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Abstract
BACKGROUND & AIMS—Drugs that inhibit gastric acid might increase the risk of hip fracture.
However, little long-term exposure data exist and no large studies have been conducted in the United
States.

METHODS—We conducted a case-control study using data from an integrated health services
organization. We evaluated 33,752 patients with incident diagnoses of hip/femur fractures (cases),
130,471 matched members without fractures (controls), prescription data for use of proton pump
inhibitors (PPIs) or histamine-2 receptor antagonists (H2RAs) (up to 10 years cumulative duration),
and confounders.

RESULTS—Patients with hip fractures were more likely than controls to have previously received
≥2 years supply of PPIs (odds ratio [OR]=1.30, 95% confidence interval [CI]=1.21–1.39) or H2RAs
(OR=1.18, 95% CI=1.08–1.29). The risk was reduced after medication discontinuation (OR=1.30,
95% CI 1.21–1.41 for current PPI users vs. OR=1.09, 95% CI 0.64–1.85 for patients who received
their last prescription was 3–5 years ago). Higher dosages (but not increasing cumulative durations)
were associated with increased risk (e.g. ≥1.5 pills/day OR=1.41, 95% CI 1.21–1.64; <0.74 pills/day
OR=1.12, 95% CI 0.94–1.33). Excess fracture risk for PPI use was only present among persons with
at least one other fracture risk factor.

CONCLUSION—Use of drugs that inhibit gastric acid is associated with an increased risk of hip
fracture; however, this association was only found among persons with at least one other risk factor
for hip fracture. Acid inhibition might therefore be associated with fracture risk in persons already
at risk for osteoporosis, although other confounding cannot be excluded.
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Hip fractures are a major cause of morbidity and mortality; over 329,000 persons are
hospitalized annually with hip fractures in the United States.1 The resultant disease burden is
substantial, with a frequent need for invasive interventions (e.g. over 234,000 hip replacement
surgeries in 2004 alone), prolonged rehabilitation, and a mortality rate of 5–10% within the
first month.2 Thus, identifying modifiable risk factors for hip fractures would be of substantial
benefit to the public health.3

Acid inhibitors, which are among the most commonly used pharmaceuticals in the United
States, may theoretically increase or decrease the risk of hip fractures.4 Proton pump inhibitors
(PPIs) and histamine-2 receptor antagonists (H2RAs) could diminish bone density by
decreasing calcium absorption5 or by inducing hyperparathyroidism through
hypergastrinemia.6, 7 Alternatively, acid inhibitors may modify acid-related enzymes in bones
that regulate bone remodeling, which could decrease (or increase) fracture risk.4, 8, 9

Few human studies of the association between acid inhibition and hip fractures exist, the results
are discordant (even between three studies within the same European data set)10–12 and no
large or long-term studies have been published from the United States. In addition, in prior
studies, increased fracture risk was also associated with medications not clearly associated with
osteoporosis, such as anti-cholesterol medications, aspirin, or nonsteroidal anti-inflammatory
drugs (NSAIDS), raising the possibility of confounding.10, 13

Thus, we performed a nested case-control study of the association between prescriptions for
acid-suppressing medications (for up to 10 years) and the risk of hip fracture within a large,
community-based population. We also evaluated whether fracture risk was generally
associated with other commonly used medications, which would suggest confounding.

METHODS
Study Population

We conducted a case-control study among the approximately 3.3 million members of the Kaiser
Permanente, Northern California (KPNC) integrated health care delivery system which
provides comprehensive inpatient and outpatient services. The KPNC membership
demographics closely approximate the region’s underlying census demographics. 14

Prescription drug benefits are utilized by >90% of members; pharmacy databases electronically
record all dispensed prescriptions (including amount, directions for use, calculated days supply,
and refills); their performance is validated for both as needed and daily medications.15, 16

Additional databases include information on membership, medical diagnoses assigned by the
provider for each outpatient visit, hospitalization diagnoses, and procedures performed.
Outpatient diagnoses are assigned by clinicians and are not linked with provider compensation.
The analyses were approved by the institutional review board.

Case Definition
Cases were KPNC members who met the following criteria: an incident diagnosis of a hip
fracture between January, 1995 and September, 2007, using International Classification of
Disease, 9th revision (ICD-9) codes 820.0 -821.20 (hip or femur fractures, excluding lower
femoral condyle); at least 18 years of age at the index date; no prior hip/femur fracture
diagnosis; and at least two years of membership prior to the index date. The index date was
the fracture date. We evaluated the validity of electronic coding for hip fracture using a manual
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record review of 60 randomly selected patients from 1998–2007; we identified data supporting
a fracture diagnosis in 90% of patients, indicating a high level of coding validity.

Control Definition
For each case, up to four matched controls (if available) were randomly selected from the
KPNC membership using incidence density sampling. With this method, each control was
chosen from among all eligible adult members who lacked a diagnosis of a hip fracture at the
index date of the matched case and who had at least two years of membership prior to the index
date.17

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

Exposure Status
Medication exposures used KPNC prescription pharmacy databases. All prescriptions were for
prior to the index date and definitions were created a priori (i.e. prior to the analyses). The
databases contain detailed information on dispensed medications since approximately January,
1994, the frequency of refills, and directions for use. The primary exposure for the analysis
was the cumulative dose, defined as “days supply.” The “days supply” variable used the number
of pills dispensed and their directions for use; e.g. 60 pills dispensed, with instructions to take
one pill twice a day, equaled a 30 days supply. The “exposure duration” was the interval
between the first and last prescriptions plus the number of days supplied for the last
prescription. For subjects with a single prescription, the duration equaled the days supplied.
We evaluated compliance and dose intensity using the “average daily dose” (dispensed pills
divided by exposure duration) and three dose categories: occasional use (<0.75 pills per day);
approximate daily use (0.75–1.49 pills per day) and twice a day use (≥1.5 pills per day).

For the proton pump inhibitors (PPIs), exposed subjects had all exposure PPI prescriptions
dispensed prior to their index date; unexposed (reference) subjects had prescriptions for neither
PPIs nor H2RAs.

For the H2RA analyses, exposed subjects had all exposure H2RA prescriptions dispensed prior
to their index date; unexposed (reference) subjects had prescriptions for neither PPIs nor
H2RAs. We excluded from all H2RA exposure categories subjects with PPI prescriptions.

Confounding and Effect Modification
In addition to the matched factors, we evaluated the following as potential confounders (using
ICD coding): arthritis, cerebrovascular disease, hemiplegia, asthma, dementia, psychoses,
diabetes mellitus, thyroid disease, ischemic heart disease, epilepsy, gait disorder, peptic ulcer
disease, gastroesophageal reflux disease, visual impairment, and chronic kidney disease. We
evaluated smoking (prior or current) and alcohol abuse/counseling using ICD codes and
internal KPNC codes for substance use or treatment.

Persons with multiple health problems or healthcare seeking behavior may be more likely to
receive common diagnoses (such as reflux) and to receive treatment for acid-related conditions
(such as with a PPI). Thus, we also evaluated as potential confounders other diagnoses which
indicate use of the health system including: essential hypertension and colon polyp (both
diagnoses require screening tests); headaches; and diverticulosis (without diverticulitis).

We evaluated whether expected associations were present for other medications known to
modify fracture risk (e.g. glucocorticoids, estrogen, thiazide diuretics, thyroid
supplementation, bisphosphonates, and anxiolytics) and medications not known to be
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associated with fracture risk (e.g. angiotensin converting enzymes, calcium channel blockers,
nonnarcotic analgesics).18 For glucocorticoids or bisphosphonates, which can modify fracture
risk with few doses, subjects were “exposed” if they received ≥1 prescriptions. For other
medications, patients were “exposed” if they received ≥365 days supply, unexposed if they
received no prescriptions, and not included in these analyses if they had intermediate values.

Finally, we evaluated common indications for anti-secretory therapy (i.e. gastroesophageal
reflux disease).

Statistical Analysis
Primary Analysis—The study utilized standard analytic techniques for evaluating case-
control studies and conditional logistic regression.17, 19–21 All definitions and modeling
strategies were planned a priori (i.e. prior to analysis). We evaluated confounding by
contrasting odds ratios between models with and without potential confounders; using a priori
criteria, the final model included factors which altered the odds ratio by approximately ≥10%.
17 Of all the risk factors and medications, only smoking met these criteria; thus, the final model
included the outcome, the exposure, and smoking. The “saturated” model contained all
variables listed in the confounding section. Effect modification (e.g. differences in PPI effect
across age strata) was evaluated using cross product terms in the logistic regression model and
by evaluating stratum specific ratios.21 Comparable results were found for both conditional
and unconditional logistic regression models; all main results used the conditional regression
models. The attributable fraction calculations utilized maximum likelihood estimates from the
unconditional logistic regression models.22

RESULTS
We identified 33,864 members with a hip fracture diagnosis between 1995 and September,
2007. Of these, we excluded 112 cases (mainly elderly members) who lacked controls that
fulfilled all the matching criteria, leaving 33,752 cases and 130,471 controls for the main
analyses. The cases were predominantly women (65.7%), persons ≥70 years of age (69.4%),
and non-Hispanic whites (79.6%) (Table 1). Of the cases, 20,498 (60.7%) had not received
any prescriptions for PPIs or H2RAs. Among PPI users, 1558 (4.6%) were dispensed ≥2 years
supply. Among H2RA users (without any PPI use), 875 (2.6%) were dispensed ≥2 years supply.

Analyses
Antisecretory Medication and Fracture Risk—We defined long-term users as those
with ≥2 years supply of medication. The risk of fracture was 30% higher among persons with
≥2 years supply of PPI, compared with nonusers (OR=1.30, 95% CI 1.21–1.39). Fracture risk
was also higher among persons with ≥2 years H2RA use (OR=1.18, 95% CI 1.08–1.29).

Dose Intensity and Fracture Risk—There was a general trend for increased fracture risk
among subjects taking higher average daily doses (Tables 2 & 3). The fracture risk was not
significantly elevated among persons who used <0.75 PPI pills/day for ≥2 years, compared
with nonusers (OR=1.12, 95% CI 0.94–1.33). In contrast, risk was increased among persons
taking 0.75–1.49 pills/day (OR=1.30, 95% CI 1.19–1.42) and ≥1.5 pills/day (OR=1.41, 95%
CI 1.21–1.64; vs. nonusers).

Dose Duration and Fracture Risk—Fracture risk did not substantially increase with
longer durations of use (Tables 2 & 3). Although there was a statistically significant increase
in risk with longer durations (p-value trend <0.01 for both PPI duration and H2 duration), this
was mainly due to the increase between nonusers and any use.
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Fracture Risk After Discontinuation—The strength of the association between PPI use
and hip fracture was strongest among current users and diminished after discontinuation of PPI
use (Table 4). Among current users (≥2 years supply of PPI prior to the index date and at least
one PPI prescription in the year prior to the index date), the fracture risk associated with PPI
use was OR=1.30 (95% CI 1.21–1.41). The risk trended lower for persons whose most recent
prescription was 1–1.9 years prior to the index date 1.24 (0.90 – 1.72) and 2–2.9 years prior to
the index date (1.09 (0.64 – 1.85).

Attributable Fraction and Population Incidence—Approximately 1.78% (95% CI
1.39–2.17) of fractures in the population were theoretically independently attributable to ≥1
year of PPI use, if we assume the association was causal.

We calculated the crude fracture incidence rates for two groups matched by birth year, sex,
health plan enrollment date and KPNC membership duration. For persons not exposed to proton
pump inhibitors, the incidence of hip fractures was 2.14 per 1000 person years. For persons
with at least a 365 day supply of proton pump inhibitors, the fracture incidence after this
exposure period was 3.24 per 1000 person years. These estimates are within the range of prior
population-based reports of fracture incidence.10, 23, 24

Presence of Other Risk Factors for Hip Fracture—The association between ≥2 years
PPI use and hip fracture was only present among subjects with at least one other risk factor for
hip fracture (≥1 risk factor present OR=1.25, 95% CI 1.16–1.35; no risk factors present
OR=0.66, 95% CI 0.38–1.12; p-value interaction=0.02; individual risk factors listed in Table
5 and methods section). At least one risk factor was present among 73% of persons ≥50 years
of age and 36% of persons <50 years of age. Most of the 6364 members with ≥2 years of PPI
use had at least one risk other risk factor for hip fracture (6006 subjects, 94.4%); in contrast,
relatively few of the 112,437 subjects with ≥1 risk factor had ≥2 years of PPI use (6006 subjects,
5.3%).

We provide the fracture risk for ≥2 years of PPI use vs. nonusers for each risk factor, although
the study is underpowered to evaluate each risk factor individually (Table 5). The risk
associated with PPI use trended higher among persons with alcohol abuse, arthritis, diabetes,
kidney disease, and glucocorticoid use than among persons without these risk factors (Table
6). The trends for increased risk were most notable for fracture risk factors associated with
decreased bone density (e.g. diabetes,3 renal insufficiency,25 and glucocorticoid use).

Age, Sex, and Indication for Anti-Secretory Treatment—The association between ≥2
years of PPI use and fracture risk differed by age (p-value interaction term<0.01). Risk was
significantly increased for all decades between ages 40–89; however, an association was still
only present for persons with other fracture risk factors and the excess risk associated with PPI
use trended stronger for younger age groups (e.g. for ages ≥50 years, ≥1 risk factor present
OR=1.25, 95% CI 1.16–1.35; risk factors absent OR=0.75, 95% CI 0.43–1.31; for persons <50
years with ≥1 risk factor, OR=1.71, 95% CI 1.00–2.93).

The association between ≥2 years of PPI use and hip fracture was comparable between men
(OR=1.34, 95% CI 1.18–1.51) and women (OR=1.28, 95% CI 1.17–1.39; p-value
interaction=0.55). There was no significant interaction by race/ethnicity (p-value=0.38).

The association between ≥2 years PPI use and hip fracture was somewhat greater among the
103,123 persons without a GERD diagnosis (OR=1.66, 95% CI 1.41–1.96) than among the
8652 persons with a GERD diagnosis (OR=1.38, 95% CI 1.05–1.82; p-value interaction term
<0.01). For ≥2 years H2RA use, an increased risk was found among patients without GERD
(OR=1.22, 95% CI 1.08–1.38) but not for persons with GERD (OR=0.89, 95% CI 0.55–1.44).
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Other Medications and Risk of Hip Fracture
The associations between other medication classes and the risk of hip fracture were generally
in accordance with expected values (Table 6). For medications not known to be mechanistically
linked with fracture risk (angiotensin converting enzyme inhibitors, calcium channel blockers,
nonnarcotic analgesics), we found no significant associations. For medications/conditions with
known associations (anxiolytics, bisphosphonates, estrogen, glucocorticoids, thiazide
diuretics, thyroid supplementation),26 associations were in the expected direction, although
not all were statistically significant.

Confounding
The magnitude of the associations between ≥2 years of PPI use (vs. no use) and fracture risk
were comparable between a saturated model containing all the listed risk factors and
medications (OR=1.22, 95% CI 0.96–1.54), a simple bivariate model with only PPI use and
case status (OR=1.36, 95% CI 1.27–1.46) and the final model with PPI use, case status, and
smoking (OR=1.30, 95% CI 1.21–1.39). Similar findings were present for ≥1 year of use (final
model with only smoking, OR=1.34, 95% CI 1.27–1.42). We did not include serum vitamin
D levels or prescriptions for vitamin D as potential confounders since levels are often obtained
after a diagnosis of osteoporosis has been made; however, inclusion of these variables also did
not change the estimates (data not shown).

DISCUSSION
The usage of acid suppressing medications (H2 antagonists or proton pump inhibitors) was
associated with an increased risk of hip fracture in a large, general population, the risk was
higher among subjects taking the more potent proton pump inhibitors (compared with H2RAs),
decreased after medication discontinuation, and it rose with increasing dose but not necessarily
with longer durations. The increased risk was confined to persons with certain other risk factors
for hip fracture.

These findings extend those of prior studies that evaluated acid inhibition and fracture risk,
most of which found some association. A case-control study in the United Kingdom General
Practice Database found an increased fracture risk among persons taking acid inhibitors (for
both PPIs and H2RAs) for over a year, even after adjustment for multiple confounders and
increased risk with a longer duration of use.10 A Canadian study, in contrast, found no increased
risk for up to six years of use, but an association for over six years of use.13 However, both
studies also found increased risk for other drugs not clearly associated with fracture risk, such
as aspirin, nonsteroidal anti-inflammatory drugs and antidepressants, raising concerns about
confounding. In addition, another study in the same United Kingdom database, restricted to
persons without risk factors for hip fracture, found no association between PPIs and fracture
risk (relative risk 0.9; 95% CI 0.7–1.1) and no escalations of risk with increased PPI use.11

The authors suggested the differences between the studies may have been from “residual
confounding or effect modification” in the former study. A Danish study found a small increase
in fracture risk associated with proton pump inhibitor use in the year prior to fracture, but,
paradoxically, a significantly decreased risk among H-2 antagonist users.27

There are several mechanisms through which acid inhibition could theoretically alter fracture
risk.28 First, acid inhibition may directly impair calcium absorption, with a resultant decrease
in bone density and increase in fracture risk.5 A randomized trial in 18 subjects indicated that
omeprazole decreased the absorption of radiolabelled calcium pills by 61% compared with
placebo.5 Other studies of acid secretion, dietary calcium, and calcium supplements have
disparate results.29–33 Second, acid inhibition may induce hyperparathyroidism, which directly
decreases bone mineral density, through hypergastrinemia, although this is controversial. 6, 7
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For either of these mechanisms, it is unclear whether brief periods of acid inhibition can change
calcium balance sufficiently to increase the risk of fracture. A third potential mechanism is
through an alteration of bone remodeling.8, 9 Proton pumps locally acidify bone at the level of
the osteoclast; 34 this local acidification is used in bone remodeling. Bone strength is influenced
by a careful balance between bone formation and bone resorption. If proton pump inhibitors
modify this acidity, fracture risk could change in unpredictable ways: fracture risk could
decrease (by decreasing resorption) or increase (by altering density without increasing
strength).8, 9, 35 Of note, none of these mechanisms are proven, minimal mechanistic data are
extant, human studies have evaluated only selected populations,36, 37 and animal models
suggest that osteoporosis may be induced after surgical removal of the acid-secreting portions
of the stomach through a mechanism independent from calcium absorption and parathyroid
hormone levels and which is not reproducible with PPIs.38, 39

We found an increased risk of fracture associated with even short durations of acid inhibitor
use (<1 year). Possibilities for this finding include a true association (with even short intervals
causing decreased bone density or altered bone remodeling) or confounding. The short-term
results could be confounded by indication: indications for short-term treatment (e.g. after
periods of hospitalization or illness from other disorders) may differ from those for long-term
treatment. Such persons may have different risk fracture profiles from longer-term users that
are difficult to delineate.

These results raise the question: do acid inhibitors directly increase the risk of hip fractures?
A causal association is supported by the presence of increased risk with greater acid suppression
(PPI vs. H2RA), elevated risk with higher daily doses, decreased risk with discontinuation of
acid suppression, and the presence of increased risk among persons with other risk factors for
osteoporosis (if acid suppression decreases calcium absorption, it would be expected to
increase fracture risk the most among persons with already diminished bone densities).17 The
main result not supporting a causative association is the absence of a clear trend for increased
risk with longer durations of use.

There are several potential limitations of this study. The databases started recording dispensed
medications in approximately 1995; thus, more remote exposures were not evaluable. This
might underestimate the exposure in both cases and controls, particularly for the first few years
of the database. However, analyses confined to fractures diagnosed after Jan 1, 2000 provided
similar results to those from the full data set (data not shown). Second, spurious associations
may be seen with variables related to the utilization of medical services. Patients using medical
services for other reasons may be more likely to have conditions recognized (such as GERD)
that result in treatment with acid inhibitors. However, adjustment for other common medical
conditions, and inclusion only of persons without a GERD diagnosis still demonstrated
persistent positive associations. In addition, the finding that other frequently prescribed
medications were not associated with fracture risk decreases the possibility that the associations
between acid inhibitors and fracture risk were solely due to confounding from contacts with
the health system. Third, a case-control design cannot completely control for unknown
confounders and detailed data on some confounders (e.g. lifetime alcohol use, diet, body mass
index for all persons, lifetime smoking histories, etc.) were not available. However, prior large
surveys in KPNC population provided smoking and alcohol abuse rates within a reasonable
range of those detected by the current study, analyses suggested little evidence for confounding
even among those with alcohol abuse and tobacco use diagnoses (who likely represent heavier
users) and analyses confined to persons with BMI data provided similar results (data not
shown). We did not include bone density data. Falls are the most common mechanism for hip
fractures; however, only some persons have falls and, among those with falls, only some have
fractures. Osteoporosis may contribute to the risk of fracture among those with falls, but
individual measurements of bone mineral density measurements are not generally available in
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large populations and are not randomly distributed, potentially biasing analyses using density
data. Finally, misclassification of exposure status may influence the results. One type of proton
pump inhibitors became available over-the-counter in 2003, and H2RAs were over-the-counter
prior to that time, although members could receive both PPIs and H2RAs by prescription after
that date (at reduced cost compared with over-the-counter).40 Thus, some members who took
PPIs or H2RAs over-the-counter may have been classified as “unexposed”; if present, this
would be expected to decrease the strength of the association: a “bias towards the null”.

Strengths of this study include its large size (approximately five times more cases with ≥1 year
of PPI use than the United Kingdom study), access to care for all members, over 10 years of
exposure data, the ascertainment of all recorded diagnoses of hip fractures arising within a
general population (thereby minimizing referral bias), detailed electronic data for dispensed
medications (eliminating recall bias), data for multiple confounders, and the use of a control
group that approximates the region’s underlying general population base.14 The large size
permitted evaluation for small intervals of use and multiple potential confounders (including
use of other medications, such as bisphosphonates).

In conclusion, this study found an association between the use of PPIs, H2- receptor antagonists
and the risk of hip fracture. The risk was higher among PPI users than among H2RA users;
however, the increased risk was confined to persons with at least one other fracture risk factor.
If the association is causal, the overall increase in risk is small and the risk attributable to acid
inhibition in the general population is low, although the exposed population is fairly large for
a medication exposure. These findings do not recommend against acid suppression for persons
with clear indications for treatment, but they do advise appropriate vigilance in prescribing
these medications to persons with defined indications and at the lowest effective dose. The
mechanism for the association is unknown; although diminished calcium absorption from acid
inhibition is an intuitive explanation supported by a small trial, it is not a proven mechanism.
Additional mechanistic information is needed regarding the effects of acid inhibition on
calcium absorption, bone metabolism, and bone strength and whether interventions such as
calcium and vitamin D supplements modify the associations between acid inhibition and
fracture risk.

Acknowledgments
Kaiser Permanente Community Benefits Grant. Dr. Corley is also supported by United States National Institutes of
Health RO1 DK63616

References
1. Top 200 Most Prescribed Drugs 2003. Mosby’s Drug Consult. El Sevier; Volume Internet Edition
2. Parker M, Johansen A. Hip fracture. Bmj 2006;333:27–30. [PubMed: 16809710]
3. Robbins J, Aragaki AK, Kooperberg C, Watts N, Wactawski-Wende J, Jackson RD, LeBoff MS, Lewis

CE, Chen Z, Stefanick ML, Cauley J. Factors associated with 5-year risk of hip fracture in
postmenopausal women. Jama 2007;298:2389–98. [PubMed: 18042916]

4. Tuukkanen J, Vaananen HK. Omeprazole, a specific inhibitor of H+-K+-ATPase, inhibits bone
resorption in vitro. Calcif Tissue Int 1986;38:123–5. [PubMed: 3006888]

5. O’Connell MB, Madden DM, Murray AM, Heaney RP, Kerzner LJ. Effects of proton pump inhibitors
on calcium carbonate absorption in women: a randomized crossover trial. Am J Med 2005;118:778–
81. [PubMed: 15989913]

6. Yang YX. Proton pump inhibitor therapy and osteoporosis. Curr Drug Saf 2008;3:204–9. [PubMed:
18691003]

7. Gagnemo-Persson R, Samuelsson A, Hakanson R, Persson P. Chicken parathyroid hormone gene
expression in response to gastrin, omeprazole, ergocalciferol, and restricted food intake. Calcif Tissue
Int 1997;61:210–5. [PubMed: 9262512]

Corley et al. Page 8

Gastroenterology. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



8. Mattsson JP, Vaananen K, Wallmark B, Lorentzon P. Omeprazole and bafilomycin, two proton pump
inhibitors: differentiation of their effects on gastric, kidney and bone H(+)-translocating ATPases.
Biochim Biophys Acta 1991;1065:261–8. [PubMed: 1647821]

9. Mizunashi K, Furukawa Y, Katano K, Abe K. Effect of omeprazole, an inhibitor of H+,K(+)-ATPase,
on bone resorption in humans. Calcif Tissue Int 1993;53:21–5. [PubMed: 8102318]

10. Yang YX, Lewis JD, Epstein S, Metz DC. Long-term proton pump inhibitor therapy and risk of hip
fracture. Jama 2006;296:2947–53. [PubMed: 17190895]

11. Kaye JA, Jick H. Proton pump inhibitor use and risk of hip fractures in patients without major risk
factors. Pharmacotherapy 2008;28:951–9. [PubMed: 18657011]

12. de Vries F, Cooper AL, Cockle SM, van Staa TP, Cooper C. Fracture risk in patients receiving acid-
suppressant medication alone and in combination with bisphosphonates. Osteoporos Int. 2009

13. Targownik LE, Lix LM, Metge CJ, Prior HJ, Leung S, Leslie WD. Use of proton pump inhibitors
and risk of osteoporosis-related fractures. Cmaj 2008;179:319–26. [PubMed: 18695179]

14. Krieger N. Overcoming the absence of socioeconomic data in medical records: validation and
application of a census-based methodology. American Journal of Public Health 1992;82:703–10.
[PubMed: 1566949]

15. Graham DJ, Campen D, Hui R, Spence M, Cheetham C, Levy G, Shoor S, Ray WA. Risk of acute
myocardial infarction and sudden cardiac death in patients treated with cyclo-oxygenase 2 selective
and non-selective non-steroidal anti-inflammatory drugs: nested case-control study. Lancet
2005;365:475–81. [PubMed: 15705456]

16. Schatz M, Zeiger RS, Vollmer WM, Mosen D, Apter AJ, Stibolt TB, Leong A, Johnson MS, Mendoza
G, Cook EF. Validation of a beta-agonist long-term asthma control scale derived from computerized
pharmacy data. J Allergy Clin Immunol 2006;117:995–1000. [PubMed: 16675324]

17. Rothman, KJ.; Greenland, S. Modern Epidemiology. Lippincott-Raven; 1998.
18. Rejnmark L. Cardiovascular drugs and bone. Curr Drug Saf 2008;3:178–84. [PubMed: 18690998]
19. Breslow, NE.; Day, NE. The analysis of case-control studies. Vol. 1. International Agency for

Research on Cancer; 1980. Statistical methods in cancer research.
20. Kleinbaum, DG.; Kupper, LL.; Morgenstern, H. Principles and Quantitative Methods. Van Nostrand

Reinhold; 1982. Epidemiologic Research.
21. Hosmer, DW.; Lemeshow, S. Applied Logistic Regression. John Wiley & Sons; 2000.
22. Greenland S, Drescher K. Maximum likelihood estimation of the attributable fraction from logistic

models. Biometrics 1993;49:865–72. [PubMed: 8241375]
23. Brauer CA, Coca-Perraillon M, Cutler DM, Rosen AB. Incidence and mortality of hip fractures in

the United States. JAMA 2009;302:1573–9. [PubMed: 19826027]
24. Jacobsen SJ, Goldberg J, Miles TP, Brody JA, Stiers W, Rimm AA. Regional variation in the incidence

of hip fracture. US white women aged 65 years and older. JAMA 1990;264:500–2. [PubMed:
2366282]

25. David DS. Calcium metabolism in renal failure. Am J Med 1975;58:48–56. [PubMed: 1090150]
26. Pierfitte C, Macouillard G, Thicoipe M, Chaslerie A, Pehourcq F, Aissou M, Martinez B, Lagnaoui

R, Fourrier A, Begaud B, Dangoumau J, Moore N. Benzodiazepines and hip fractures in elderly
people: case-control study. Bmj 2001;322:704–8. [PubMed: 11264208]

27. Vestergaard P, Rejnmark L, Mosekilde L. Proton pump inhibitors, histamine H2 receptor antagonists,
and other antacid medications and the risk of fracture. Calcif Tissue Int 2006;79:76–83. [PubMed:
16927047]

28. Insogna KL. The effect of proton pump-inhibiting drugs on mineral metabolism. Am J Gastroenterol
2009;104:S2–4. [PubMed: 19262542]

29. Graziani G, Badalamenti S, Como G, Gallieni M, Finazzi S, Angelini C, Brancaccio D, Ponticelli C.
Calcium and phosphate plasma levels in dialysis patients after dietary Ca-P overload. Role of gastric
acid secretion. Nephron 2002;91:474–9. [PubMed: 12119480]

30. Graziani G, Como G, Badalamenti S, Finazzi S, Malesci A, Gallieni M, Brancaccio D, Ponticelli C.
Effect of gastric acid secretion on intestinal phosphate and calcium absorption in normal subjects.
Nephrol Dial Transplant 1995;10:1376–80. [PubMed: 8538929]

Corley et al. Page 9

Gastroenterology. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



31. Knox TA, Kassarjian Z, Dawson-Hughes B, Golner BB, Dallal GE, Arora S, Russell RM. Calcium
absorption in elderly subjects on high- and low-fiber diets: effect of gastric acidity. Am J Clin Nutr
1991;53:1480–6. [PubMed: 1852094]

32. Recker RR. Calcium absorption and achlorhydria. N Engl J Med 1985;313:70–3. [PubMed: 4000241]
33. Serfaty-Lacrosniere C, Wood RJ, Voytko D, Saltzman JR, Pedrosa M, Sepe TE, Russell RR.

Hypochlorhydria from short-term omeprazole treatment does not inhibit intestinal absorption of
calcium, phosphorus, magnesium or zinc from food in humans. J Am Coll Nutr 1995;14:364–8.
[PubMed: 8568113]

34. Karsdal MA, Henriksen K, Sorensen MG, Gram J, Schaller S, Dziegiel MH, Heegaard AM,
Christophersen P, Martin TJ, Christiansen C, Bollerslev J. Acidification of the osteoclastic resorption
compartment provides insight into the coupling of bone formation to bone resorption. Am J Pathol
2005;166:467–76. [PubMed: 15681830]

35. Tuukkanen J, Koivukangas A, Jamsa T, Sundquist K, Mackay CA, Marks SC Jr. Mineral density and
bone strength are dissociated in long bones of rat osteopetrotic mutations. J Bone Miner Res
2000;15:1905–11. [PubMed: 11028442]

36. Yu EW, Blackwell T, Ensrud KE, Hillier TA, Lane NE, Orwoll E, Bauer DC. Acid-suppressive
medications and risk of bone loss and fracture in older adults. Calcif Tissue Int 2008;83:251–9.
[PubMed: 18813868]

37. Targownik LE, Lix LM, Leung S, Leslie WD. Proton-Pump Inhibitor Use Is Not Associated With
Osteoporosis or Accelerated Bone Mineral Density Loss. Gastroenterology 138:896–904. [PubMed:
19931262]

38. Rumenapf G, Schwille PO, Erben RG, Schreiber M, Berge B, Fries W, Schmiedl A, Koroma S,
Hohenberger W. Gastric fundectomy in the rat: effects on mineral and bone metabolism, with
emphasis on the gastrin-calcitonin-parathyroid hormone-vitamin D axis. Calcif Tissue Int
1998;63:433–41. [PubMed: 9799830]

39. Gepp H, Koch M, Schwille PO, Erben RG, Rumenapf G, Schmiedl A, Fries W. Vagus-sparing gastric
fundectomy in the rat: development of osteopenia, relationship to urinary phosphate and net acid
excretion, serum gastrin and vitamin D. Res Exp Med (Berl) 2000;200:1–16. [PubMed: 11197917]

40. Food and Drug Administration Prilosec OTC Approval letter.

Corley et al. Page 10

Gastroenterology. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Corley et al. Page 11

Table 1

Demographic characteristics. Cases and controls were matched for sex, age, duration of membership, first year
of membership, and race/ethnicity.

Controls # (%) Cases # (%)

Total Subjects 130,471 33,752

Gender

 Female 84,550 (64.8) 22,183 (65.7)

Age at index date (years)

 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) 2,452 (7.3)

 60–69 16,026 (12.3) 3,963 (11.7)

 70–79 35,316 (27.1) 8,890 (26.3)

 80–89 43,322 (33.2) 11,332 (33.6)

 >89 10,219 (7.8) 3207 (9.5)

Smoking1 29,473 (22.6) 9940 (29.5)

Alcohol abuse 4883 (3.7) 2261 (6.7)

Diabetes 19,607 (15.0) 6102 (18.1)

Arthritis 44,104 (33.8) 13,462 (39.9)

Kidney disease 2966 (2.3) 1399 (4.1)

Ethnicity

 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)

Medication Days Supply

PPI use2

 None 84,913 (65.1) 20,498 (60.7)

 ≥2 years 4806 (3.7) 1558 (4.6)

H2RA use2

 None 84,913 (65.1) 20,498 (60.7)

 ≥2 years 3061 (2.4) 875 (2.6)

1
Prior or current smoking diagnosis

2
“None” designates members with no PPI or H2RA use. Among users of acid suppression, H2RA users had no PPI use; PPI users could use H2RAs.
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