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Abstract
Summary Previous studies have found an association
between acid suppressants and fracture risk. We assessed
fracture risk in patients taking concomitant acid suppressant
and bisphosphonates. Positive associations were observed
for any hip and vertebral fracture. The effect size was
modest; however, the significance lies in the widespread
prescribing of acid suppressants.
Introduction Previous studies have found that acid-
suppressive medication (ASM) is associated with an
increased risk of fracture. Bisphosphonates can cause upper

gastrointestinal problems, and patients may be prescribed
ASM to minimise these effects.
Methods A retrospective cohort study using the GPRD was
conducted in patients aged 40 years and older starting
proton pump inhibitors (PPI, N=234,144), H2 receptor
antagonists (H2RA, N=166,798) or bisphosphonates (N=
67,309). Fracture risk in current versus past use of ASM
and concomitant use of bisphosphonate plus ASM versus
bisphosphonate alone was compared using time-dependent
Cox regression.
Results In the 6 months before initiating bisphosphonate
therapy, 20.1% of patients received a PPI and 7.5% an
H2RA. Current PPI use was associated with an increased
risk of any (adjusted relative rate (ARR) 1.15, 95% CI
1.10–1.20), hip (ARR 1.22, 95% CI 1.10–1.37), and
vertebral fracture (ARR 1.40, 95% CI 1.11–1.78); and
concomitant bisphosphonates and PPIs with an increased
risk of any (ARR 1.08, 95% CI 1.01–1.16) and hip fracture
(ARR 1.24, 95% CI 1.08–1.42).
Conclusions ASM is associated with an increased risk of
fracture when taken alone or in combination with
bisphosphonates. Given the frequency of coprescription of
ASM and bisphosphonates, this issue requires further
investigation.
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Introduction

The lifetime risk of experiencing an osteoporotic fracture is
approximately 40–50% in women and 13–22% in men [1].
The most serious of these, hip fracture, is associated with
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significant morbidity and mortality. It has been estimated
that 20–30% of patients die in the first year after a hip
fracture [2–4] and many others do not regain their
independence [5, 6].

The majority of patients treated for osteoporosis are
prescribed bisphosphonates. Whilst these drugs are effica-
cious and generally considered to have good safety profiles,
they are associated with upper gastrointestinal problems,
such as dyspepsia, acid regurgitation and oesophageal
reactions. In prescription event-monitoring studies of alendr-
onate and risedronate, dyspeptic symptoms were the most
commonly reported side effect, with the incidence being four
to five times seen in comparable patients in previous studies
[7, 8]. Additional drugs may be prescribed in order to control
emergent side effects. Roughead et al. [9] found that
compared to controls, patients newly initiated onto
bisphosphonate therapy were three times more likely to see
their general practitioner (GP) within 6 weeks because of
indigestion/dyspepsia and were consequently prescribed
acid-suppressant medications. Three quarters of these return-
ing patients were prescribed a proton pump inhibitor (PPI).

Recent studies have found an association between acid-
suppressive medication and an increased risk of fracture.
Yang et al. [10] conducted a nested case control study using
the UK General Practice Research Database (GPRD) and
found that chronic acid-suppressive medication was asso-
ciated with an increased risk of hip fracture in patients aged
50 years and older. The effect was evident for both PPIs
and H2RAs but was most pronounced with the former,
where the risk of hip fracture increased with both higher
doses of PPI and with longer durations of treatment. In a
case-control study using Danish medical records, Vestergaard
et al. [11] found that recent use of PPIs was associated with
an increased risk of any hip and vertebral fracture; however,
recent H2RA use was associated with a decreased risk of hip
fracture. In the Study of Osteoporotic Fractures, the use of
acid-suppressive medication was associated with an in-
creased risk of nonspine fracture, but there were no effects
on bone mineral density [12].

The main objective of this study was to further explore the
risk of fracture in patients receiving acid-suppressive medica-
tion and to investigate whether concomitant prescription
might attenuate the antifracture efficacy of bisphosphonates.
The secondary objective was to describe the utilisation of
acid-suppressant medication in bisphosphonate users.

Methods

Data source

The data for this study were obtained from the GPRD,
which contains the computerised medical records of general

practitioners in the UK. The current study included 418
practices. The data recorded in the GPRD include demo-
graphic information, prescription details, clinical events,
specialist referrals and hospital admissions and their major
outcomes. Clinical data are recorded and retrieved histor-
ically by means of Oxford Medical Information Systems
codes and more recently by the Read code system. The
GPRD is owned by the UK’s Department of Health.

Study population and outcome assessment

A retrospective cohort study was conducted in permanently
registered male and female patients, who started either acid-
suppressive medication (proton pump inhibitors or H2

receptor antagonists) or bisphosphonate therapy between
1st January 1988 and 2nd February 2007. The first
prescription (i.e. the index date) occurred within the
patients’ period of valid data collection, and there must
have been 12 months of active follow-up prior to this. All
individuals were followed up from the moment they have
1 year of valid history until the first prescription of acid-
suppresive medication or bisphosphonates. Only patients
aged 40 years or older at the date of first prescription were
included. Patients with a history of Paget’s disease or
cancer were excluded. The three resulting cohorts were
mutually exclusive.

The period of follow-up was defined from the first
bisphosphonate or acid-suppressive medication prescription
up to latest GPRD data collection, patient’s transfer out of
the practice or patient’s death, whichever date came first.
The exposure variables were the use of bisphosphonates
(alendronate, risedronate, ibandronate or etidronate) and
acid-suppressive medication (PPIs or H2RAs). For the acid-
suppressive medication, dosages were expressed as World
Health Organisation defined daily doses (DDD). One DDD
is equivalent to 20 mg omeprazole, 40 mg pantoprazole,
30 mg lansoprazole, 20 mg rabeprazole or 30 mg esome-
prazole (PPIs), and to 800 mg cimetidine, 300 mg
ranitidine, 40 mg famotidine or 300 mg nizatidine (H2RAs).

The period of follow-up was divided into periods of
current and past exposure for bisphosphonate and for acid-
suppressive medication. The period of current exposure was
defined as the period from the date of prescribing up to
91 days after the estimated end of the prescription. Patients
could move between exposure categories over the duration
of follow-up. At the start of each period, prescribed daily
dose of the current prescription and the cumulative duration
of previous exposure to ASM were determined. In order to
determine whether concomitant use of bisphosphonates and
acid suppressants (i.e. prescriptions within 6 months before
start of 3 months bisphosphonate episodes) attenuated
fracture risk, we compared with users of bisphosphonates
alone (i.e. patients who had never used acid suppressants or
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who had stopped taking acid suppressants for at least
6 months).

The outcome of interest was the first fracture after the
index date. The classification of fractures was based on ICD
ninth revision categories. The following types of fractures
were examined: all fractures (ICD9 800–829.99), osteopo-
rotic fractures (hip/femur (ICD9 820/821), vertebral (ICD9
805), radius/ulna (ICD9 813) and proximal humerus (ICD9
812)) and individual fractures including those of the hip/
femur, vertebrae and radius/ulna. Previous studies have
shown the GPRD to have high levels of completeness and
validity with respect to fractures [13].

Covariates

Factors associated with fractures and considered as poten-
tial confounding variables included diabetes mellitus,
rheumatoid arthritis, inflammatory bowel disease, conges-
tive heart failure, cerebrovascular accident, chronic obstruc-
tive pulmonary disease, hysterectomy/early menopause,
hormone replacement therapy, thiazide diuretics, anxio-
lytics, hypnotics, antidepressants, anti-Parkinson drugs,
anticonvulsants, systemic corticosteroids, inhaled cortico-
steroids, bronchodilators, aluminium- and magnesium-
containing antacids and calcium or vitamin D supplements.
Smoking status (history, no history or unknown), body
mass index (BMI) and a history of any fracture were also
included [14]. All covariates were assessed prior to the
index date; prescriptions in the 6 months before the index
date and medical conditions at any point in the available
history, except for age and the number of previous non-
steroidal anti-inflammatory drug (NSAID) prescriptions,
which were calculated in the one year before each acid
suppressant prescription (none, 1–4, >4).

Statistical analysis

Adjusted relative rates (ARR) and 95% confidence intervals
(95% CI) were estimated using time-dependent Cox
regression. In non-users of bisphosphonates, the risk of
fracture in current users of acid-suppressive medication was
compared to the risk of fracture in past users. In the
bisphosphonate cohort, fracture risk in users of bisphosph-
onates plus acid suppressants was compared to users of
bisphosphonates only. The analyses were stratified by class
(PPI or H2RA), daily dose and duration of use of acid
suppressive medication. The Cox regression analyses
included age and gender and the covariates. Differences
between dose categories were tested using the Wald
statistic.

Time to initiation of acid suppressive medication in
bisphosphonate users was investigated using Kaplan–Meier
life-table analysis. This analysis was stratified by age and

gender. For patients who started a PPI or H2RA on the same
day or after bisphosphonate therapy commenced, Kaplan–
Meier life-table analysis was also used to investigate their
persistence with acid-suppressive medication.

Sensitivity analysis

Treatment adherence with bisphosphonates may be reduced
among patients taking concomitant ASM. In a sensitivity
analysis, we estimated a medication possession ratio (MPR)
at the start of each new bisphosphonate prescription. The
MPR was equal to the total number of days of prior
bisphosphonate exposure, divided by the time since the
start of follow-up. We considered patients with MPRs
between 0.7 and 1.0 as compliant and patients with MPRs
<0.7 as non-compliant. Non-compliance was included as a
confounder in the statistical models and as a multiplicative
interaction variable composed of non-compliance and
concomitant use of bisphosphonates and acid suppressants.
In a second sensitivity analysis, we added an interaction
variable between past use of bisphosphonates and past use
of ASM.

Results

The acid suppressant population comprised 234,144 in the
PPI cohort and 166,798 patients in the H2RA cohort, with
21,240 patients contributing to both groups. In the PPI
group, the mean duration of follow-up was 3.5 years,
during which the cohort received 2,802,266 PPI prescrip-
tions: 45% omeprazole, 40% lansoprazole, 8% rabeprazole,
4% pantoprazole and 4% esomeprazole. Duration of
follow-up in the H2RA group was 6.3 years. A total of
1,348,696 H2RA prescriptions were received: 62% raniti-
dine, 27% cimetidine, 10% famotidine and 1% nizatidine.

In the bisphosphonate cohort, 67,309 patients received
one or more bisphosphonate prescriptions, and they were
followed up for a mean of 3.3 years. These patients
received a total of 1,144,682 prescriptions: 62% alendro-
nate (53% weekly, 9% daily dosage packs), 22% risedro-
nate (17% weekly, 5% daily dosage packs), 16% etidronate
and 1% ibandronate.

Table 1 summarises the baseline characteristics of the
acid suppression and bisphosphonate groups. The PPI and
H2RA groups were similar in terms of age and gender split,
with a mean age of 62 years and 61 years, respectively, and
with just over half of patients being female. The most
frequently recorded medical condition was early meno-
pause/hysterectomy, followed by anaemia and diabetes,
whilst NSAIDs were the most common medication, with
almost a quarter of patients receiving at least one
prescription in the 6 months prior to their index date. The
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mean age in the BP cohort was 72 years, and over 80% of
the patients were female. The most common medical
conditions were again early menopause/hysterectomy and
anaemia followed by COPD. The most frequently pre-
scribed medications in the 6 months before the index date
were systemic corticosteroids and NSAIDs. In terms of
previous acid-suppression medication use, 20.1% of
patients had received a prescription for a PPI and 7.5% a
prescription for a H2RA, in the 6 months before initiating
bisphosphonate treatment.

Table 2 shows the fracture risk associated with current
use of acid-suppressant medication compared to past use,
both overall and stratified by dose, in patients who did not
receive bisphosphonate treatment during follow-up. The

risk of any fracture was significantly increased with current
PPI use (ARR 1.15; 95% CI, 1.10–1.20) compared to past
use but not for current H2RA use (ARR 1.03; 95% CI,
0.98–1.08). When the risk of any fracture with current PPI
use was stratified by dose, there was some evidence of
increasing fracture risk with increasing daily dose. Exam-
ination of fracture risk by site also showed an increased risk
of fracture with current PPI use for the osteoporotic
grouping and for hip and vertebral fractures. The risk of
hip fracture increased by 22% (ARR 1.22, 95% CI, 1.10–
1.37) and again there was evidence of a dose-dependent
effect, with the increase in risk rising from 27% with
medium dose PPI (ARR 1.27, 95% CI, 1.12–1.45) to 45%
with higher doses (ARR 1.45, 95% CI, 1.06–1.99). The

Table 1 Baseline characteristics

Characteristic PPI H2RA BP

N=234,144 N=166,798 N=67,309

Parameters
(N)

Percentage
(%)

Parameters
(N)

Percentage
(%)

Parameters
(N)

Percentage
(%)

Female 130,574 55.8 94,128 56.4 55,488 82.4

Follow-up
(person years)

Total 814,309 1,055,592 222,721

Mean 3.5 6.3 3.3

Age at baseline
(years)

Mean 62.0 61.0 72.0

Median 62.8 61.3 71.1

BMI <20 11,395 4.9 7,517 4.5 7,246 10.8

20-25 69,197 29.6 51,092 30.6 24,681 36.7

>25 121,744 52.0 81,306 48.7 26,205 38.9

Unknown 31,808 13.6 26,887 16.1 9,177 13.6

Smoking status None 164,347 70.2 100,640 60.3 50,954 75.7

Current 47,223 20.2 35,505 21.3 10,452 15.5

Unknown 22,574 9.6 30,653 18.4 5,903 8.8

Medical conditionsa Diabetes mellitus 18,041 7.7 8,776 5.3 4,616 6.9

Rheumatoid arthritis 5,283 2.3 3,774 2.3 5,179 7.7

Anaemia 21,085 9.0 12,015 7.2 9,448 14.0

Psychotic disorder 16,495 7.0 8,588 5.1 5,374 8.0

Cerebrovascular disease 15,999 6.8 8,919 5.3 5,858 8.7

Early menopause/
hysterectomy

29,082 12.4 19,978 12.0 12,259 18.2

Prescriptionsb NSAIDS 54,193 23.1 40,073 24.0 19,471 28.9

Systemic corticosteroids 14,821 6.3 10,264 6.2 20,064 29.8

Inhaled corticosteroids 18,051 7.7 11,562 6.9 8,640 12.8

Thiazide diuretics 26,544 11.3 13,196 7.9 9,910 14.7

Antidepressants 30,905 13.2 18,072 10.8 11,099 16.5

Other acid suppressants 6,125 2.6 10,254 6.1 1,443 2.1

Proton pump inhibitors – – – – 13,554 20.1

H2 receptor antagonists – – – – 5,062 7.5

Bisphosphonates 6,023 2.6 1,758 1.1 – –

a Ever history of medical condition prior to the index date
b Prescriptions in the 6 months prior to index date
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dose-dependent trends were less clear when the risks of
osteoporotic and vertebral fractures were stratified by daily
dose. Whilst not associated with an increase in all fractures,
concomitant use of H2RAs was associated with an increase
in osteoporotic and hip fractures, although no clear dose
effect was observed. No association between acid-
suppressant use and radius/ulna fractures was observed.

Stratifying the data by cumulative duration of use
(Table 3), the risk of any fracture with current use of PPI
was greatest in the first (ARR 1.18; 95% CI 1.10–1.27) and
second years of use (ARR 1.17; 95% CI 1.08–1.27) but
reduced with prolonged use (>3 years, ARR 1.11; 95% CI
1.03–1.20). A similar pattern was seen for vertebral
fractures, with an increased risk of fracture observed in
the first (ARR 1.83; 95% CI 1.25–2.68) and second year
(ARR 1.63; 95% CI 1.08–2.45), before decreasing after
>3 years of use (ARR 1.24; 95% CI 0.72–2.13). Hip
fracture risk was also increased in the first (ARR 1.31; 95%
CI 1.09–1.58) and second year (ARR 1.34; 95% CI 1.10–
1.63), before it fell after >3 years of use, (ARR 1.17; 95%
CI 0.98–1.41). In a sensitivity analysis, we compared
current PPI users with distant past users (i.e. patients who
had stopped taking PPIs for 3 years or longer, yielding a
similar attenuation of fracture risk with prolonged PPI use).
ARR of hip fracture were 1.39; 95% CI 1.07–1.82 for
exposure <1 year, 1.32; 95% CI 0.99–1.76 for exposure 1–

2 years, 1.15 95% CI 0.84–1.57 for exposure 2–3 years and
1.19; 95% CI 0.96–1.49 for use >3 years.

Table 4 shows the fracture risk associated with concom-
itant bisphosphonate and acid suppressant compared to
current use of bisphosphonate use alone. For concomitant
use of H2RAs, there was a significant association between
current use and risk of vertebral fracture (ARR 1.56; 95%
CI 1.24–1.96), which also showed evidence of a dose-
dependent effect, although the number of cases was very
small when considered by individual fracture site. There
were no significant associations at the other fracture sites.
Concomitant use of PPIs was associated with an increased
risk of any fracture (ARR 1.08; 95% CI, 1.01–1.16) and hip
fracture (ARR 1.24, 95% CI, 1.08–1.42). When these data
were stratified by daily dose, there was some evidence of a
dose-dependent trend. There was no significant association
between concomitant use of bisphosphonate and PPI
compared to bisphosphonate use alone and risk of osteo-
porotic fracture, radius/ulna fracture or vertebral fracture.

In a sensitivity analysis, we adjusted for non-compliance,
using the MPR, and tested for a statistical interaction, but this
did not alter the results (ARR 1.08; 95% CI 1.01–1.15 for any
fracture and ARR 1.20, 95% CI 1.04–1.38 for hip fracture). In
a second sensitivity analysis, we added a variable indicating
previous use of acid suppressants and a multiplicative
interaction variable between past bisphosphonate use and past

Table 2 Fracture risk during current use versus past use of acid-suppressive medication stratified by daily dose in patients not receiving
bisphosphonates

Fracture site Current versus past usea Defined daily doseb

Low (<1.0) Medium (1.0–1.75) High (>1.75)

Number
of cases

ARR (95% CI) Number
of cases

ARR (95% CI) Number
of cases

ARR (95% CI) Number
of cases

ARR (95% CI)

PPI

Any 4,399 1.15 (1.10–1.20) 1,468 1.09 (1.03–1.16)c 2,376 1.18 (1.12–1.25) 199 1.19 (1.03–1.37)

Osteoporotic 2,195 1.16 (1.09–1.24) 746 1.11 (1.02–1.21) 1,172 1.19 (1.10–1.28) 98 1.22 (1.00–1.50)

Hip 848 1.22 (1.10–1.37) 279 1.13 (0.98–1.31) 461 1.27 (1.12–1.45) 42 1.45 (1.06–1.99)

Radius/ulna 775 1.09 (0.98–1.20) 283 1.09 (0.95–1.25) 394 1.08 (0.76–1.55) 32 1.08 (0.75–1.54)

Vertebral 205 1.40 (1.11–1.78) 51 1.05 (0.76–1.45) 126 1.61 (1.23–2.11) 10 1.54 (0.80–2.95)

H2RA

Any 2,619 1.03 (0.98–1.08) 430 0.94 (0.85–1.04) 2,032 1.06 (1.00–1.12) 37 0.96 (0.70–1.33)

Osteoporotic 1,390 1.09 (1.02–1.18) 242 1.01 (0.88–1.15) 1,067 1.13 (1.04–1.22) 21 1.16 (0.76–1.79)

Hip 569 1.20 (1.07–1.35) 97 1.03 (0.83–1.27) 445 1.28 (1.13–1.46) 6 0.98 (0.44–2.18)

Radius/ulna 498 1.00 (0.89–1.13) 97 1.05 (0.85–1.29) 374 1.01 (0.88–1.15) 9 1.22 (0.64–2.35)

Vertebral 128 1.15 (0.88–1.51) 21 1.10 (0.69–1.76)c 99 1.16 (0.86–1.56) 3 1.85 (0.59–5.86)

ARR Adjusted relative rates − adjusted for all confounders described in the methods section, 95% CI 95% confidence intervals
a Referent for each (sub)category of current PPI use: past PPI use; referent for each (sub)category of current H2RA use: past H2RA use
b Prescribed daily dose was not recorded for about 10% of the prescriptions
c Low dose and medium dose (Wald statistic, significant difference between (p<0.05))
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Table 4 Fracture risk in current users of concomitant bisphosphonate and acid-suppressive medication versus current users of bisphosphonates
alone, stratified by daily dose of acid-suppressive medication

Fracture site Current concomitant use of
bisphosphonates and acid
suppressants compared to
current use of bisphosphonates
only

Defined daily dose

Low (<1.0) Medium (1.0–1.75) High (>1.75)

Number
of cases

ARR (95% CI) Number
of cases

ARR
(95% CI)

Number
of cases

ARR
(95% CI)

Number
of cases

ARR
(95% CI)

PPI

Any 1,280 1.08 (1.01–1.16) 374 0.92 (0.83–1.03)a,b 672 1.16 (1.06–1.26) 63 1.23 (0.96–1.58)

Osteoporotic 821 1.05 (0.97–1.15) 246 0.91 (0.80–1.05) 422 1.10 (0.99–1.23) 45 1.39 (1.03–1.87)

Hip 345 1.24 (1.08–1.42) 99 a1.03 (0.83–1.28) 188 1.38 (1.16–1.63) 16 1.46 (0.89–2.41)

Radius/ulna 207 0.89 (0.76–1.05) 63 0.78 (0.60–1.02) 105 0.93 (0.75–1.15) 10 1.01 (0.54–1.90)

Vertebral 220 1.10 (0.93–1.30) 63 0.93 (0.71–1.21) 113 1.13 (0.91–1.39) 12 1.33 (0.75–2.36)

H2RA

Any 370 1.09 (0.98–1.22) 67 0.99 (0.78–1.26) 275 1.15 (1.02–1.30) 6 1.18 (0.53–2.63)

Osteoporotic 242 1.09 (0.95–1.24) 46 1.04 (0.78–1.38) 174 1.11 (0.95–1.30) 4 1.22 (0.46–3.26)

Hip 80 1.05 (0.83–1.32) 16 1.05 (0.65–1.70) 56 1.04 (0.79–1.36) 2 1.80 (0.45–7.22)

Radius/ulna 66 1.00 (0.77–1.30) – – – – – –

Vertebral 87 1.56 (1.24–1.96) 14 1.31 (0.78–2.19) 63 1.59 (1.22–2.07) 2 2.29 (0.57–9.18)

ARR adjusted relative rates − adjusted for all confounders described in the methods section, 95% CI 95% confidence intervals
a Low dose and medium dose (Wald statistic, significant difference between (p<0.05))
b Low dose and high dose (Wald statistic, significant difference between (p<0.05))

Table 3 Fracture risk during current use versus past use of acid-suppressive medication stratified by cumulative duration of use of acid-
suppressive medication in patients not receiving bisphosphonates

Fracture site Duration of usea

<1year 1–2years 2–3years >3years

Number
of cases

ARR (95% CI) Number
of cases

ARR (95% CI) Number
of cases

ARR (95% CI) Number
of cases

ARR (95% CI)

PPI

Any 1,570 1.18 (1.10–1.27) 792 1.17 (1.08–1.27) 473 1.12 (1.01–1.24) 916 1.11 (1.03–1.20)

Osteoporotic 784 1.18 (1.05–1.31) 390 1.22 (1.08–1.37) 249 1.14 (0.99–1.31) 480 1.13 (1.01–1.26)

Hip 326 1.31 (1.09–1.58) 155 1.34 (1.10–1.63) 93 1.06 (0.83–1.34) 183 1.17 (0.98–1.41)

Radius/ulna 246 0.98 (0.82–1.18) 135 1.05 (0.87–1.28) 101 1.19 (0.95–1.49) 202 1.17 (0.99–1.38)

Vertebral 71 1.83 (1.25–2.68) 35 1.63 (1.08–2.45) 17 1.24 (0.72–2.13) 34 1.01 (0.68–1.50)

H2RA

Any 920 1.10 (1.01–1.20) 370 0.98 (0.88–1.10) 247 1.05 (0.92–1.19) 529 0.98 (0.90–1.08)

Osteoporotic 489 1.25 (1.11–1.42) 188 0.98 (0.84–1.14) 145 1.19 (1.00–1.42) 298 1.00 (0.89–1.13)

Hip 209 1.51 (1.23–1.84) 93 1.21 (0.96–1.52) 54 1.19 (0.89–1.60) 120 1.01 (0.83–1.22)

Radius/ulna 160 1.01 (0.83–1.23) 69 0.89 (0.70–1.15) 57 1.14 (0.87–1.50) 115 1.01 (0.83–1.22)

Vertebral 50 1.89 (1.23–2.90) 8 0.75 (0.36-1.56) 13 1.42 (0.79-2.55) 17 0.74 (0.45-1.23)

ARR Adjusted relative rates − adjusted for all confounders described in the methods section, 95% CI 95% confidence intervals
a Referent for each subcategory of current PPI use: past PPI use; referent for each subcategory of current H2RA use: past H2RA use
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acid suppressant use to the statistical model used for the
analyses in Table 4. The risk of fracture remained unchanged
when comparing concomitant current use of PPIs and
bisphosphonates to current use of bisphosphonates alone
(ARR 1.19; 95% CI 1.03–1.38 for hip fracture and ARR
1.09; 95% CI 1.02–1.17 for any fracture), and when
comparing concomitant current use of H2RAs and
bisphosphonates to current use of bisphosphonates alone
(ARR 1.03; 95% CI 0.81–1.30 for hip fracture and ARR
1.09; 95% CI 0.97–1.22 for any fracture).

When PPIs were taken concomitantly with bisphospho-
nates, increased risk of fracture was observed at the hip
after the first year (ARR 1.40; 95% CI 1.15–1.71), after
which the effect attenuated (Table 5). For H2RAs, a similar
pattern was observed for risk of vertebral fracture, with
statistically significantly increased risk being observed in
the first year only (ARR 1.97, 95% CI 1.32–2.95).

The time to initiation of acid-suppressive medication in
patients starting bisphosphonate therapy is shown in Fig. 1.
Overall, 8.5% of patients were prescribed a PPI and 2.7%
H2RA on the same day they were initiated onto a
bisphosphonate. In patients with no history of acid-
suppression use, the figures were 2.9% and 0.7%, respec-
tively. Within 3 months of continuous bisphosphonate use,
23.9% of patients had received a PPI and 9.6% H2RA, with
these figures rising to 31.0% and 13.7% by 12 months,
respectively. In patients with no history of acid-suppressive
medication prior to initiation of bisphosphonates, the

figures at 3 months were 5.4% and 1.5% and at 12 months,
10.8% and 3.8%, for PPI and H2RAs, respectively.

Figure 2 shows the persistence with acid-suppressive
medication in patients taking bisphosphonates. Persistence
with both PPIs and H2RAs was approximately 99% in the
first 3 months after initiation of bisphosphonates. Persis-
tence dropped off after 3 months; however, almost a third
of PPI users and a quarter of H2RA users were still on
treatment 1 year after initiation. There was little difference
in persistence between those patients with a history of acid-
suppressive use and those who were newly initiated onto
therapy.

Discussion

This study found a significant increase in the risk of any
osteoporotic, hip and vertebral fracture in patients currently
taking PPIs and increases in the risk of osteoporotic, hip
and vertebral fracture in current users of H2RA, when
compared to past users. In patients taking concomitant
bisphosphonate and acid-suppressive medication, increases
in risk were observed for any fracture and hip fracture with
PPIs and for vertebral fracture with H2RAs. When these
overall effects were stratified by defined daily dose, fracture
risk increased with higher doses. However, increasing
durations of use of acid-suppressive medication was
associated with an attenuation of fracture risk.

Table 5 Fracture risk in current users of concomitant bisphosphonate and acid-suppressive medication versus current users of bisphosphonates
alone, stratified by cumulative duration of use of acid-suppressive medication

Fracture site Current concomitant use of bisphosphonates and acid suppressants compared to current of bisphosphonates only, by duration of
acid suppressant use

<1year 1–2years 2–3years >3years

Number
of cases

ARR (95% CI) Number
of cases

ARR (95% CI) Number
of cases

ARR (95% CI) Number
of cases

ARR (95% CI)

PPI

Any 394 1.08 (0.98–1.21) 215 1.09 (0.95–1.26) 154 1.09 (0.92–1.28) 463 1.09 (0.99–1.22)

Osteoporotic 260 1.09 (0.96–1.24) 139 1.07 (0.90–1.27) 98 1.04 (0.84–1.27) 285 1.02 (0.89–1.15)

Hip 116 1.40 (1.15–1.70) 59 1.25 (0.96–1.64) 43 1.26 (0.92–1.72) 111 1.09 (0.88–1.33)

Radius/ulna 59 0.83 (0.64–1.09) 39 1.01 (0.73–1.40) 27 0.97 (0.65–1.42) 73 0.87 (0.68–1.12)

Vertebral 72 1.20 (0.93–1.54) 32 0.97 (0.67–1.39) 27 1.11 (0.75–1.64) 80 1.11 (0.87–1.41)

H2RA

Any 98 1.30 (1.06–1.59) 56 1.20 (0.92–1.57) 41 1.11 (0.82–1.52) 170 0.96 (0.83–1.12)

Osteoporotic 57 1.17 (0.90–1.52) 34 1.11 (0.79–1.55) 27 1.11 (0.76–1.62) 120 1.04 (0.86–1.25)

Hip 18 1.11 (0.69–1.77) 7 0.68 (0.32–1.43) 11 1.30 (0.72–2.36) 44 1.08 (0.80–1.47)

Radius/ulna 13 0.88 (0.51–1.55) 14 1.58 (0.93–2.68) 7 0.98 (0.47–2.07) 31 0.90 (0.63–1.30)

Vertebral 24 1.97 (1.32–2.95) 12 1.56 (0.88–.2.76) 10 1.65 (0.88–3.09) 37 1.28 (0.91–1.78)

ARR Adjusted relative rates − adjusted for all confounders described in the methods section, 95% CI 95% confidence intervals
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The findings from the acid-suppressant cohort are
broadly in line with previous studies of fracture risk and
acid-suppressive medication. As with Yang et al. [10], a
significant increase in the risk of hip fracture and trends
with dose for both PPI and H2RA use were observed.
However, the magnitude of effect was smaller in this study,
and it did not demonstrate the same pattern of effects with
cumulative use over time, as reported by Yang et al. and
Targownik et al., who conducted a case-control study
within a Canadian administrative claims database [10, 15].
Other than the study designs, the major difference between
these studies was the choice of comparison group. Both
case-control studies [10, 15] compared patients who had
used acid-suppressive medication with those who had never
used such drugs; whilst here, a time-dependent approach
was used along with a comparison of current to past use in
the acid-suppressant cohort. This allows the recency of
exposure as well as intermittent use to be taken into account
and reduces the likelihood of confounding by indication.
The pattern of results and magnitude of effect are also
comparable to those of Vestergaard et al. [11], with the

exception of the increased risk of hip fracture with H2RA.
As with Vestergaard et al. [11], we observed increases in
any hip and vertebral fracture risk in those with current (or
recent) use of PPIs, whilst no effects were observed at the
radius/ulna. The lack of effect at this site may be due to
these fractures tending to occur in younger age groups and
to the role of non-skeletal factors. However, Vestergaard et
al. [11] observed a protective effect on hip fracture risk, in
contrast to this and previous studies [10, 16]. It is not clear
why this should be; however, it is interesting to note that
the reduction in hip-fracture risk was still apparent even in
patients who had not been recently exposed to H2RAs,
suggesting that it may not be related to the drug per se.

No previous studies examining the risk of fracture with
concomitant acid-suppressant and bisphosphonate use have
been located. In this study, increases in the risk of any and
hip fracture were found for patients taking PPIs and
bisphosphonates compared to bisphosphonates alone and
increases in vertebral fracture risk for patients receiving
H2RAs and bisphosphonates compared to bisphosphonates
alone. The increased risk of hip fracture among patients
taking concomitant bisphosphonate and PPI was of a
similar magnitude to that observed in current versus past
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Fig. 2 Proportion of persistent users of acid suppressants in patients
using bisphosphonates concomitantly. Patients could have been exposed
to acid suppressants before the first bisphosphonate prescription

Fig. 1 Life-table analysis of the time to the first acid suppressant
prescription after start of bisphosphonate treatment among continuous
users of bisphosphonates (with treatment gaps that did not exceed
3 months). Patients could have been exposed to acid suppressants
before the first bisphosphonate prescription
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PPI users not using bisphosphonates. These findings
suggest that bisphosphonate use does not cancel out the
increased risk of fracture seen with acid-suppressant use.

The use of acid-suppression medication was widespread
in this osteoporotic population. Over 20% of patients had
received a prescription for a PPI or H2RA in the 6 months
before they initiated bisphosphonate therapy, and in the
6 months after, over a quarter of patients had received an
acid suppressant, 6% of whom had no history of their use.
The initiation of acid-suppression medication in the first
month in previous non-users was similar to that observed by
Roughead et al. [9], who also found it represented a threefold
increase in use compared to a control group. The first couple
of months after the initiation of a new drug is the most likely
period for drug-related adverse events to manifest. Therefore,
it is likely that the excess prescriptions for acid-suppression
medication seen by Roughead et al. [9] were prescribed in
order to manage the dyspeptic symptoms that can be
associated with bisphosphonate therapy. In this study, some
patients were prescribed both acid suppressants and
bisphosphonates on the same day, which may be an attempt
by GPs to prevent the emergence of bisphosphonate-induced
upper GI effects. In terms of persistence with acid-
suppressive medication, this is high for the first 3 months
of treatment, and although it subsequently falls rapidly, over
a third of previous users and nearly a quarter of new users
remain on treatment at 1 year.

The potential mechanism of action for the observed
increased risk of fracture is not clear. An acidic environment
facilitates the release of ionised calcium from insoluble
calcium and, therefore, reducing the level of acidity in the
stomach may lead to malabsorption of calcium. O’Connell et
al. [17] found that 20 mg of omeprazole significantly
reduced the absorption of calcium carbonate taken under
fasting conditions in women aged 65 years and older.
However, a study among 18 healthy adults did not find
differences in calcium absorption after omeprazole treatment
(intragastric pH 6.4) compared to non-users (intragastric
pH 3.6) [18]. PPIs may also inhibit the osteoclastic proton
transport system, which could potentially reduce bone
resorption, an action that might be expected to provide a
beneficial effect on fracture risk [19], although the effect of
omeprazole is considerably more marked at the gastric
proton pump than at the osteoclast proton pump [20], which
may explain why no reduction in fracture risk was observed.
In the Study of Osteoporotic Fractures, the use of acid-
suppressive medication was not associated with changes in
bone mineral density [12].

In our study, there was inverse association between
duration of use of acid-suppressive medications and
fracture risk, which does not support adverse effects on
the bone. An alternative explanation for the observed
increased risk of fracture is falls. No studies have been

located which look explicitly at this issue; however, dizziness
is listed in the Summary of Product Characteristics for
omeprazole and lansoprazole [21, 22], which together
accounted for 85% of the PPI prescriptions, and for
ranitidine, which comprised almost two thirds of the H2RA
prescriptions in this study. However, if falling were the main
cause of the increased fracture risk, then an effect on fracture
risk of the radius/ulna might be expected, along with a rapid
attenuation of the risk of hip fracture after cessation of PPI
treatment. However, no increase in fracture risk for the
radius/ulna was observed and whilst the hazard rates for hip
fracture decreased over time, they did so gradually over a
period of months, rather than in days or weeks (data not
shown). Furthermore, falling does not explain the increased
risk of vertebral fracture seen with H2RA use.

Within the bisphosphonate cohort, it is feasible that
those requiring the initiation of acid suppressants to counter
the upper GI side effects may have poorer compliance with
their osteoporosis treatment, thus, leading to an increased
risk of fracture. Penning-van Beest et al. [23] found that
gastrointestinal adverse events as measure by the new
initiation of drugs such as antacids, H2RAs and PPIs was
associated with lower persistence with bisphosphonates,
whilst Rossini et al. [24] found the use of gastro-protective
agents to be associated with both discontinuation and poor
compliance. Although it is possible that poorer compliance
may contribute to the increased risk of fracture, we did not
find evidence for this when adjusting for poor bisphosph-
onate compliance. Furthermore, other factors must also play
a role, given that the risks are similar to those seen with
current PPI use.

The limitations of this study include the availability of
antacids, calcium and vitamin D supplements over-the-
counter; the lack of complete data on risk factors for
fracture, such as diet, exercise, smoking, body mass index
and family history and the use of prescriptions as a proxy
for actual drug use, given that patients may be non-
compliant with both acid suppressants [25] and bisphosph-
onates [26]. Although we adhered to the WHO definitions,
it can be argued whether 20 mg omeprazole is equivalent to
30 mg esomeprazole. However, the impact of this potential
misclassification is not high as only 4% of our PPI
prescriptions regarded esomeprazole. A potential shortcom-
ing of our study design is that we compared current users of
acid suppressive medication to past users. The advantage
of comparing current PPI users to past PPI users instead of
non-users is that the severity of the underlying disease is
better taken into account. We have used a similar study
design to evaluate risk of fracture among users of oral
glucocorticoids [27]. In this study, we have used the same
assumption that any PPI-induced fracture risk is reversible
after discontinuation. A sensitivity analysis showed that
comparing current PPI users to patients who had stopped
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taking PPIs for >3 years did not substantially change the
inverse duration-response relationship between PPI use and
hip fracture risk.

In conclusion, this study found an association between
the use of acid-suppressive medication and an increased
risk of fracture, most notably, a dose-dependent association
between hip fracture and PPI use, either alone or in
combination with bisphosphonates. The increased fracture
risk attenuated with prolonged use of acid-suppressive
medication. Given the frequency of co-prescription of
acid-suppressive medication and bisphosphonates, this
issue requires further attention.
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