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Abstract Recent studies have suggested an increased
fracture risk with acid-suppressive medication use. We
studied two cohorts of men and women over age 65 who
were enrolled in the Osteoporotic Fractures in Men Study
(MrOS) and the Study of Osteoporotic Fractures (SOF),
respectively. We used dual-energy X-ray absorptiometry
and assessed baseline use of proton pump inhibitors (PPIs)
and/or H2 receptor antagonists (H2RAs) in 5,755 men and
5,339 women. Medication use and bone mineral density
(BMD) were assessed, and hip and other nonspine fractures
were documented. On multivariate analysis, men using
either PPIs or H2RAs had lower cross-sectional bone mass.
No significant BMD differences were observed among
women. However, there was an increased risk of nonspine
fracture among women using PPIs (relative hazard
[RH] = 1.34, 95% confidence interval [CI] 1.10-1.64). PPI
use was also associated with an increased risk of nonspine
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fracture in men but only among those who were not taking
calcium supplements (RH = 1.49, 95% CI 1.04-2.14).
H2RA use was not associated with nonspine fractures, and
neither H2RA use nor PPI use was associated with incident
hip fractures in men or women. The use of PPIs in older
women, and perhaps older men with low calcium intake,
may be associated with a modestly increased risk of non-
spine fracture.

Keywords Bone density - Fracture - H2 receptor
antagonist - Proton pump inhibitor

Acid-suppressive medications, such as H2 receptor antag-
onists (H2RAs) and proton pump inhibitors (PPIs), are
among the most widely prescribed medications worldwide.
Over 82 million PPI prescriptions and 19 million H2RA
prescriptions are written each year, such that global phar-
maceutical sales for antiulcer agents exceed $26 billion
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annually [1]. These potent acid-suppressing agents are used
for the treatment of various disorders, ranging from gas-
troesophageal reflux to noncardiac chest pain. In addition,
indications for long-term “maintenance” therapy with this
drug class continue to expand [2].

Studies are now reporting unexpected potential adverse
consequences of chronic acid suppression due to H2RAs
and PPIs, such as impaired absorption of vitamin B, [3]
and an increased risk of community-acquired pneumonia
[4]. Several recent studies in human volunteers have sug-
gested that short-term use of acid-suppressive medications
can decrease calcium absorption [5-7], perhaps leading to
calcium deficiency. Reduced fractional calcium absorption
has been linked to an increased risk of fracture, especially
among older women with low calcium intake [8, 9]; and
thus, it is possible that acid-suppressive medications may
potentiate fracture risk. Furthermore, a study of long-term
omeprazole administration in rats found decreased bone
mineral density (BMD) in the treatment compared to the
placebo group [10]. In a small study of men, Grisso et al.
[11] reported an increase in hip fracture with the use of
cimetidine. In addition, two large case-control studies from
Denmark and the United Kingdom, respectively, have
recently reported a 22-60% increase in the odds of hip
fracture for users of PPIs [12, 13]. Neither of these studies
reported the effects of PPI or H2RA use on bone mass or
rates of bone loss.

We performed a secondary data analysis to examine the
association between acid-suppressive medication use and
bone density, rates of hip bone loss, and fracture risk in
prospective cohorts of men and women over the age of 65
who were enrolled in the Osteoporotic Fractures in Men
Study (MrOS) and the Study of Osteoporotic Fractures
(SOF), respectively. We further hypothesized that the
deleterious effects of acid suppression would be most
apparent among participants with lower calcium intakes.

Subjects and Methods

The design of the MrOS was derived from that of the SOF,
to allow parallel analyses in men and women. Both are
ongoing prospective studies of large cohorts recruited from
several communities in the United States.

SOF Participants (Women)

Study participants were community-dwelling women
65 years of age and older who were enrolled in the SOF.
Caucasian women were recruited from 1986 to 1988
through population-based listings from four clinical centers
in the United States: the Kaiser-Permanente Center for
Health Research (Portland, OR), the University of
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Minnesota (Minneapolis, MN), the University of Maryland
(Baltimore, MD), and the University of Pittsburgh (Pitts-
burgh, PA). Women who were unable to walk without help
and women who had a history of bilateral hip replacement
were excluded [14]. Starting in 1996, an additional cohort
of black women was recruited to the study, and they are
included in our study population [15]. The appropriate
institutional review boards approved the study, and written
informed consent was obtained from all participants.

Our analysis was limited to active surviving women who
participated in the sixth clinic visit (1997-1999), when a
detailed listing of medication use was obtained, and those
who had technically adequate hip BMD measurements
(n = 5,339). Participants completed follow-up measure-
ments at an eighth clinical exam an average of 4.9 years
later, at which time medication history (n = 3,283) and hip
BMD measurement (n = 2,856) were repeated. Of note,
916 of these 5,339 participants died before visit 8 was
completed. Fracture data continued to be collected after the
last clinical visit.

MrOS Participants (Men)

From March 2000 through April 2002, a total of 5,995 men
65 years of age and older were recruited for participation in
MrOS from six areas of the United States: Birmingham,
AL; Minneapolis, MN; Palo Alto, CA; Pittsburgh, PA;
Portland, OR; and San Diego, CA [16, 17]. As in SOF, men
with a history of bilateral hip replacement and those who
were unable to walk without assistance were excluded. Our
analysis is limited to those 5,755 men with information on
medication use and technically adequate hip BMD mea-
surements at baseline. Participants completed follow-up
measurements at the second clinic visit an average of
4.6 years later, at which time medication history and hip
BMD assessment were repeated (n = 4,230). Fracture data
continued to be collected after the last clinical visit. The
institutional review board at each center approved the study
protocol, and written informed consent was obtained from
all participants.

Use of Acid-Suppressive Medications

In both the MrOS and SOF cohorts, participants were asked
to bring all current prescription medications, defined as any
use in the previous 4 weeks, to the clinic visit. In the SOF,
women were also asked to bring nonprescription medica-
tions to all visits. In the MrOS, nonprescription medications
were not documented until the follow-up visit. Interviewers
completed a medication history for each participant and, in
the SOF, also included information on duration of usage. A
computerized medication coding dictionary was used to
categorize these medications [18]. We performed our
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primary analysis by classifying participants in mutually
exclusive medication use categories of users of PPIs, users
of H2RAs, and nonusers of either PPIs or H2RAs. We also
pooled use of PPIs and H2RAs in a secondary predictor
variable. For the fracture analysis, we used time-dependent
analysis to allow for crossover and discontinuous PPI or
H2RA medication use as documented over subsequent
VISItS.

BMD and Ascertainment of Fractures

BMD at the hip was measured using dual-energy X-ray
absorptiometry with the QDR-1000, QDR-2000 (SOF), or
QDR-4500 (MrOS) scanners (Hologic, Waltham, MA).
Repeat BMD measurements were performed on the same
instruments used for the initial measurements. Detailed
descriptions of the BMD measurements have been previ-
ously published [17, 19, 20]. The rate of change in BMD was
expressed as an annualized percentage of difference between
follow-up BMD and initial BMD divided by initial BMD.

In both the MrOS and SOF cohorts, participants were
contacted every 4 months by postcard or telephone to
determine the occurrence of fractures. Data continued to be
collected after the clinic visits were completed. Both
studies completed 95% or more of these follow-up con-
tacts. All fractures were confirmed by review of
radiographic reports or, in some cases, by review of the
radiographs by a study radiologist. In the SOF, fractures
that occurred after visit 6 but before August 2007 were
included in the analysis. In the MrOS, all confirmed frac-
tures up until August 2007 were included in the analysis.
We excluded self-reported vertebral fractures. Based on
recent literature indicating the predictive value of traumatic
fractures [21], we included fractures that occurred due to
major trauma in our primary analysis. However, we also
performed secondary analysis, which excluded traumatic
fractures. We excluded participants who had had a previous
hip fracture in the analysis of incident hip fractures. The
average follow-up for fractures was 7.6 years in the SOF
and 5.6 years in the MrOS.

Other Measurements

In both studies, participants completed a questionnaire and
were interviewed at the initial visit. They were asked about
selected medical history, smoking status, alcohol intake,
physical activity, and self-reported health. In the SOF,
physical activity was assessed by asking women if they
walked for exercise. In the MrOS, physical activity was
assessed using the Physical Activity Scale of the Elderly
(PASE) [22]. A full current medication history was
obtained as described above. Body weight and height were
measured using a balance-beam scale and a stadiometer.

In both studies, dietary calcium intake was assessed by a
food-frequency questionnaire [23]. In the MrOS, dietary
caffeine intake was assessed with the food-frequency
questionnaire, while in the SOF it was assessed through
specific questions. In the SOF cohort, we assessed use of
calcium supplements similarly to the assessment of medi-
cation use [8]. In the MrOS, it was assessed as part of the
food-frequency questionnaire.

Statistical Analysis

Each study was analyzed separately but in parallel fashion.
Differences in characteristics at the initial visit between
users of acid-suppressive medications in the two categories
compared to nonusers of any acid-suppressive medications
were analyzed using chi-squared tests for categorical
variables, t-tests for normally distributed continuous vari-
ables, and Wilcoxon’s rank sum tests for continuous
variables with skewed distributions.

Linear regression models were used to examine the
difference between acid-suppressive medication users and
nonusers at the initial visit for both cross-sectional BMD
and annualized percent change in BMD. The adjusted
means per group were calculated using the least square
means procedure.

Cox regression models were used to examine the asso-
ciation between use of acid-suppressive medications and
risk of subsequent fracture. Because the follow-up for
fractures extends over multiple time points where medi-
cation use data were gathered, acid-suppressive medication
use was used as a time-dependent covariate. This allowed
participants to switch between the user and nonuser groups
over time within the model [24, 25]. For the association of
PPI use to incident hip fracture outcomes, we had 80%
power to detect unadjusted relative hazards (RHs) of 1.50
in the SOF cohort and 2.04 in the MrOS cohort.

All models were minimally adjusted for clinic and age,
then further for those characteristics related to either PPI or
H2RA use at the P < 0.10 level. Cross-sectional BMD
models were performed at the initial visit and, therefore,
were not adjusted for weight change (follow-up visit
weight—initial visit weight). Weight change data were
missing on those men or women who did not return for the
follow-up visit. For fracture models, multiple imputation
was used for these missing data. The imputation model
included all other covariates in the multivariate model. A
total of five imputed data sets were used in the fracture
analyses [26].

Secondary analyses were performed on the subset of
participants who were not taking hormone replacement
therapy or a medication for osteoporosis, defined as use of
bisphosphonates, raloxifene, calcitonin, fluoride, or teri-
paratide. We also performed secondary analyses which
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excluded traumatic fractures. The interaction of the use of
calcium supplements and acid-suppressive medications in
these multivariate models was also examined, using
P < 0.10 to indicate potential interactions due to the low
power of such tests. Models stratified by calcium supple-
ment use (yes/no) were performed.

Finally, analyses were performed in which propensity
scores were calculated indicating the likelihood of acid-
suppressive medication use (e.g., PPI, H2RA) based on
logistic regression with the use variable as the outcome and
the covariates in the multivariate model [27]. This pro-
pensity score was then used in place of the covariates in the
models. Because use of propensity scores did not sub-
stantially alter findings regarding the association between
PPI or H2RA use and rates of hip bone loss, models
adjusted for multiple covariates are presented.

Table 1 Baseline characteristics

Results
Baseline Characteristics

The baseline characteristics for users and nonusers of acid-
suppressive medications within the SOF and MrOS cohorts
are shown in Table 1. The women in the SOF cohort were
older (average 79 years) compared to the men in the MrOS
cohort (average 74 years) due to the different enrollment
periods that were considered. There were also more African
American participants in the SOF due to targeted recruit-
ment. In general, participants using PPIs and H2RAs tended
to have slightly higher body mass indexes (BMlIs), to report
more inactivity, and to have poorer self-reported health
compared to nonusers. In addition, use of prescribed drugs
was higher among users of PPIs and H2RAs, including a

SOF women MrOS men
Nonusers of PPI or PPI users H2RA users Nonusers of PPI or H2RA PPl users H2RA users
H2RA (n = 4,574) (n =234) (n=>519) (n = 4,920) (n =487) (n = 335)
Age (years) 79.5 79.1 79.5 73.5 74.7° 74.0
BMI (kg/m?) 26.8 27.4° 27.7° 27.3 27.7° 27.8°
Weight change (kg) -2.1 —1.1° -23 -1.3 -1.7 —2.0°
African American (%) 12 12 13 4 3 6
Daily dietary calcium intake (mg) 755 773 732 797 785 798
Average drinks per week 1.2 1.2 1.0° 4.3 4.1° 43
Daily dietary caffeine intake (mg) 159 120° 130° 216 188 213
Current smoker (%) 5 4 4 4 2% 3
Walks for exercise (%) 41 36" 37* ¢ ¢ ¢
Physical activity? c e e 148 136° 132°
History of stomach surgery (%) 1 2% 2 7 9¢ 11°
Oral estrogen (%) 21 22 25° 0 0 0
Thyroid medication (%) 17 21 20 7 7 8
Oral or inhaled corticosteroids, n (%) 5 11° 10° 5 11° 9°
NSAIDs (%) 24 20 28° 19 33 36
Calcium supplements (%) 48 49 52* 35 39° 38
Osteoporosis medications (%) 7 10° 7 2 4°
Self-reported health (%) b b b b
Poor/very poor 2 3 3 1 3 5
Fair 17 29 23 11 21 20
Good/very good 81 68 74 87 76 75
BMD (g/cm?)
Total hip 0.735 0.736 0.755° 0.959 0.940° 0.951
Femoral neck 0.638 0.636 0.648 0.785 0.770 0.780

¢ Data not collected

P < 0.10 in comparison with nonuser, selected for adjustment in multivariate models

P < 0.05 in comparison with nonuser, selected for adjustment in multivariate models

9 Physical Activity Scale for the Elderly (PASE), higher score indicates more physically active
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significantly higher usage of corticosteroids and non-ste-
roidal anti-inflammatory drugs (NSAIDS).

PPI and H2RA Use

Within the SOF cohort, mean duration of H2RA and PPI
use at the initial visit was 3.6 years and 1.8 years,
respectively. Of note, there was a large increase in the
proportion of participants taking PPIs at the follow-up
visits (5% at the SOF initial visit vs. 16% at the follow-up
visit). In addition, over time a greater proportion of par-
ticipants were taking any form of acid-suppressive therapy
(14.3% at the SOF initial visit vs. 22.8% at the follow-up
visit). Similar trends were observed within the MrOS
cohort, with an almost 50% increase in the use of PPIs
between the initial and follow-up visits (data not shown).

Cross-Sectional BMD and Bone Loss Analyses

After adjustment for multiple covariates, men in the MrOS
who were PPI users had slightly lower total hip BMD at the
initial visit compared to nonusers of these drugs (Table 2,
P = 0.05). Similar results were obtained using femoral
neck BMD in the MrOS cohort (data not shown). Among
women in the SOF, minimally adjusted analyses of cross-

sectional total hip (Table 2) and femoral neck BMD (data
not shown) showed a slight increase in BMD for those on
either H2RA or PPI medication, but this association did not
remain after adjustment for multiple confounders.

Annualized percent change of total hip BMD was
calculated as a measure of rate of bone loss. Minimally
adjusted models showed an increased rate of bone loss
among combined PPI and H2RA users in men; however,
there were no statistically significant differences in mul-
tivariate models for either cohort (Table 3). Similar
results were obtained using femoral neck BMD (data not
shown).

Fracture Analysis

In the SOF cohort of women, during a mean follow-up time
of 7.6 years, 1,410 nonspine fractures occurred, of which
451 were incident hip fractures. In multivariate-adjusted
time-dependent Cox regression models, we found an
increase in the risk of nonspine fracture among users of
PPIs compared to nonusers (RH = 1.34, 95% confidence
interval [CI] 1.10-1.64; Table 4). Pooling users of PPIs
and/or H2RAs to compare against nonusers yielded similar
results for nonspine fractures. Neither PPI nor H2RA use
was associated with incident hip fracture risk (Table 4).

Table 2 Acid-suppressive medication use and cross-sectional total hip BMD (g/cm?)

SOF women (n = 5,339)

MrOS men (n = 5,755)

Age-adjusted®

Multivariate adjusted”

Age-adjusted®

Multivariate adjusted®

PPI user
H2RA user
PPI or H2RA user

Nonuser

0.731 (P = 0.63)
0.755 (P < 0.01)
0.748 (P = 0.02)
0.736 (referent)

0.729 (P = 0.37)
0.745 (P = 0.13)
0.741 (P = 0.37)
0.736 (referent)

0.946 (P = 0.06)
0.952 (P = 0.35)
0.947 (P = 0.03)
0.959 (referent)

0.946 (P = 0.05)
0.944 (P = 0.06)
0.945 (P < 0.01)
0.958 (referent)

4 Models are adjusted for age and clinic

b All models are adjusted for age, clinic, race, BMI, alcohol use, exercise, oral or inhaled corticosteroid use, NSAID use, calcium supplement
use, osteoporosis medication use, and self-reported health. SOF results are adjusted for caffeine intake and estrogen use. MrOS results are

adjusted for smoking and history of stomach surgery

Table 3 Acid-suppressive medication use and rates of bone loss at the total hip*

SOF women (n = 2,856)

MrOS men (n = 4,236)

Age-adjusted”

Multivariate adjusted®

Age-adjusted®

Multivariate adjusted®

PPI user

H2RA user

PPI or H2RA user
Nonuser

—0.62 (P = 0.29)
—0.55 (P = 0.50)
—0.57 (P = 0.28)

—0.49 (referent)

—0.70 (P = 0.08)
—0.57 (P = 0.30)
—0.61 (P = 0.08)

—0.48 (referent)

—0.40 (P = 0.28)
—0.49 (P = 0.01)
—0.44 (P = 0.02)

—0.35 (referent)

—0.38 (P = 0.39)
—0.44 (P = 0.09)
—0.41 (P = 0.09)

—0.34 (referent)

* Annualized percent change in bone density at the total hip

" Models are adjusted for age and clinic

¢ Multivariate models are adjusted for age, clinic, race, BMI, alcohol use, exercise, oral or inhaled corticosteroid use, NSAID use, calcium
supplement use, osteoporosis medication use, and self-reported health, concurrent weight change, and initial total hip BMD. SOF results are

adjusted for caffeine intake and estrogen use. MrOS results are adjusted for smoking and history of stomach surgery
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Table 4 RH (95% CI) of acid-suppressive medication use and risk of fracture

Nonspine fracture

Hip fracture

Age-adjusted®

Multivariate adjusted”

Age-adjusted® Multivariate adjusted”

SOF women (n = 5,339)

PPIL 1.31 (1.07-1.60) 1.34 (1.10-1.64)
H2RA 1.05 (0.88-1.26) 1.08 (0.90-1.31)
PPI or H2RA 1.17 (1.02-1.35) 1.20 (1.04-1.39)
Nonuser Referent Referent

MrOS men (n = 5,755)

PPI 1.33 (1.01-1.76) 1.21 (0.91-1.62)
H2RA 1.18 (0.81-1.71) 0.88 (0.58-1.35)
PPI or H2RA 1.26 (1.00-1.59) 1.09 (0.85-1.39)
Nonuser Referent Referent

1.10 (0.77-1.57)
1.16 (0.85-1.59)
1.13 (0.89-1.44)

Referent

0.69 (0.30-1.59)
1.74 (0.83-3.62)
1.04 (0.58-1.86)
Referent

1.16 (0.80-1.67)
1.27 (0.92-1.75)
1.20 (0.93-1.54)

Referent

0.62 (0.26-1.44)
1.22 (0.54-2.76)
0.84 (0.45-1.55)
Referent

# Models are adjusted for age and clinic

® Multivariate models are adjusted for age, clinic, race, BMI, alcohol use, exercise, oral or inhaled corticosteroid use, NSAID use, calcium
supplement use, osteoporosis medication use, self-reported health, initial total hip BMD, and concurrent weight change. SOF results are adjusted
for caffeine intake and estrogen use. MrOS results are adjusted for smoking and history of stomach surgery

In the MrOS cohort of men, during a mean follow-up
time of 5.6 years, 489 nonspine fractures occurred, of
which 89 were incident hip fractures. In minimally
adjusted time-dependent Cox regression models, there
was an increased risk of nonspine fracture among men
using PPIs compared to nonusers (RH = 1.33, 95% CI
1.01-1.76). This relationship was no longer statistically
significant after multivariate adjustment (RH = 1.21, 95%
CI 0.91-1.62), although the point estimate for nonspine
fracture risk among PPI users was similar to that observed
in the SOF.

Secondary analyses were performed with models using
SOF and MrOS cohort subsets that excluded users of
osteoporosis medications. We found similar results for
primary bone loss and fracture outcomes. In addition,
secondary analysis which excluded traumatic fractures
showed similar results to our primary analysis.

Interactions with Calcium Supplement Use

To test the impact of calcium supplement use on these
relationships, we modeled bone loss and fracture outcomes
with calcium intake interaction terms. These interaction
terms were not significant in either cohort for bone loss
outcomes. However, the analysis of calcium supplement
use and PPI use did suggest a possible interaction for the
nonspine fracture outcome in the MrOS cohort
(P = 0.097). Stratified analyses demonstrated that PPI use
was associated with an increase in fracture risk among men
who were not taking calcium supplements (RH = 1.49,
95% CI 1.04-2.14) but not among men who were taking
calcium supplements (RH = 0.88, 95% CI 0.54-1.42). No
significant interactions were found for fracture outcomes in
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the SOF cohort. We found similar results when we strati-
fied by total daily calcium intake.

Discussion

This prospective study examined the relationships between
acid-suppressive medication use and skeletal outcomes in
two large cohorts, one of men and one of women, which
had similar design and included community dwellers older
than 65 years. After adjustment for potential confounding
factors, use of PPIs in men was associated with mildly
lower hip bone density. There was also a suggestion of
increased bone loss in men and women who used PPIs, but
we did not observe statistically significant differences.
Analysis of fracture outcomes showed that use of PPIs
conferred a 34% increased risk of nonspine fracture in the
cohort of women. Among men who were not taking cal-
cium supplements, there was a 49% greater risk of
nonspine fracture compared to those not taking PPIs. Men
taking calcium supplements did not have an increased risk
of nonspine fracture associated with PPI use.

Based on our nonspine fracture data in the SOF cohort,
we estimated that the PPI number-needed-to-harm is such
that one extra nonspine fracture would be expected for
every 10 women treated for 5 years with a PPI. While this
represents a small individual risk, the widespread use of
these medications is such that the population-attributable
fraction is 3.6%. This means that 3.6% of nonspine frac-
tures in women of this age group could potentially be
attributed to use of PPIs. This attributable fraction may
become significantly higher given the ever-widening pop-
ularity of these medications. Within the time frame of our
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study, use of acid-suppressive medications within our two
cohorts increased by 50%, reflecting the general trend
during this time of greater availability and popularity of the
PPIs in particular. In addition, individuals that initiate PPI
treatment tend to remain on the medication for many years,
if not the remainder of their life span [2].

Two case-control studies utilizing national health
administrative databases have been reported on this topic.
However, neither of the two previous studies examined
bone density measurements or interactions with calcium
intake. Vestergaard et al. [12] performed a study in Den-
mark which found an 18% increase in any fracture and a
45% increase in hip fracture for men and women who had
used PPIs in the past year. Yang et al. [13] completed a
more recent study within the United Kingdom, which also
demonstrated an increase in hip fracture risk among users
of PPIs. Increasing duration and dose of PPI therapy con-
ferred higher risks of fracture. In addition, they found that
the association between PPI use and fracture was more
pronounced in men (odds ratio [OR] = 1.78, CI 1.42-2.22
in men; OR = 1.36, CI 1.22-1.53 in women; P = 0.04).
By contrast, we did not see any effect of PPI use on hip
fracture risk. The Danish study was unable to control for
several confounding factors, such as BMI and physical
activity. However, removing these covariates from our
fracture analysis did not change our estimates of fracture
risk (data not shown). Therefore, the reason for this dis-
crepancy is not known, though it may be that our current
study is underpowered to see a direct effect on hip fractures
and we lack other information such as duration of medi-
cation usage to look for time-dependent effects.
Nevertheless, the mild increase in overall nonspine fracture
risk within the SOF cohort of women is qualitatively
similar to these published population-wide case-control
studies. This is similar also to the observed nonspine
fracture risk among the men not taking calcium supple-
ments in the MrOS cohort.

Three independent studies now suggest that use of PPIs
in vivo confers a mildly increased risk of fractures. This is
despite in vitro biochemical studies of PPIs that have
suggested potential antiresorptive properties by functioning
at osteoclast-specific proton pumps [28, 29]. A possible
mechanism to explain this increase in fracture risk may be
via the decreased absorption of calcium in users of acid-
suppressive medications. Achlorhydria is associated with
decreased absorption of certain forms of calcium [30].
Several recent studies have demonstrated that hypochlor-
hydria due to short-term omeprazole use is also associated
with impaired intestinal calcium absorption. In one study,
participants who were administered a short course of
omeprazole had decreased serum calcium and urinary
calcium levels compared to placebo [6]. Another recently
reported short-term trial found that, compared to placebo,

omeprazole use reduced the fractional absorption of cal-
cium from 9.1% to 3.5% [7]. Therefore, it is conceivable
that decreased calcium absorption is the mechanism by
which PPIs increase fracture risk. If so, individuals with
low baseline calcium intake would be at even higher risk
for hypocalcemia with PPI use. Interestingly, our data
suggest that men with lower intake of calcium who used
PPIs had heightened susceptibility to fractures, which is
consistent with this hypothesis. Conversely, sufficient
levels of calcium supplementation might mitigate the
adverse skeletal effects of PPI use.

Whether H2RA use increases fracture risk is still
unclear. Grisso et al. [11] first reported an increased risk of
fracture for cimetidine users. The Danish study found a
dose-dependent decrease in fracture risk with H2RAs [12],
while the U.K. study reported a dose-dependent increase in
fractures with H2RAs [13]. Our present analysis did not
find a statistically significant effect upon fracture in men or
women using H2RAs. Theoretically, H2RAs are less
effective than PPIs at promoting an acidic gastric envi-
ronment and, therefore, would have less of a detrimental
effect upon calcium absorption. Thus, we would expect a
weaker association with fracture rates, which may be hard
to discern given the mild effect seen with the more potent
PPIs. Further analysis is hampered by diminishing numbers
of participants who are prescribed H2RAs in the face of the
increasing popularity of PPIs.

Our study should be interpreted with the following
limitations in mind. We are reporting the results of two
separate cohorts; therefore, direct comparisons between
men and women are not possible. However, the design of
the MrOS was based on that of the SOF; therefore, they
share many similarities. Vertebral fracture data were
unavailable, and the number of nonspine fractures was
limited. Thus, we may not have had enough power to detect
true effects of acid-suppressive medications on fracture
risk, especially for hip fractures.

Finally, a main limitation of our study lies in the
assessment of acid-suppressive medication use, but all of
the difficulties in assessment would have biased the results
to the null. First of all, we only assessed use of medications
in the 4 weeks prior to the clinic visits; thus, we may have
underestimated the number of actual users of acid-sup-
pressive medications. In addition, nonprescription
medications were not documented in the MrOS during the
baseline visit. We may be underestimating baseline use of
H2RAs, but the first over-the-counter PPI was not approved
by the U.S. Food and Drug Administration until a year after
our baseline visit. We did collect nonprescription medica-
tion data on subsequent follow-up MrOS visits, which were
incorporated into the analysis. Regrettably, we have limited
data on dose and duration of medication usage, but inclu-
sion of short-term users in addition to chronic users would
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again bias our results to the null. Lastly, increasing num-
bers of participants were started on acid suppression during
the study due to increasing indications and popularity. We
attempted to adjust for this by analyzing the fracture out-
comes in a time-dependent manner, such that participants
could switch medication categories during the follow-up
visit and subsequent fractures would be analyzed according
to the new category.

In summary, we observed that PPI use is associated with
mildly decreased bone density in men. These bone density
differences were not seen in women, and a statistically
significant effect on rate of bone loss was not observed in
either cohort. Nevertheless, we found that use of acid-
suppressive medications is associated with a modest
increase in nonspine fracture risk in women and perhaps
also in men with low calcium intake. Along with previ-
ously published studies, these data suggest that PPIs may
have unintended negative skeletal effects, although they
are likely minor on the individual level. Further studies are
warranted to better elucidate the connection between acid-
suppressive medications and skeletal outcomes.
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