
Int J Clin Exp Med 2015;8(4):4899-4910
www.ijcem.com /ISSN:1940-5901/IJCEM0006000

Original Article 
Bone fracture and the  
interaction between bisphosphonates  
and proton pump inhibitors: a meta-analysis

Si-Dong Yang1*, Qian Chen1*, Hai-Kun Wei1, Feng Zhang2, Da-Long Yang1, Yong Shen1, Wen-Yuan Ding1,3

1Department of Spinal Surgery, The Third Hospital of Hebei Medical University, Shijiazhuang 050051, China; 2De-
partment of Rehabilitation Medicine, The Third Hospital of Hebei Medical University, Shijiazhuang 050051, China; 
3Hebei Provincial Key Laboratory of Orthopedic Biomechanics, Shijiazhuang 050051, China. *Equal contributors 
and co-first authors.

Received January 16, 2015; Accepted March 26, 2015; Epub April 15, 2015; Published April 30, 2015

Abstract: Objective: Recent studies suggested an increased risk of fractures with interaction between bisphospho-
nates (BPs) and proton pump inhibitors (PPIs). We performed a meta-analysis of fractures between patients taking 
BPs/PPIs and those taking BPs only. Methods: We conducted a PubMed database and Ovid database search, as 
well as Cochrane Library search (up to July 2014) for studies assessing the association between fractures and BPs 
or/and PPIs. We performed random effects meta-analysis of odds ratios (OR) according to fracture type and con-
ducted subgroup analyses by race and BP subtypes. Heterogeneity was assessed using Q statistics and I2 statistic. 
Results: After study selection, 4 unique studies (5 comparisons) including 57259 patients were available for this 
meta-analysis. Pooled analysis of overall fracture risk of BP+PPI group versus BP group showed a significant in-
crease in risk of fractures (OR = 1.52, P = 0.025), with substantial heterogeneity. However, heterogeneity was dras-
tically reduced in subgroup of Asian (I2 = 24% and P = 0.251), and fracture risk showed a significant increase (OR 
= 1.75, P = 0.026). In contrast, heterogeneity was little eliminated in subgroup of European, and fracture risk was 
no statistical difference (OR = 1.42, P = 0.068). Three studies including 4 comparisons reported on spine fracture 
were included in the pooled analysis demonstrating an increased spine fracture risk associated with BP/PPI inter-
action (OR = 1.60, 95% CI 1.13-2.26, P = 0.008, I2 = 58.6%). Conclusions: This meta-analysis suggests that there 
is an interaction associated with increased fracture risk (particularly for spine and Asian race) between BP and PPI 
use. Clinicians should carefully evaluate such risk factors for osteoporosis in patients taking BPs, before routinely 
prescribing PPIs, and make a careful judgment as to whether PPIs may be safe for patients at high risk of fractures.
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Introduction

Osteoporosis has become a serious social 
problem in many countries due to the rapid 
increase in the number of elderly people. The 
early detection and appropriate treatment of 
osteoporosis is effective and necessary to pre-
vent fractures. A number of guidelines propose 
oral bisphosphonates (BPs) as first-line thera-
pies to prevent fragility fractures in osteopo-
rotic patients [1], and data from clinical trials 
suggest that they can reduce the risk of frac-
tures by 50% [2-5]. However, treatment with BP 
has been associated with upper gastrointesti-
nal tract adverse events, including esophageal 
inflammation, ulceration, and dyspepsia [6-10]. 

Hence, it is expected that BP administered in 
combination with a proton pump inhibitor (PPI) 
may be more effective for treating osteoporo-
sis, as well as preventing gastrointestinal tract 
adverse events relative to the administration of 
BP alone [6, 11]. 

However, PPI use has been associated with a 
potentially increased risk of fracture [5, 10, 12, 
13]. A recent cohort study [12] reported that 
the usual dose of PPI co-administered with 
alendronate was related to an attenuation of 
the anti-fracture effect in a dose-dependent 
manner in the elderly population. Lee et al. [14] 
reported that the adjusted OR (aOR) and its 
95% CI of hip fractures related to the use of 
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PPIs was 1.34 (95% CI 1.24-1.44). When the 
study participants were stratified according to 
BP use, the aOR was 1.30 (95% CI 1.19-1.42) 
in BP non-users, which was significantly differ-
ent from the 1.71 (95% CI 1.31-2.23) of BP 
users. They further concluded that the mecha-
nism for increased risk of hip fracture by PPIs 
might arise mainly from interaction of BP and 
PPIs. Nevertheless, the above reports have 
been challenged. Roux et al. [15] reported that 
bone mineral density increased with risedro-
nate and risedronate significantly reduced the 
risk of new vertebral fractures compared with 
placebo, regardless of PPI concomitant use. 
Itoh et al. [6] found that risedronate administra-
tion in combination with a PPI might be more 
effective not only for treating osteoporosis but 
also improving physical fitness than treatment 
with risedronate alone.

Given that the fracture risk is controversial 
when BPs are used to treat osteoporosis in 
combination with PPIs, we performed this 
meta-analysis in an effort to systematically 
evaluate the risk of fractures with interaction 
between BPs and PPIs. 

Materials and methods

Search strategy

We conducted a PubMed database and Ovid 
database search, as well as Cochrane Library 
search (up to July 2014) for studies assessing 
the association between fractures and BP or/
and PPI. Papers should be published in English. 
Potentially relevant studies included the word 
‘fracture’, plus at least one of the following 
terms: PPI (s), proton pump inhibitor (s), rabe-
prazole, omeprazole, lansoprazole, pantopra-
zole, esomeprazole; then plus at least one of 
the following terms: BP (s), bisphosphonate (s), 
alendronate, risedronate, ibandronate, zoledro-
nate. In addition, we also manually searched 
the reference lists to detect additional eligible 
studies.

Inclusion and exclusion criteria 

We selected observational studies that report-
ed on fractures associated with BP or/and PPI 
exposure. For the observational studies, we 
selected randomized controlled trials, case-
control or controlled cohort (prospective or ret-
rospective) studies that evaluated the associa-

tion of fracture risk with concomitant BP or/and 
PPI exposure. The specific inclusion criteria 
were that the studies had to report odds ratio/
risk ratio/hazard ratio (OR/RR/HR) for bone 
fractures, or to report sufficient raw data to 
allow for calculation of OR. The excluded stud-
ies included reviews, editorials, comments, let-
ters, abstracts, and studies with unavailable 
data.

Data extraction

Two authors (Si-Dong Yang and Qian Chen) 
scanned all titles and abstracts for studies that 
met the inclusion criteria, and excluded any 
articles that clearly did not fulfil the selection 
criteria. Full reports (where available) of poten-
tially relevant trials and studies were retrieved 
and independently checked by these two 
authors. Three authors (Si-Dong Yang, Feng 
Zhang and Hai-Kun Wei) then independently 
collected information on study design. Out- 
comes of interest were fracture event, including 
vertebral fracture, non-vertebral fracture, hip 
fracture, and others. The OR, RR or HR and 95% 
confidence intervals (95% CI) were extracted. 
When both crude and adjusted RR were pro-
vided, we used the most fully adjusted RR for 
all the included studies. We also extracted the 
following items from each individual study: 
author; year of publication; the country of study; 
duration of follow-up; the sample size, gender, 
and the mean age or age range of participants; 
fracture events; and statistical adjustments for 
confounding factors. Where there was any 
uncertainty or discrepancies, the article was 
discussed among the three authors to deter-
mine if the studies should be included. We also 
contacted authors if there were any areas that 
required clarification.

Statistical analysis

Assessment of bias inclusion risk in the study

To avoid inherent problems with scale validity 
[16], we did not use quality scale or checklists. 
We assessed the methodological quality as 
described by the Cochrane Reviews Handbook 
5.2 [17], (Table 1. Methodological quality 
assessment scheme). The studies were classi-
fied into A: low risk of bias and each of the crite-
ria was appropriate, B: medium risk of bias and 
most of the criteria were appropriate, and C: 
high risk of bias and most of the criteria were 
not appropriate.
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Table 1. The Cochrane Collaboration’s tool for assessing risk of bias
Bias Description Review authors’ judgment
Random sequence generation (selection bias) Describe the method used to generate the allocation sequence insufficient detail to allow an 

assessment of whether it should produce comparable groups.
Was the allocation sequence adequately generated? (Yes/
No/Unclear)

Allocation concealment (selection bias) Describe the method used to conceal the allocation sequence in sufficient detail to determine 
whether intervention allocations could have been foreseen in advance of, or during, enrolment.

Was allocation adequately concealed? (Yes/No/Unclear)

Blinding of participants, personnel and out-
come. (performance bias and detection bias)

Describe all measures used, if any, to blind study participants and personnel from knowledge 
of which intervention a participant received. Provide any information relating to whether the 
intended blinding was effective.

Was knowledge of the allocated intervention adequately 
prevented during the study? (Yes/No/Unclear)

Describe the completeness of outcome data for each main outcome, including attrition and 
exclusions from the analysis.

Incomplete outcome data (attrition bias) State whether attrition and exclusions were reported, the numbers in each intervention group 
(compared with total randomized participants), reasons for attrition/exclusions where reported, 
and any re-inclusions in analyses performed by the review authors.

Were incomplete outcome data adequately addressed? 
(Yes/No/Unclear)

Selective reporting (reporting bias) State how the possibility of selective outcome reporting was examined by the review authors, 
and what was found.

Are reports of the study free of suggestion of selective 
outcome reporting? (Yes/No/Unclear)

Other sources of bias State any important concerns about bias not addressed in the other domains in the tool. If 
particular questions/entries were pre-specified in the review’s protocol, responses should be 
provided for each question/entry.

Was the study apparently free of other problems that could 
put it at a high risk of bias? (Yes/No/Unclear)
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As a visual inspection of heterogeneity, L’Abbé 
graph, as a scatterplot, was also performed. 
For L’Abbé graph, the size of a dot was repre-
sentative of sample size of an included study. 
Y-axis was defined as ORs of BP+PPI group, and 
X-axis was defined as ORs of BP group. The 
straight line of equation y = x was defined as OR 
= 1. It was suggestive of OR > 1 when a dot lay 
above the straight line, OR = 1 on the straight 
line, and OR < 1 below the straight line. The 
homogeneity was better when the dots became 
denser in the graph. 

Sensitivity analyses

In the presence of heterogeneity, sensitivity 
analyses were performed to identify the outlier 
studies. The influence of outliers was also 
assessed to evaluate the impact of their 
removal.

Subgroup analyses

If heterogeneity was determined using the 
above methods, the causes of heterogeneity 
were first analyzed and then subjected to sub-
group analyses stratified by race (European 
and Asian), BP types (risedronate and alendro-
nate), and fracture subtypes (spine fracture 
and hip fracture). If such treatment still could 
not eliminate the statistical heterogeneity, a 
random effects analysis was used for the com-
bined analysis of the studies, in case they 
showed clinical consistency.

Assessment of heterogeneity

Heterogeneity of the effect 
across studies was assessed 
by Q statistics, which is dis-
tributed as χ2 statistics, with 
its P values revealed by the 
forest plot. The heterogeneity 
test was considered statisti-
cally significant when P < 
0.10, a conservative standard 
for meta-analyses. Simulta- 
neously, I2 was used to esti-
mate the size of the heteroge-
neity. I2 > 50% indicated  
considerable heterogeneity 
among the included studies 
and then a random effects 
analysis should be performed 
in meta-analysis. 

Measures of treatment effect

Only dichotomous outcomes were mentioned 
in our study, so the OR and 95% CI were calcu-
lated for outcomes.

Figure 1. Flow diagram of study 
selection.

Figure 2. Summary graph of risk bias. Review au-
thors’ judgments about each risk of bias item for 
each included study. + is ‘‘yes’’, - is “no”, null is “un-
clear”.
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tistically significant in assessment of heteroge-
neity, Begg’s rank correlation test [18] and 
Egger linear regression test [18]. In the rest of 
all, P values less than 0.05 were regarded as 
statistically significant. All P values were pre-
sented as two-tailed.

Results

Literature search

After the application of search strategy, a total 
of 323 potentially relevant reports were identi-
fied in our initial literature search. A total of 2 
studies were excluded for unavailable or incom-
plete data [5, 10]. Finally, 4 unique studies 
including 57259 patients and 5 comparisons 
were available for this meta-analysis [6, 12, 14, 
15]. Of these, 3 studies reported spine fracture 
including 4 comparisons [6, 12, 15], and 3 
reported hip fracture including 4 comparisons 
[6, 12, 14]. Of note, Roux et al. [15] performed 
a post hoc analysis of a subset of patients par-
ticipating in three prospective, randomized, 
placebo-controlled clinical trials, with durations 
of up to 3 years, which evaluated the anti-frac-
ture efficacy of risedronate: Vertebral Efficacy 
with Risedronate Trial-MultiNational (VERT-MN) 
[19]; Vertebral Efficacy with Risedronate Trial-
North America (VERT-NA) [4]; and the risedro-
nate Hip Intervention Program (HIP) [20]. Thus, 
the study from Roux et al. [15] was included in 
this meta-analysis as a prospective, random-
ized, placebo-controlled study. A flow chart 
showing the study selection is presented in 
Figure 1. No additional studies were identified 
through our hand search of references from 
published studies.

Assessment of bias inclusion risk

A summary of methodological item assess-
ments for each included study is shown in 
Figure 2. Overall, the methodological quality of 

Test for risk of publication bias

As a visual inspection of publication bias, fun-
nel plot was performed. The funnel plot should 
be asymmetric when there is publication bias 
and symmetric in the case of no publication 
bias. Begg and Egger tests were performed to 
measure the funnel plot asymmetry. The trim 
and fill method was used to estimate the effect 
of publication bias.

Statistical software and P values

Bias risk assessment of included studies was 
performed by using Review Manager software 
(RevMan Version 5.2; The Nordic Cochrane 
Center, The Cochrane Collaboration, Copen- 
hagen, Denmark). All of the other statistical 
analyses were performed by using STATA 12.0 
(Stata Corporation, College Station, TX, USA). A 
P value less than 0.10 was considered as sta-

Table 2. Characteristics of included studies

Study Year Country Race Study design BP types PPI types Age (yr)
Patient number

BP BP+PPI
Itoh [6] 2012 Japan Asian Randomized controlled trial Risedronate R > 50 86 94

Lee [14] 2013 Korea Asian Case-control study Unavailable O, R, L, P, E ≥ 65 13488 2774

Roux [15] 2012 France European Randomized controlled trial Risedronate unavailable Average ≥ 74 2489 240

Abrahamsen1 [12] 2011 Denmark European Population-based cohort study Alendronate O, R, L, P, E 70 > age ≥ 35 13116 4089

Abrahamsen2 [12] 2011 Denmark European Population-based cohort study Alendronate O, R, L, P, E ≥ 70 14795 6088
R, rabeprazole; O, omeprazole; L, lansoprazole; P, pantoprazole; E, esomeprazole; BP, bisphosphonate; PPI, proton pump inhibitors.

Table 3. Comparison of spine fracture events 
between BP group and BP+PPI group

Study 
BP BP+PPI

Events Total Events Total
Itoh [6] 2 86 2 94
Roux [15] 1414 2489 146 240
Abrahamsen1 [12] 45 13116 29 4089
Abrahamsen2 [12] 80 14795 63 6088
BP, bisphosphonate; PPI, proton pump inhibitors.

Table 4. Comparison of hip fracture events 
between BP group and BP+PPI group

Study
BP BP+PPI

Events Total Events Total
Itoh [6] 1 86 1 94
Lee [14] 742 13488 280 2774
Abrahamsen1 [12] 300 13116 126 4089
Abrahamsen2 [12] 1177 14795 468 6088
BP, bisphosphonate; PPI, proton pump inhibitors.
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all included studies was found to be medium 
risk of bias.

Characteristics of included studies

The characteristics of the included studies are 
listed in Table 2. As report from Abrahamsen 
[12] included 2 separate comparisons strati-
fied by age, we extracted the data by 70 > age 
≥ 35 and age ≥ 70, respectively. As shown in 

Tables 3, 4, comparisons of 
bone fracture between BP 
group and BP+PPI group were 
stratified by fracture subtypes 
including spine fracture and 
hip fracture, respectively.

Fractures overall

In this analysis, we have  
combined all included stu- 
dies together irrespective of 
fracture subtypes recorded. 
Pooled analysis of overall frac-
ture risk of BP+PPI group ver-
sus BP group showed a signi- 
ficant increase in risk of frac-
tures (OR = 1.52, 95% CI 1.05-
2.19, P = 0.025), as shown in 
Figure 3. There was substan-
tial heterogeneity in the includ-

Figure 3. Forest plot of comparison between BP+PPI group and BP group in all included studies. BP, bisphospho-
nates; PPI, proton pump inhibitors; OR, odds ratio; CI, confidence interval. 

Figure 4. Sensitivity analysis of all included studies. OR and 95% CI by omit-
ting each study from the included studies. 

ed studies (I2 = 94% and P = 0.000). Thus, a 
random effects analysis was used herein to 
perform this analysis.

Analysis of heterogeneity

Sensitive analysis overall

As shown in Figure 4, report from the study of 
Abrahamsen 2 [12] was more likely to influence 
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the quantitative summary measure of OR, 
although there was no change to the direction 
of overall effect after it was omitted. Therefore, 
an analysis was performed to determine the 
change of heterogeneity after it was omitted. 
As shown in Figure 5, heterogeneity was obvi-
ously decreased after omitting the comparison 
from Abrahamsen 2 [12] (OR = 1.75, 95% CI 
1.34-2.29, P = 0.000; I2 = 72.2% and P = 
0.013), although it was still considerable. 

L’Abbé graph

As a visual inspection of heterogeneity, L’Abbé 
graph was performed as presented in Figure 6, 
indicating substantial heterogeneity. Speci- 
fically, there was an outlier study [15] present-
ed in L’Abbé graph. Therefore, an analysis was 
performed to determine the change of hetero-
geneity after it was omitted. However, there 
was no obvious changes of heterogeneity (OR = 
1.36, 95% CI 0.92-2.01, P = 0.120; I2 = 95% 
and P = 0.000).

Subgroup analyses

In the presence of substantial heterogeneity, 
subgroup analyses were performed in terms of 
race (European and Asian), BP types (risedro-
nate and alendronate) and fracture subtypes 
(spine fracture and hip fracture).

Subgroup analysis by race

As shown in Figure 7, heterogeneity was drasti-
cally reduced in subgroup of Asian (I2 = 24% 
and P = 0.251), and fracture risk of BP+PPI 
group versus BP group showed a significant 
increase (OR = 1.75, 95% CI 1.07-2.87, P = 
0.026). However, on the contrary, heterogene-
ity was little eliminated in subgroup of European 
(I2 = 92% and P = 0.000), and fracture risk of 
BP+PPI group versus BP group showed no sta-

Figure 5. Forest plot of comparison between BP+PPI group and BP group after omitting the study of Abrahamsen 2. 
BP, bisphosphonates; PPI, proton pump inhibitors; OR, odds ratio; CI, confidence interval. 

Figure 6. L’Abbé graph for heterogeneity analysis 
among all included studies. 
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tistical difference (OR = 1.42, 95% CI 0.97-
2.08, P = 0.068).

Subgroup analysis by BP types

Subgroup analysis by BP types showed that 
heterogeneity considerably decreased in sub-
group of risedronate (I2 = 58.8% and P = 0.119), 
whereas heterogeneity was little eliminated in 
subgroup of alendronate (I2 = 93.8% and P = 
0.000). Both fracture risk of BP+PPI group ver-
sus BP group showed no statistical difference 
(OR = 1.84, 95% CI 0.64-5.28, P = 0.259, for 
risedronate; OR = 1.20, 95% CI 0.83-1.72, P = 
0.329, for alendronate). 

Subgroup analysis by fracture subtypes

Spine fracture: Three studies [6, 12, 15] includ-
ing 4 comparisons reported on spine fracture 
were included in the pooled analysis demon-
strating an increased spine fracture risk associ-
ated with PPI use (OR = 1.60, 95% CI 1.13-
2.26, P = 0.008) with substantial heterogeneity 
(I2 = 58.6% and P = 0.064) (Figure 8). 

Hip fracture: Three studies [6, 12, 14] including 
4 comparisons reported on hip fracture were 

included in the pooled analysis showing no sta-
tistical difference of hip fracture risk associat-
ed with PPI use (OR = 1.35, 95% CI 0.86-2.11, 
P = 0.019) with substantial heterogeneity (I2 = 
94.7% and P = 0.000).

Assessment of publication bias

Assessment of publication bias for all included 
studies was performed by funnel plot on visual 
inspection, by Egger’s linear regression test (P 
= 0.492), also by the Begg’s rank correlation 
test (P = 1.000). In addition, trim and fill meth-
od was used to estimate the probable number 
of missing studies, and results showed only 1 
study might have been missing. When the miss-
ing study was added to the meta-analysis, the 
pooled estimate changed to no statistical sig-
nificance (P = 0.108), indicating an unstable 
result of this meta-analysis associated with 
fracture risk overall. 

However, for included studies associated with 
spine fracture, Egger’s linear regression test (P 
= 0.850), Begg’s rank correlation test (P = 
1.000), and trim and fill method did not indi-
cate any publication bias, with a stable result (P 

Figure 7. Forest plot of comparison between BP+PPI group and BP group by race. BP, bisphosphonates; PPI, proton 
pump inhibitors; OR, odds ratio; CI, confidence interval. 
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= 0.008). For included studies associated with 
hip fracture, Egger’s linear regression test (P = 
0.822), Begg’s rank correlation test (P = 1.000), 
and trim and fill method did not indicate any 
publication bias, with a stable result (P = 
0.194).

Discussion

The overall pooled estimates suggest that 
there is an increased risk of fractures associ-
ated with PPI exposure. This increased risk with 
PPIs is present for fractures overall (notably for 
spine fracture), especially within Asian patient 
population. So although there is substantial 
heterogeneity surrounding the pooled estimate 
of overall fracture risk, the direction of effect 
shows a consistently elevated risk in all of the 
included datasets, thus suggesting that the 
uncertainty lies with the magnitude of estimat-
ed risk with PPIs, rather than presence or 
absence of any association.

Heterogeneity in the magnitude of risk may 
potentially arise from differences in partici-
pants in terms of race amongst the included 
studies, such as Asian only studies [6, 14] and 
European only studies [12, 15]. Indeed, hetero-
geneity significantly declined from 94% to 24% 
when meta-analysis was performed within only 
Asian participants [6, 14]. In addition, hetero-
geneity may come from the BP use of different 
types such as risedronate [6, 15] and alendro-

nate [12], reflected by the considerable 
decrease of heterogeneity in subgroup of rise-
dronate use with I2 = 58.8%. Another source of 
substantial heterogeneity is likely to be the dif-
ference of fracture subtypes, as indicated by 
the significant decrease of heterogeneity with I2 
= 58.6% when only spine fracture was consid-
ered. Nevertheless, we have used random 
effects analysis, taking account of substantial 
heterogeneity, in generating pooled estimates 
that provide a conservative measure of associ-
ated risk.

Furthermore, heterogeneity might be also relat-
ed to a variety of ages of the individual studies. 
Elderly people are more likely to undergo higher 
risk of falls and fracture. The age of patients 
included in the studies is varied, which might 
have affected the findings of this meta-analy-
sis. Hence, the generalizability of these findings 
is limited, as the population studied varied with 
respect to age, sex, baseline subjects or frac-
tures and ethnicity.

Another potential source of heterogeneity 
might be the lack of uniform definition of sub-
jects. In addition, the duration of follow-up in all 
included studies varied from 1 month to an 
average 3.5 years, which is an additional limita-
tion. It is difficult to determine beyond the dura-
tion of the follow-up studies in the review with 
respect to long-term impact on fractures.

Figure 8. Forest plot of comparison between BP+PPI group and BP group by spine fracture. BP, bisphosphonates; 
PPI, proton pump inhibitors; OR, odds ratio; CI, confidence interval. 
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Moreover, the quality of individual studies var-
ied. Also, a major limitation was the possibility 
of uncontrolled confounders, and the individual 
studies did not adjust for potential risk factors 
in a consistent way. The lack of adjustment for 
these confounding factors might have resulted 
in a slight overestimation of the OR. For 
instance, some diseases were potentially asso-
ciated with elevated fracture risk, such as renal 
disease and liver cirrhosis [21]. Our meta-anal-
ysis was subject to confounding factors within 
the included studies, which was an inherent 
limitation of all observational studies and meta-
analyses. As not all of the included studies 
were adjusted for age, BMI, height, weight, 
smoking, alcohol intake, fracture history, and 
calcium intake, confounders known or unknown 
may potentially have influenced the observed 
findings.

The asymmetrical funnel plot on visual inspec-
tion was inaccurate and untrusted on account 
of limited few studies included. Thus, there was 
a low risk of publication bias in all included 
studies in relation to fractures overall, as sug-
gested by Trim and Fill method, but not by 
Egger’s linear regression test and Begg’s cor-
relation test. However, publication bias associ-
ated with spine fracture and hip fracture was 
not observed by all related tests.

Osteoporotic fractures affect both sexes, but 
primarily postmenopausal women, because of 
the substantial decline in bone mass and 
changes in bone structure associated with 
estrogen deficiency [22, 23]. In comparison 
with observational data, well-designed ran-
domized controlled trials (RCTs) might minimize 
the selection bias. After the thorough search, 
we only identified two RCTs discussing BP use 
and PPI use on the fracture incident. More well-
design RCTs are needed to observe the effects 
of interaction between BP and PPI on the frac-
ture incident.

One previous meta-analysis [13] focused on 
fracture risk with PPI use (vs non-PPI users), 
reported that there was a modest link between 
PPI use and fractures (particularly spine), which 
also summarized three theoretical explana-
tions for the risk of fractures with PPIs. Firstly, 
some studies suggested that PPIs had deleteri-
ous effects on calcium absorption leading to 
increased risk of bone fractures [24-26] accom-
panied with some opposite reports [26, 27]. 

Secondly, acid suppression might lead to hyper-
parathyroidism which caused decrease in bone 
mineral density through hypergastrinaemia but 
this was also controversial [13, 28]. Neither of 
these two mechanisms can adequately explain 
how short term acid suppression therapy could 
increase risk of fracture, given that there was 
no robust evidence regarding a substantial and 
significant change in calcium balance with 
short exposures [25]. Thirdly, one mechanism 
suggested that PPI directly inhibited osteoclast 
therefore altering the bone remodeling process 
[29, 30]. However, the mechanism was also 
untenable [13, 31]. Therefore, the precise bio-
logical effect of PPIs on bone mineral density 
and development of osteoporosis still remains 
unclear currently [32].

Nowadays, there is limited data on whether the 
fracture risk from PPIs is modified by other drug 
treatments. However, our current study found 
that BP use did not cancel out the increased 
risk of fracture seen with PPI exposure. 
Similarly, the associated risk of fractures was 
not eliminated by use of high calcium supple-
mentation [33]. In contrast, PPI exposure in 
another study did not lead to higher fracture 
risk in men taking calcium supplements [34]. 
Additionally, Pouwels showed a dose-related 
increase in fracture risk with glucocorticoid use 
in those receiving concomitant PPIs [35].

There are still several potential limitations in 
our work. First, we only included the study in 
English, and some relevant studies reported in 
other languages might be not included in the 
review, due to a language limitation. Second, 
only four studies including five comparisons 
were included in this meta-analysis, thus reduc-
ing the power of the findings. Last but not the 
least, the number of patients included in BP 
group and BP+PPI group was not well matched 
(43974 BP users vs 13285 BP/PPI users), 
which cannot be neglected in meta-analysis. 

Conclusions

In summary, the findings of this meta-analysis 
suggest that there is an interaction associated 
with increased fracture risk (particularly for 
spine and Asian race) between BP and PPI use. 
Clinicians should carefully evaluate such risk 
factors for osteoporosis in patients taking BPs, 
before routinely prescribing PPIs, and make a 
careful judgment as to whether PPIs may be 
safe for patients at high risk of fractures.
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