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Abstract Patients with osteoporotic fractures have an in-
creased risk for secondary fractures. However, a rigorous
study that assesses the effectiveness of individual osteoporotic
drugs in preventing subsequent fractures is lacking. The pur-
pose of this review was to analyze the effectiveness of anti-
osteoporotic drugs in preventing secondary fractures. We
searched for randomized controlled trials that showed the in-
cidence of secondary fractures while using anti-osteoporotic
drugs (bisphosphonates, selective estrogen receptor modulators,
parathyroid hormone (PTH), or calcitonin) in MEDLINE,
Embase.com, and Cochrane Central Register databases. We
estimated risk ratios (RR) and numbers needed to treat (NNT)
to prevent secondary fractures. Twenty-six studies met our eli-
gibility criteria. There was a significant reduction in RR (0.38-0.
77) after the use of anti-osteoporotic drugs for secondary verte-
bral fractures. Bisphosphonates and PTH significantly reduced
the risk of a secondary non-vertebral fracture (RR 0.59 and 0.
64). PTH needed the fewest number of patients to be treated to
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prevent a secondary vertebral fracture (NNT: 56). Our study
demonstrated the effectiveness of anti-osteoporotic agents in-
cluded in our systematic review in preventing secondary verte-
bral fractures. Bisphosphonates and PTH were most effective in
preventing non-vertebral fractures. We suggest that clinicians
should prescribe these drugs to prevent secondary vertebral/
non-vertebral fractures.
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fracture - Osteoporosis - Parathyroid hormone - Secondary
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Ten million people in the USA and 27.6 million in Europe are
estimated to have osteoporosis [1, 2]. In osteoporosis, bone
resorption exceeds bone formation. This imbalance in skeletal
turnover results in a disruption of osseous microarchitecture
and an increased risk of fracture [3]. Fragility fractures caused
by osteoporosis mainly consist of vertebral fractures, proximal
femoral fractures, and distal radial fractures. Thirty to 50% of
American women with osteoporosis are affected by these frac-
tures [4, 5]. People who have had an osteoporotic fracture are
at a higher risk for secondary osteoporotic fractures [6-8].
Prior osteoporotic fractures of the spine, hip, or wrist double
the risk of secondary fractures in postmenopousal women [8].
With a total annual cost estimated at 17 billion US dollars,
these secondary fractures present a substantial economic
burden [9].

Anti-osteoporotic therapies effectively increase bone min-
eral density and decrease the risk of future osteoporotic frac-
tures [10]. Anti-osteoporotic drugs prescribed in the USA in-
clude bisphosphonates, selective estrogen receptor modulators
(SERMs), calcitonin, parathyroid hormone (PTH) (including
PTH-related protein), and monoclonal antibodies against the
receptor activator of nuclear factor kB ligand (RANKL).
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Bisphosphonates are the most commonly prescribed anti-
osteoporotic drugs that prevent bone resorption [11], reducing
the risk for primary fragility fractures by as much as 70%
[12-14]. SERMs, RANKL, and PTH were effective in
preventing primary osteoporotic fractures, with the relative
risks (RR) of primary vertebral fractures being 0.63, 0.32,
and 0.33, respectively [15-17]. Additionally, treatment with
bisphosphonates is cost-effective to prevent osteoporotic frac-
tures in elderly patients [18].

The American Association of Clinical Endocrinologists/
American College of Endocrinology Medical Guidelines rec-
ommend using teriparatide, denosumab, zoledronic acid,
alendronate, or risedronate for patients with prior fragility
fractures or high fracture risks. However, treatment rates fol-
lowing an osteoporotic fracture are low (19%) despite the
proven effectiveness of anti-osteoporotic agents [19]. Earlier
studies that demonstrated the anti-osteoporotic effect of drugs
had limited sample size and focused on single fracture type
and/or a specific anti-osteoporotic treatment regimen [8,
20-23]. These limitations inhibited the applicability of these
results across different fracture types and varied anti-
osteoporotic treatment regimens. There are also no compre-
hensive reviews that present the effectiveness of the existing
anti-osteoporotic drugs in use for patients with osteoporotic

Fig. 1 Flow diagram of database
search

fractures. The purpose of this systematic review is to demon-
strate the effectiveness of each anti-osteoporotic drug in
preventing secondary fractures, and determine which one is
the most effective for patients with osteoporotic fractures. The
outcomes of this meta-analysis can be used to guide clinicians
to better understand which types of drugs are most useful for
preventing subsequent fractures.

Materials and methods
Literature search and criteria

We performed a systematic search of the available literature in
Ovid MEDLINE, Ovid MEDLINE In-Process & Other Non-
Indexed Citations, Embase.com, and Cochrane Central Register
of Controlled Trials (Fig. 1) according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
guidelines (PRISMA) [24]. We searched publications contain-
ing variations of the following key words and phrases: osteopo-
rotic fracture including wrist, proximal humerus, hip, or spine
fracture, and osteoporosis. We also searched for anti-
osteoporotic agents including bisphosphonates, calcitonin,
SERMs, PTH, and denosumab. These terms were expanded to
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Table 1
studies

Predetermined inclusion and exclusion criteria for eligible

Inclusion criteria

Randomized controlled trial

English paper

Primary data

Studies that have a placebo group

Studies that included patients who had primary osteoporosis
Studies that showed a secondary fracture rate

Exclusion criteria

Review

Case report

Animal study

Studies of patients who had cancer, osteoporosis, or Paget disease
Studies of patients who had congenital bone diseases

include matching Medical Subject Headings in the MEDLINE
and Cochrane database and EMTREE subject headings in
Embase.com. Animal studies and select publication types were
excluded as part the searches (e.g., case reports and editorials),
as were citations with cancer terminology in the titles. The
detailed search algorithm is listed in the Appendices 1, 2, and
3. After eliminating duplicates, two reviewers (TS and JS)
independently screened the articles in a stepwise fashion (title,
abstract, and full text review) according to study eligibility
criteria (Table 1).

Data extraction

Data fields extracted include the study population, interven-
tions (drugs), follow-up time, and number of the patients who
had vertebral, non-vertebral, hip, and wrist fractures using a
structured abstract form. We also gathered information on four
study characteristics: “double blind,” “intention to treat,”
“allocation concealment,” and ““loss to follow-up,” to evaluate
each randomized controlled trial (RCT). These characteristics
impact the quality of a study and measure the effect of treat-
ment. In a double-blind study, neither the investigators nor
subjects know which of the groups being studied is the control
group and which is the test group. The intention-to-treat prin-
ciple requires that all participants who are given a randomized

treatment assignment are included in the analysis, regardless
of the number of participants who withdraw, are non-compli-
ant, or deviate from the treatment plan after randomization. If
the articles contained the terms “intention to treat” or “double
blind,” we considered them to follow the respective protocols.

For allocation concealment, we referred to the Cochrane
Handbook for Systematic Reviews of Interventions [25]. If
the central randomization office was not in the same location
as the patient recruitment centers, if drug containers were se-
quentially numbered and of identical appearance, or if sequen-
tially numbered, opaque, sealed envelopes were used for allo-
cation after the participants’ information was written on the
envelopes, we considered the study to follow the protocol for
allocation concealment. We considered the number of patients
who could not be assessed at the final follow-up as “lost to
follow-up.” If there were any discrepancies in the data, a third
reviewer verified the data and resolved the discrepancy.

The sample population consisted of patients with prior os-
teoporotic fractures at the baseline measurement. We calculat-
ed the incidence of secondary fractures within this population,
for participants in both treatment and placebo groups. When a
study presented both the number of the participants who had
clinical vertebral fractures and those who had radiographic
vertebral fractures, we used the number of participants with
radiographic fractures. If we could not calculate the number of
participants who suffered secondary fractures, we excluded
the study from our analysis citing insufficient data.

Data synthesis and statistical analysis

We calculated a pooled RR of secondary fractures for each
drug. We also calculated the number needed to treat (NNT) to
prevent a secondary fracture for the drugs that showed a sig-
nificant reduction in absolute risk reduction (ARR). The NNT
was calculated by combining an assumed control risk (ACR)
with the pooled RR reductions. All participants in this review
had one or more primary fractures and were at high risk for a
secondary fracture. Therefore, we used ACRs from pooled
estimates from the alendronate treatment trials that enrolled
women with low bone mineral density (BMD) for 2 years,
referring to the paper that demonstrated a NNT to prevent

Table 2 Study characteristics by
fracture type

Secondary vertebral ~ Secondary non-vertebral — Secondary fragility
fractures fractures fractures

Primary vertebral fractures 23 8 0

Primary non-vertebral (hip) fractures 1

Primary fragility fracture 0 0 1

Non-vertebral fractures: non-vertebral fractures consist of low-trauma non-vertebral fractures including hip frac-
ture, wrist fracture, proximal humerus fracture, and pelvis fracture. Fragility fractures: fragility fractures consist of
vertebral fractures or low-trauma non-vertebral fractures. However, each incidence of vertebral and non-vertebral

fractures was not shown
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Table 3  Study characteristics by medication
Medication No. of Double Intention to Allocation Loss to follow-up
studies blinding treat concealment
Bisphosphonate 19 12 12 5 4 trials <10%, 6 trials <20%, 6 trials <30%, 3 trials >30%
Etidronate 7 2 2 0 1 trial <10%, 3 trials <20%, 2 trials <30%, 1 trial >30%
Alendronate 4 3 4 2 2 trials <10%, 1 trial <20%, 1 trial <30%
Risedronate 5 4 4 2 1 trial <20%, 2 trials <30%, 2 trials >30%
Pamidronate 2 2 1 0 1 trial <10%, 1 trial <20%,
Zoledronic acid 1 1 1 1 1 trial <30%
SERMs 3 3 2 0 2 trials <30%, 1 trial >30%
PTH 3 3 1 2 1 trial <10%, 1 trial <20%, 1 trial >30%
Calcitonin 1 1 1 1 1 trial >30%
Denosumab 1 1 0 1 1 trial <10%

SERM:s selective estrogen receptor modulators, PTH parathyroid hormone

primary fragility fractures (ACR 2.88% in vertebral fractures
and 8.65% in non-vertebral fractures) [10]. Ninety-five
percent confidence intervals (Cls) for secondary vertebral
and non-vertebral fractures were calculated for the pooled
results. We compared the effect of each individual drug
versus a placebo. If both the treatment and placebo groups
were taking calcium and vitamin D, then, their use was
disregarded. Patients in various dose groups were combined
and compared with those in the placebo group to calculate the
RR for fractures. We conducted the meta-analysis using R
(Www.r-project.org).

Results
Study retrieval and characteristics

A total of 4804 studies were identified through the initial
search of the MEDLINE, EMBASE, and Cochrane Central

Table 4 Magnitude of effect for preventing secondary vertebral
fractures in each drug

Medication No. of No. of Risk ratio (95% CI)
studies participants
Bisphosphonate 15 6841 0.53(0.47,0.59)
Etidronate 7 985 0.51(0.36, 0.71)
Alendronate 3 3132 0.55 (0.46, 0.64)
Risedronate 3 2585 0.61 (0.59, 0.62)
Pamidronate 2 139 0.44 (0.24, 0.78)
SERMs 4 7350 0.61 (0.57, 0.65)
PTH 3 2016 0.38 (0.26, 0.54)
Calcitonin 1 1255 0.77 (0.60, 0.99)

Register of Controlled Trials databases. Among these, 774
articles were duplicates. Twenty-six articles matched our in-
clusion and exclusion criteria after further review. A flow
diagram of our database search is shown in Fig. 1.

Twenty-four of the selected papers included only postmen-
opausal women as participants [8, 12, 15, 20-23, 26-42], and
only two papers comprised men [43, 44]. The mean age was
70 years, and the percentage of females in the combined pop-
ulation of this study was 99.6%. The mean follow-up period
was 3 years.

Most studies analyzed both primary and secondary verte-
bral fractures (Table 2) [12, 15, 20-22, 26-42, 44]. Eight
studies assessed the incidence of both secondary vertebral
and non-vertebral fractures. Only two studies presented non-
vertebral fractures (hip fractures) as the primary fracture [8,
43]. One of these two studies demonstrated the incidence of
both secondary vertebral and non-vertebral fractures [8]. One
study reported fragility fractures, which included vertebral and
non-vertebral fractures, as both the primary and secondary

Table 5 Magnitude of effect for preventing secondary non-vertebral
fractures in each drug

Medication No. of No. of Risk ratio (95% CI)
studies participants
Bisphosphonate 6 4295 0.59 (0.49, 0.73)
Etidronate 3 474 0.86 (0.51, 1.43)
Alendronate 1 2027 0.52 (0.34, 0.78)
Risedronate 1 1703 0.45 (0.26, 0.79)
Pamidronate 1 91 0.33 (0.04, 3.02)
SERMs 1 614 0.71 (0.47, 1.08)
PTH 1 1326 0.64 (0.45, 0.90)

CI confidence interval, SERMs selective estrogen receptor modulators,
PTH parathyroid hormone
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fractures [23]. However, the number of vertebral versus non-
vertebral fractures was not reported.

Study characteristics by medication are listed in Table 3.
Bisphosphonates were most commonly evaluated for their

effectiveness in preventing secondary fractures. One study
evaluated the effects of zoledronic acid, calcitonin, and
denosumab [23, 34]. Owing to the small number of papers
in each category, we could not conduct meta-analyses for

(a) Bisphosphonate
Risk Ratio
Study drug+,fx+ drug-fx+ drug+,fx- drug-,fx- Risk Ratio [95%CI] Weight,%
Pacifici R et al. 1988 5.0 4.0 11.0 11.0 —i— 1.17 [0.85; 1.61] 4.8%
Storm T et al. 1990 6.0 14.0 27.0 19.0 0.43 [0.35; 0.53] 6.1%
Watts NB et al. 1990 8.0 17.0 187.0 166.0 0.44 [0.42; 0.46] 7.7%
S. T. Harris, et al. 1993 28.0 32.0 168.0 152.0 0.82 [0.76; 0.88] 7.6%
I. R. Reid, et al. 1994 7.0 10.0 19.0 12.0 0.59 [0.45; 0.78] 5.4%
Liberman UA et al. 1995 13.0 13.0 84.0 55.0 0.70 [0.62; 0.79] 7.2%
Dennis M. Black, et al. 1996 23.0 50.0 999.0 955.0 0.45 [0.45; 0.46] 7.8%
B. Clemmesen, et al. 1997 28.0 20.0 34.0 11.0 i 0.70 [0.57; 0.86] 6.2%
Lyritis GP et al. 1997 40 9.0 35.0 26.0 : 0.40 [0.34; 0.47] 6.6%
Montessori ML et al. 1997 0.5 35 11.5 14.5 0.21 [0.17;0.27] 6.1%
Wimalawansa SJ 1998 3.0 5.0 11.0 9.0 —— 0.60 [0.43; 0.83] 4.7%
Reginster J et al. 2000 53.0 89.0 291.0 257.0 || 0.60 [0.56; 0.64] 7.7%
C. Brumsen, et al. 2002 5.0 15.0 41.0 30.0 = 0.33 [0.28; 0.38] 6.7%
S. A. Quandt, et al. 2005 27.0 48.0 457.0 408.0 | ] 0.53 [0.51; 0.55] 7.8%
J. A. Kanis, et al. 2005 106.0 171.0 804.0 721.0 . 0.61 [0.59; 0.63] 7.8%
Random effects model 500.5 2846.5 0 0.53 [0.47; 0.59] 100%
Heter ity: I-sq b, q .0419, p<0.0001 i Ii ; ‘
0.2 05 1 2 5
(b) Etidronate
Risk Ratio
Study drug+,fx+ drug-,fx+ drug+fx- drug-fx- Risk Ratio [95%CI] Weight,%
Pacifici R et al. 1988 5.0 4.0 11.0 11.0 i J.* 1.17 [0.85; 1.61] 13.3%
Storm T et al. 1990 6.0 14.0 27.0 19.0 . 0.43 [0.35; 0.53] 14.3%
Watts NB et al. 1990 8.0 17.0 187.0 166.0 | | 0.44 [0.42; 0.46] 15.1%
S. T. Harris, et al. 1993 28.0 32.0 168.0 152.0 i 0.82 [0.76; 0.88] 15.1%
Lyritis GP et al. 1997 4.0 9.0 35.0 26.0 L 0.40 [0.34; 0.47] 14.6%
Montessori ML et al. 1997 0.5 3.5 11.5 145 : 0.21 [0.17; 0.27] 14.3%
Wimalawansa SJ 1998 3.0 5.0 11.0 9.0 —'.— 0.60 [0.43; 0.83] 13.2%
Random effects model 84.5 397.5 = 0.51 [0.36; 0.71] 100%
Heterogeneity: I-squared=97.9%, tau-squared=0.1907, p<0.0001 i
I T T l
0.2 0.5 1 2 5
(c) Alendronate
Risk Ratio
Study drug+,fx+ drug-,fx+ drug+,fx- drug-,fx- Risk Ratio [95%CI] Weight,%
Liberman UA et al. 1995 13 13 84 55 - 0.70 [0.62; 0.79] 30.0%
Dennis M. Black, et al. 1996 23 50 999 9551 0.45 [0.45; 0.46] 35.2%
S. A. Quandt, et al. 2005 27 48 457 408 W 0.53 [0.51; 0.55] 34.8%
Random effects model 111 1418 <> 0.55 [0.46; 0.64] 100%
Heter ity: I-squared=98.2%, tau-squared=0.0195, p<0.0001 :
[ 1 1
0.5 i 2
(d) Risedronate
Risk Ratio
Study drug+,fx+ drug-,fx+ drug+,fx- drug-,fx- Risk Ratio [95%CI] Weight,%
B. Clemmesen, et al. 1997 28 20 34 11 0.70 [0.57; 0.86] 1.9%
Reginster J et al. 2000 53 89 291 257 & 0.60 [0.56; 0.64] 23.1%
J. A. Kanis, et al. 2005 106 171 804 7217 R 0.61 [0.59; 0.63] 75.0%
Random effects model 280 989 <> 0.61 [0.59; 0.62] 100%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.3717 :
0.75 1 15

Fig. 2 Effectiveness for preventing secondary fractures (primary fracture: vertebral fracture)
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(e) Pamidronate

Risk Ratio
Study drug+,fx+ drug-,fx+ drug+,fx- drug-,fx- Risk Ratio [95%CI] Weight,%
I. R. Reid, et al. 1994 7 10 19 12 —.— 0.59 [0.45; 0.78] 48.3%
C. Brumsen, et al. 2002 5 15 41 30 - i 0.33 [0.28; 0.38] 51.7%
Random effects model 25 42— 0.44 [0.24; 0.78] 100%
Heterogeneity: I-squared=92.7%, tau-squared=0.1652, p=0.0002 :
0.5 1 2
Risk Ratio
Study drug+,fx+ drug-,fx+ drug+,fx- drug-,fx- Risk Ratio [95%CI] Weight,%
P. D. Delmas, et al. 2003 110 75 308 121 i 0.69 [0.63; 0.75] 19.7%
S. L. Silverman, et al. 2008 51 47 1858 934 0.56 [0.55; 0.57] 27.3%
S. L. Silverman, et al. 2008 26 47 928 934 0.57 [0.56; 0.58] 27.3%
A. Sontag, et al. 2010 140 204 822 709 [ | 0.65 [0.63; 0.67] 25.7%
Random effects model 373 2698 <> 0.61 [0.57; 0.65] 100%
H geneity: I-sq .4%, tau-squared=0.0041, p<0.0001
0.75 1 15
Risk Ratio
Study drug+,fx+ drug-,fx+ drug+,fx- drug-,fx- Risk Ratio [95%CI] Weight,%
Neer RM et al. 2001 41 64 837 384 0.33 [0.32; 0.34] 48.7%
S. L. Greenspan, et al. 2007 10 21 226 214 047 [0.45; 0.50] 48.5%
T. Nakano, et al. 2014 . . . . 0.08 [0.01; 0.64] 2.8%
Random effects model 85 598 0.38 [0.26; 0.54] 100%

Heterogeneity: I-squared=98.8%, tau-squared=0.0692, p<0.0001

0.1

0.51 2

10

drug+: number of the patient who had treatment
drug-: number of the patient who had placebo

fx+: number of the patient who had a fractu

re

fx-: number of the patient who had no fracture

SERM: Selective Estrogen Receptor Modu
PTH: parathyroid hormone

Fig. 2 (continued)

pamidronate, zoledronic acid, calcitonin, and denosumab.
Though most studies were double-blind and performed
intention-to-treat analyses, there were only three involving
etidronate (one double blinded with intention to treat, one only
double blinded, and one not double blinded with intention to
treat) [22, 29]. One third (9/26) of the studies mentioned allo-
cation concealment [8, 20, 21, 23, 34, 36, 40, 41, 44]. Overall,
the studies on all of the drugs, except for etidronate, had
strength of validity in relation to double blinding, intention
to treat, and allocation concealment. About 60% of the trials
(16/26) had less than 30% of their participants lost to follow-

up.
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Effects of anti-osteoporotic drugs on secondary fracture
rates

We summarized the treatment effect of each drug on second-
ary vertebral and non-vertebral fractures after primary verte-
bral fractures in Tables 4 and 5, respectively. Forest plots for
each drug are shown in Figs. 2 and 3.

There was a significant reduction in the pooled RR for
secondary vertebral fractures for all of the drugs except calci-
tonin (Table 4 and Fig. 2). Calcitonin was reported in only one
study [34]; therefore, we could not get the pooled RR.
However, statistical inference revealed that all of the drugs
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(a) Bisphosphonate

Risk Ratio
Study drug+,fx+ drug-,fx+ drug+,fx- drug-,fx- Risk Ratio [95%CI] Weight,%
Storm T et al. 1990 5 10 28 23 —= 0.50 [0.41; 0.61] 15.1%
S. T. Harris, et al. 1993 38 29 158 155 [ | 1.23 [1.14; 1.33] 17.2%
Dennis M. Black, et al. 1996 33 63 989 942 | H 0.52 [0.51; 0.52] 17.6%
Wimalawansa SJ 1998 1 1 13 13 e 1.00 [0.83; 1.21] 15.3%
M. R. McClung, et al. 2001 22 25 1106 550 | 0.45 [0.44; 0.46] 17.6%
C. Brumsen, et al. 2002 1 3 45 421 0.33 [0.30; 0.35] 17.1%
Random effects model 131 1725 <> 0.59 [0.49; 0.73] 100%
Heterogeneity: I-squared=99.4%, tau-squared=0.0613, p<0.0001 i
0.5 1 2
(b) Etidronate
Risk Ratio
Study drug+,fx+ drug-,fx+ drug+,fx- drug-,fx- Risk Ratio [95%CI] Weight,%
Storm T et al. 1990 5 10 28 23 —l— 0.50 [0.41;061]  32.8%
S. T. Harris, et al. 1993 38 29 158 155 1.23 [1.14; 1.33] 34.2%
Wimalawansa SJ 1998 1 1 13 13 1.00 [0.83; 1.21] 32.9%
Random effects model 40 191 0.86 [0.51; 1.43] 100%
Heterogeneity: I-squared=97.1%, tau-squared=0.2019, p<0.0001
1
2

drug+: number of the patient who had treatment
drug-: number of the patient who had placebo
fx+: number of the patient who had a fracture
fx-: number of the patient who had no fracture

Fig. 3 Effectiveness for preventing secondary fractures (primary fracture: non-vertebral fracture)

were effective in preventing secondary vertebral fractures.
PTH had the strongest impact on the incidence of second-
ary vertebral fractures.

Regarding secondary non-vertebral fractures,
bisphosphonates showed a significant reduction in the
pooled RR (Table 5 and Fig. 3). However, there was
only one study that assessed the incidence of secondary
non-vertebral fractures for each drug except for etidro-
nate [21] [36—39]. Therefore, we could not determine the
pooled RR for these drugs. Etidronate, pamidronate, and

SERMS showed trends toward a reduction of secondary
non-vertebral fractures, though each CI included 1.0. All
other drugs significantly decreased the RR.

Three studies investigated non-vertebral fractures as a pri-
mary fracture [8, 23, 43] (Table 6). Lyles et al. reported the
incidence of both secondary, vertebral fractures and non-
vertebral fractures with zoledronic acid. Palacios et al. re-
vealed the incidence of fragility fractures after primary fragil-
ity fractures with denosumab. [23] Denosumab significantly
reduced the incidence of secondary fragility fractures (RR

Table 6 Magnitude of effect for preventing secondary fragility fractures on patients with primary non-vertebral fractures

Medication Authors No. of participants Primary fracture Secondary fracture Risk ratio (95% CI)
Alendronate or risedronate Beaupre LA et al. 209 Hip Fragility fracture 0.96 (0.48, 2.27)
Zoledronic acid Lyles KW et al. 2111 Hip Vertebral fracture 0.53(0.32,0.91)
Zoledronic acid Lyles KW et al. 2111 Hip Non-vertebral fracture 0.74 (0.56, 0.98)
Denosumab Palacios S et al. 3484 Fragility fracture Fragility fracture 0.61 (0.51, 0.72)

CI confidence interval. Non-vertebral fractures: non-vertebral fractures consist of low-trauma non-vertebral fractures including hip fracture, wrist
fracture, proximal humerus fracture, and pelvis fracture, Fragility fractures: fragility fractures consist of vertebral fractures or low-trauma non-vertebral
fractures. However, each incidence of vertebral and non-vertebral fractures were not shown
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Table 7 NNT to prevent a

secondary vertebral and non- Medication Secondary vertebral fracture Secondary non-vertebral fracture
vertebral fracture (ACR = 2.88%) (ACR = 8.65%)
NNT (95% CI) NNT (95% CI)
Bisphosphonate 74 (66, 85) 28 (23, 43)
Etidronate 71 (54, 119) Effectiveness not established
Alendronate 77 (64, 96) 24 (18, 53)
Risedronate 89 (85, 92) 21 (16, 55)
Pamidronate 62 (46, 159) Effectiveness not established
SERMs 89 (81, 99) Effectiveness not established
PTH 56 (47, 76) 32 (21, 116)
Calcitonin 152 (87, 3333) N/A

NNT number needed to treat, ACR assumed control risk, C/ confidence interval, SERMs selective estrogen
receptor modulators, PTH parathyroid hormone, N/A not available

0.61, 95% CI 0.52-0.72). The treatment by alendronate or
risedronate also reduced the incidence of secondary fractures,
but the reduction was not significant (95% CI 0.48-2.27).

Number of patients needed to treat in event rates

We calculated the NNT to prevent a secondary fragility frac-
ture for a period of 2 years based on the ACRs (Table 7).
Treatment with PTH needed the fewest number of patients
to prevent a secondary vertebral fracture, whereas the treat-
ment with calcitonin needed the greatest number of patients.
For preventing non-vertebral fractures, the treatment with
risedronate needed the fewest number of patients. For etidro-
nate, pamidronate, and SERMs, for secondary non-vertebral
fractures, there was no significant reduction in the ARRs of
these drugs. Therefore, we did not calculate their NNTs.

Discussion

In this meta-analysis, patients treated with anti-osteoporotic
agents after primary osteoporotic fractures were significantly
less likely to have secondary osteoporotic fractures. In partic-
ular, secondary vertebral fractures were significantly
prevented by all of the anti-osteoporotic drugs included in
our review. This study also showed that PTH needed the
fewest number of patients to treat to prevent secondary verte-
bral fractures, and that the bisphosphonates needed the fewest
numbers to treat to prevent secondary non-vertebral fractures.

Treatment rates for patients who have osteoporosis have
decreased between 2001 and 2009, and the rates of evaluation
and treatment for osteoporosis following fragility fractures are
still low [19, 45]. The treatment rates were highest following
vertebral fractures and lowest following DRFs (32.3 and
11.0%, respectively) [19]. Preventing subsequent fractures
can decrease the demand for healthcare services [46]. The
RRs for death following vertebral or hip fractures are sixfold
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to ninefold greater in postmenopausal women with low bone
mineral density [5]. Harvey et al. demonstrated that the first
step to prevent all osteoporotic fractures is secondary fracture
prevention, and that up to half of patients with hip fractures
can be treated to prevent secondary fracture [47]. They also
insisted that public awareness of osteoporosis must be empha-
sized. Additionally, the patients with hip fracture became a
considerable portion of the social cost burden for treatment
of osteoporotic fractures [48]. Therefore, individuals with fra-
gility fractures, especially hip fractures, need to be identified
by the health system and treated according to guidelines that
can provide the best practice [50].

The effectiveness of bisphosphonates in preventing initial
fragility fractures is known [16, 17, 49]. A systematic review
reported a RR of initial vertebral fractures in bisphosphonates
ranging from 0.52 to 0.64, and the NNT to prevent initial
vertebral fractures with bisphosphonate was 90 for a high-
risk population [49]. Cochrane reviews showed relative risk
reduction (RRR) and ARR for secondary fracture prevention
in alendronate, etidronate, and risedronate, and that these
drugs can prevent secondary fractures significantly (RRR for
vertebral fracture prevention 0.45 in alendronate, 0.47 in eti-
dronate, 0.39 in risedronate) [50-52]. In our review, the RR of
secondary fractures with bisphosphonates is 0.59 and the
NNT for preventing secondary fractures with bisphosphonates
is 74. These results demonstrate that bisphosphonates are ef-
fective for reducing the risk of secondary osteoporotic frac-
tures in addition to primary fractures. Additionally, the NNTs
of this review can be used to help form a strategy for
preventing secondary osteoporotic fractures.

PTH is also effective at reducing the risk of primary fragil-
ity fractures [17, 37, 41, 44]. Neer et al. reported that the use of
PTH reduced the incidence of new vertebral fractures (RR
0.35) and the incidence of new non-vertebral fractures (RR
0.54) [37]. Our review revealed that treatment with PTH re-
duced the risk of secondary vertebral and non-vertebral frac-
tures (RR 0.38 and 0.64). Additionally, PTH has an anabolic
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effect on bones, which influences processes associated with
bone formation to a greater extent than bone reabsorption.
This effect leads to a shorter healing time after fractures
[53]. Other RCTs showed that patients treated with PTH had
significantly less pain after the fracture than those in the con-
trol group [54]. Malouf-Sierra et al. reported that treatment
with teriparatide increased BMD and improved pain faster
than treatment with risedronate in patients after surgery for
pertrochanteric hip fractures [55]. PTH is therefore a rational
treatment for patients with primary fractures because it en-
hances primary fracture healing and prevents secondary
fractures.

A recent retrospective study demonstrated the effectiveness
of anti-osteoporotic drugs on preventing secondary fragility
fractures after a primary fracture (40% risk reduction) across
multiple fracture sites in a large population [56]. This finding
agrees with the results of our study. However, there are some
limitations to this study as well. First, this study was an ob-
servational retrospective study without the use of propensity
score matching. Thus, there is a possibility of selection bias.
Second, the effectiveness of individual drug was not shown
[57]. The current review is the first to reveal the effectiveness
of anti-osteoporotic treatment after a primary fracture in
preventing subsequent fragility fractures across multiple
anti-osteoporotic drugs using meta-analysis.

Health economics are integral to decision-making to ac-
complish the maximum healthcare benefits possible.
Treatment with bisphosphonates, especially risedronate, is
most cost-effective for women aged 75 years with a prior
fracture [58]. Pfister et al. reported that treatment with
bisphosphonates was more cost-effective than treatment with
PTH [59]. However, PTH has a strong impact on preventing
secondary fractures. If the impact continues for a long time,
PTH may show improved cost-effectiveness. Therefore, lon-
ger estimates of cost-effectiveness are needed for an adequate
evaluation.

There was only one paper that showed the effectiveness of
denosumab on preventing secondary osteoporotic fractures.
Thus, we could not calculate pooled RR by meta-analysis
and therefore were unable to suggest the use of denosumab
from our outcomes. However, Palacious et al. reported that
denosumab reduced the risk of a secondary fracture for both
women with vertebral fractures (RR 35%) and those with non-
vertebral fractures (RR 34%) [23]. It was also demonstrated
that denosumab is cost-effective compared with oral
bisphosphonates in patients over 75 years of age, because
patients with denosumab have a lower fracture risk and a
lower risk of dropping out due to the injection twice a year
instead of daily oral medication [60]. Considering this, treat-
ment with denosumab may be recommended.

Recently, some studies revealed that fracture liaison ser-
vices (FLS) are an effective way to prevent a secondary frac-
ture [61-63]. The International Osteoporosis Foundation and

the American Society for Bone and Mineral Research also
recommended the creation and use of FLS [64—66]. In these
services, patients 50 years and over with a history of fragile
fracture are identified, evaluated for their bone status, and
given osteoporosis treatment according to national guidelines
to prevent a subsequent fracture. FLS has been instituted in
some countries that include Australia, Ireland, the
Netherlands, Spain, Sweden, Switzerland, the UK, Canada,
and the USA [66]. Nakayama et al. reported that patients with
FLS care could have up to 30% reduction in secondary frac-
tures compared with patients with non-FLS care [63]. In ad-
dition, the FLS system was demonstrated to reduce mortality,
and is also cost-effective.

Our study has some limitations. First, many RCTs evaluat-
ing anti-osteoporotic agents included calcium and vitamin D
in both the treatment and control groups. These supplements
may influence the effectiveness of anti-osteoporotic drugs.
However, the influence may not be strong because we exclud-
ed studies with calcium or vitamin D use in one group.
Second, the definition of non-vertebral fractures was not stan-
dardized across the studies. Some researchers considered only
fractures of the wrist, hip, and pelvis as osteoporotic non-
vertebral fractures. Others included fractures of the humerus,
as well as rib. Third, there was a lack of clarity in the alloca-
tion concealment and a large number of withdrawals in some
studies. Eight trials lost over 30% of their participants, and
two thirds of the trials (17/26) did not report allocation con-
cealment. The follow-up time was also a limitation because
the inclusive studies presented different RRs for different
follow-up times. For example, the RR of etidronate for
preventing secondary fractures is 0.44 in a study with a 2-
year follow up [28] and 0.40 in a study with a 4-year follow
up [32]. When we combined these RRs to estimate a pooled
RR by meta-analysis, we found that they were not statistically
different. These limitations may be sources of heterogeneity
related to the incidences of the secondary osteoporotic frac-
tures. Therefore, we performed additional subgroup analyses
using studies matched on more restricted inclusion criteria
such as gender, same follow-up period (3 years), double-
blinding, concealed allocation, and intention-to-treat analysis.
We calculated RRs categorized by primary fracture types.
Five studies were matched based on the above criteria [8,
20, 21, 36, 40]. We calculated RRs categorized by primary
fracture types (Appendix 4). These data demonstrated that
alendronate, risedronate, and zoledronic acid were effec-
tive in preventing secondary fracture for the patients with
vertebral fractures or non-vertebral fractures. However,
the power to detect statistical heterogeneity was limited
because of the low number of fractures in each subgroup.

We could not calculate the pooled RRs of preventing sec-
ondary fractures for some drugs. This was because there was
only one study that we could use to calculate the RR for
preventing secondary fractures for calcitonin, SERMs, or

@ Springer



3298

Osteoporos Int (2017) 28:3289-3300

PTH, especially for preventing a non-vertebral fracture. For
these drugs, we presented the individual RR’s of preventing
secondary fracture calculated from each study. Thus, the RRs
of these drugs are not robust. Regarding the studies that
assessed secondary fractures after non-vertebral fractures,
there were RCTs that reported the effectiveness of drugs in
preventing secondary fractures after hip fractures but none that
demonstrated the effectiveness after other non-vertebral frac-
tures, such as distal radius (DRF) and proximal humeral frac-
tures. Focused attention to osteoporosis can reduce the risk of
recurrent fractures and the associated impact on quality of life
and longevity [67, 68]. Therefore, further education of osteo-
porosis treatment and studies are needed to reveal the effec-
tiveness of anti-osteoporotic drugs on preventing secondary
fractures after fragility fractures.

This meta-analysis demonstrated that secondary vertebral
fractures were prevented by all of the anti-osteoporotic drugs
included in our review. Bisphosphonate and PTH had demon-
strated effectiveness in decreasing non-vertebral fracture risk.
Clinicians who treat osteoporotic fractures should prescribe
these drugs to prevent secondary vertebral or non-vertebral
fractures.

Acknowledgements Research reported in this publication was support-
ed by the National Institute of Arthritis and Musculoskeletal and Skin
Diseases of the National Institutes of Health under Award Number 2 K24-
ARO053120-06. The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National Institutes
of Health.

Compliance with ethical standards

Conlflict of interest None.

References

1. (US) OotSG (2004) In: bone health and osteoporosis: a report of the
surgeon general. Reports of the Surgeon General, Rockville

2. Hemlund E, Svedbom A, Ivergard M, Compston J, Cooper C,
Stenmark J, McCloskey EV, Jonsson B, Kanis JA (2013)
Osteoporosis in the European Union: medical management, epide-
miology and economic burden. A report prepared in collaboration
with the International Osteoporosis Foundation (IOF) and the
European Federation of Pharmaceutical Industry Associations
(EFPIA). Arch Osteoporos 8:136. doi:10.1007/s11657-013-0136-1

3. Nih Consensus Development Panel on Osteoporosis Prevention D,
Therapy (2001) Osteoporosis prevention, diagnosis, and therapy.
JAMA 285(6):785-795

4. Deal CL (1997) Osteoporosis: prevention, diagnosis, and manage-
ment. Am J Med 102(1A):35S-39S

5. Cauley JA, Thompson DE, Ensrud KC, Scott JC, Black D (2000)
Risk of mortality following clinical fractures. Osteoporos Int 11(7):
556-561. doi:10.1007/s001980070075

6. Center JR, Bliuc D, Nguyen TV, Eisman JA (2007) Risk of subse-
quent fracture after low-trauma fracture in men and women. JAMA
297(4):387-394. doi:10.1001/jama.297.4.387

@ Springer

10.

12.

13.

14.

15.

16.

17.

18.

19.

Johnell O, Kanis JA, Oden A, Sernbo I, Redlund-Johnell I,
Petterson C, De Laet C, Jonsson B (2004) Fracture risk following
an osteoporotic fracture. Osteoporos Int 15(3):175-179. doi:10.
1007/s00198-003-1514-0

Lyles KW, Colon-Emeric CS, Magaziner JS, Adachi JD, Pieper CF,
Mautalen C, Hyldstrup L, Recknor C, Nordsletten L, Moore KA,
Lavecchia C, Zhang J, Mesenbrink P, Hodgson PK, Abrams K,
Orloft JJ, Horowitz Z, Eriksen EF, Boonen S (2007) Zoledronic
acid and clinical fractures and mortality after hip fracture. N Engl
J Med 357(18):1799-1809. doi:10.1056/NEJM0a07494 1

Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A,
Tosteson A (2007) Incidence and economic burden of
osteoporosis-related fractures in the United States, 2005-2025. J
Bone Miner Res Off ] Am Soc Bone Miner Res 22(3):465-475.
doi:10.1359/jbmr.061113

Cranney A, Guyatt G, Griffith L, Wells G, Tugwell P, Rosen C,
Osteoporosis Methodology G, The Osteoporosis Research
Advisory G (2002) Meta-analyses of therapies for postmenopausal
osteoporosis. IX: summary of meta-analyses of therapies for post-
menopausal osteoporosis. Endocr Rev 23(4):570-578

Drake MT, Clarke BL, Khosla S (2008) Bisphosphonates: mecha-
nism of action and role in clinical practice. Mayo Clin Proc 83(9):
1032-1045. doi:10.4065/83.9.1032

Liberman UA, Weiss SR, Broll J, Minne HW, Quan H, Bell NH,
Rodriguez-Portales J, Downs RW Jr, Dequeker J, Favus M (1995)
Effect of oral alendronate on bone mineral density and the incidence
of fractures in postmenopausal osteoporosis. The Alendronate
Phase III Osteoporosis Treatment Study Group. N Engl J Med
333(22):1437-1443

Cummings SR, Black DM, Thompson DE, Applegate WB,
Barrett-Connor E, Musliner TA, Palermo L, Prineas R, Rubin
SM, Scott JC, Vogt T, Wallace R, Yates AJ, LaCroix AZ (1998)
Effect of alendronate on risk of fracture in women with low
bone density but without vertebral fractures: results from the
Fracture Intervention Trial. JAMA 280(24):2077-2082

Black DM, Delmas PD, Eastell R, Reid IR, Boonen S, Cauley JA,
Cosman F, Lakatos P, Leung PC, Man Z, Mautalen C, Mesenbrink
P, Hu H, Caminis J, Tong K, Rosario-Jansen T, Krasnow J, Hue TF,
Sellmeyer D, Eriksen EF, Cummings SR, Trial HPF (2007) Once-
yearly zoledronic acid for treatment of postmenopausal osteoporo-
sis. N Engl J Med 356(18):1809-1822

Sontag A, Wan X, Krege JH (2010) Benefits and risks of raloxifene
by vertebral fracture status. Curr Med Res Opin 26(1):71-76. doi:
10.1185/03007990903427082

Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R,
Reid IR, Delmas P, Zoog HB, Austin M, Wang A, Kutilek S, Adami
S, Zanchetta J, Libanati C, Siddhanti S, Christiansen C, Trial F
(2009) Denosumab for prevention of fractures in postmenopausal
women with osteoporosis. [Erratum appears in N Engl J Med 2009
Nov 5;361(19):1914]. N Engl J Med 361(8):756-765. doi:10.1056/
NEJMo0a0809493

Lindsay R, Nieves J, Formica C, Henneman E, Woelfert L, Shen V,
Dempster D, Cosman F (1997) Randomised controlled study of
effect of parathyroid hormone on vertebral-bone mass and fracture
incidence among postmenopausal women on oestrogen with oste-
oporosis. Lancet 350(9077):550-555. doi:10.1016/S0140-
6736(97)02342-8

Fleurence RL, Iglesias CP, Johnson JM (2007) The cost effective-
ness of bisphosphonates for the prevention and treatment of osteo-
porosis: a structured review of the literature. PharmacoEconomics
25(11):913-933

Balasubramanian A, Tosi LL, Lane JM, Dirschl DR, Ho PR,
O'Malley CD (2014) Declining rates of osteoporosis management
following fragility fractures in the U.S., 2000 through 2009. J Bone
Joint Surg Am 96(7):€52. doi:10.2106/JBJS.L.01781


http://dx.doi.org/10.1007/s11657-013-0136-1
http://dx.doi.org/10.1007/s001980070075
http://dx.doi.org/10.1001/jama.297.4.387
http://dx.doi.org/10.1007/s00198-003-1514-0
http://dx.doi.org/10.1007/s00198-003-1514-0
http://dx.doi.org/10.1056/NEJMoa074941
http://dx.doi.org/10.1359/jbmr.061113
http://dx.doi.org/10.4065/83.9.1032
http://dx.doi.org/10.1185/03007990903427082
http://dx.doi.org/10.1056/NEJMoa0809493
http://dx.doi.org/10.1056/NEJMoa0809493
http://dx.doi.org/10.1016/S0140-6736(97)02342-8
http://dx.doi.org/10.1016/S0140-6736(97)02342-8
http://dx.doi.org/10.2106/JBJS.L.01781

Osteoporos Int (2017) 28:3289-3300

3299

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kanis JA, Barton IP, Johnell O (2005) Risedronate decreases frac-
ture risk in patients selected solely on the basis of prior vertebral
fracture. Osteoporos Int 16(5):475-482

Black DM, Cummings SR, Karpf DB, Cauley JA, Thompson DE,
Nevitt MC, Bauer DC, Genant HK, Haskell WL, Marcus R, Ott
SM, Torner JC, Quandt SA, Reiss TF, Ensrud KE (1996)
Randomised trial of effect of alendronate on risk of fracture in
women with existing vertebral fractures. Fracture Intervention
Trial Research Group. Lancet 348(9041):1535-1541

Montessori ML, Scheele WH, Netelenbos JC, Kerkhoff JF, Bakker
K (1997) The use of etidronate and calcium versus calcium alone in
the treatment of postmenopausal osteopenia: results of three years
of treatment. Osteoporos Int 7(1):52-58

Palacios S, Kalouche-Khalil L, Rizzoli R, Zapalowski C, Resch H,
Adachi JD, Gallagher JC, Feldman RG, Kendler DL, Wang A,
Wagman RB, Adami S (2015) Treatment with denosumab reduces
secondary fracture risk in women with postmenopausal osteoporo-
sis. Climacteric 18(6):805-812. doi:10.3109/13697137.2015.
1045484

Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. J Clin Epidemiol 62(10):1006—-1012. doi:10.
1016/j.jclinepi.2009.06.005

Higgins JPT, Green S, Cochrane Collaboration (2008) Cochrane
handbook for systematic reviews of interventions. Cochrane book
series. Wiley-Blackwell, Chichester

Pacifici R, McMurtry C, Vered I, Rupich R, Avioli LV (1988)
Coherence therapy does not prevent axial bone loss in osteoporotic
women: a preliminary comparative study. J Clin Endocrinol Metab
66(4):747-753. doi:10.1210/jcem-66-4-747

Storm T, Thamsborg G, Steiniche T, Genant HK, Sorensen OH
(1990) Effect of intermittent cyclical etidronate therapy on bone
mass and fracture rate in women with postmenopausal osteoporo-
sis. N Engl J Med 322(18):1265-1271

Watts NB, Harris ST, Genant HK, Wasnich RD, Miller PD, Jackson
RD, Licata AA, Ross P, Woodson GC 3rd, Yanover MJ et al (1990)
Intermittent cyclical etidronate treatment of postmenopausal osteo-
porosis. N Engl J Med 323(2):73-79

Harris ST, Watts NB, Jackson RD, Genant HK, Wasnich RD, Ross
P, Miller PD, Licata AA, Chesnut CH 3rd (1993) Four-year study of
intermittent cyclic etidronate treatment of postmenopausal osteopo-
rosis: three years of blinded therapy followed by one year of open
therapy. Am J Med 95(6):557-567

Reid IR, Wattie DJ, Evans MC, Gamble GD, Stapleton JP, Cornish
J (1994) Continuous therapy with pamidronate, a potent bisphos-
phonate, in postmenopausal osteoporosis. J Clin Endocrinol Metab
79(6):1595-1599

Clemmesen B, Ravn P, Zegels B, Taquet AN, Christiansen C,
Reginster JY (1997) A 2-year phase Il study with 1-year of
follow-up of risedronate (NE-58095) in postmenopausal osteopo-
rosis. Osteoporos Int 7(5):488-495

Lyritis GP, Tsakalakos N, Paspati I, Skarantavos G, Galanos A,
Androulakis C (1997) The effect of a modified etidronate cyclical
regimen on postmenopausal osteoporosis: a four-year study. Clin
Rheumatol 16(4):354-360

Wimalawansa SJ (1998) A four-year randomized controlled trial of
hormone replacement and bisphosphonate, alone or in combination,
in women with postmenopausal osteoporosis. Am J Med 104(3):
219-226

Chesnut CH 3rd, Silverman S, Andriano K, Genant H, Gimona A,
Harris S, Kiel D, LeBoff M, Maricic M, Miller P, Moniz C, Peacock
M, Richardson P, Watts N, Baylink D (2000) A randomized trial of
nasal spray salmon calcitonin in postmenopausal women with
established osteoporosis: the prevent recurrence of osteoporotic
fractures study. PROOF Study Group. Am J Med 109(4):267-276

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Reginster J, Minne HW, Sorensen OH, Hooper M, Roux C, Brandi
ML, Lund B, Ethgen D, Pack S, Roumagnac I, Eastell R (2000)
Randomized trial of the effects of risedronate on vertebral fractures
in women with established postmenopausal osteoporosis. Vertebral
Efficacy with Risedronate Therapy (VERT) Study Group.
Osteoporos Int 11(1):83-91

McClung MR, Geusens P, Miller PD, Zippel H, Bensen WG, Roux
C, Adami S, Fogelman I, Diamond T, Eastell R, Meunier PJ,
Reginster JY (2001) Effect of risedronate on the risk of hip fracture
in elderly women. Hip Intervention Program Study Group. N Engl J
Med 344(5):333-340. doi:10.1056/NEJM200102013440503

Neer RM, Arnaud CD, Zanchetta JR, Prince R, Gaich GA,
Reginster JY, Hodsman AB, Eriksen EF, Ish-Shalom S, Genant
HK, Wang O, Mitlak BH (2001) Effect of parathyroid hormone
(1-34) on fractures and bone mineral density in postmenopausal
women with osteoporosis. N Engl J Med 344(19):1434-1441.
doi:10.1056/NEJM200105103441904

Brumsen C, Papapoulos SE, Lips P, Geelhoed-Duijvestijn PH,
Hamdy NA, Landman JO, McCloskey EV, Netelenbos JC,
Pauwels EK, Roos JC, Valentijn RM, Zwinderman AH (2002)
Daily oral pamidronate in women and men with osteoporosis: a
3-year randomized placebo-controlled clinical trial with a 2-year
open extension. J Bone Miner Res 17(6):1057-1064

Delmas PD, Genant HK, Crans GG, Stock JL, Wong M, Siris E,
Adachi JD (2003) Severity of prevalent vertebral fractures and the
risk of subsequent vertebral and nonvertebral fractures: results from
the MORE trial. Bone 33(4):522-532

Quandt SA, Thompson DE, Schneider DL, Nevitt MC, Black DM,
Fracture Intervention Trial Research G (2005) Effect of alendronate
on vertebral fracture risk in women with bone mineral density T
scores of-1.6 to —2.5 at the femoral neck: the Fracture Intervention
Trial. Mayo Clin Proc 80(3):343-349

Greenspan SL, Bone HG, Ettinger MP, Hanley DA, Lindsay R,
Zanchetta JR, Blosch CM, Mathisen AL, Morris SA, Marriott
TB, Treatment of Osteoporosis with Parathyroid Hormone Study
G (2007) Effect of recombinant human parathyroid hormone (1—
84) on vertebral fracture and bone mineral density in postmeno-
pausal women with osteoporosis: a randomized trial. [Summary
for patients in Ann Intern Med. 2007 Mar 6;146(5):120; PMID:
17339614]. Ann Intern Med 146(5):326-339

Silverman SL, Christiansen C, Genant HK, Vukicevic S, Zanchetta
JR, de Villiers TJ, Constantine GD, Chines AA (2008) Efficacy of
bazedoxifene in reducing new vertebral fracture risk in postmeno-
pausal women with osteoporosis: results from a 3-year, random-
ized, placebo-, and active-controlled clinical trial. J Bone Miner
Res 23(12):1923-1934. doi:10.1359/jbmr.080710

Beaupre LA, Morrish DW, Hanley DA, Maksymowych WP, Bell
NR, Juby AG, Majumdar SR (2011) Oral bisphosphonates are as-
sociated with reduced mortality after hip fracture. Osteoporos Int
22(3):983-991. doi:10.1007/s00198-010-1411-2

Nakano T, Shiraki M, Sugimoto T, Kishimoto H, Ito M, Fukunaga
M, Hagino H, Sone T, Kuroda T, Nakamura T (2014) Once-weekly
teriparatide reduces the risk of vertebral fracture in patients with
various fracture risks: subgroup analysis of the Teriparatide Once-
Weekly Efficacy Research (TOWER) trial. J] Bone Miner Metab
32(4):441-446. doi:10.1007/s00774-013-0505-2

Rozental TD, Makhni EC, Day CS, Bouxsein ML (2008)
Improving evaluation and treatment for osteoporosis following dis-
tal radial fractures. A prospective randomized intervention. J Bone
Joint Surg Am 90(5):953-961. doi:10.2106/JBJS.G.01121
Hodsman AB, Hanley DA, Josse R (2002) Do bisphosphonates
reduce the risk of osteoporotic fractures? An evaluation of the ev-
idence to date. CMAJ Can Med Assoc J 166(11):1426-1430
Harvey NCW, McCloskey EV, Mitchell PJ, Dawson-Hughes B,
Pierroz DD, Reginster JY, Rizzoli R, Cooper C, Kanis JA (2017)
Mind the (treatment) gap: a global perspective on current and future

@ Springer


http://dx.doi.org/10.3109/13697137.2015.1045484
http://dx.doi.org/10.3109/13697137.2015.1045484
http://dx.doi.org/10.1016/j.jclinepi.2009.06.005
http://dx.doi.org/10.1016/j.jclinepi.2009.06.005
http://dx.doi.org/10.1210/jcem-66-4-747
http://dx.doi.org/10.1056/NEJM200102013440503
http://dx.doi.org/10.1056/NEJM200105103441904
http://dx.doi.org/10.1359/jbmr.080710
http://dx.doi.org/10.1007/s00198-010-1411-2
http://dx.doi.org/10.1007/s00774-013-0505-2
http://dx.doi.org/10.2106/JBJS.G.01121

3300

Osteoporos Int (2017) 28:3289-3300

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

strategies for prevention of fragility fractures. Osteoporos Int 28(5):
1507-1529. doi:10.1007/s00198-016-3894-y

Hansen L, Mathiesen AS, Vestergaard P, Ehlers LH, Petersen KD
(2013) A health economic analysis of osteoporotic fractures: who
carries the burden? Arch Osteoporos 8(1-2):126. doi:10.1007/
S11657-013-0126-3

Cranney A, Guyatt G, Griffith L, Wells G, Tugwell P, Rosen C
(2002) Meta-analyses of therapies for postmenopausal osteoporo-
sis. IX: summary of meta-analyses of therapies for postmenopausal
osteoporosis. Endocr Rev 23(4):570-578. doi:10.1210/er.2001-
9002

Wells G, Cranney A, Peterson J, Boucher M, Shea B, Robinson V,
Coyle D, Tugwell P (2008) Risedronate for the primary and sec-
ondary prevention of osteoporotic fractures in postmenopausal
women. Cochrane Db Syst Rev 1:Cd004523. doi:10.1002/
14651858.Cd004523.Pub3

Wells GA, Cranney A, Peterson J, Boucher M, Shea B, Robinson V,
Coyle D, Tugwell P (2008) Alendronate for the primary and sec-
ondary prevention of osteoporotic fractures in postmenopausal
women. Cochrane Db Syst Rev 1:Cd001155. doi:10.1002/
14651858.Cd001155.Pub2

Wells GA, Cranney A, Peterson J, Boucher M, Shea B, Robinson V,
Coyle D, Tugwell P (2008) Etidronate for the primary and second-
ary prevention of osteoporotic fractures in postmenopausal women.
Cochrane Db Syst Rev 1:Cd003376. doi:10.1002/14651858.
Cd003376.Pub3

Aspenberg P, Genant HK, Johansson T, Nino AJ, See K, Krohn K,
Garcia-Hernandez PA, Recknor CP, Einhorn TA, Dalsky GP,
Mitlak BH, Fierlinger A, Lakshmanan MC (2010) Teriparatide for
acceleration of fracture repair in humans: a prospective, random-
ized, double-blind study of 102 postmenopausal women with distal
radial fractures. J] Bone Miner Res 25(2):404—414. doi:10.1359/
jbmr.090731

Peichl P, Holzer LA, Maier R, Holzer G (2011) Parathyroid hor-
mone 1-84 accelerates fracture-healing in pubic bones of elderly
osteoporotic women. J Bone Joint Surg Am 93(17):1583-1587.
doi:10.2106/JBJS.J.01379

Malouf-Sierra J, Tarantino U, Garcia-Hernandez PA, Corradini C,
Overgaard S, Stepan JJ, Borris L, Lespessailles E, Frihagen F,
Papavasiliou K, Petto H, Aspenberg P, Caeiro JR, Marin F (2017)
Effect of teriparatide or risedronate in elderly patients with a recent
pertrochanteric hip fracture: final results of a 78-week randomized
clinical trial. J Bone Miner Res 32(5):1040-1051. doi:10.1002/
jbmr.3067

Bawa HS, Weick J, Dirschl DR (2015) Anti-osteoporotic therapy
after fragility fracture lowers rate of subsequent fracture: analysis of
a large population sample. J Bone Joint Surg Am 97(19):1555—
1562. doi:10.2106/IBJS.N.01275

Inderjeeth CA, Chan K, Kwan K, Lai M (2012) Time to onset of
efficacy in fracture reduction with current anti-osteoporosis

@ Springer

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

treatments. J Bone Miner Metab 30(5):493-503. doi:10.1007/
s00774-012-0349-1

Tosteson AN, Burge RT, Marshall DA, Lindsay R (2008) Therapies
for treatment of osteoporosis in US women: cost-effectiveness and
budget impact considerations. Am J Manag Care 14(9):605-615
Pfister AK, Welch CA, Lester MD, Emmett MK, Saville PD,
Duerring SA (2006) Cost-effectiveness strategies to treat osteopo-
rosis in elderly women. South Med J 99(2):123-131. doi:10.1097/
01.smj.0000202090.30647.61

Parthan A, Deflin MM, Yurgin N, Huang J, Taylor DC (2012) Cost-
effectiveness of denosumab versus oral bisphosphonates in the
United States for post-menopausal osteoporosis (Pmo). Value
Health 15(4):A38-A38

Mitchell PJ (2013) Best practices in secondary fracture prevention:
fracture liaison services. Current 11(1):52-60. doi:10.1007/s11914-
012-0130-3

Gallacher SJ (2005) Setting up an osteoporosis fracture liaison ser-
vice: background and potential outcomes. Best Pract Res Clin
Rheumatol 19(6):1081-1094. doi:10.1016/j.berh.2005.07.001
Nakayama A, Major G, Holliday E, Attia J, Bogduk N (2016)
Evidence of effectiveness of a fracture liaison service to reduce
the re-fracture rate. Osteoporos Int 27(3):873-879. doi:10.1007/
s00198-015-3443-0

Marsh D, Akesson K, Beaton DE, Bogoch ER, Boonen S, Brandi
ML, McLellan AR, Mitchell PJ, Sale JEM, Wahl DA, Grp ICFW
(2011) Coordinator-based systems for secondary prevention in fra-
gility fracture patients. Osteoporos Int 22(7):2051-2065. doi:10.
1007/s00198-011-1642-x

Eisman JA, Bogoch ER, Dell R, Harrington JT, McKinney RE,
McLellan A, Mitchell PJ, Silverman S, Singleton R, Siris E,
Fractur ATFS (2012) Making the first fracture the last fracture:
ASBMR task force report on secondary fracture prevention. J
Bone Miner Res 27(10):2039-2046. doi:10.1002/jbmr.1698
Akesson K, Marsh D, Mitchell PJ, McLellan AR, Stenmark J,
Pierroz DD, Kyer C, Cooper C (2013) Capture the fracture: a
Best Practice Framework and global campaign to break the fragility
fracture cycle. Osteoporos Int 24(8):2135-2152. doi:10.1007/
s00198-013-2348-z

MacLean C, Newberry S, Maglione M, McMahon M, Ranganath
V, Suttorp M, Mojica W, Timmer M, Alexander A, McNamara M,
Desai SB, Zhou A, Chen S, Carter J, Tringale C, Valentine D,
Johnsen B, Grossman J (2008) Systematic review: comparative
effectiveness of treatments to prevent fractures in men and women
with low bone density or osteoporosis. Ann Intern Med 148(3):
197-213

Lyles KW, Colon-Emeric CS, Magaziner JS, Adachi JD, Pieper CF,
Mautalen C, Hyldstrup L, Recknor C, Nordsletten L, Moore KA,
Lavecchia C, Zhang J, Mesenbrink P, Hodgson PK, Abrams K,
Orloff JJ, Horowitz Z, Eriksen EF, Boonen S (2007) Zoledronic
acid in reducing clinical fracture and mortality after hip fracture.
N Engl J Med 357:nihpa40967. doi:10.1056/NEJMo0a074941


http://dx.doi.org/10.1007/s00198-016-3894-y
http://dx.doi.org/10.1007/S11657-013-0126-3
http://dx.doi.org/10.1007/S11657-013-0126-3
http://dx.doi.org/10.1210/er.2001-9002
http://dx.doi.org/10.1210/er.2001-9002
http://dx.doi.org/10.1002/14651858.Cd004523.Pub3
http://dx.doi.org/10.1002/14651858.Cd004523.Pub3
http://dx.doi.org/10.1002/14651858.Cd001155.Pub2
http://dx.doi.org/10.1002/14651858.Cd001155.Pub2
http://dx.doi.org/10.1002/14651858.Cd003376.Pub3
http://dx.doi.org/10.1002/14651858.Cd003376.Pub3
http://dx.doi.org/10.1359/jbmr.090731
http://dx.doi.org/10.1359/jbmr.090731
http://dx.doi.org/10.2106/JBJS.J.01379
http://dx.doi.org/10.1002/jbmr.3067
http://dx.doi.org/10.1002/jbmr.3067
http://dx.doi.org/10.2106/JBJS.N.01275
http://dx.doi.org/10.1007/s00774-012-0349-1
http://dx.doi.org/10.1007/s00774-012-0349-1
http://dx.doi.org/10.1097/01.smj.0000202090.30647.61
http://dx.doi.org/10.1097/01.smj.0000202090.30647.61
http://dx.doi.org/10.1007/s11914-012-0130-3
http://dx.doi.org/10.1007/s11914-012-0130-3
http://dx.doi.org/10.1016/j.berh.2005.07.001
http://dx.doi.org/10.1007/s00198-015-3443-0
http://dx.doi.org/10.1007/s00198-015-3443-0
http://dx.doi.org/10.1007/s00198-011-1642-x
http://dx.doi.org/10.1007/s00198-011-1642-x
http://dx.doi.org/10.1002/jbmr.1698
http://dx.doi.org/10.1007/s00198-013-2348-z
http://dx.doi.org/10.1007/s00198-013-2348-z
http://dx.doi.org/10.1056/NEJMoa074941

	Effectiveness of anti-osteoporotic drugs to prevent secondary fragility fractures: systematic review and meta-analysis
	Abstract
	Materials and methods
	Literature search and criteria
	Data extraction
	Data synthesis and statistical analysis

	Results
	Study retrieval and characteristics
	Effects of anti-osteoporotic drugs on secondary fracture rates
	Number of patients needed to treat in event rates

	Discussion
	References


