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ABSTRACT

PURPOSE Previous studies have reported inconsistent findings regarding the
association between the use of acid-suppressive drugs such as proton pump
inhibitors (PPIs) and histamine 2 receptor antagonists (H,RAs) and fracture risk.
We investigated this association using meta-analysis.

METHODS We searched MEDLINE (PubMed), EMBASE, and the Cochrane Library
from inception through December 2010 using common key words. We included
case-control, nested case-control, and cohort studies. Two evaluators indepen-
dently reviewed and selected articles. We determined pooled effect estimates by
using random-effects meta-analysis, because of heterogeneity.

RESULTS Of 1,809 articles meeting our initial inclusion criteria, 5 case-control
studies, 3 nested case-control studies, and 3 cohort studies were included in the
final analyses. The pooled odds ratio (OR) for fracture was 1.29 (95% confidence
interval [Cl], 1.18-1.41) with use of PPIs and 1.10 (95% Cl, 0.99-1.23) with use of
H,RAs when compared with nonuse of the respective medications. Long-term use
of PPIs increased the risk of any fracture (adjusted OR = 1.30; 95% (I, 1.15-1.48)
and hip fracture risk (adjusted OR = 1.34; 95% Cl, 1.09-1.66), whereas long-term
H;RA use was not significantly associated with fracture risk.

CONCLUSIONS We found possible evidence linking PPI use to an increased risk of
fracture, but no association between H,RA use and fracture risk. Widespread use
of PPIs with the potential risk of fracture is of great importance to public health.
Clinicians should carefully consider their decision to prescribe PPIs for patients
already having an elevated risk of fracture because of age or other factors.

Ann Fam Med 2011;9:257-267. doi:10.1370/afm.1243.

INTRODUCTION

ecently, the medical literature has paid considerable attention to

unrecognized adverse effects of commonly used medications and

their potential public health impact.! Osteoporosis is one such
potential adverse effect. It is a common and important source of morbidity
in the population in general, particularly among older adults. More than
40% of women and 14% of men older than 50 years of age experience
fractures related to osteoporosis.? Osteoporotic fractures of the spine fre-
quently occur in both men and women.?

Acid-suppressive drugs (ASDs) represent the second leading medica-
tion worldwide in terms of sales, with the value totaling $26.9 billion in
2005.* Proton pump inhibitors (PPIs) and histamine 2 receptor antagonists
(H,RAs) are the most popular ASDs available, and millions of individu-
als currently take these medications on a continuous or long-term basis.’
These potent drugs are used to treat various disorders, and indications for
long-term maintenance therapy with this drug class continue to expand.®

The relationship between ASD use and bone health remains unclear.
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Some findings raise the possibility that PPIs may pre-
vent osteoporosis and fractures. Several in vitro and
animal studies have suggested that PPIs may decrease
bone resorption by inhibiting osteoclastic vacuolar
H+/K+ ATPase activity.”!" Osteoclasts possess proton
pumps, which are used during the excretion of H+
ions for bone resorption. Osteoclast-selective PPls may
therefore be used as antiresorptive agents'? with the
potential of preventing fractures."*'® Administration of
a selective inhibitor of the osteoclastic vacuolar H+/
K+ ATPase prevents bone loss in ovariectomized rats,
an animal model representative of postmenopausal
osteoporosis.'”” As bone resorption is necessary for the
development of normal bone microstructure, however,
one may speculate that PPl-induced blockade of the
osteoclast-associated vacuolar proton pump may actu-
ally increase fracture risk."”

It has been reported that ASDs may interfere
with bone metabolism and thus increase fracture risk.
Some potential mechanisms by which PPI therapy
may lead to fractures have been identified. First, the
small intestine's ability to absorb ingested calcium salts
depends on pH."! Calcium solubility is believed to be
important for its absorption,?° and an acidic environ-
ment in the gastrointestinal tract facilitates the release
of ionized calcium from insoluble calcium salts.?!
Second, impaired calcium absorption might lead to
compensatory secondary hyperparathyroidism, which
may increase the rate of osteoclastic bone resorption.
Third, PPIs may interfere with the resorptive activity
of osteoclasts. Without osteoclast activity, old bone
cannot be replaced, predisposing patients to frac-
tures.'”?? Further research is required to determine the
precise effect of long-term use of PPIs on bone mineral
metabolism, however.?? Fourth, gastric parietal cells
appear to have a potent endocrine role in secreting
estrogens.?*?” Atrophy of the gastric mucosa, observed
in patients infected with CagA-positive Helicobacter
pylori®® reduces the number of gastric parietal cells
and may decrease local production of estrogens. Estro-
gens produced in the stomach directly induce expres-

2930 which appears to

sion and production of ghrelin,
increase bone formation by osteoblasts.?'

PPIs target the H+/K+ ATPase of gastric pari-
etal cells and inhibit the final step in gastric proton
release.? Standard doses of these drugs can reduce
gastric acid secretion by up to 98% by irreversibly
deactivating the proton pump of gastric parietal cells.?*
Marked hypochlorhydria, particularly among the
elderly population, who might have a decreased clear-
ance of PPIs and be more likely to have hypochlorhydria
at baseline because of a higher prevalence of H pylori

34,35

infection,3*% could theoretically result in calcium mal-

absorption.?*3” H,RAs could potentially have similar

effects, although they are less potent acid suppressants,
blocking 70% of gastric acid production.®®
Observational studies have yielded inconclusive
results regarding the association between use of ASDs
and fracture risk, with reported adjusted odds ratios
(ORs) or relative risks (RRs) ranging widely, from
0.88 to 3.10. Some epidemiologic studies have found
that PPI therapy is associated with an increased risk

22233941 \whereas a nested case-control

of hip fractures,
study did not find any significant association.*> To our
knowledge, no meta-analysis of such studies has been
conducted. We therefore investigated the association
between the use of PPIs or H,RAs and fracture risk by

performing a meta-analysis of observational studies.

METHODS

We followed the MOOSE (Meta-analysis of Observa-
tional Studies in Epidemiology) guidelines** during all
stages of design, implementation, and reporting of this
meta-analysis.

Literature Search

We searched MEDLINE (PubMed) (inception to
December 2010), EMBASE (inception to December
2010), and the Cochrane Library (inception to Decem-
ber 2010) by using common key words related to ASDs
and fracture risk. The key words for ASDs were as fol-
lows: “H, blocker or histamine-2 receptor antagonists or
cimetidine or ranitidine or famotidine or nizatidine or
proton pump inhibitors or proton pumps or omeprazole
or Nexium or lansoprazole or rabeprazole or pantopra-
zole or esomeprazole.” The key words for fracture risk
were as follows: “osteoporosis or osteopenia or fracture
risk or fractures or fracture rates or bone health or bone
metabolism or bone mineral density.” We did not limit
the search through use of any restrictions.

Study Selection

We planned to (1) include randomized controlled trials
(RCTs) and cohort, nested case-control, and case-con-
trol studies that investigated the association between
the use of ASDs such as PPIs or H,RAs and fracture
risk and (2) develop a list of the types of fracture out-
comes reported in the studies with the adjusted ORs
or RRs and 95% confidence interval (Cls). Two of the
authors (C-S.E. and J-S.A.) independently evaluated
the eligibility of all studies retrieved from the data-
bases on the basis of selection criteria.

Data Extraction and Quality Assessment

We extracted data from the selected articles on the
following items: the first author's last name, publication
year, country where the study was performed, study
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design, study period, type of outcome (fracture of the
hip, vertebrae, wrist, or any site), type of agent (PPl or
H,RA), adjusted OR and RR with Cls, number of vari-
ables adjusted for in the analysis, the case individuals
and control individuals with or without exposure, and
duration of exposure.

Long-term use was defined as use for more than
1 year before the index date. We chose this duration
because alterations in fracture risk due to the use of
other medications, such as bisphosphonates, thiazide
diuretics, and corticosteroids, become apparent after 1
year of exposure.*** In studies wherein users did not
use the PPI or H,RA for more than 1 year, we chose
the longest available period of use.

Two investigators (C-S.E. and S.M.P.) independently
extracted data by using a standardized data collection
form. We resolved disagreements by mutual discussion
and, if required, by consulting a third investigator.

We assessed the methodologic quality of included
studies by using the Newcastle-Ottawa Scale (NOS) for
determining the quality of case-control and cohort stud-
ies in meta-analyses.*® We considered studies having a
total score of greater than 7 to be high-quality studies,
as standard criteria have not been established and the
mean total score for all 11 studies assessed was 7.18.

Main and Subgroup Analyses

We investigated the association between the use of

PPIs, H,RAs, or both and the risk of fracture by using
adjusted data for the main analyses. We also performed
subgroup analyses by type of study (case-control, nested
case-control, or cohort study), methodologic quality of
the study (high vs low), number of variables used for
statistical adjustment (=5 vs <5), type of agent (PPl vs
H,RA), fracture outcome, medication dose, and sex.

Statistical Analysis

We assumed that ORs approximated RRs and there-
fore combined the study estimates regardless of which
measure of association was reported because the inci-
dence of the outcomes of interest was sufficiently rare
(<5% per year). Pooled effect estimates were obtained
by using random-effects meta-analysis, because of
heterogeneity.

We examined the heterogeneity of results across
studies by using the Higgins I?, which measures the
percentage of total variation across studies.*” The Der-
Simonian and Laird method*® for calculating summary
measures was used in the random-effects models. We
evaluated the publication bias of the studies included
in the final analysis by using the Begg funnel plot and
the Egger test. We used the Stata SE version 10.1 soft-
ware package (StataCorp, College Station, Texas) for
statistical analysis.

RESULTS
Characteristics of the Included Studies
We originally planned to include RCTs in this meta-
analysis; however, as of the end of our search period,
no RCTs on this topic had been reported.

Figure 1 shows how we selected relevant stud-
ies for inclusion in the meta-analysis. A total of 1,809
articles were identified by searching the 3 databases.
We excluded 170 duplicate articles and an additional
1,621 articles that did not meet the selection criteria. We
reviewed the full texts of the remaining 18 articles. Of
these, 7 articles were excluded. The remaining 11 studies
were included in the final analysis.2%?2339-4249,50-53
Table 1 summarizes the general characteristics

Figure 1. Study flow diagram.

Identified studies from the
databases using keywords
and bibliographies of relevant
articles (n = 1,809)

PubMed (n = 600), EMBASE
(n = 1,194), Cochrane (n = 15)

Y

Exclude duplicate articles (n = 170)

Y

Articles remaining after exclud-
ing duplicates (n = 1,639)

Excluded (n = 1,605)

Titles were not relevant for the end
point of the study

Y

Y

Articles screened on basis of
abstract (n = 34)

Excluded (n = 16)

No abstract, not relevant content (4),

P commentaries (6), author replies (2),

letter (2), review article (1), medical
news and perspectives (1)

Y

Remaining articles (n = 18),
full text review

Excluded (n =7)

Systematic review (3), only abstract
available (2), insufficient data (1),
not fulfill inclusion criteria (1)

Y

Y

5 Case-control studies,
3 nested case-control studies,
and 3 cohort studies included
in the final analysis (n = 11)
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Table 1. Characteristics of Studies Included in the Final Analysis (N = 11)

Country; Study Study Agent and
Study Design or Setting Years Outcome and Ascertainment Comparison
Grisso et al,* USA; HCC; Kaiser Perma- 1991-1993 Outcome: hip fracture Agent: cimetidine
1997 nente, northern Califor- Ascertainment: radiologically confirmed diagnosis Comparison: ever use
nia; men aged 245 y VS never use
Vestergaard Denmark; PCC; whole 2000 Outcome: hip fracture, spine fracture, forearm frac Agent: PPIs, H,RA, other
et al,*® 2006 population ture, any fracture antacids, antihistamines,
Ascertainment: insurance code using ICD system and NSAIDs
Comparison: last use
<1y ago vs nonuse
Yang et al,? UK; NCC; GPRD; patients 1987-2003  Outcome: hip fracture Agent: PPIs and H,RAs
2006 aged 250 y Ascertainment: confirmed by general practitioners Comparison: user
(>1y) vs nonuser
Kaye and UK; NCC; GPRD; patients 1995-2005  Outcome: hip fracture Agent: PPIs
Jick,*? 2008 aged 50-79 y Ascertainment: computerized medical records (Oxford ~ Comparison: any PPl pre-
Medical Information System or Read codes) scription vs no prescription
Targownik et Canada; PCC; patients 1996-2004  Outcome: fractures of hip, vertebra, and wrist Agent: PPIs
al,?> 2008 aged 250y Ascertainment: physician or hospital admission with Comparison: user vs nonuser
a diagnosis of osteoporosis-related fractures (ICD
system)
Yu et al,* USA; cohort; men and 1986-2007  Outcome: nonspine and hip fracture Agent: PPIs and H,RAs
2008 women aged 265 y Ascertainment: review of radiographic reports or Comparison: user vs nonuser
radiologist
Roux et al,*! France; cohort; women 1999-2007  Outcome: vertebral fracture Agent: omeprazole
2009 aged 55-79 y Ascertainment: 2 radiologists Comparison: user vs nonuser
Gray et al,”! USA; cohort; Women'’s 1993-2005  Outcome: hip, spine, forearm, or wrist fracture Agent: PPIs and H,RAs
2010 Health Initiative; Ascertainment: review of radiology reports Comparison: user vs nonuser
women aged 50-79 y
Corley et al,*® USA; NCGC; Kaiser Per- 1995-2007  Outcome: hip/femur fracture Agent: PPIs and H,RAs
2010 manente, northern Ascertainment: electronic coding Comparison: user vs nonuser
California
Chiu et al,® Taiwan; PCC; patients 2005-2006  Outcome: hip fracture Agent: PPIs
2010 aged 250 y Ascertainment: ICD code for National Health Comparison: user vs nonuser
Insurance
Pouwels Netherlands; PCC 1991-2002  Outcome: hip/femur fracture Agent: PPIs and H,RAs
et al,*? 2011

Ascertainment: ICD code

Comparison: current use vs
never use

BMI = body mass index; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; CRF = chronic renal failure; DMARD = disease-modifying anti-
rheumatic drug; GPRD = General Practice Research Database; HCC = hospital-based case-control; ICD = International Classification of Diseases; H,RA = histamine 2 receptor
antagonist; HRT = hormone replacement therapy; MI = myocardial infarction; MrOS = Osteoporotic Fractures in Men study; na = not available; NCC = nested case-control;
NSAID = nonsteroidal anti-inflammatory drug; OR = odds ratio; PCC = population-based case-control; PPl = proton pump inhibitor; RA = rheumatoid arthritis; RR = relative
risk; SOF = Study of Osteoporotic Fractures.

2 Combined OR with 95% ClI calculated from data set.
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Adjusted OR or RR

Exposed and Unexposed

(95% dl) Adjustment Variables CaselControl, n
2.00 (1.0-4.4) Age category, zip code or telephone exchange, age as a continuous Exposed: 39/26
variable, and BMI Unexposed: 317/376
PPIs Alcoholism; working or not; Charlson index; ever use of antiepileptic ~ Exposed: PPIs: 14,557/29,784

Total: 1.18 (1.1-1.4)
Hip: 1.45 (1.3-1.7)
Spine: 1.60 (1.3-2.0)
Forearm: 0.95 (0.8-1.1)
H,RAs

Total: 0.88 (0.8-0.95)
Hip: 0.69 (0.6-0.8)
Spine: 1.00 (0.7-1.4)
Forearm: 0.90 (0.7-1.1)
PPIs: 1.44 (1.3-1.6)
H,;RAs: 1.23 (1.1-1.4)

0.90 (0.7-1.1)

Exposure 27 y

Hip + vertebra + wrist: 1.92 (1.2-3.2)
Hip + vertebra: 2.47 (1.2-5.1)
Hip: 4.55 (1.7-12.3)

PPIs

Nonspine: 1.3 (1.1-1.53)?
Hip: 1.05 (0.8-1.5)°

H,RAs

Nonspine: 1.04 (0.9-1.2)°
Hip: 1.26 (0.9-1.7)°

3.10 (1.1-8.4)

PPIs

Total: 1.25 (1.2-1.4)

Hip: 1.00 (0.7-1.4)

Spine: 1.47 (1.2-1.8)

Forearm or wrist: 1.26 (1.1-1.5)
H,RAs

Total: 1.08 (1.0-1.1)

Hip: 1.07 (0.9-1.3)

Spine: 1.02 (0.9-1.2)

Forearm or wrist: 1.05 (0.9-1.2)
PPIs

Hip: 1.30 (1.21-1.39)

H,RAs

Hip: 1.18 (1.08-1.29)

2.11 (1.45-3.07)

PPIs

Hip: 1.20 (1.04-1.4)
H,RAs

Hip: 1.19 (1.00-1.4)

drugs, anxiolytics or sedatives, antidepressants, neuroleptics, cor-
ticosteroids; number of bed-days in 1999; number of contacts to
general practitioner or specialist in 1999; living with someone or
alone; prior fracture; education level; and income in 1999

Age, sex, BMI, medication use, and health condition

Age, sex, smoking, and BMI

Area of residence, income, comorbidity, home care services,
medications that might have affected the risk of osteoporosis or
fracture

Age, clinic, race, BMI, alcohol, exercise, corticosteroids, NSAIDs, cal-
cium supplement, osteoporosis medication, self-reported health,
initial total hip BMD, weight change, (SOF; caffeine, estrogen),
(MrOS; smoking, history of stomach surgery)

BMI, history of clinical low-trauma fracture, steroids, thiazide, thy-
roid hormone, calcium, vitamin D, smoking, alcohol, self-reported
falls and health poor to fair, baseline lumbar spine T score, spine
and/or hip T score <2.5

Age, race/ethnicity, BMI, enrollment in clinical trial status, indicator
for cohort, smoking, physical activity, self-reported health, having
a parent who broke a hip after age 40 vy, treated diabetes melli-
tus, history of fracture at 55 y or older, corticosteroid use, physical
function score, history of Ml or angina, asthma or emphysema,
arthritis, stomach or duodenal ulcer, moderate or severe heart-
burn, osteoporosis, number of psychoactive medications, use of
HRT and bisphosphonates

Age, sex, smoking, alcohol abuse, diabetes, arthritis, kidney disease,
ethnicity, medications

Age, sex, hypertension, diabetes, stroke, asthma, COPD, CHF, M,
dementia, depression, CRF, NSAID, corticosteroids, anticoagulants,
diuretics, antipsychotics, thyroxine, HRT, statins, antihypertensive
medications, sedatives, bisphosphonates

Use of other antacids, average daily dose of oral corticosteroids,
anxiolytics/hypnotics, short- or long-acting benzodiazepines,
HRT, anticonvulsants, antipsychotics, antidepressants, B-blockers,
antidiabetics, >2 NSAIDs, DMARDs, a history of digestive system
disorders, anemia, mental disorders, cerebrovascular disease, CHF,
endocrine disorders, RA, diabetes mellitus, COPD and inflamma-
tory bowel disease. Furthermore, the PPl analysis was adjusted for
the use of H,RAs and the H,RA analysis for the use of PPIs

H,RAs: 11,202/26,333
Unexposed: PPIs: 10,098/344,178
H,RAs: 113,453/347,629

Exposed: PPIs: 571/3,351

H,RAs: 732/4,478

Unexposed: PPIs: 12,985/132,035
H,RA: 12,824/130,908

Exposed: 132/1,428

Unexposed: 966/9,495

Exposed: 415/872
Unexposed: 12,963/39,176

na

Exposed: risk among
exposed = 14/61

Unexposed: risk among
unexposed = 128/1,150

na

Exposed: PPIs: 1,558/4,806
H,RAs: 875/3,061

Unexposed: PPls: 32,194/125,665
H;RAs: 32,877/127,410

na

Exposed: PPIs: 305/773

H,RAs: 196/520

Unexposed: PPIs: 5,810/23,430
H,RAs: 5,624/22,545
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of the 11 studies included in the meta-analysis. We
identified 5 case-control studies, 3349233 3 nested
case-control studies,?**?°® and 3 cohort studies.**#!~!
The selected studies were published between 1997 and
2011, spanning 14 years. Six studies??34%°0-52 eyaluated

PPIs and H,RAs; 4 studies?*“#!4>%3 evaluated PPIs only;

adjustment variables revealed a significantly increased
fracture risk in those adjusting for at least 5 vari-
ables for both PPI use (adjusted OR =1.36; 95% ClI,
1.24-1.49; 2= 63.0%; n = 6) and H,RA use (adjusted
OR=1.14;95% CI, 1.06-1.22; ’=57.7%; n=4). In
studies adjusting for fewer than 5 variables, there was

and 1 study* evaluated H,RAs only.

Main Analysis

As shown in Figure 2, the overall use

of PPIs was associated with a signifi-
cantly increased risk of any fracture in a
random-effects model meta-analysis of 4
case-control studies, 3 nested case-control
studies, and 3 cohort studies (adjusted
OR=1.29; 95% CI, 1.18-1.41, "= 69.8%;
n=10). Use of H,RAs was not associated
with an increased fracture risk, however
(adjusted OR =1.10; 95% CI, 0.99-1.23;
12=86.3%; n=7).

Subgroup Meta-Analyses

Table 2 shows the association between
PPIs or H,RAs and the risk of fracture in
subgroup meta-analyses.

When studies were grouped by
type, we observed a positive association
between the use of PPIs and fracture risk
in all types, but a positive association
between the use of H,RAs and fracture
risk only when nested case-control studies
were combined (adjusted OR = 1.20; 95%
Cl, 1.13-1.28; ’=0.0%; n=2) or when
cohort studies were combined (adjusted
OR~=1.08; 95% CI, 1.02-1.13; = 0.0%;
n=2). In contrast, no significant associa-
tion was observed in case-control studies
(adjusted OR = 1.11; 95% CI, 0.81-1.51,
IP=85.6%; n=3).

Grouping of studies by methodo-
logic quality (scores are given in Table 3)
showed a significantly increased fracture
risk with PPI use in both high-quality
studies (adjusted OR=1.32; 95% CI, 1.18-
1.47; 2= 63.7%; n=5) and low-quality
studies (adjusted OR=1.25; 95% CI, 1.06-
1.48, 12=78.7%; n=5). There was also a
significant positive association between
H,RA use and fracture risk in high-qual-
ity studies (adjusted OR=1.13; 95% ClI,
1.05-1.21, = 40.3%; n = 3) but not in low-
quality ones (adjusted OR =1.09; 95% (I,
0.87-1.38; ’°=90.6%; n=4).

Grouping studies by the number of

Figure 2. PPIs or H,RAs use and the combined risk of any
fracture in a random-effects model meta-analysis of case-

controls studies and ¢

ohort studies.

A. PPIs (n=10)

OR or RR Weight
Study ‘ (95% Q1) (%)
Vestergaard et al, 2006 o 1.18 (1.12-1.43) 13.61
Yang et al, 2006 - 1.44 (1.30-1.59) 14.87
Kaye and Jick, 2008 —e | 0.90 (0.70-1.10) 8.30
Targownik et al, 2008 —;—0— 1.92 (1.16-3.18) 2.60
Yu et al, 2008 B 130 (1.10-1.53) 11.18
Roux et al, 2009 4 e 3.10(1.148.44) 0.74
Gray et al, 2010 - 1.25(1.15-1.36) 15.82
Pouwels et al, 2011 - 1.20 (1.04-1.40) 12.08
Corley et al, 2010 + 1.30 (1.21-1.39) 16.58
Chiu et al, 2010 . 2.11(1.45-3.07) 4.22
Overall (2 =69.8%) @ 1.29 (1.18-1.41) 100.00

I I : I I
2 5 1 2 5

B. H,RAs (n=7)

OR or RR Weight
Study ‘ (95% C1) (%)
Grisso et al, 1997 —é—o— 2.00 (1.00-4.40) 2.03
Vestergaard et al, 2006 - § 0.88 (0.82-0.95) 18.11
Yang et al, 2006 . 1.23(1.14-1.39) 17.01
Yu et al, 2008 —o 1.04 (0.88-1.24) 13.41
Gray et al, 2010 - 1.08 (1.02-1.14) 18.74
Pouwels et al, 2010 —;—0— 1.19 (1.00-1.42) 13.22
Corley et al, 2010 ‘e 1.18 (1.08-1.29) 17.48
Overall (12=86.3%) 1.10 (0.99-1.23) 100.00

I I : I
2 5 1 2

Cl = confidence interval; H,RA = histamine 2 receptor antagonist; OR = odds ratio; PPl = proton

pump inhibitor; RR = relative risk.
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Using a Random-Effects Model

Table 2. PPI or H,RA Use and the Risk of Fracture in Subgroup Meta-analyses

Summary Hetero- Summary Hetero-
No. of OR/RR geneity No. of ORI/RR geneity
Factor Studies (95% CI) 12, % Factor Studies (95% CI) 12, %
Type of study Outcome (continued)
PPIs 10 1.29 (1.18-1.41) 69.8 H;RAs
Case-control 4 1.40 (1.13-1.75) 73.7 Hip fracture 7 1.1 (0.95-1.29) 81.2
Nested case-control 3 1.23 (1.03-1.47) 85.8 Other fracture 3 1.01 (0.93-1.11) 0
Cohort 3 1.29 (1.13-1.47) 38.7 Long-term use
H,RAs 7 1.10 (0.99-1.23) 86.3 PPIs
Case-control 3 1.11 (0.81-1.51) 85.6 Any fracture 10 1.30 (1.15-1.48) 87.4
Nested case-control 2 1.20 (1.13-1.28) 0 Hip fracture 9 1.34 (1.09-1.66) 87.4
Cohort 2 1.08 (1.02-1.13) 0 H;RAs
Methodologic qual- Any fracture 6 1.11 (0.95-1.30) 88.9
ity (NOS score) Hip fracture 6 1.14 (0.90-1.43) 87.2
PPIs 10 1.29 (1.18-1.41) 69.8 Dose (hip fracture)
High (>7 points) 5 1.32 (1.18-1.47) 63.7 PPIs
Low (<7 points) 5 1.25 (1.06-1.48) 78.7 High dose 4 1,53 (1.18-1.97) 81.6
HzRAs 7 110(099-1.23) 863 Usual dose 4 1.42 (1.31-1.53) 326
High (>7 points) 3 1.13 (1.05-1.21) 403 H.RAS
Low (<7 points) 4 1.09 (0.87-1.38) 90.6 High dose 4 1.14 (0.84-154) 023
No. of adjustment Usual dose 4 105 (0.89-1.26) 822
variables®
PPIs 10 1.29 (1.18-1.41) 6.8 Sex
>5 6 1.36 (1.24-1.49) 63.0 PPIs
<5 4 116 (0.98-1.38) 66.5 Male (hip fracture) 4 1.24 (0.93-1.65) 89.9
H,RAs 7 110 (0.99-1.23) 86.3 Fekr)rrwsllefr(ahcitpu?g)verte— 5 1.21 (0.98-1.50) 88.8
>5 4 1.14 (1.06-1.22) 57.7 H.RAs
<5 3 111 (0.81-1.51) 85.6 Male (hip fracture) 2 1.60 (0.92-2.77) 0
Outcome
PPIs
Hip fracture 9 1.31 (1.11-1.54) 88.4
Vertebral fracture 3 1.56 (1.31-1.85) 6.3
Other fracture 3 1.15 (0.94-1.42) 78.2

RR = relative risk.

digestive system disorders, osteoporosis, family history of osteoporotic fracture.

Cl = confidence interval; H,RA = histamine 2 receptor antagonist; na = not available; NOS = Newcastle-Ottawa Scale; OR = odds ratio; PPl = proton pump inhibitor;

2 Of the following variables: age, sex, body mass index, alcohol, smoking, medications that might have affected the risk of osteoporosis or fracture, physical activity
or exercise, prior fracture or low-trauma fracture, calcium supplement or antiosteoporotic medications, hormone replacement therapy, history of stomach surgery or

marginally no association between PPl use and fracture
risk (adjusted OR = 1.16; 95% CI, 0.98-1.38; I>= 66.5%;
n =4), but no significant association between H,RA
use and fracture risk (adjusted OR=1.11; 95% CI, 0.81-
1.51; [’=85.6%; n = 3).

When we grouped studies by fracture outcome, we
found a significant positive association between PPI
use and hip fracture risk (adjusted OR=1.31; 95% CI,
1.11-1.54; = 88.4%; n=9) and vertebral fracture risk
(adjusted OR = 1.56, 95% CI, 1.31-1.85; I’= 6.3%; n = 3),
whereas there was no significant association between
PPI use and the risk of other fractures, or between
H,RA use and hip and any fracture risk.

In subgroup meta-analyses by duration of use,
long-term use of PPIs increased the risk of any fracture

(adjusted OR = 1.30; 95% CI, 1.15-1.48; n = 10) and the
risk of hip fracture (adjusted OR =1.34; 95% CI, 1.09-
1.66; n=9). There was no association between long-
term use of H,RAs and either of these outcomes.

When we grouped studies by dose, we observed
a significantly increased risk of hip fracture for both
high-dose use of PPIs (adjusted OR =1.53; 95% CI,
1.18-1.97, n=4) and usual-dose use of PPIs (adjusted
OR=1.42;95% CI, 1.31-1.53; n=4). In contrast, we
found no association with hip fracture for either high-
dose or usual-dose use of H,RAs.

Subgroup analyses by sex showed no significant
association between PPI or H,RA use and hip fracture
risk in men, or hip fracture or vertebral fracture risk in
women.
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Table 3. Methodologic Quality of Studies, Based on the Newcastle-Ottawa Scale (N = 11)
Selection Comparability Exposure
S o 'S
& & S5 58 o &
ol £ W £ &8 LE o
S & s K SE@ §&§ &5 &
$o Lo Se¢ Lo L8 FE off &
S & & & <o SIS ISR &8 SO¥ N
g RE FE L& OLF £ FoO Se  Total
Study s s ¢ 0@ S \C °0 SE Score?
Case-control (n = 8)
Grisso et al,** 1997 1 0 0 0 2 0 1 0 4
Vestergaard et al,*® 2006 0 1 1 0 2 0 1 1 6
Yang et al,?? 2006 0 1 1 0 2 0 1 1 6
Kaye and Jick,%? 2008 0 1 1 1 2 0 1 1 7
Targownik et al,?> 2008 0 1 1 1 2 0 1 1 7
Corley et al,*® 2010 1 1 1 1 2 1 1 1 9
Chiu et al,>* 2010 1 1 1 1 2 1 1 1 9
Pouwels et al,>2 2011 0 1 1 1 2 1 1 1 8
Cohort (n=3)
Yu et al,** 2008 1 1 1 0 2 1 1 0 7
Roux et al,*' 2009 1 1 1 1 2 1 1 0 8
Gray et al,”' 2010 1 1 1 1 2 1 1 0 8
2 Possible total scores range from 0 (lowest quality) to 9 (highest quality). Studies included in the meta-analysis were defined as high-quality if their total score was
greater than 7.

Publication Bias

We found no statistically significant asymmetry in
funnel plots, and the result of the Egger test was non-
significant. Specifically, the Begg funnel plot was not
asymmetrical, and the P value for bias in the Egger test
was .45 for PPIs and .43 for H,RAs (data not shown),
indicating no significant influence of publication bias
among the included studies.

DISCUSSION

In this meta-analysis of observational studies, we found
that the use of PPIs was associated with a moderate
increase in the risk of fracture compared with nonuse
of PPIs, whereas we did not observe any significant
association between H,RA use and this risk. Similarly,
long-term PPl use and any dose of PPIs increased the
risk of fracture in a meta-analysis of all the studies
reporting duration of use and dose, whereas neither
long-term use and nor use of any dose of H,RAs was
significantly associated with fracture risk.

We did not find any significant association between
use of H,RAs, which are less potent acid inhibitors
than PPIs, and fracture risk. On average, H,RAs block
only 70% of gastric acid production, whereas PPls
suppress acid production by up to 98%.333%* More
prolonged exposure to H,RAs may be necessary to
observe similar effects on fracture risk, but we did
not find long-term use of these agents to increase
risk. These results suggest that H,RAs and PPIs may
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have differing effects on bone metabolism. Some

studies suggest that H,RAs may have antiresorptive
properties®>>¢
which could decrease fracture risk.?* Cimetidine also

and even increase bone mineral density,

has been shown to prevent osteoclast differentiation
induced by histamine.’”*® Because of the mixed effects
of H,RAs on bone health, there have been inconsistent
results regarding long-term use of these drugs and

k22394249 or bone mineral density.>® In con-

fracture ris
trast, PPIs have been shown to inhibit gastric proton
pumps at physiologic concentrations, whereas the inhi-
bition of osteoclast and other tissue H+/K+ ATPase
activity, such as osteoclast proton pumps, is much less
pronounced.®® We did find, however, that the use of
H,RAs was associated with a mild increase in fracture
risk in studies having high-quality methodology (NOS
score >7) and in studies adjusting for at least 5 vari-
ables, but not in studies having low-quality methodol-
ogy and adjusting for fewer than 5 variables. Further
research in this area is needed.

Interestingly, the subgroup meta-analyses by the
number of adjustment variables showed a significantly
increased risk of fracture for both PPl and H,RA use
when the data were adjusted for at least 5 variables.
The results for H,RAs conflict with those of Vester-
gaard et al,** who reported a statistically significant
protective effect with use of these drugs for any
fracture and hip fracture. The positive association we
found between H,RA use and fracture risk in studies
with a high level of statistical adjustment may also be
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consistent with the marginal association we observed
in high-quality studies (NOS score >7).

Yu et al*® showed a possible interaction of PPl use
and calcium supplement use on the risk of nonspine
fractures in men. In stratified analyses, PPl use was
associated with an increase in fracture risk among men
who were not taking calcium supplements, but not
among men who were taking them. In contrast, no sig-
nificant interactions were found for fracture outcomes
in women. The clinical implication of this finding is
that PPIs prescribed along with calcium supplement
might be able to prevent osteoporosis in older men.

Kaye and Jick*? restricted the phase 2 part of their
study to patients with no major medical risk factors for
fracture and found no association of PPl use and frac-
ture. This finding can be interpreted as evidence that PPI
use is not associated with a substantially increased risk of
fracture. If a causal association between use and fracture
risk indeed existed to a clinically relevant degree, one
would expect to find this association also in this group
of patients with a low a priori fracture risk. It cannot be
concluded that PPI use is not associated with an altered
fracture risk in patients at high risk of fractures, how-
ever, as this patient subset was not included in the phase
2 study. In addition, exclusion of patients with direct risk
factors for factures, such as previous fracture and osteo-
porosis, can be problematic if these diseases are on the
causal pathway and not necessarily confounders.®!

Our meta-analysis has several strengths. First, it is
the most comprehensive meta-analysis on the use of
ASDs and fracture risk to date. Second, it examines
the associations in greater detail by stratifying by the
type of agent (PPl or H,RA) and the type of outcome
(hip or vertebral fracture), as well as by dose and dura-
tion of use. On the other hand, our meta-analysis also
has several limitations. First, observational studies
are considered to have greater potential for bias. To
compensate for this limitation, we conducted subgroup
analysis according to various factors. Second, the
Egger test is known to lack power, reducing our abil-
ity to detect potential publication bias. Third, we did
not have access to individual data on nutrients that
might affect the risk of fracture. The dietary habits of
ASD users may differ from those of nonusers because
of intolerance secondary to gastritis. Furthermore, the
dietary acid load can affect bone metabolism. Finally,
we could not evaluate the effect of underlying gastric
diseases in each patient because these data were not
given in each study. Bone alteration may be related
to the underlying gastric disease. The prevalence of
H pylori infection has been found to be high in men
with osteoporosis,®* and this infection may be present
in patients taking ASDs. H pylori infection can induce
a permanent inflammatory response, that is, a gastric

and systemic increase in indexes of inflammation. This
mechanism has been implicated in some extragastric
manifestations in H pylori—infected patients.

A major limitation of our meta-analysis of obser-
vational studies is the possibility of uncontrolled con-
founding. Our findings should therefore be confirmed
by further prospective studies including RCTs that are
designed specifically with large sample sizes and long
follow-up durations to test the effect of ASDs on the
risk of fracture.

In conclusion, we found that in a meta-analysis of
case-control, nested case-control, and cohort studies,
PPI use modestly increased fracture risk, whereas H,RA
use did not. An OR or RR of less than 2, as seen in this
study, is generally considered to be a weak or low-mag-
nitude association. Nevertheless, even small increases in
these values for common diseases may have important
public health implications. Clinicians should therefore
carefully consider their decision to prescribe PPIs for
patients at elevated risk for fracture, especially women
older than 65 years of age.®*% It is not necessary to treat
patients to the point of an achlorhydric state to resolve
acid reflux symptoms, so we recommend that drug doses
be chosen thoughtfully with consideration of what is
necessary to achieve desired therapeutic goals.

To read or post commentaries in response to this article, see it
online at http://lwww.annfammed.orgl/cgilcontent/full/9/3/257.
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