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Objectives: Although a few trials have explored whether bisphosphonates (BPs) prevented recurrent
fragility fractures (FFs), little is known about the secondary preventative effects of BPs. Thus, we per-
formed a meta-analysis to examine the effects of BPs on prevention of subsequent fractures, mortality,
and on bone metabolic and functional parameters related to FF. We compared BP and control groups.
Design: A meta-analysis of randomized controlled trials was conducted.
Setting and Participants: Twelve randomized controlled trials that included 5670 participants investi-
gating the effects of BPs following FF were retrieved from PubMed, Embase, and the Cochrane Library.
Measures: We performed a pairwise meta-analysis using fixed- and random-effects models.
Results: BPs exhibited significant secondary preventative effects after FF compared with controls [overall
standardized mean difference = 0.766; 95% confidence interval (CI) 0.493—1.038; P < .001]. The risks of
subsequent fracture (odds ratio = 0.499; 95% CI 0.418—0.596; P < .001) and mortality (odds ratio = 0.662;
95%C10.511—0.858; P=.002) decreased in the BP groups. Bone mineral density, bone turnover marker levels,
pain at the fracture site, and health-related quality of life also differed significantly between the groups.
Conclusions/Implications: Our meta-analysis revealed that BPs administered after FF potentially prevented
subsequent fractures and reduced mortality. Positive effects in terms of pain, quality of life, and increased
bone mineral density and bone metabolism were also verified regardless of the fracture sites and the
administration types (oral or intravenous). Therefore, more active BPs use is recommended to prevent
recurrent fragility fractures.
Level of Evidence: Level I, meta-analysis.

© 2018 AMDA — The Society for Post-Acute and Long-Term Care Medicine.

A fragility fracture (FF) is a fracture that occurs after minimal
trauma, such as a fall from a standing height or less, or without any
identifiable trauma."” Typical FFs in patients with osteoporosis
include those of the proximal femur (hip), vertebral body (spine),
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and distal forearm (wrist).> As hip and vertebral fractures are
associated with particularly high levels of morbidity and mortality,*
FFs consume extensive healthcare resources associated with
high medical costs.” Furthermore, an FF per se is an important risk
factor for recurrent fracture® One meta-analysis found that
patients with a history of fracture were at 1.83—2.03 times increased
risk of subsequent fractures.” Therefore, it is essential to prevent
re-fracture.

Of the several therapeutic options, pharmacotherapy for osteopo-
rosis with bisphosphonates (BPs) is one of the most popular and
well-investigated treatments. One large cohort study including 31,069
participants with FFs found that anti-osteoporotic therapy was
associated with a 40% decrease in the 3-year risk of subsequent
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fracture.® Interestingly, 1 nationwide study showed that re-fracture
risk was associated with BP therapy compliance.’

Only a few randomized controlled trials (RCTs) have explored whether
BPs prevented recurrent FF, and little is known about the secondary
preventative effects. In this meta-analysis, we explored whether BPs
(compared with placebos) prevented subsequent fracture and reduced
mortality (primary outcomes) and whether they improved metabolic and
functional parameters associated with FFs (secondary outcomes). We
hypothesized that subjects taking BPs after FFs would fare better.

Methods
Search Methods for Identifying Studies

The meta-analysis was conducted in line with the updated Preferred
Reporting Items for Systematic review and Meta-Analysis Protocols
(PRISMA-P) guidelines.'” PubMed-Medline, Embase, and Cochrane Li-
brary searches were performed in September 2017 using the following
key terms: (Spinal Fractures OR Vertebral Fracture OR Compression
Fracture OR Hip Fractures OR Femoral Neck Fractures OR Femur Inter-
trochanteric Fracture OR Colles Fracture OR Radius Fracture OR Fragility
Fracture OR Osteoporotic Fractures) AND (Bisphosphonates OR
Diphosphonates OR Alendronate OR Clodronic Acid OR Etidronic Acid
ORRisedronate OR Pamidronate OR Ibandronate OR Zoledronic Acid OR
Antiresorptive Agents) AND (Refracture OR Subsequent Fracture OR
Second Fracture OR Second Contralateral Fracture OR Recurrent Frac-
ture OR Mortality OR Bone Mineral Density OR Bone Turnover OR Bone
Metabolism OR Bone Remodeling OR Bone Regeneration OR Bone
Resorption). An overview of the search strategy is presented in
Supplementary Appendix A. We included all RCTs comparing BPs and
placebos after FFs. We imposed no language restriction.

Study Selection Criteria

The identified records were saved to EndNote software (X7.2;
Thomson Reuters). Two independent reviewers (SYL, JYL) first
screened all titles and abstracts to identify relevant investigations.
Inclusion criteria were (1) articles reporting an RCT that (2) described
the effects of BPs after FFs. All types of BPs (alendronate, clodronate,
etidronate, risedronate, pamidronate, ibandronate, and zoledronate)
were included. All controls received placebos. Concomitant therapies
(such as calcium carbonate or vitamin D) were permitted if both the
BP and control groups received the therapies. Reviews, basic science
articles, comments, letters, and protocols were excluded. When up-
dates of earlier studies were identified, we used only the latest
updates.

Outcome Measures and Data Extraction

The primary outcomes of interest were subsequent fracture and
mortality after FFs. All new fractures were diagnosed clinically and
radiographically. The secondary outcomes were (1) bone mineral
density (BMD) measured by dual energy X-ray absorptiometry at and
around the fracture site; (2) the levels of bone turnover markers (serum
levels of ionized calcium, parathyroid hormone, and N-telopeptide);
(3) pain at the fracture site measured using a visual analog or a nu-
merical rating scale; and (4) health-related quality of life. We per-
formed subgroup analyses based on types of BP (oral vs intravenous)
and fracture sites (hip vs spine vs wrist). For every eligible study, the
following data were extracted and entered into a spreadsheet by the 2
reviewers (SYL, JYL): first author’s family name, year of publication,
number of patients, mean age at the time of FF, enrolment time, BP type
used, treatment duration, follow-up duration, and outcomes.

Quality Assessment and Publication Bias

Two authors (SYL, JYL) independently evaluated study quality us-
ing the criteria of the Cochrane Handbook for Systematic Reviews of
Interventions.!" These included (1) random sequence generation; (2)
allocation concealment; (3) blinding of participants and personnel; (4)
blinding of outcome data; (5) any incomplete outcome data
addressed; (6) selective reporting; and (7) other bias. We assessed
publication bias using the Begg funnel plot'? and the Egger test.'®

Statistical Analysis

Effect sizes were computed as odds ratios (ORs) for primary out-
comes (subsequent fracture and mortality) and standardized mean
differences (SMDs)' for secondary outcomes (the magnitude of the
pretest—posttest difference for each outcome). To derive overall
Hedges g-pooled effect sizes, ORs were converted to SMDs. Pooled
SMDs were computed separately for the control and treatment groups
of each study. Heterogeneity among comparable studies was explored
using the %2 and I tests. Values of P > .1 and I < 50% were considered
statistically significant. As significant heterogeneity was evident
among the selected studies (P < .001 and I> = 87.5%), we used a
random-effects model to quantify the pooled effect size of the
included studies. BMD (P < .001 and I?> = 83.4%) and bone turnover
marker levels (P = .024 and I> = 80.3%) were also analyzed using a
random-effects model. However, we employed a fixed-effects model
to analyze the effects on subsequent fracture (P =.337 and I? = 11.3%),
mortality (P =.252 and I? = 23.7%), pain at the fracture site (P = .570
and I> = 0.0%), and health-related quality of life (P = 1.000 and
I? = 0.0%). In addition, we performed subgroup analyses by the type of
BP (oral and intravenous) and fracture site (hip, wrist, and spine). The
Q-test for heterogeneity was used when performing subgroup ana-
lyses."> All analyses were conducted with the aid of Comprehensive
Meta-Analysis software (v 3.3; Biostat, Englewood, NJ). The study did
not require institutional review board approval because we did not
personally enroll any human participants.

Results
Description of Included Studies

The primary database search yielded 360 records. After duplicates
were removed, the titles and abstracts of 149 articles were initially
screened, and 24 selected for full-text review. The full texts were read,
and 12 met all quality-assessment inclusion criteria.'®~?” The studies
selected for final inclusion (or exclusion) are shown in Figure 1, and
the characteristics of the included studies are summarized in Table 1.
In terms of quantitative analysis, these 12 RCTs (published from 1996
to 2016) fulfilled our inclusion criteria. The studies identified for meta-
analysis included 5670 participants. Study sample sizes varied from 32
to 2127 (16—1065 cases and 16—1062 controls). The selected studies
included 2857 patients prescribed BPs and 2813 given placebos.
Follow-up duration ranged from 1 month to 3 years.

Results after Analysis

BPs significantly prevented secondary FFs [overall Hedges g-
pooled SMD = 0.766; 95% confidence interval (CI) 0.493—1.038;
P <.001] (Figure 2). The risks of subsequent fracture (OR = 0.499; 95%
Cl 0.418—0.596; P < .001) and mortality (OR = .662; 95% CI
0.511-0.858; P =.002) after FF were reduced in the BP group. In terms
of secondary outcomes, BMD (pooled SMD = 0.809; 95% CI
0.261-1.357; P = .004), bone turnover marker levels (pooled
SMD = 1.805; 95% CI 0.844—2.766; P < .001), pain at the fracture site
(pooled SMD = 0.629; 95% CI 0.210—1.048; P = .004), and health-



386 S.Y. Lee et al. / JAMDA 19 (2018) 384—390

Initial results of publication searches (n = 360):
MEDLINE (n = 143), EMBASE (n = 149), and
Cochrane Library (n = 68)

Exclude duplicated articles (n = 211)

A

Records screened (n = 149)

——» Exclude according to selection criteria (n = 125)

Full-text articles assessed for eligibility (n =24)

Full-text articles excluded
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Not population with fracture (n = 4)
——»| Not randomized controlled trial (n = 1)
Abstract only (n = 1)

A 4

Included studies
(n=12)

Fig. 1. A preferred reporting items for systematic review and meta-analysis flow diagram detailing the selection of clinical studies.

related quality of life (pooled SMD = 0.804; 95% CI 0.278—1.330; SMD = 0.422; 95% C1 0.036—0.808; P =.032, respectively); no among-
P = .003) also exhibited significant between-group differences subgroup difference was apparent (Q = 1.258 and P = .262). BPs
(Figure 3). Both oral and intravenous BPs prevented re-fracture after effectively reduced hip (pooled SMD = 0.851; 95% CI 0.385—-1.317;
FF (pooled SMD = 0.889; 95% CI 0.523—1.255; P < .001 and pooled P <.001), wrist (pooled SMD = 1.085; 95% CI 0.558—1.612; P < .001),

Table 1
Characteristics of Included Individual Studies
Study Study Region Type of Joint Participant Participant Age Administration Follow-Up No. of Participants = Outcomes
Period Bisphosphonate, Sex Range or Duration Period m
Route Mean + SE (y)

Black 1996 - USA Alendronate, oral Spine F 55—-81 36 mo 36 mo 1022 1005 New vertebral
fractures

Adolphson 2000 - Sweden Clodronate, oral ~ Wrist F 50—76 2 mo 12 mo 16 16 BMD

Clement 2000 - Netherlands Alendronate, oral Wrist F 66.0 + 7.4 12 mo 12 mo 18 19 BMD of both
forearms

Qiu 2004 1995-1999 China Alendronate, oral Hip M, F 658 +7.7 12 mo 12 mo 39 38 BMD

Sato 2004 2001-2002 Japan Etidronate, oral Hip F 70—79 1 mo 3 mo 40 40 Bone turnover
markers

Armingeat 2006 - France Pamidronate, IV Spine M, F 75.2 £ 4.5 1 mo 1 mo 16 16  Standing pain

Altintas 2007 2004 Turkey Risedronate, oral Hip F 75.0 3 mo 3 mo 26 20 N-telopeptide

Lyles 2007 - International Zoledronate, IV Hip M,F 744 £ 9.5 23 mo* 23 mo”* 1065 1062  Refracture,
mortality, BMD

Cecilla 2009 2004-2005 Spain Alendronate, oral Hip M, F 60—-97 12 mo 12 mo 125 114 BMD, bone turnover
markers

Beaupre 2011 - USA Alendronate or  Hip M,F >75 56% 36 mo 36 mo 101 108  Refracture, mortality

risedronate, oral

Hagino 2013 Japan Minodronate, oral Spine F 55—80 24 mo 24 mo 359 345  Refracture, bone
turnover marker

Li 2016 2011 China Zoledronate, IV Hip M,F 75.0 £+ 4.8 12 mo 12 mo 30 30 Pain

IV, intravenous.
*Median value of follow-up period
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Study name Subgroup within study Comparison  Outcome Time point Statistics for each study Std diff in means and 95% CI

Std diff Lower Upper

inmeans  limit limit  P-Value
Black 1996 Oral BP Spine New fracture =12 mo 0390 0233 0.547 .000 =
Adolphson 20000ral BP Wrist BMD (radius) <=12mo 0.316 -0.381 1.013 374 et
Clement 2000 Oral BP Wrist BMD (radius) <=12mo 2.106 1.302 2910 .000 b s ]
Qiu 2004 Oral BP Hip Combined <=12mo 1.075 0594 1.555 .000 ——
Sato 2004 Oral BP Hip Combined <=12mo 2283 1720 2847 .000 —_——
Armingeat 2006 IV BP Spine Pain <=12mo 0799  0.079 1.519 030 ——
Altintas 2007  Oral BP Hip Metabolism (NTX) <= 12mo 1.302 0.662 1.943 .000 —a—
Lyles 2007 IVBP Hip Combined >12mo 0.189 0.054 0.324 .006 I ]
Cecilla2009  Oral BP Hip Combined <=12mo 0270 0015 0526 038 H-
Matsumoto 2009ral BP Spine Combined =12 mo 0.381 0.154 0.608 .001 E o
Beaupre 2011 Oral BP Hip Combined >12mo 0.504 -0.082 1.090 .092 t——il—
Li 2016 VB8P Hip Combined <=12mo 0.605 0.087 1124 022 ——

0.766  0.493 1.038 .000 i
-3.00 -1.50 0.00 1.50 3.00

Heterogeneity: x2 = 87.791, df = 11 (P<.001); R = 87.5%
Test for overall effect: z = 0.766 (P <.001)

Favors Control  Favors Bisphosphonate

Fig. 2. Forest plot of the overall effect of bisphosphonates in terms of secondary preventative effects after fragility fractures as determined using a random-effects model. Effect sizes

are indicated as Hedges g-standardized mean differences with 95% Cls.

and spine (pooled SMD = 0.400; 95% CI 0.273—0.527; P < .001) re-
fractures; subgroup analysis revealed no difference among the frac-
ture sites (Q = 1.762 and P = .414) (Figure 4).

Quality Assessment and Publication Bias

In terms of methodological quality, all participants were random-
ized appropriately, and all investigators and research assistants were
blinded to the allocations. However, it is unclear whether the included
trials met all quality-assessment criteria (Supplementary Appendix B).
A significant publication bias was evident; the Begg funnel plot was
asymmetric (Supplementary Appendix C), and the P value for bias was
.003 (Egger test; all 12 trials). After trimming by imputing missing
studies, adding these studies to the analysis, and recomputing the
effect size (the trim-and-fill method of Duval and Tweedie),*® the
overall Hedges g-pooled SMD decreased from 0.766 to 0.311. However,
the adjusted effect size remained statistically significant (95% CI
0.020—-0.601).

Discussion

BPs prevented subsequent fractures of the hip, spine, and wrist,
reduced mortality, relieved pain, improved the quality of life, and
increased BMD and bone metabolism. Such valuable effects were
associated with the use of both oral and intravenous BPs. To the best of
our knowledge, this is the first meta-analysis to show that BPs prevent
recurrent FF.

Several meta-analyses have suggested that BPs effectively reduce
the risk of osteoporotic fracture.?® >! Therefore, BPs are widely pre-
scribed as first-line drugs in this context. However, the ability of BPs to
prevent subsequent fracture has been little studied; no high-quality
meta-analysis has appeared. One meta-analysis found that BPs pre-
vented subsequent hip fractures and reduced mortality among elderly
patients with such fractures.>?> However, only 4 articles were exam-
ined, and bone metabolism and functional outcomes were not
considered.

Several reports have compared oral and intravenous forms of BPs.
Vis et al*> suggested that BMD changes in the vertebral spine and total
hip were comparable in groups given intravenous pamidronate and
oral alendronate for 1 year. One multicenter RCT also found that the
efficacy (assessed by BMD change and the levels of bone turnover
markers) and safety of intravenous alendronate were similar to those
of oral alendronate* However, 1 prospective study including
approximately 600 postmenopausal Germans found that intravenous
zoledronate afforded a greater and more rapid reduction in N-telo-
peptide level than did oral alendronate.>> We found no difference
between the preventative effects of oral and intravenous BPs, although

oral BPs exhibited higher effect sizes (pooled SMDs = 0.889 and 0.422,
respectively). Only 3 papers on intravenous BPs?>>?7 were included
in our review. Also, the study by Lyles et al*> (which included the
largest number of participants) exhibited a relatively small effect size,
perhaps reducing the overall effect size. As the primary outcomes of
that study were more terminal (subsequent fracture or mortality), the
effect size would be smaller than those for changes in BMD or the
levels of bone turnover markers. Therefore, it is impossible to directly
compare the effects of oral and intravenous BPs on prevention of re-
fracture using only the data evaluated in this meta-analysis.

BPs exhibited preventative effects on FF at all 3 sites; no intergroup
difference was apparent. However, a recent network meta-analysis
reported that zoledronate reduced spine fracture (relative risk 0.30,
95% C1 0.23—0.37) to a greater extent than hip joint fracture (relative
risk 0.58, 95% CI 0.41-0.82).° The cited study explored primary
fracture prevention, thus it is, difficult to compare the data with
BP-mediated secondary fracture prevention after FF. In addition, the
work of Black et al'® (which included the largest number of partici-
pants) used only confirmed subsequent fracture as the outcome var-
iable; this might have contributed to the lower overall effect size for
the spine. Furthermore, the higher effect sizes of studies on the wrist
joint'”'® were associated with bias; only 2 studies with large effect
sizes but small samples (n = 32 and 37) were selected. Therefore, the
re-fracture preventative effect of BPs for different joints must be
compared in further well-designed trials.

The use of BPs during the acute phase after fracture has long been
controversial. One animal (rabbit) study suggested that zoledronates
did not prevent bone healing and probably inhibited trabecular bone
remodeling after fibular osteotomy.>’ Several case studies also re-
ported that BPs given after fracture might delay union of the fractured
sites.>8740 However, 1 meta-analysis of 10 RCTs with 2888 patients
concluded that patients treated with BPs exhibited no significant
difference in radiologic fracture healing time compared with control
patients (mean difference 0.47, 95 % CI —2.75 to 3.69).*! In addition,
BMD increased by 0.79% to 2.8% and N-telopeptide of type I collagen
decreased by 48.6% to 49.7% in BP group for 12 months,*' which were
similar to our current meta-analysis.

In this study, there was a definite benefit of bone metabolism by
BPs use (effect size 1.805, 95% CI 0.844—2.766) although only 2
studies®®?? were included in this outcome variable. Altintas et al*?
showed that the mean urine N-telopeptide level decreased by 49.7%
at the end of 3 months of treatment with risedronate while it
increased by 5.8% in the control group. In the study by Sato et al,>°
there were also positive results in serum ionized calcium, para-
rthyroid hormone, and urinary deoxypyridinoline4321. With the in-
crease of BMD, these positive effects of the bone metabolism may be a
key role to decrease the subsequent fracture rate by BPs use.
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A Studyname  Subgroup within study Comparison Outcome  Time point Statistics for each study
Lower Upper
OR " “limit limit P-Value
Black 1996 Oral BP Spine New fracture> 12 mo 0493 0371 0.655 .000
Lyles 2007 VBP Hip New fracture> 12 mo 0.583 0442 0.768 .000
Matsumoto 20090ral BP Spine New fracture> 12 mo 0.368 0.242 0.559 .000
Beaupre 2011  Oral BP Hip New fracture> 12 mo 0.406 0.124 1.334 137
0499 0418 0.596 .000

Heterogeneity: x2 = 3.381 df = 3 (P=.337); 12= 11.3%
Test for overall effect: OR = 0.499 (P <.001)

B Study name Subgroup within study Comparison Outcome Time point Statistics for each study

Lower Upper
OR " “jimit  fimit P-Value
Lyles 2007 IVBP Hip Mortality >12mo 0692 0.528 0.907 .008
Beaupre 20110ral BP Hip Mortality > 12 mo 0.395 0.157 0.993 .048
0662 0.511 0.858 .002

Heterogeneity: x2 = 1.310 df = 1 (P=.252); 12=23.7%
Testfor overall effect: OR = 0.662 (P =.002)

C  studyname

Subgroup within study Comparison Outcome  Time point Statistics for each study

Std diff Lower Upper

-3.00

-3.00

inmeans limit limit  p.value
Adolphson 200@ral BP Wrist BMD (radius) <= 12mo 0316 -0.381 1013 374
Clement 2000 Oral BP Wrist BMD (radius) <= 12mo 2106 1302 2910  .000
Qiu 2004 Oral BP Hip Combined <= 12mo 1075 0594 1555 000
Cecilla 2009  Oral BP Hip Combined <= 12mo 0270 0015 0526 .038
Li 2016 v BP Hip Combined <= 12mo 0560 0.043 1077 034
0809 0261 1357 004
Heterogeneity: x2=24.025, df =4 (P<.001); 2 = 83.4%
Test for overall effect: z = 0.809 (P = .004)
D Study name Subgroup within study Comparison Outcome Time point Statistics for each study
Std diff Lower Upper
inmeans limit limit P-Value
Sato 2004 Oral BP Hip Combined <=12mo 2283 1720 2847  .000
Altintas 20070ral BP Hip Metabolism (NTX) <= 12mo 1302 0662 1943  .000
1805 0844 2766  .000
Heterogeneity: x2=5.076, df = 1 (P=.024); 2= 80.3%
Test for overall effect: z = 1.805 (P < .001)
E S\I«Idy name suhgroug within stud[ camgarison OQutcome Time EDiI’!t Statistics for each study_
Std diff Lower Upper
inmeans limit limit P-Value
Armingeat 20061V BP Spine Pain <= 12mo 0799 0079 1519 030
Li 2016 IVBP Hip Pain <=12mo 0542 0027 1.057  .039
0629 0210 1.048 003
Heterogeneity: x2=0.323, df = 1 (P=.570); = 0.0%
Test for overall effect: z = 0.629 (P=.003)
F Study name Subgroug within S‘lez Comgarison Outcome Time goint Statistics for each S‘llﬂ[
Std diff Lower Upper
inmeans limit  limit P-Value
Li 2016 vV BP Hip QoL <=12mo 0.804 0278 1.330  .003
0.804 0278 1.330 .003

Heterogeneity: x2 = 0.000, df = 0 (P=1.000); I?= 0.0%
Test for overall effect: z = 0.804 (P =.003)

OR and 95%Cl

0.1 0.2 0.5 1 5

2 10
Favors Bisphosphonate  Favors Control
OR and 95% CI
0.1 0.2 0.5’ 1 2 5 10

Favors Bisphosphonate  Favors Control

Std diff in means and 95% CI

S

.50 1.50 3.00
Favors Control Favors Bisphosphonate
Std diff in means and 95% CI
1.50 0.00 1.50 300
Favors Control Favors Bisphosphonate
Std diff in means and 95% CI
-2.00 -1.00 0.00 1.00 2.00
Favors Control  Favors Bisphosphonate
Std diff in means and 95% CI
-2.00 -1.00 0.00 1.00 2.00

Favors Control  Favors Bisphosphonate

Fig. 3. Forest plots of the trial-level characteristics of bisphosphonates (outcome variables): (A) subsequent fracture, (B) mortality, (C) bone mineral density, (D) bone turnover

markers, (E) pain at the fracture site, and (F) health-related quality of life.

This study has certain limitations. First, we included only a small
number of reports. Only a few studies evaluated specific BPs and
specific fracture sites. To overcome this limitation, we included
various types of BPs, several outcomes of fracture, and 3 major fracture

sites. However, this increased the heterogeneity of the analysis. Dif-
ferences in follow-up periods, the duration of BP use after FF, and the
outcomes measured are also limitations of our review. Second, we
considered the various effect sizes of several outcome variables of
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Study name _ Subgroup within study [ i Outcome Time point Statistics for each study Std diff in means and 95% Cl

Stddif  Lower Upper
inmeans  limit limit  P-Value

Black1996  Oral BP Spine Newfracture  >12mo 0390 0233 0547 .000 =
Adolphson 20000ral BP Wrist BMD (radius) <= 12mo 0316 -0381 1013 374

Clement2000 Oral BP Wrist BMD (radius) <= 12mo 2106 1302 2910 .000

Qiu 2004 Oral BP Hip Combined <= 12mo 1075 0594 1555 .000

Sat02004  OralBP Hip Combined <= 12mo 2283 1720 2847 000 —a—
Altintas 2007  Oral BP Hip Metabolism (NTX) <= 12mo 1302 0662 1943 .000

Cecilla2009  Oral BP Hip Combined <=12mo 0270 0015 0526 038

Matsumoto 2009ral BP Spine Combined >12mo 0381 0154 0608 001 E o
Beaupre 2011 Oral BP Hip Combined >12mo 0504 -0082  1.090 092

0889 0523 1.255 .000 e
150 0.00

3.00 150 3.00
Heterogeneity: x2=71.496, df=8 (P <.001); 2 = 88.8% |
Test for overall effect: z = 0.889 (P <.001) Favors Control  Favors Bisphosphonate

B Study name  Subgroup within study Comparison Outcome Time point for each study Std diff in means and 95% CI

Std diff Lower Upper
inmeans limit  limit P-Value

Armingeat 20061V BP Spine Pain <=12mo 0799 0.079 1519 .030
Lyles 2007  IVBP Hip Combined > 12 mo 0189 0054 0324  .006 =
Li 2016 IvVBP Hip Combined <= 12mo 0605 0.087 1.124 022
0422 0.036 0.808 032 -
-2.00 -1.00 0.00 1.00 2.00
Heterogeneity: x2 = 4.759, df = 2 (P = .093); 2 = 58.0% .
Test for overall effect: z = 0.422 (P = .032) Favors Control  Favors Bisphosphonate
c Subgroup within study Comparison  Outcome Time point Statistics for each study Std diff in means and 95% CI
Stddiff  Lower Upper
in means limit limit P-Value
Qiu2004  Oral BP Hip Combined <=12mo 1075 0594  1.555 000
Sato2004  Oral BP Hip Combined <=12mo 2283 1720 2847 000 ——
Altintas 2007 Oral BP Hip Metabolism (NTX) <= 12mo 1302 0662 1.943 000
Lyles 2007 IVBP Hip Combined >12mo 0189 0054 0324 006  §
Cecilla 2009 Oral BP Hip Combined <=12mo 0270 0015 0526 038
Beaupre 2011ral BP Hip Combined >12mo 0504 -0.082  1.090 092
Li2016 VBP Hip Combined <=12mo 0.605 0.087 1.124 022 ——
0851 0385 1317 000 -
-3.00 .50 0.00 150 3.00
Heterogeneity: x2=69.134 df =6 (P < .001); R=91.3% E 3
g avors Control  Favors Bisphosphonate
Test for overall effect z = 0.851 (P < .001) PRSP
D Study name  Subgroup within study C ison O Time point istics for each study Std diff in means and 95% CI

Std diff Lower Upper
inmeans limit limit P-Value

Adolphson 200@ral BP Wrist BMD (radius) <= 12mo 0316 -0.381 1.013 374
Clement 2000 OralBP Wrist BMD (radius) <= 12mo 2106 1302 2910 .000
1085 0558 1612 .000

0.00 1.50 3.00

-3.00 150
Heterogeneity: x2= 10.869 df = 1 (P = .001); 2= 90.8%

Test for overall effect: z = 1.085 (P < .001) Favors Control Favors Bisphosphonate
E Study name Subgroup within study Comparison Qutcome  Time point Statistics for each study Std diff in means and 95% CI

Std diff Lower Upper
inmeans limit limit P-Value

Black1996  Oral BP Spine New fracture > 12 mo 0390 0233 0547 000 E
Armingeat 20061V BP Spine Pain <=12mo 0799 0079 1519 030
Matsumoto 2009ral BP Spine Combined >12mo 0381 0.154 0.608 001 ——
0400 0273 0527 000 &
0.00 1.00

-2.00 -1.00 2.00

Heterogeneity: x2=1.219 df = 2 (P = .544); R = 0.0% -
Test fo?overall effect: z = 0.400 (P < .001) Favors Control  Favors Bisphosphonate

Fig. 4. Forest plots of the subgroup analysis: (A) oral bisphosphonates, (B) intravenous bisphosphonates, (C) hip joint, (D) wrist joint, and (E) spine.
individual studies as pooled effect sizes; these are of limited clinical limitation of this study. Third, we could not investigate the long-term

utility and should be interpreted with caution. As the significance of adverse events of BPs use such as atypical femoral fractures and
each outcome variable differs, the absence of weighting is another osteonecrosis*? owing to lack of data from the 12 eligible studies. It is
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because these long-term risks of BPs occur when the medication is
used for more than 5 years,*> whereas it was administrated for less
than 3 years in the included studies. Because these adverse events of
BPs are actually causing to drop the BPs use and hesitate to use them
for many physicians despite of several clinical benefits, further studies
are needed to compare the advantages and disadvantages of BPs.
Finally, a clear publication bias was evident. There was no unpublished
report (such as a dissertation) among the final 12 papers, and all but
one were written in English.'” In the studies by Clement et al'® and
Sato et al,” the effect sizes were too large; these studies contained
only data on BMD'® or bone turnover markers,”’ which were not the
final primary outcomes (ie, not subsequent fracture and mortality).
Thus, the relatively strong effect sizes may reflect publication bias.
However, after adjustment using the trim-and-fill method of Duval
and Tweedie, the effect size, though reduced, remained meaningful
(overall pooled SMD 0.766; 95% CI 0.493—1.038, to SMD 0.311; 95% CI
0.020-0.601).

Conclusions/Relevance

The evidence summarized in this review suggests that
bisphosphonates prescribed after FF potentially prevent subsequent
fractures and reduce mortality. Positive effects on pain and quality of
life, as well as an increased BMD and enhanced bone metabolism,
were also verified. These positive effects of the drug were significant,
regardless of the fracture sites and the administration types (oral or
intravenous). Therefore, more active BPs use is recommended to
prevent recurrent fragility fracture.

Supplementary Data

Supplementary data related to this article can be found at https://
doi.org/10.1016/j.jamda.2018.02.005.
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Supplementary Appendix A Fields] OR "bone metabolism"[All Fields] OR "Bone Remod-
eling"[All Fields] OR "Bone Regeneration"[All Fields] OR "Bone
Queries Resorption”) AND "Randomized Controlled Trial"[ptyp]

1. Population EMbase 20170906 — 153 articles

Spinal Fractures OR vertebral fracture OR Compression Frac-
ture OR Hip fractures OR Femoral Neck Fractures OR Femur
Intertrochanteric Fracture OR Colles’ Fracture OR radius frac-
ture OR fragility fracture OR Osteoporotic Fractures

2. Intervention
Bisphosphonates OR Diphosphonates OR Alendronate OR
Clodronic Acid OR Etidronic Acid OR Risedronate OR
pamidronate OR Ibandronate OR Zoledronic Acid OR Anti-
resorptive agents

3. Outcomes
Refracture OR subsequent fracture OR second fracture OR
second contralateral fracture OR recurrent fracture OR mor-
tality OR bone mineral density OR bone turnover OR bone
metabolism OR Bone Remodeling OR Bone Regeneration OR
Bone Resorption

4, Study Design
RCT

PubMed 20170906 - 180 articles

("Diphosphonates”[MeSH] OR "Diphosphonates”[All Fields] OR
"Bisphosphonates"[All Fields] OR "Diphosphonates"[MeSH] OR
"Alendronate"[All Fields] OR "Clodronic Acid"[All Fields]
OR "Etidronic Acid"[All Fields] OR "Risedronate"[All Fields] OR
"pamidronate"[All Fields] OR "Ibandronate"[All Fields] OR
"Zoledronic Acid"[All Fields] OR "Antiresorptive agents""[All
Fields]) AND ("Spinal Fractures"[MeSH] OR "Spinal Fractur-
es"[All Fields] OR "vertebral fracture"[All Fields] OR "Compres-
sion Fracture"[All Fields] OR "Hip Fractures"[MeSH] OR "Hip
fractures"[All Fields] OR "Femoral Neck Fractures"[All Fields] OR
"Femur Intertrochanteric Fracture"[All Fields] OR "Colles’ Frac-
ture"[MeSH] OR "Colles’ Fracture"[All Fields] OR "radius frac-
ture"[All Fields] OR “fragility fracture"[All Fields] OR
"Osteoporotic Fractures"[All Fields]) AND ("refracture"[All
Fields] OR "subsequent fracture"[All Fields] OR "second frac-
ture"[All Fields] OR "second contralateral fracture"[All Fields]
OR "recurrent fracture"[All Fields] OR "mortality"[All Fields] OR
"bone mineral density"[All Fields] OR "bone turnover"[All

('Bisphosphonates’/exp OR 'Bisphosphonates’:ab,ti OR 'Diphosph-
onates’/exp OR ’Diphosphonates’:ab,ti OR 'Alendronate’/exp OR
’Alendronate’:ab,ti OR ’Clodronic Acid’/exp OR ’Clodronic
Acid’:ab,ti OR ’Etidronic Acid’/exp OR ’Etidronic Acid’:ab,ti OR
"Bisphosphonates’/exp OR ’'Bisphosphonates’:ab,ti OR ’Risedro-
nate’/exp OR ’Risedronate’:ab,ti OR ’Ibandronate’/exp OR
‘Ibandronate’:ab,ti OR 'Zoledronic Acid’/exp OR ’Zoledronic
Acid:ab,ti OR ’Antiresorptive agents’/exp OR ’Antiresorptive
agents’:ab,ti) AND ('Spinal Fractures’/exp OR ’Spinal Fractur-
es’:ab,ti OR 'vertebral fracture’/exp OR 'vertebral fracture’:ab,ti OR
’Compression Fracture’/exp OR ’Compression Fracture’:ab,ti OR
"Hip fractures’/exp OR ’Hip fractures’:ab,ti OR 'Femoral Neck
Fractures’/lexp OR ’'Femoral Neck Fractures:ab,ti OR 'Femur
Intertrochanteric Fracture’/exp OR ’'Femur Intertrochanteric
Fracture’:ab,ti OR "Colles Fracture’/exp OR ’Colles’ Fracture’:ab,ti OR
‘radius fracture’/exp OR 'radius fracture’:ab,ti OR 'fragility fracture’/
exp OR ‘'fragility fracture’:ab,ti OR ’'Osteoporotic Fractures’/exp
OR ’Osteoporotic Fractures’:ab,ti) AND (‘refracture’/exp OR
‘refracture’:ab,ti OR ’subsequent fracture’/exp OR ’subsequent
fracture’:ab,ti OR ’second fracture’/exp OR ’second fracture’:ab,ti
OR ’second contralateral fracture’/exp OR ’second contralateral
fracture:ab,ti OR ’recurrent fracture’/lexp OR ’recurrent
fracture’:ab,ti)

Cochrane Library 20170906 — 118 articles

(Bisphosphonates OR Diphosphonates OR Alendronate OR Clo-
dronic Acid OR Etidronic Acid OR Risedronate OR pamidronate
OR Ibandronate OR Zoledronic Acid OR Antiresorptive agents)
AND (Spinal Fractures OR vertebral fracture OR Compression
Fracture OR Hip fractures OR Femoral Neck Fractures OR Femur
Intertrochanteric Fracture OR Colles’ Fracture OR radius fracture
OR fragility fracture OR Osteoporotic Fractures) AND (refracture
OR subsequent fracture OR second fracture OR second contra-
lateral fracture OR recurrent fracture OR mortality OR "bone
mineral density” OR "bone turnover” OR "bone metabolism” OR
"Bone Remodeling” OR "Bone Regeneration" OR "Bone Resorp-
tion") AND Randomized Controlled Trial



	Can Bisphosphonates Prevent Recurrent Fragility Fractures? A Systematic Review and Meta-Analysis of Randomized Controlled T ...
	Methods
	Search Methods for Identifying Studies
	Study Selection Criteria
	Outcome Measures and Data Extraction
	Quality Assessment and Publication Bias
	Statistical Analysis

	Results
	Description of Included Studies

	Results after Analysis
	Quality Assessment and Publication Bias

	Discussion
	Conclusions/Relevance
	Supplementary Data
	References
	Supplementary Appendix A
	Queries



