use (6006 subjects; 5.3%).

We provide the fracture risk for �2 years of PPI use
ersus nonusers for each risk factor, although the study
s underpowered to evaluate each risk factor individually
Table 5). The risk associated with PPI use trended higher
mong persons with alcohol abuse, arthritis, diabetes,
idney disease, and glucocorticoid use than among per-
ons without these risk factors (Table 6). The trends for
ncreased risk were most notable for fracture risk factors
ssociated with decreased bone density (eg, diabetes,3

enal insufficiency,25 and glucocorticoid use).
Age, sex, and indication for antisecretory treat-

ent. The association between �2 years of PPI use and
racture risk differed by age (P value interaction term

.01). Risk was significantly increased for all decades
etween ages 40 and 89 years; however, an association
as still only present for persons with other fracture risk

actors and the excess risk associated with PPI use
rended stronger for younger age groups (eg, for ages 50
ears or older with �1 risk factor present: OR, 1.25 [95%
I, 1.16 –1.35]; for ages 50 years or older with risk factors
bsent: OR, 0.75 [95% CI, 0.43–1.31]; for persons younger
han 50 years with �1 risk factor: OR, 1.71 [95% CI,
.00 –2.93]).

se and Cumulative Duration of Use

tive duration (y)

4–5.9 6–7.9 8–9.9 �10

sted ORs and 95% CIsa

1.10 (0.95–1.28) 1.35 (1.13–1.62) 0.99 (0.75–1.32) 2.07 (1.30–3.28)
1.18 (1.03–1.36) 1.18 (0.99–1.41) 1.36 (1.05–1.75) 1.64 (1.07–2.52)
1.59 (1.21–2.10) 1.59 (1.08–2.32) 2.39 (1.40–4.08) 1.39 (0.61–3.16)
1.21 (1.10–1.33) 1.33 (1.19–1.49) 1.33 (1.12–1.57) 1.85 (1.41–2.43)

ls by duration categoryb

696 465 212 86
2317 1423 658 216

A use. Members in PPI user categories could also use H2RAs.
ip, first year of membership, and race/ethnicity; models were adjusted for a

Dose and Cumulative Duration of Use

tive duration (y)

4–5.9 6–7.9 8–9.9 �10

sted ORs and 95% CIsa

1.03 (0.93–1.14) 1.06 (0.94–1.19) 1.32 (1.14–1.53) 1.29 (1.02–1.62)
1.21 (1.05–1.39) 1.23 (1.04–1.47) 0.95 (0.76–1.19) 1.20 (0.89–1.62)
1.15 (0.97–1.36) 1.25 (1.01–1.55) 1.10 (0.83–1.46) 1.53 (1.09–2.14)
1.10 (0.99–1.22) 1.02 (0.89–1.18) 1.03 (0.86–1.24) 1.31 (1.03–1.66)

ls by duration categoryb

517 286 169 107
1913 1221 715 333

A use. PPI user categories could also use H2RAs.
ip, first year of membership, and race/ethnicity; models were adjusted for a
y Do

umula

Adju
1.39)
1.60)
1.51)
1.44)
ontro

r H2R
bersh
aily

umula

Adju
1.22)
1.27)
1.51)
1.24)
ontro

r H2R
bersh
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The association between �2 years of PPI use and hip
racture was comparable between men (OR, 1.34; 95% CI,
.18 –1.51) and women (OR, 1.28; 95% CI, 1.17–1.39; P
alue interaction � .55). There was no significant inter-
ction by race/ethnicity (P � .38).

The association between �2 years of PPI use and hip
racture was somewhat greater among the 103,123 per-
ons without a diagnosis of GERD (OR, 1.66; 95% CI,
.41–1.96) than among the 8652 persons with a diagnosis

able 4. Association Between a �2-Year Supply of PPIs and
Prescription

User status Interval since las

o use
2-year supply All users All persons with a �

urrent vs former usersc Current user Prescription in last
Recent user Last prescription 1
Former user Last prescription 2
Former user Last prescription 3

Time between index date and last PPI prescription among persons
xample, would have received at least one prescription in the year b
Cases and controls were individually matched for sex, age, duration o
djusted for a smoking diagnosis.
Among subjects with a �2-year supply.

able 5. PPI Use �2 Years and the Risk of Hip Fracture,
Stratified by Presence or Absence of Other Specific
Risk Factors for Hip Fracture

Risk factor
Risk factor

absent
Risk factor

present

racture risk increased among PPI users with risk factor
lcohol abuse 1.29 (1.20–1.39) 1.45 (0.71–2.96)
rthritis 1.26 (1.10–1.45) 1.37 (1.22–1.54)
iabetes 1.22 (1.12–1.33) 1.43 (1.12–1.82)
idney disease 1.26 (1.17–1.36) 2.02 (0.80–5.06)
lucocorticoids 1.11 (1.00–1.24) 1.51 (1.28–1.78)

racture risk similar or lower among PPI users with risk factor
erebrovascular disease 1.32 (1.20–1.44) 1.06 (0.85–1.33)
ementia 1.36 (1.26–1.48) 0.81 (0.58–1.14)
pilepsy 1.30 (1.21–1.40) Not availablea

ait disorder 1.18 (1.08–1.30) 0.90 (0.32–2.49)
emiplegia 1.30 (1.21–1.40) 1.04 (0.33–3.27)
sychoses 1.30 (1.18–1.42) 1.06 (0.86–1.31)
moking 1.32 (1.19–1.47) 1.16 (1.00–1.35)
isual impairment 1.29 (1.20–1.39) Not availablea

nxiolytics 1.29 (1.14–1.44) 0.79 (0.39–1.60)
1 Risk factorb 0.66 (0.38–1.12) 1.25 (1.16–1.35)

OTE. All values are expressed as OR (95% CI). ORs contrast risk of
ip fracture among persons with �2 years of PPI use vs reference
roup. Reference group for all comparisons consists of members with
o PPI or H2RA use. For example, for the diabetes strata, the OR
valuates the association between PPI use and fracture risk among
ersons with a diagnosis of diabetes (risk factor present) and the
ame association among persons without a diagnosis of diabetes
risk factor absent). The fracture risk associated with PPI use was
1% greater among diabetic subjects than among nondiabetic
ubjects.
Too few matched cells available for calculation.
hP value interaction � .02.
f GERD (OR, 1.38; 95% CI, 1.05–1.82; P value interac-
ion term �.01). For �2 years of H2RA use, an increased
isk was found among patients without GERD (OR, 1.22;
5% CI, 1.08 –1.38) but not for persons with GERD (OR,
.89; 95% CI, 0.55–1.44).

Other Medications and Risk of Hip Fracture
The associations between other medication classes

nd the risk of hip fracture were generally in accordance
ith expected values (Table 6). For medications not
nown to be mechanistically linked with fracture risk
angiotensin-converting enzyme inhibitors, calcium
hannel blockers, nonnarcotic analgesics), we found no
ignificant associations. For medications/conditions with
nown associations (anxiolytics, bisphosphonates, estro-
en, glucocorticoids, thiazide diuretics, thyroid supple-
entation),26 associations were in the expected direction,

lthough not all were statistically significant.

Confounding
The magnitude of the associations between �2

ears of PPI use (vs no use) and fracture risk were com-
arable between a saturated model containing all the

isted risk factors and medications (OR, 1.22; 95% CI,
.96 –1.54), a simple bivariate model with only PPI use
nd case status (OR, 1.36; 95% CI, 1.27–1.46), and the
nal model with PPI use, case status, and smoking (OR,
.30; 95% CI, 1.21–1.39). Similar findings were present for
1 year of use (final model with only smoking: OR, 1.34;

5% CI, 1.27–1.42). We did not include serum vitamin D
evels or prescriptions for vitamin D as potential con-
ounders because levels are often obtained after a diag-
osis of osteoporosis has been made; however, inclusion
f these variables also did not change the estimates (data
ot shown).

Discussion
The use of acid-suppressing medications (H2RAs

r PPIs) was associated with an increased risk of hip
racture in a large, general population. The risk was

Risk of Hip Fracture, Stratified by Time Since Most Recent

criptiona Cases Controls Adjusted OR (95% CI)b

84,913 20,498 Reference
ar supply 1558 4806 1.30 (1.21–1.39)

1288 3958 1.30 (1.21–1.41)
years prior 73 220 1.24 (0.90–1.72)
years prior 23 84 1.09 (0.64–1.85)
years prior 15 87 0.69 (0.37–1.28)

�2-year supply of PPIs before their index date. A current user, for
hip fracture (or the comparable index date for controls).
mbership, first year of membership, and race/ethnicity; models were
the

t pres

2-ye
year
–1.9
–2.9
–5.9

with a
efore
f me
igher among subjects taking the more potent PPIs
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compared with H2RAs), decreased after medication dis-
ontinuation, and increased with increasing dose but not
ecessarily with longer durations. The increased risk was
onfined to persons with certain other risk factors for hip
racture.

These findings extend those of prior studies that eval-
ated acid inhibition and fracture risk, most of which

ound some association. A case-control study in the UK
eneral Practice Database found an increased fracture

isk among persons taking acid inhibitors (for both PPIs
nd H2RAs) for more than 1 year, even after adjustment
or multiple confounders and increased risk with a longer
uration of use.10 A Canadian study, in contrast, found
o increased risk for up to 6 years of use but an associ-
tion for more than 6 years of use.13 However, both
tudies also found increased risk for other drugs not
learly associated with fracture risk, such as aspirin, non-
teroidal anti-inflammatory drugs, and antidepressants,
aising concerns about confounding. In addition, an-
ther study in the same UK database, restricted to per-
ons without risk factors for hip fracture, found no

able 6. Diagnoses, Other Medication Use, and Fracture Ris

No. of controls (%)

iagnosesb

Alcohol abuse 4883 (3.7)
Arthritis 44,104 (33.8)
Cerebrovascular
disease

18,643 (14.3)

Dementia 10,431 (8.0)
Diabetes 19,607 (15.0)
Epilepsy 375 (0.3)
Gait disorder 3210 (2.5)
Hemiplegia 3264 (2.5)
Kidney disease 2966 (2.3)
Psychoses 18,381 (14.1)
Smoking 29,444 (22.6)
Visual impairment 1990 (1.5)
edicationsc

Angiotensin-
converting enzyme
inhibitors

25,223 (19.3)

Anxiolytics 5234 (4.0)
Bisphosphonatesc,d 10,910 (8.4)
Calcium channel
blockers

19,672 (15.1)

Estrogen 20,602 (15.8)
Glucocorticoidsc 29,144 (22.3)
Nonnarcotic
analgesics

2390 (1.8)

Thiazide diuretics 17,478 (13.4)
Thyroid
supplementation

16,775 (12.9)

ORs from saturated model, adjusted for use of other medications a
Listed diagnoses are those associated with increased risk in the satu
iagnoses were included as risk factors in analyses of other risk fac
Medications are �1 year supply except for glucocorticoids and bisp
nxiolytics were included as risk factors in analyses of other risk fac
Expected direction is increased risk because bisphosphonates are p
ssociation between PPIs and fracture risk (relative risk, i
.9; 95% CI, 0.7–1.1) and no escalations of risk with
ncreased PPI use.11 The authors suggested the differ-
nces between the studies may have been from “residual
onfounding or effect modification” in the former study.

Danish study found a small increase in fracture risk
ssociated with PPI use in the year before fracture, but,
aradoxically, a significantly decreased risk among H2RA
sers.27

There are several mechanisms through which acid in-
ibition could theoretically alter fracture risk.28 First,
cid inhibition may directly impair calcium absorption,
ith a resultant decrease in bone density and increase in

racture risk.5 A randomized trial in 18 subjects indicated
hat omeprazole decreased the absorption of radiolabeled
alcium pills by 61% compared with placebo.5 Other
tudies of acid secretion, dietary calcium, and calcium
upplements have disparate results.29 –33 Second, acid in-
ibition may induce hyperparathyroidism, which directly
ecreases bone mineral density, through hypergastrine-
ia, although this is controversial.6,7 For either of these
echanisms, it is unclear whether brief periods of acid

No. of cases (%) OR (95% CI)a

2261 (6.7) 1.70 (1.48–1.96)
13,462 (39.9) 1.49 (1.38–1.60)

6579 (19.5) 1.26 (1.12–1.41)

4780 (14.2) 1.58 (1.35–1.85)
6102 (18.1) 1.18 (1.03–1.34)

169 (0.5) 2.03 (1.45–2.84)
1421 (4.2) 1.32 (1.02–1.71)
1372 (4.1) 1.63 (1.29–2.06)
1399 (4.1) 1.41 (1.04–1.92)
7969 (23.6) 1.42 (1.25–1.61)
9936 (29.4) 1.45 (1.34–1.56)

730 (2.2) 1.51 (1.15–1.98)

7132 (21.1) 1.05 (0.94–1.16)

1997 (5.9) 1.22 (1.02–1.45)
4277 (12.7) 1.46 (1.27–1.68)
5561 (16.5) 1.04 (0.93–1.17)

4613 (13.7) 0.68 (0.61–0.76)
8800 (26.1) 1.16 (1.06–1.27)

853 (2.5) 1.22 (0.95–1.57)

4251 (12.6) 0.97 (0.86–1.09)
4557 (13.5) 1.11 (0.94–1.31)

k factors (see Materials and Methods for details).
regression model (see Materials and Methods for details). All listed

or hip fracture.
honates, which are for any use (see methods). Glucocorticoids and
or hip fracture.
ribed for persons with an increased fracture risk.
k

nd ris
rated

tors f
hosp
tors f
nhibition can change calcium balance sufficiently to
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ncrease the risk of fracture. A third potential mechanism
s through an alteration of bone remodeling.8,9 Proton
umps locally acidify bone at the level of the osteoclast;34

his local acidification is used in bone remodeling. Bone
trength is influenced by a careful balance between bone
ormation and bone resorption. If PPIs modify this acid-
ty, fracture risk could change in unpredictable ways:
racture risk could decrease (by decreasing resorption) or
ncrease (by altering density without increasing
trength).8,9,35 Of note, none of these mechanisms are
roven, minimal mechanistic data are extant, human
tudies have evaluated only selected populations,36,37 and
nimal models suggest that osteoporosis may be induced
fter surgical removal of the acid-secreting portions of
he stomach through a mechanism independent from
alcium absorption and parathyroid hormone levels and
hat is not reproducible with PPIs.38,39

We found an increased risk of fracture associated with
ven short durations of acid inhibitor use (�1 year).
ossibilities for this finding include a true association

with even short intervals causing decreased bone density
r altered bone remodeling) or confounding. The short-
erm results could be confounded by indication; indica-
ions for short-term treatment (eg, after periods of hos-
italization or illness from other disorders) may differ
rom those for long-term treatment. Such persons may
ave different risk fracture profiles from longer-term
sers that are difficult to delineate.
These results raise the following question: do acid

nhibitors directly increase the risk of hip fractures? A
ausal association is supported by the presence of in-
reased risk with greater acid suppression (PPI vs H2RA),
levated risk with higher daily doses, decreased risk with
iscontinuation of acid suppression, and the presence of

ncreased risk among persons with other risk factors for
steoporosis (if acid suppression decreases calcium ab-
orption, it would be expected to increase fracture risk
he most among persons with already diminished bone
ensities).17 The main result not supporting a causative
ssociation is the absence of a clear trend for increased
isk with longer durations of use.

There are several potential limitations of this study.
he databases started recording dispensed medications

n approximately 1995; thus, more remote exposures
ere not evaluable. This might underestimate the expo-

ure in both cases and controls, particularly for the first
ew years of the database. However, analyses confined to
ractures diagnosed after January 1, 2000, provided sim-
lar results to those from the full data set (data not
hown). Second, spurious associations may be seen with
ariables related to the utilization of medical services.
atients using medical services for other reasons may be
ore likely to have conditions recognized (such as
ERD) that result in treatment with acid inhibitors.
owever, adjustment for other common medical condi-
ions and inclusion only of persons without a diagnosis a
f GERD still demonstrated persistent positive associa-
ions. In addition, the finding that other frequently pre-
cribed medications were not associated with fracture
isk decreases the possibility that the associations be-
ween acid inhibitors and fracture risk were solely due to
onfounding from contacts with the health system.
hird, a case-control design cannot completely control

or unknown confounders and detailed data on some
onfounders (eg, lifetime alcohol use, diet, body mass
ndex for all persons, lifetime smoking histories, and so
n) were not available. However, prior large surveys in the
PNC population provided smoking and alcohol abuse

ates within a reasonable range of those detected by the
urrent study, analyses suggested little evidence for con-
ounding even among those with alcohol abuse and to-
acco use diagnoses (who likely represent heavier users),
nd analyses confined to persons with data on body mass
ndex provided similar results (data not shown). We did
ot include bone density data. Falls are the most com-
on mechanism for hip fractures; however, only some

ersons have falls and, among those with falls, only some
ave fractures. Osteoporosis may contribute to the risk of

racture among those with falls, but individual measure-
ents of bone mineral density measurements are not

enerally available in large populations and are not ran-
omly distributed, potentially biasing analyses using
ensity data. Finally, misclassification of exposure status
ay influence the results. One type of PPI became avail-

ble over the counter in 2003, and H2RAs were available
ver the counter before that time, although members
ould receive both PPIs and H2RAs by prescription after
hat date (at reduced cost compared with over-the-
ounter medications).40 Thus, some members who took
ver-the-counter PPIs or H2RAs may have been classified
s “unexposed”; if present, this would be expected to
ecrease the strength of the association: a “bias toward
he null.”

The strengths of this study include its large size (ap-
roximately 5 times more cases with �1 year of PPI use
han the UK study), access to care for all members, more
han 10 years of exposure data, the ascertainment of all
ecorded diagnoses of hip fractures arising within a gen-
ral population (thereby minimizing referral bias), de-
ailed electronic data for dispensed medications (elimi-
ating recall bias), data for multiple confounders, and
he use of a control group that approximates the under-
ying general population base of the region.14 The large
ize permitted evaluation for small intervals of use and

ultiple potential confounders (including use of other
edications, such as bisphosphonates).
In conclusion, this study found an association between

he use of PPIs and H2RAs and the risk of hip fracture.
he risk was higher among PPI users than among H2RA
sers; however, the increased risk was confined to persons
ith at least one other fracture risk factor. If the associ-

tion is causal, the overall increase in risk is small and the
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100 CORLEY ET AL GASTROENTEROLOGY Vol. 139, No. 1
isk attributable to acid inhibition in the general popu-
ation is low, although the exposed population is fairly
arge for a medication exposure. These findings do not
ecommend against acid suppression for persons with
lear indications for treatment, but they do advise appro-
riate vigilance in prescribing these medications to per-
ons with defined indications and at the lowest effective
ose. The mechanism for the association is unknown;
lthough diminished calcium absorption from acid inhi-
ition is an intuitive explanation supported by a small
rial, it is not a proven mechanism. Additional mechanis-
ic information is needed regarding the effects of acid
nhibition on calcium absorption, bone metabolism, and
one strength and whether interventions such as calcium
nd vitamin D supplements modify the associations be-
ween acid inhibition and fracture risk.
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