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ABSTRACT: Whether greater treatment-related changes in BMD result in greater decreases in fracture risk
is controversial. We analyzed the relationship between BMD change and nonvertebral fracture risk in post-
menopausal osteoporotic women from the risedronate fracture program. Change in BMD did not influence the
magnitude of risedronate’s effect on nonvertebral fractures; the incidence of nonvertebral fractures was
equally low in treated patients whose BMD increased or decreased.

Introduction: In untreated patients, low BMD correlates with increased fracture risk. Whether greater in-
creases in BMD induced by anti-osteoporosis drugs are related to greater decreases in vertebral fracture risk
is controversial, and little has been written about the relationship between change in BMD and nonvertebral
fracture risk. We analyzed the relationship between BMD change and nonvertebral fracture incidence using
individual patient data from postmenopausal osteoporotic women receiving antiresorptive treatment with
risedronate.
Materials and Methods: This posthoc analysis combined data from three pivotal risedronate fracture endpoint
trials. Women received risedronate 2.5 or 5 mg (n � 2561) or placebo (n � 1418) daily for up to 3 years. BMD
and nonvertebral fractures confirmed by radiograph (hip, wrist, pelvis, humerus, clavicle, and leg) were
assessed periodically over 3 years.
Results: The incidence of nonvertebral fractures in risedronate-treated patients was not different between
patients whose spine BMD decreased (7.8%) and those whose spine BMD increased (6.4%; hazard ratio to
subgroup of patients who lost BMD [HR], 0.79; 95% CI, 0.50, 1.25) or between those whose femoral neck
BMD decreased (7.6%) and those whose femoral neck BMD increased (7.5%; HR, 0.93; 95% CI, 0.68, 1.28).
The changes in lumbar spine and femoral neck BMD explained only 12% (95% CI, 2%, 21%; p = 0.014) and
7% (95% CI, 2%, 13%; p = 0.005), respectively, of risedronate’s nonvertebral fracture efficacy.
Conclusions: For patients treated with risedronate, changes in BMD as measured by DXA do not predict the
degree of reduction in nonvertebral fractures.
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INTRODUCTION

OSTEOPOROSIS IS A skeletal disorder characterized by
compromised bone strength that predisposes affected

persons to an increased risk of fracture.(1) Over 10 million
people have osteoporosis in the United States,(2) and the

risk of fracture is high among these individuals. For a 50-
year-old white woman, the remaining lifetime risk of frac-
ture of the spine, hip, or distal forearm is estimated to be
about 40%.(3) Because fracture is the most important event
in osteoporosis,(4) the primary goal of treatment is to re-
duce the risk of fracture.(5) Although head-to-head trials of
antiresorptive agents with fracture as the primary endpoint
would be ideal, such trials are a tremendous undertaking,
requiring a large patient population and a lengthy dura-
tion.(6) As a consequence, surrogate measures of fracture
risk, such as BMD as determined with DXA, in which
changes can be shown in smaller, shorter studies, have been
proposed to assess the efficacy of available osteoporosis
treatments.(7)

The validity of using change in BMD to infer the effect
of antiresorptive treatment on reduction in vertebral frac-
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ture risk has been a topic of much debate over the last
decade.(8–12) Meta-analyses performed by several groups in
an attempt to resolve this issue have produced conflicting
results. Some investigators have concluded that larger in-
creases in BMD in women treated with antiresorptive
agents are associated with a lower risk of new morphomet-
ric vertebral fractures,(9,13,14) whereas others have con-
cluded that greater increases in BMD do not predict greater
decreases in morphometric vertebral fracture risk.(10,15–19)

BMD measured by DXA is a measure of areal density.
Areal density is the product of the physical density and the
total thickness of the attenuating material,(20) and is, in
physical terms, the total mass in a column of unit cross-
sectional area.(20) This is only one of many factors that
contribute to bone’s resistance to fracture. The changes in
BMD during antiresorptive treatment occur at least in part
because of changes in mineralization, a material property
of the bone matrix. Changes in BMD do not necessarily
represent changes in other properties that may determine
resistance of bone to fracture, such as microarchitecture,
geometry, activation frequency, and remodeling rate.
Therefore, it seems unlikely that changes in BMD as mea-
sured by DXA would explain all of the reduction in fracture
risk induced by drug treatment.

Although much has been written about the relationship
between change in BMD and vertebral fractures,(8,9,11–18)

few studies have analyzed the relationship between change
in BMD and nonvertebral fractures, and those have yielded
conflicting results. Hochberg et al.(21) found a relationship
between changes in BMD during the first year of antire-
sorptive treatment and reduction in the incidence of non-
vertebral fractures occurring over the duration of studies
using meta-analyses based on summary data at the trial
level. It is well documented that the results of meta-
analyses based on summary data can differ markedly from
those based on individual patient data.(22,23) Individual pa-
tient data provide the most comprehensive information,
and it has been suggested that such analysis should be the
basis for statistical analysis when exploring the underlying
relationship.(11,23) Using this technique, Bauer et al.(19) did
not find a significant relationship between changes in BMD
(in spine or hip) during the first year of treatment with
alendronate and subsequent reduction in nonvertebral frac-
tures.

We performed a posthoc analysis of individual patient
data from risedronate phase III clinical trials with a fracture
endpoint(24–26) to examine the relationship between treat-
ment-related change in BMD and reduction in the inci-
dence of nonvertebral fractures.

MATERIALS AND METHODS

Study design

We combined data from three randomized, double-blind,
placebo-controlled, parallel group, phase III clinical studies
conducted in parallel: the Vertebral Efficacy with Risedro-
nate Therapy North America (VERT-NA) and Multina-
tional (VERT-MN) clinical studies and the Hip Interven-
tion Program (HIP) study. These three studies were used

because they were the pivotal risedronate fracture endpoint
trials and used the same methodology for assessing incident
nonvertebral fractures. In all three studies, women received
risedronate 2.5 mg, risedronate 5 mg, or placebo daily for
up to 3 years. All patients received calcium 1000 mg/day,
and patients whose serum 25-hydroxyvitamin D levels were
<40 nM also received up to 500 IU vitamin D daily. All
studies were conducted according to the Declaration of
Helsinki and approved by the appropriate ethics commit-
tee. All patients gave written informed consent. The spon-
sor designed this study and analyzed the data. The study
designs, patients studied, and methods are described else-
where.(24–26)

Measurements

BMD of the lumbar spine and femoral neck was mea-
sured by DXA at baseline and at 6-month intervals at all
trial centers in the VERT studies and in a subset of 44 of the
183 centers in the HIP study. Scans were analyzed at a
central location for each trial.

As planned per protocol, nonvertebral fracture data were
extracted from adverse event information that was col-
lected at the study visits made every 3 months during the
trials. The investigators recorded adverse events reported
by the patients, as well as adverse events observed on ex-
amination of the patient. At each visit, patients were asked
if they had experienced any changes in their well-being and
whether they had been hospitalized or had any accidents,
and a review of systems and/or physical examination was
performed as required. Nonvertebral fractures were de-
fined prospectively as fractures of the hip, wrist, pelvis, hu-
merus, clavicle, and leg without regard for trauma. All frac-
tures were confirmed radiographically.

Statistical analysis

The analysis population included patients who were ran-
domized, received at least one dose of study treatment, and
had both baseline and follow-up BMD measurements at
either the lumbar spine or femoral neck. Data from the
risedronate 2.5- and 5-mg treatment groups were combined
to increase the power of the analysis and to provide a large
range of BMD changes.

Descriptive statistics were generated, and the severity of
osteoporosis at baseline was compared between the pla-
cebo and risedronate treatment groups.

The percent change from baseline to endpoint (last fol-
low-up value) for lumbar spine and femoral neck BMD was
calculated for each patient. The 3-year nonvertebral frac-
ture status (i.e., whether the patient had at least one inci-
dent nonvertebral fracture) was also determined for each
patient. Time to the first nonvertebral fracture was defined
as the scheduled 3-monthly visit closest to the onset date of
the adverse event.

The relationship between changes in BMD and the inci-
dence of nonvertebral fractures was explored in patients
taking risedronate as follows: patients were divided into 10
equal subgroups (deciles) on the basis of their change in
BMD. The proportion of patients in each subgroup who
sustained at least one incident nonvertebral fracture was
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plotted, and a “smoothing” curve was fitted through the
data. Next, two subgroups of patients were constructed on
the basis of changes in BMD: those who had a decrease in
BMD (change in BMD < 0%) and those who did not
(change in BMD � 0%). For each of these subgroups, the
cumulative incidence of nonvertebral fractures during 3
years was calculated with Kaplan-Meier methodology, con-
sistent with the prospectively planned statistical analyses
for the three studies. The estimated risk of sustaining at
least one incident nonvertebral fracture was compared be-
tween patients whose BMD increased and those whose
BMD decreased using Cox regression. These analyses were
also conducted on the basis of data from the VERT fracture
and the HIP fracture clinical programs individually. The
relationship between change in BMD (as a continuous co-
variate) and nonvertebral fracture risk was further charac-
terized for risedronate-treated patients using a Cox regres-
sion model. In addition, a sensitivity analysis was performed
that plotted the change in BMD during the first year of
treatment against the incidence of nonvertebral fractures
that occurred after the first year of treatment.

The proportion of the treatment effect of risedronate
(defined as the difference between the risedronate and pla-
cebo groups) on nonvertebral fracture that was explained
by changes in BMD was estimated using a published
method proposed by Li et al.,(27) who were employees of
the sponsor. The method of Li et al. was an extension of a
method proposed by Freedman et al.(28) The method of
Freedman et al. involves calculating a ratio of two param-
eter estimates from two separate models (with and without
the adjustment for the surrogate). The main limitation as-
sociated with this approach is that it relies on two separate
statistical models, causing large variability. The method of
Li et al. reduces this limitation by using one statistical
model comprising a binary factor for treatment group and
continuous covariates for prevalent vertebral fractures and
change in BMD.(27) The estimate is obtained by calculating
the ratio of the regression coefficients, where the numera-
tor is the risk reduction explained by the surrogate, and the
denominator is the overall risk reduction by treatment.

The overall treatment effect on fracture and the propor-
tion of the effect explained by changes in BMD were esti-
mated within one model using Cox regression; 95% CIs and
a p value were calculated.

RESULTS

A total of 3979 patients in the VERT and HIP trials
(1418 placebo, 2561 risedronate) had baseline and follow-
up DXA measurements. Of these, 3290 (83%) had paired
lumbar spine BMD data, and 3884 (98%) had paired femo-
ral neck BMD data. The treatment groups were compa-
rable at baseline with respect to age and severity of osteo-
porosis (Table 1).

Incident nonvertebral fractures were sustained by 307
patients: 138 (10.9%, estimated cumulative incidence) in
the placebo group and 169 (7.7%) in the risedronate group.
This reflects an estimated reduction in fracture risk in the
risedronate-treated patients of 32% (hazard ratio [HR],
0.68; 95% CI, 0.54, 0.85; p < 0.001). The incidence of non-

vertebral fractures in the risedronate group was lower than
that in the placebo group across the distribution of percent
changes from baseline in BMD at both the lumbar spine
and femoral neck (Figs. 1A, 1B, 2A, and 2B).

Of the 2087 risedronate-treated patients who had avail-
able paired lumbar spine BMD data, 123 sustained an in-
cident nonvertebral fracture. Of these, BMD increased
from baseline (change from baseline in BMD � 0%) in 100
(6.4 ± 0.63%, estimated cumulative incidence ± SE),
whereas BMD decreased from baseline (change from base-
line in BMD < 0%) in 23 (7.8 ± 1.60%). Thus, the risk of
nonvertebral fracture in risedronate-treated patients whose
BMD decreased did not differ significantly from that in
patients whose BMD increased (HR to subgroup of patients
who lost DXA-BMD, 0.79; 95% CI, 0.50, 1.25; Fig. 1B).

Similar results were observed when the relationship be-
tween treatment-related change in femoral neck BMD and
fracture incidence reduction was analyzed. A total of 162 of
the 2504 risedronate-treated patients who had available
paired femoral neck BMD data sustained an incident non-
vertebral fracture. Of these, BMD increased from baseline
in 100 (7.5 ± 0.73%), whereas BMD decreased from base-
line in 62 (7.6 ± 0.94%). Thus, the incidence of nonvertebral
fracture in risedronate-treated patients who lost bone was
not significantly different from that in patients who gained
bone (HR, 0.93; 95% CI, 0.68, 1.28; Fig. 2B).

When the relationship between treatment-related change
in lumbar spine or femoral neck BMD and fracture risk was
modeled on the basis of data from the 5-mg risedronate

TABLE 1. BASELINE CHARACTERISTICS OF PATIENTS INCLUDED IN

THE ANALYSIS*

Parameter
Placebo

(N � 1418)
Risedronate†

(N � 2561)

Age (years)
N 1418 2561
Mean (SD) 17 (7.4) 72 (7.3)

Vertebral fractures
N 1386 2480
Mean (SD) 2.2 (2.39) 2.3 (2.50)
Median 2 2

Patients with fractures‡

0 406 (29%) 744 (30%)
1+ 980 (71%) 1736 (70%)

Femoral neck BMD T score§

N 1399 2531
Mean (SD) −2.4 (0.78) −2.4 (0.80)

Lumbar spine BMD T score¶

N 903 1558
Mean (SD) −2.6 (1.29) −2.6 (1.33)

* Patients were included if they had both baseline and postbaseline
DXA-BMD measurements. Of the 3979 patients included in the analysis,
1561 (39%) were from the VERT-NA study,(24) 977 (25%) were from the
VERT-MN study,(25) and 1441 (36%) were from the HIP study.(26)

† Included patients who received risedronate 2.5 or 5 mg.
‡ Data are presented as number and percent of patients with a history of

one or more vertebral fractures at baseline, as determined on the basis of
evaluable spinal radiographs taken pretreatment.

§ National Health and Nutrition Examination Survey III.(29)

¶ Gender-specific T score, calculated using manufacturer’s normative
data if all four baseline vertebrae (L1–L4) were deemed intact.
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group alone, similar results were observed; that is, the in-
cidence of nonvertebral fractures was similar whether
BMD from both the lumbar spine and femoral neck in-
creased or decreased (data not shown).

Similar relationships were observed when these analyses
were conducted using data from the individual VERT frac-
ture and HIP fracture clinical programs. Although the in-
cidence of nonvertebral fractures within the HIP program
was higher than that in the VERT program, greater in-
creases in BMD did not predict greater decreases in frac-
ture incidence (i.e., the smoothing lines remained flat; data
not shown). A Cox regression model stratified by trial and
adjusting for treatment group, looking at the underlying
relationship between nonvertebral fracture risk and change
in BMD, did not show that the relationship differed be-
tween the trials (p � 0.379).

The relationship between change in BMD (as a continu-
ous covariate) and nonvertebral fracture risk for risedro-
nate-treated patients was characterized by HRs of ∼1 for

both the lumbar spine and the femoral neck skeletal sites
(HR � 1.02 [0.97, 1.06] for the spine and HR � 1.01 [0.98,
1.05] for the femoral neck skeletal sites).

Of the 307 patients in this analysis who sustained an in-
cident nonvertebral fracture, 109 in the placebo group and
130 in the risedronate group sustained an incident nonver-
tebral fracture after the first year of the trial. The sensitivity
analysis, in which the change in BMD during the first year
of treatment was plotted against the incidence of nonver-
tebral fractures after the first year of treatment, showed
that the relationship was flat and similar to that described
above between change in BMD and fracture incidence over
the course of the entire study (Figs. 3A and 3B).

The changes in lumbar spine BMD observed in this study
explained only 12% (95% CI, 2%, 21%; p = 0.014) of the
effect of risedronate (compared with placebo) on nonver-
tebral fracture incidence. The changes in femoral neck
BMD observed in this study explained only 7% (95% CI,

FIG. 1. Relationship between the incidence of osteoporosis-
related nonvertebral fractures occurring over 3 years and increase
from baseline in lumbar spine bone mass (DXA-BMD) in patients
treated with (A) placebo or (B) risedronate 2.5 or 5 mg by decile
of percent change from baseline in BMD. (A) In the placebo
group, there was an average of 120 patients in each decile, with
fractures reported in 7–15 patients per decile. (B) In the risedro-
nate group, there was an average of 209 patients in each decile,
with fractures reported in 6–16 patients per decile.

FIG. 2. Relationship between the incidence of osteoporosis-
related nonvertebral fractures occurring over 3 years and increase
from baseline in femoral neck bone mass (DXA-BMD) in pa-
tients treated with (A) placebo or (B) risedronate 2.5 or 5 mg by
decile of percent change from baseline in BMD. (A) In the pla-
cebo group, there was an average of 138 patients in each decile,
with fractures reported in 9–19 patients per decile. (B) In the
risedronate group, there was an average of 250 patients in each
decile, with fractures reported in 12–20 patients per decile.
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2%, 13%; p = 0.005) of the antifracture treatment effect of
risedronate (compared with placebo) on nonvertebral frac-
ture incidence.

DISCUSSION

The results of this analysis of data from the risedronate
clinical trial phase III fracture programs show that greater
increases in BMD are not associated with greater decreases
in nonvertebral fracture incidence. These findings are con-
sistent with the results of analyses of the relationship be-
tween changes in BMD and vertebral fractures that also
showed that large increases in BMD do not predict com-
mensurately large decreases in vertebral fracture inci-
dence.(17) Also, a decrease in BMD is not associated with
an increased incidence of nonvertebral fractures. In this
analysis, the incidence of nonvertebral fractures was similar

whether BMD increased or decreased. The relationship be-
tween the BMD and nonvertebral fracture incidence was
nearly flat for both lumbar spine and femoral neck BMD
(Figs. 1A, 1B, 2A, 2B, 3A, and 3B); that is, the percentage
of patients with nonvertebral fractures was not related to
the patients’ BMD response.

Our findings are consistent with those of Bauer et al.(19)

based on their analysis of individual patient data from a
larger, independent database from alendronate-treated pa-
tients. Although Bauer et al.(19) found a relationship be-
tween changes in hip BMD in the first year of alendronate
treatment and subsequent vertebral fractures, they found
no relationship between changes in BMD in the spine or
hip during the first year of treatment and subsequent non-
vertebral fracture reduction. Using a Cox regression model,
they showed that the relationship between change in BMD
and the risk of nonvertebral fracture for alendronate-
treated patients was characterized by HRs of ∼1 at the spine
and total hip skeletal sites (HR � 1.05 [0.92, 1.20] for the
spine and HR � 1.03 [0.90, 1.17] for the total hip skeletal
sites). Thus, both our analysis and the analysis of Bauer et
al. provide evidence that the relationship between treat-
ment-related changes in the incidence of nonvertebral frac-
tures and changes in BMD is “flat.”

Although these findings may seem counterintuitive, they
are consistent with increasing evidence that factors other
than DXA-measured BMD, such as geometry, microarchi-
tecture, activation frequency, and material properties, are
important determinants of bone strength. The difference in
lumbar spine BMD observed between the two groups in
this study explained only 12% of the fracture treatment
effect, and the difference in femoral neck BMD explained
only 7% of the fracture treatment effect, results consistent
with observations on vertebral fractures.(17)

The statistical methodology used in our analysis to de-
termine the proportion of the treatment-related reduction
in nonvertebral fracture incidence that was attributable to
change in BMD was an extension by Li et al. of methodol-
ogy developed by Freedman et al., which has been used in
previous research on antiresorptive treatments.(14,16) In
1992, Freedman et al., independent of industry, proposed
methodology to estimate the proportion of the treatment
effect explained by a surrogate.(28) Recently there has been
disagreement about the use of the “Freedman analysis”
framework to estimate the proportion of the effect of treat-
ment on fracture that can be attributed to changes in
BMD.(30,31) However, the estimates observed in the analy-
ses reported here and those by Watts et al.(17) using the
data from the risedronate phase III clinical trial program
are similar to those observed by other investigators in their
analyses of data from trials using individual patient data of
two other antiresorptives.(14,16) The results of these analy-
ses are consistent and indicate that only a small proportion
of the fracture reduction associated with raloxifene or alen-
dronate can be attributed to the effect of treatment on
BMD. Furthermore, other investigators have used an ex-
tension of Freedman’s methodology to determine the pro-
portion of treatment effect explained by a surrogate marker
using individual patient data from a study on patients with
essential hypertension and left ventricular hypertrophy.(32)

FIG. 3. Relationship between the incidence of osteoporosis-
related nonvertebral fractures occurring after the first year of
treatment and the increase from baseline during the first year of
treatment in (A) lumbar spine bone mass (DXA-BMD) in pa-
tients treated with risedronate 2.5 or 5 mg and (B) femoral neck
bone mass (DXA-BMD) in patients treated with risedronate 2.5
or 5 mg by decile of percent change from baseline in BMD. (A) In
the placebo group, there was an average of 163 patients in each
decile, with fractures reported in 4–13 patients per decile. (B) In
the risedronate group, there was an average of 173 patients in
each decile, with fractures reported in 7–15 patients per decile.
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This suggests that such methodology is accepted among
researchers across therapeutic areas and in different and
competing industrial research institutions.

Our findings are in contrast with those of Hochberg et
al.(21) In their analyses, larger increases in BMD appeared
to be associated with greater reductions in the risk of non-
vertebral fractures. They found that changes in BMD dur-
ing treatment seem to explain all of the reduction in the risk
of nonvertebral fractures.(21) This discrepancy is probably
related to the differences in the analyses used. Hochberg et
al. used meta-analyses based on summary data at the trial
level for their study,(21) whereas we used analyses based on
individual patient data. Statistical analyses based on sum-
mary data and those based on individual patient data have
been shown to produce different results.(11,22,23) Meta-
analyses based on group-level summary statistics (as op-
posed to individual patient data) model trial-level associa-
tions and not the underlying associations at the patient
level.(9,11) Therefore, trial-level covariates cannot reliably
show the true relationship between these covariates and the
effect of treatment at the level of the individual. In their
evaluation of meta-analytic approaches, Thompson and
Higgins(33) state that regression on summary statistics using
estimates published in papers does not allow the underlying
relationship to be fully understood. They observed that,
although summary statistics of patient subgroups is a better
approach than using overall trial estimates, using individual
patient data allows for adjustment for potential confound-
ing factors. These authors caution, however, that meta-
analyses of individual patient data are more technically de-
manding than meta-analysis or meta-regression and that
additional statistical methods need to be developed in this
area.

Placebo-controlled fracture endpoint trials of at least a
3-year duration have shown that antiresorptive agents vary
widely in their ability to reduce the risk of nonvertebral
fractures, regardless of the effect of these agents on
BMD. Increases in BMD have been shown in large, ran-
domized, placebo-controlled trials of raloxifene (n �
7705)(34) and ibandronate (n � 2946),(35) but no significant
decrease in the risk of nonvertebral fractures was shown in
these trials. Although treatment with alendronate and rise-
dronate leads to significant increases in BMD, the effect of
these agents on nonvertebral fractures has varied across
studies.(24–26,36–38)

Our findings, as well as those of other studies of the
relationship between changes in BMD and nonvertebral
fracture risk reduction,(8,12) indicate that the magnitude of
change in BMD associated with antiresorptive treatment is
not a valid surrogate for reduction in the risk of nonverte-
bral fractures. These data raise important questions about
the mechanisms underlying the improvement in bone
strength associated with antiresorptive therapy. Increases in
BMD, as measured by DXA, are likely caused by increased
secondary mineralization (a material property of bone).
Recent studies suggest that decreases in bone turnover may
be an important contributor to the reductions in vertebral
fracture risk associated with antiresorptive therapy.(39,40)

Eastell et al.(40) found that changes in bone resorption
markers accounted for >50% of the reduction in vertebral

fracture risk in patients treated with risedronate. Studies in
both animal models and humans suggest that it is likely that
changes in microarchitecture are also important.(41,42)

Thus, it seems that fracture reduction in response to anti-
resorptive therapy is caused by an interplay of multiple
effects and that change in BMD plays only a small role.

The results of our analyses with risedronate, as well as
observations from the published literature,(19) indicate that
the magnitude of change in BMD associated with risedro-
nate and alendronate treatment does not by itself predict
the size of the effect of osteoporosis treatment on nonver-
tebral fracture risk. These findings indicate that the relative
effectiveness of these bisphosphonates on the risk of non-
vertebral fracture cannot be inferred on the basis of com-
parisons of their effects on BMD alone.
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