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ABSTRACT

isphosphonates have been available for more than a decade. Currently, 4 bisphosphonates—alendronate,
isedronate, ibandronate, and zoledronic acid—are approved in the United States. Alendronate and
isedronate are oral agents, ibandronate is available in oral and intravenous formulations, and zoledronic
cid is an intravenous drug. This review summarizes results from pivotal clinical trials in which these
isphosphonates have been shown to reduce risk for osteoporotic fractures. Also reviewed are results of
bridging” studies designed to demonstrate the comparable efficacy of less frequent dosing regimens to
ncrease bone mineral density and to reduce bone turnover. Compared with placebo controls, all 4 approved
isphosphonates reduce the relative risk of new vertebral fractures in women with postmenopausal
steoporosis. Alendronate, risedronate, and zoledronic acid reduce the relative risk of new nonvertebral
nd hip fractures. Clinical trial extensions of up to 10 years with alendronate and 7 years with risedronate
ave shown that efficacy is maintained during long-term treatment.

2009 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2009) 122, S14–S21
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steoporosis, the most common metabolic bone disease, is
major health problem, resulting in �2 million fractures in

he United States each year. Approximately 50% of women
50 years of age will have an osteoporotic fracture in their

ifetime.1 Osteoporosis-related fractures are associated with
ignificant morbidity and mortality, frequently resulting in
hronic pain, disability, and death.2 Attendant direct and
ndirect medical costs were estimated in 2005 to be $19
illion in the United States alone.1 The incidence of osteo-
orosis and related costs are projected to double or triple in
oming years as the population ages.3-5 As a result, early
iagnosis and effective long-term treatment will be critical
ot only from a clinical perspective but also for containment
f skyrocketing healthcare costs.

Because bone mineral density (BMD) correlates posi-
ively with bone strength and helps to predict future fracture
isk, dual-energy x-ray absorptiometry (DXA) to assess
MD at the hip and spine is central to the diagnosis of

Statement of author disclosure: Please see the Author Disclosures
ection at the end of this article.

Requests for reprints should be addressed to John P. Bilezikian, MD,
epartment of Medicine, College of Physicians and Surgeons, Columbia
niversity, 630 West 168th Street, New York, New York 10032.
�: jpb2@columbia.edu

ront matter © 2009 Elsevier Inc. All rights reserved.
ed.2008.12.003
steoporosis. The World Health Organization (WHO) de-
nes osteoporosis as a hip or spine BMD of �2.5 SD below
ormal mean reference values for a young population that
as reached peak bone mass.6 The WHO has recently in-
roduced a Fracture Risk Assessment Tool (FRAX; WHO
ollaborating Center for Metabolic Bone Diseases, Univer-

ity of Sheffield, Sheffield, United Kingdom) to help predict
he 10-year probability of a hip or other major osteoporotic
racture in untreated men and women between the ages of
0 and 90 years using femoral neck BMD and risk factors
hat are largely independent of BMD.7 The non–BMD-
ssociated risk factors are age, sex, prior fracture history,
arental history of a hip fracture, smoking status, long-term
se of glucocorticoids, rheumatoid arthritis, and excessive
lcohol consumption. If the BMD value is not available and
he patient’s body mass index (BMI) is �21, the BMI value
an be used as a surrogate marker. The FRAX tool is
urrently available free of charge,8 and by 2009 it is ex-
ected that it will be incorporated into the software of many
XA machines across the United States.
Current National Osteoporosis Foundation (NOF) guide-

ines5 state that treatment with pharmacologic agents should
e considered in postmenopausal women and in men aged

50 years who present with any of the following: hip or

mailto:jpb2@columbia.edu
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S15Bilezikian Efficacy of Bisphosphonates in Reducing Osteoporotic Fracture Risk
ertebral fracture; T-score ��2.5 at the femoral neck, total
ip, or spine after appropriate evaluation to exclude secondary
auses; or low bone mass and a 10-year probability of hip
racture �3% or a 10-year probability of major osteoporosis-
elated fracture �20% based on the FRAX calculation.

The major treatment goal for patients with osteoporosis
s to prevent fractures by maintaining or increasing BMD
nd reducing excessive bone turnover. Bisphosphonates, a
ainstay among the various classes of antiosteoporotic

rugs, have been shown to increase BMD and to reduce the
isk for osteoporotic fractures in numerous clinical trials.9 In
he United States, 4 bisphosphonates have been approved by
he Food and Drug Administration (FDA) for the treatment
nd/or prevention of osteoporosis. Oral alendronate (Fosa-
ax; Merck & Co., Inc., Whitehouse Station, NJ) and oral

isedronate (Actonel; Procter & Gamble Pharmaceuticals,
nc., Cincinnati, OH) were approved in 1995 and 2000,
espectively. In 2003, oral ibandronate (Boniva; Roche
herapeutics Inc., Nutley, NJ) was approved, followed by

ntravenous ibandronate in 2006. Most recently, intravenous
oledronic acid (Reclast; Novartis Pharmaceuticals Corpo-
ation, East Hanover, NJ) was approved in 2007.

This review summarizes the efficacy results from key
ivotal clinical trials of alendronate, risedronate, iband-
onate, and zoledronic acid for the treatment of osteoporosis.

LENDRONATE

he Fracture Intervention Trial
n the Fracture Intervention Trial (FIT), postmenopausal
omen (54 to 81 years of age) with low femoral neck BMD
ere enrolled in 2 randomized, double-blind, placebo-con-

rolled, multicenter studies. The first FIT study, FIT-1,10

asted 3 years and included 2,027 women (mean age, 71
ears) who had �1 vertebral fracture at baseline, and the
rimary end point was new vertebral fractures. The second
tudy, FIT-2,11 lasted 4 years and included 4,432 women
mean age, 68 years) who had low bone density (BMD
0.68 g/cm2) but no vertebral fractures at baseline, and the

rimary outcome was new clinical fractures. In both trials,
ll patients received concomitant calcium and vitamin D.
he active-treatment groups received alendronate 5 mg/day

or 2 years and alendronate 10 mg/day for the remainder of
he trial.

After 3 years of treatment, among subjects with �1
ertebral fracture at study entry (FIT-1), 8% of those in the
lendronate group and 15% of those in the placebo group
ad experienced a new morphometric vertebral fracture, a
eduction of 47% (P �0.001) (Figure 1A).10 Significantly
ewer subjects in the alendronate group than in the placebo
roup had hip fractures (2% vs. 1%; risk reduction, 51%;
� 0.047).
Among subjects without an initial vertebral fracture at

aseline (FIT-2), a lower-risk population, new morphomet-
ic vertebral fractures had occurred in 4% in the placebo

roup and 2% in the alendronate group after a mean of 4.2 a
ears of follow-up, a reduction of 44% (P � 0.002) (Figure
B).11 Hip fractures were not significantly reduced by alen-
ronate compared with placebo (1% incidence for both
roups; P � 0.44).

In both FIT trials, BMD measurements were significantly
reater (P �0.001) for alendronate than for placebo at the
emoral neck, hip, and spine.10,11

he FIT Long-term Extension. A continuation of the FIT
rials, known as the Fracture Intervention Trial Long-term
xtension (FLEX),12 was a double-blind, placebo-con-

rolled trial designed to study the effects of continuation or
iscontinuation of alendronate treatment for an additional 5
ears. A total of 1,099 women from the FIT studies, who
ad received a mean of 5 years of prior alendronate treat-
ent, were rerandomized to alendronate 10 mg/day (30%),

lendronate 5 mg/day (30%), or placebo (40%). At the
eginning of the extension trials, the average subject age
as 73 years, with lumbar spine and total hip BMD mean
-scores of �1.3 and �1.9, respectively, owing to increases

hat occurred over 3 years of treatment in the original trials.
fter 5 years of treatment in FLEX, patients treated with

lendronate had either the same or increased BMD at the
ip, femoral neck, and lumbar spine compared with BMD
ecreases for the discontinuation (placebo) group. However,
he decreases in the discontinuation group were smaller than
ould have been expected in individuals of the same age
ho had not previously received osteoporosis treatment.
ifferences between the pooled alendronate and the placebo
roups were significant for total body BMD and BMD at the
ip, femoral neck, and trochanter (P �0.001).

At 5 years, the risk of clinical vertebral fractures was
ignificantly less in women who continued to receive alen-
ronate (2.4% vs. 5.3% for placebo), but rates for nonver-
ebral fractures (18.9% vs. 19%) and morphometric verte-
ral fractures (11.3% vs. 9.8%) were not significantly
ifferent between study groups.

lendronate Weekly Dosing Trial
randomized, double-blind, multinational, noninferiority

rial to compare BMD changes for weekly versus daily
lendronate dosing enrolled 1,258 women (42 to 95 years of
ge) with postmenopausal osteoporosis.13,14 Alendronate 35
g twice weekly and alendronate 70 mg weekly dosages
ere found to be noninferior to alendronate 10 mg daily for

ffects on BMD at 1 and 2 years. The mean increases from
aseline in lumbar spine BMD at 2 years were 7.0%, 6.8%,
nd 7.4%, respectively, for the twice-weekly, once-weekly,
nd daily dosages. The 3 doses also produced similar re-
uctions in bone turnover markers (urinary cross-linked
-telopeptide of type I collagen [NTx] and serum bone-

pecific alkaline phosphatase [BSAP]). Based on these re-
ults, the alendronate 70 mg once-weekly regimen was

pproved for the treatment of postmenopausal osteoporosis.
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ISEDRONATE

ertebral Efficacy with Risedronate Therapy
isedronate was studied in 2 efficacy-focused Vertebral
fficacy with Risedronate Therapy (VERT) trials. These
ivotal trials included women aged �85 years who had
ntered menopause �5 years before the study.15,16 One of
he trials, VERT-NA, was conducted in North America and
ncluded women (mean age, 69 years) who had �2 vertebral
ractures or 1 vertebral fracture and low lumbar spine
MD.15 The other trial, VERT-MN (multinational),16 was
onducted in Europe and Australia and included women
mean age, 71 years) who had �2 vertebral fractures. Both
ere double-blind, placebo-controlled, multicenter trials. Ini-

ially, subjects (2,458 in VERT-NA and 1,226 in VERT-MN)
ere randomized to treatment with daily oral risedronate 5 mg
r 2.5 mg or to placebo. However, in both studies, the rised-
onate 2.5-mg group was discontinued before completion of
hese 3-year trials because data from other trials indicated that

Figure 1 Rate of fractures in postmenopausal women
Trial (FIT)–1 after 3 years and (B) FIT-2 after a mean
reduction. *Alendronate 5 mg/day for the first 2 years o
0.002 vs. placebo. �Morphometric fractures defined as
JAMA.11)
his dose was less effective than the 5-mg dose. All study partic- b
pants received a calcium supplement (1,000 mg/day) and
holecalciferol if serum vitamin D levels were low at baseline.

Over 3 years of therapy in the VERT-NA trial,15 in
hich the mean lumbar spine T-score was �2.4 for the 3

reatment groups, vertebral and nonvertebral fractures were
ignificantly reduced with risedronate 5 mg/day compared
ith placebo (Figure 2A). Vertebral fractures were reduced
y 41% (11.3% vs. 16.3%, respectively; P � 0.003), and
onvertebral fractures were reduced by 39% (5.2% vs.
.4%; P � 0.02). BMD increased significantly (P �0.05)
rom baseline in the risedronate group, by 5.4% at the
umbar spine, 1.6% at the femoral neck, and 3.3% at the
emoral trochanter.

In the smaller VERT-MN trial,16 which included older
omen with lower T-scores (mean lumbar spine T-scores

anging from �2.7 to �2.8 for the 3 treatment groups), a
reater proportion of the women had fractures during the
rial. New vertebral and nonvertebral fractures were both
educed by risedronate 5 mg/day. The reduction for verte-

ing alendronate or placebo in (A) Fracture Intervention
years. CI � confidence interval; RRR � relative risk

. †P �0.001 vs. placebo; ‡P � 0.047 vs. placebo; §P �
es diagnosed by a clinician. (Data from Lancet10 and
receiv
of 4.2

f study
fractur
ral fractures was significant compared with placebo (18%
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s. 29%; 49% reduction; P �0.001) (Figure 2B). At 3 years,
here were significant treatment differences in BMD, of
.9% at the spine and 6.4% at the femoral trochanter (both
�0.001).

ERT-MN Extension Trials. Double-blind treatment of
omen from VERT-MN17 was continued for another 2
ears with risedronate 5 mg/day (n � 135) and placebo
n � 130).17 The risk for new vertebral fractures was sig-
ificantly reduced with risedronate treatment in years 4 and
compared with the first 3 years (59% vs. 49%; P � 0.01).

ncreases in spine and hip BMD reported for the risedronate
roup during the first 3 years were maintained or increased
ith 2 subsequent years of treatment. This study showed

hat risedronate’s effects on vertebral fracture and BMD
ver 3 years are maintained with a further 2 years of treat-
ent. A small subgroup from this initial extension trial

Figure 2 Rate of fractures in postmenopausal women tr
in the (A) Vertebral Efficacy with Risedronate Therapy (
tional (VERT-MN) trials. P-values from log-rank test. *D
leg, regardless of trauma. †P � 0.003 vs. placebo; ‡P � 0
CI � confidence interval; RRR � relative risk reduction.
eceived an additional 2 years of risedronate treatment, and o
he results were similar, with maintenance of antifracture
nd BMD effect for up to 7 years.18

ip Intervention Program Trial
he randomized, double-blind, placebo-controlled Hip In-

ervention Program (HIP) trial enrolled 5,445 women 70 to
9 years of age (mean age, 74 years) who had osteoporosis
femoral neck BMD T-score ��4, or ��3 with a nonskel-
tal risk factor for hip fracture, such as poor gait or a
ropensity to fall) and 3,886 women �80 years of age
mean age, 83 years) recruited primarily on the basis of
linical risk factors and not low BMD (criteria: �1 non-
keletal risk factor for hip fracture or low femoral neck
MD [T-score ��4 or ��3 with a hip-axis length �11.1
m]).19 Patients were randomized to receive oral rised-
onate (2.5 or 5.0 mg daily) or placebo for 3 years, and
he primary end point was occurrence of hip fracture. The

ith risedronate 5 mg or placebo over 3 years of treatment
–North American (VERT-NA) and (B) VERT-Multina-
as fracture of the clavicle, humerus, wrist, pelvis, hip, or
placebo; §P �0.001 vs. placebo; �P � 0.063 vs. placebo.
from JAMA15 and Osteoporos Int.16)
eated w
VERT)
efined
.02 vs.
verall incidence of hip fracture for patients receiving
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isedronate was 2.8%, versus 3.9% in those receiving
lacebo (relative risk reduction [RRR], 30%; P � 0.02).
n the group of subjects with confirmed osteoporosis (70
o 79 years old), the incidence of hip fracture was 1.9%
n patients receiving risedronate, compared with 3.2% for
he placebo group (RRR, 40%; P � 0.009). In the group
f subjects selected primarily on the basis of nonskeletal
isk factors (those �80 years of age), the incidence of hip
racture was 4.2% for the risedronate group, versus 5.1%
or the placebo group (P � 0.35). Thus, risedronate
ignificantly reduced the risk for hip fracture in elderly
omen with confirmed osteoporosis but not in elderly
omen selected primarily on the basis of risk factors
ther than low BMD.

isedronate Once-Weekly and Once-Monthly
osing Studies

2-year randomized, double-blind, noninferiority
bridging) study was done to compare daily oral rised-
onate 5 mg/day with risedronate 35 and 50 mg weekly in
,127 postmenopausal women �50 years of age with
steoporosis.20,21 At 12 months,20 lumbar spine BMD
as noninferior for all between-group comparisons and
ad increased by a mean of 4.0% in the 5-mg/day treat-
ent group and by means of 3.9% and 4.2% in the 35-mg

nd 50-mg weekly treatment groups, respectively. Over 2
ears,21 the incidence of new vertebral fractures (2.9%,
.5%, and 1.7%, respectively) was not significantly dif-
erent among these treatment groups. Increases in BMD
nd reductions in bone turnover markers (NTx/creatinine
atio and BSAP) were likewise not significantly different.
s a result of these findings, the 35-mg weekly dose was

pproved for the treatment of postmenopausal osteoporosis.
A subsequent noninferiority study assessed the efficacy

f risedronate 5 mg/day versus 150 mg once per month.22

his multinational, double-blind, randomized trial involved
,294 women aged �50 years with postmenopausal osteo-
orosis. At 1 year, lumbar spine BMD was increased by
.4% in the daily treatment group, compared with 3.5% in
he monthly treatment group. Reductions in bone turnover
arkers (NTx/creatinine ratio, serum cross-linked C-te-

opeptide of type I collagen [CTx], and BSAP) were also
imilar in both groups. Based on these data, the 150-mg
onthly dose was approved for the treatment of postmeno-

ausal osteoporosis.

RAL IBANDRONATE

ral Ibandronate Osteoporosis Vertebral
racture Trial in North America and Europe
he 3-year efficacy of oral ibandronate in postmenopausal
omen with osteoporosis was established in the Oral Iban-
ronate Osteoporosis Vertebral Fracture Trial in North
merica and Europe (BONE), a double-blind, placebo-con-

rolled, multicenter study that assessed 2 dosing regimens:

bandronate 2.5 mg/day (daily dosing group) and iband- t
onate 20 mg every other day for 12 doses every 3 months
intermittent dosing group).23 A total of 2,946 women, 55 to
0 years of age (mean age, 69 years) and �5 years post-
enopause, with 1 to 4 prevalent vertebral fractures and a
-score of �2 to �5 in �1 vertebra, were randomized to

reatment. All participants received daily supplementation
ith calcium 500 mg and vitamin D 400 IU.
The primary end point was new morphometric vertebral

ractures. After 3 years, new morphometric vertebral frac-
ures were significantly reduced in the 2.5-mg/day iband-
onate groups by 52% compared with the placebo group
4.7% vs. 9.6%; P � 0.0001) (Figure 3) and by 50%
ompared with placebo in the intermittent group (4.9% vs.
.6%; P � 0.0006 [data not shown]).23 Clinical vertebral
ractures were also significantly reduced, by 49% in the
.5-mg/day group compared with the placebo group. The
ncidence of nonvertebral fractures was not significantly
educed (placebo 8.2% vs. daily ibandronate 9.1%). Lumbar
pine BMD was increased by 6.5% in the daily ibandronate
roup, and hip BMD was increased by 3.4%.

onthly Ibandronate Bridging Study
uring a 2-year, multicenter, double-blind, noninferiority
ridging study, the Monthly Oral Ibandronate in Ladies
MOBILE) 2-year extension, monthly oral ibandronate
50 mg was shown to increase lumbar spine and total hip
MD significantly (P �0.05) more than daily iband-

onate 2.5 mg in postmenopausal women with osteopo-
osis.24 The 150-mg once-monthly dose produced consis-
ently greater reductions in the bone turnover marker
erum CTx compared with the other 2 dosing regimens.
s a result of these findings, the 150-mg once-monthly
ose of ibandronate was approved for the treatment of
ostmenopausal osteoporosis.

NTRAVENOUS IBANDRONATE

osing Intravenous Administration Trial
n a double-blind, noninferiority, international multicenter
rial (Dosing Intravenous Administration [DIVA] trial) that
ncluded 1,395 women, intermittent injections of iband-
onate were compared with oral dosing for effects on
MD.25 In this trial, women 55 to 80 years of age (mean
ge, 66 years) with osteoporosis and �5 years postmeno-
ause were randomized to treatment with 2-mg iband-
onate injections every 2 months plus oral placebo, 3-mg
bandronate injections every 3 months plus oral placebo, or

of 2 groups receiving oral ibandronate 2.5 mg/day plus
lacebo injections every 2 or every 3 months. All partici-
ants received daily supplementation with calcium 500 mg
nd vitamin D 400 IU.

At 1 year, mean increases in lumbar spine BMD (primary
nd point) were 5.1%, 4.8%, and 3.8% for the every-2-
onths injection, the every-3-months injection, and both

ral treatment groups, respectively.25 The BMD changes in
oth intravenous groups were significantly greater (P �0.001)

han in the oral treatment group. Also, both intravenous
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roups had significantly greater (P �0.05) changes in total
ip and trochanter BMD, and the 3-month injection group
ad significantly greater changes in femoral neck BMD
ompared with the oral treatment groups. All treatment
roups had similar reductions in the bone turnover marker
erum CTx. Based on these data, the ibandronate quarterly
njection (3 mg every 3 months) was approved for the
reatment of postmenopausal osteoporosis.

OLEDRONIC ACID

ealth Outcomes and Reduced Incidence
ith Zoledronic Acid Once Yearly–Pivotal

racture Trial
he Health Outcomes and Reduced Incidence with Zoledronic
cid Once Yearly (HORIZON)–Pivotal Fracture Trial26

as a double-blind, placebo-controlled, multicenter interna-
ional trial designed to assess the efficacy of a single 15-
inute infusion of zoledronic acid 5 mg every 12 months

ver 3 years for reducing new vertebral fractures and hip
ractures. The patients were postmenopausal women 65 to
9 years of age (mean age, 73 years) with either a T-score
�2.5 at the femoral neck with or without evidence of an

xisting vertebral fracture or a T-score ��1.5 with radio-
ogic evidence of �2 mild vertebral fractures or 1 moderate
ertebral fracture. These women were divided into 2 treatment
trata based on whether or not they were taking allowed os-
eoporosis medications at the time of randomization. Most of
he patients were in stratum 1, which included only women
ho had not previously been treated with other osteoporotic
edications, or those who had previously used bisphospho-

ates but met prespecified washout criteria. A total of 7,765

Figure 3 Rate of vertebral fractures (as estimated by
treated with oral ibandronate 2.5 mg daily or placebo i
in North America and Europe (BONE) trial. *P � 0.0
interval; RRR � relative risk reduction. (Adapted from
omen were randomized to active treatment or placebo, and a
ll patients received daily supplementation with calcium
,000 to 1,500 mg and vitamin D 400 to 1,200 IU.

Primary end points in this trial were the 3-year incidence
f morphometric vertebral fractures and of hip fractures.
orphometric vertebral fractures were significantly reduced,

y 70%, with once-yearly zoledronic acid infusions compared
ith placebo (3.3% vs. 10.9%, respectively; P �0.001), and
ip fractures were also significantly reduced, by 41% (1.4%
s. 2.5%; P � 0.002) (Figure 4).26 The secondary end points
f nonvertebral fractures, all clinical fractures, clinical ver-
ebral fractures, and multiple morphometric vertebral frac-
ures were also significantly (P �0.001) reduced for the
oledronic acid group compared with the placebo group.
MD at the total hip, lumbar spine, and femoral neck were

ncreased significantly, by 6.0%, 6.7%, and 5.1%, respectively,
ompared with placebo (P �0.001 for all comparisons).

ORIZON–Recurrent Fracture Trial
separate trial of zoledronic acid 5 mg (the HORIZON–

ecurrent Fracture Trial) was conducted in patients who
ad undergone surgical repair of a low-trauma hip fracture
ithin the previous 90 days27—the first such study in this
ndertreated population. In this double-blind, multinational
rial, 2,127 men (24%) and women (76%) �50 years of age
mean age, 75 years) were randomized to yearly placebo or
oledronic acid 5-mg infusions and were monitored for a
edian of 1.9 years. Because of the prevalence of vitamin D

eficiency, most patients received a loading dose of vitamin
14 days before the first infusion, and all patients received

alcium 1,000 to 1,500 mg and vitamin D 800 to 1,200 IU
ach day.

The primary end point, any new clinical fracture, oc-
urred in 92 (8.6%) of patients treated with zoledronic acid

able analysis) over 3 years in postmenopausal women
ral Ibandronate Osteoporosis Vertebral Fracture Trial

. placebo; †P � 0.0117 vs. placebo. CI � confidence
e Miner Res.23)
life-t
n the O
001 vs
nd 139 (13.9%) of patients in the placebo group, a risk
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eduction of 35% (P � 0.001). The rates of new clinical
ertebral fractures were 1.7% for zoledronic acid and 3.8%
or placebo, a risk reduction of 46% (P � 0.02), and the
espective rates of new nonvertebral fractures were 7.6%
nd 10.7%, a 27% risk reduction (P � 0.03). The rates of
ew hip fractures were 2.0% for zoledronic acid and 3.5%
or placebo, a 30% risk reduction (P � 0.18). The incidence
f all-cause mortality was 9.6% in the zoledronic acid group
nd 13.3% in the placebo group (28% reduction; P � 0.01).

UMMARY
he efficacy of bisphosphonates for the reduction of frac-

ures in patients with osteoporosis has been shown in many
arge controlled clinical trials. Extension studies have fur-
her shown in some cases, and at some sites, that bisphos-
honates can persist in their efficacy for longer terms (7 to
0 years), with strong safety profiles. Bridging studies have
een done to assess the efficacy of longer dosing intervals,
hich take advantage of the retention and recycling of
isphosphonates in the bone and have the potential to help
mprove patient compliance and adherence during long-
erm treatment. These bridging trials have shown that longer
osing intervals result in equivalent benefits with respect to
ffect on BMD. The availability of a once-yearly intrave-
ous therapy, zoledronic acid 5 mg, may yield further im-
rovements in compliance and outcomes in the growing

Figure 4 Rates of fractures over 3 years in postmen
placebo infusions every 12 months in the Health Outcom
(HORIZON)–Pivotal Fracture Trial. Values for hip fra
are cumulative event rates based on Kaplan-Meier e
logistic-regression analysis. *A total of 14 patients in
excluded from all analyses because the participation of t
with reliability of data. †P �0.001 vs. placebo; ‡P �
concomitant therapy). CI � confidence interval; RRR
opulation of patients with osteoporosis.
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