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Osteoporosis is in part a natural consequence of aging, although endogenous
estrogen deficiency is an important pathophysiologic contribution to its
occurrence in women. Age-related bone loss is the main cause of hip and

vertebral fractures in elderly people. In addition to the morbidity and costs associ-
ated with these fractures, there is the nontrivial mortality. About 20% of patients
with hip fracture die within the year, and about the same percentage require long-
term care.1 Vertebral fractures due to osteoporosis also contribute significantly to
increased mortality2,3 and prolonged disability.4 The age-adjusted relative risk of dy-
ing from any clinical fracture more than doubles for individuals over the age of
60 years (relative risk [RR] 2.5, 95% confidence interval [CI] 1.37–3.42).5

Osteoporosis can be detected by measurements of bone mineral density (BMD)
or inferred from the presence of pre-existing osteoporosis-related fractures such as
vertebral or hip fractures. Among patients with osteoporosis (by BMD measure-
ments but without pre-existing fractures), the 3–4-year incidence of new vertebral
fractures ranges from 2% to 4%,6–8 whereas hip fracture rates range from 1.1% to
5.1%.6,9 The presence of pre-existing osteoporosis-related fractures is markedly as-
sociated with an increase in risk for future fractures at many skeletal sites (over a
comparable time frame), such that vertebral fracture incidence increases to
15%–29%,7,8,10–14 and hip fracture incidence increases to 2.2%–5.7%.9,12–14 These
fracture rates were observed in randomized placebo-controlled clinical trials de-
signed to assess the efficacy of new pharmaceutical drugs intended to reduce inci-
dent fracture rates. Although the inclusion criteria for enrolment of subjects into
these trials were not strictly comparable, the fracture incidence data in placebo-
treated patients consistently demonstrate that a pre-existing osteoporosis-related
fracture serves as a harbinger of an increased risk of subsequent fracture, even if the
patient takes modest calcium and vitamin D supplements.

A number of drugs have been used to slow down the progress of osteoporosis
and, most importantly, to reduce the risk of both vertebral and all nonvertebral
fractures, including those of the hip. Although practice guidelines published by the
Osteoporosis Society of Canada15 recommend estrogen replacement as the therapy
of choice for osteoporosis, there are as yet no randomized controlled trials to sup-
port this recommendation. Vitamin D and calcium supplementation have been
shown to reduce the incidence of nonvertebral fractures,16 but this benefit may be
more limited than was once thought.17,18

The bisphosphonates are a new class of compounds that act by selectively in-
hibiting osteoclast function, and thus bone resorption, during the remodelling cycle
of bone turnover. Although the precise mechanism of action has not been defined,
the net effect of these compounds appears to be a reversal of the remodelling deficit
in patients with osteoporosis, such that bone remodelling leads to gradual incre-
ments in bone mass, which are easily detectable by skeletal BMD measurements at
either the lumbar spine or the femoral neck.

It is now well established that taking bisphosphonates leads to consistent in-
creases in axial BMD, irrespective of the severity of the underlying osteoporo-
sis.6,7,9,12–14,19,20 Randomized controlled clinical trials (RCTs) have demonstrated BMD
gains of 4.5%–8.3% at the lumbar spine and 1.6%–3.8% at the femoral neck for
patients treated for 3–4 years. Patients in the control groups, who are usually
treated with calcium and vitamin D supplements, show no clinically significant
changes in measured BMD. The increment in BMD during bisphosphonate ther-
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apy should translate into a reduction in observed fractures.
This hypothesis has now been tested in several RCTs that
evaluated the antifracture efficacy of etidronate, alen-
dronate and risedronate. Information about the pivotal
RCTs that were designed to assess the efficacy of oral bis-
phosphonates appears in Tables 1–3. The relative risk of
either vertebral or nonvertebral fracture, or hip fracture, is
consistently reduced during 3–4 years of therapy, but the
clinical and statistically significant reductions of incident
fractures are greater among women who have already expe-
rienced a vertebral fracture on entry to the trial.

Cyclical etidronate has been an approved treatment in
Canada for osteoporosis since 1995. However, 2 early ran-
domized clinical trials of etidronate were limited to several
hundred subjects and were powered to detect increments in
BMD rather than reductions in fractures, which typically
require several thousand subjects.19,20 Thus, the RCT evi-
dence for fracture efficacy with etidronate is not available.
In a recent meta-analysis of 13 trials that randomized
women to etidronate or an alternative (placebo or calcium
and/or vitamin D), the data suggested a reduction in verte-
bral fractures with a pooled relative risk of 0.63 (95% CI
0.44–0.92). There was no effect on nonvertebral fractures.21

However, a large matched cohort study within the General
Practitioners Research Database in the United Kingdom
has shown a significant reduction in both nonvertebral (RR
0.80, 95% CI 0.70–0.92) and hip fractures (RR 0.66, 95%
CI 0.51–0.85) among patients diagnosed with osteoporosis

and prescribed cyclical etidronate compared with an appar-
ently similar cohort treated with “other” medication.22

Although cyclical etidronate has been the mainstay of
established osteoporosis therapy in Canada for 6 years,
phase III RCT data concerning antifracture efficacy during
alendronate and risedronate treatment allow for a more
critical appraisal of the ability of bisphosphonates to pre-
vent incident fractures. In Table 2, we describe fracture
outcomes according to the presence or absence of prevalent
vertebral fractures at the time of enrolment. For the sake of
consistency, only the subgroups of enrolled patients con-
forming to this description are detailed.7,9

For patients with prevalent vertebral fractures at enrol-
ment, both alendronate and risedronate consistently reduce
the 3–4-year incidence of new vertebral and, in general,
nonvertebral fractures (Table 2). Additional risk factors,
particularly advanced age, and initial BMD are not strictly
comparable for the alendronate and risedronate trials; how-
ever, the absolute risk reduction is such that the number of
patients who need to be treated with 3–4 years of bisphos-
phonate therapy is quite consistent: 9–20 to prevent a ver-
tebral fracture and 17–43 to prevent a nonvertebral fracture
(Table 2). Only two studies had a sufficiently large sample
size to detect the efficacy of alendronate12 and risedronate9

in preventing hip fractures. In these 2 trials, a reduction of
about 50% in hip fracture incidence required larger esti-
mates of the number of patients who need to be treated to
prevent one hip fracture of 9112 and 429 respectively.

The data for incident fracture prevention in post-
menopausal women without prevalent vertebral fractures at
enrolment are less convincing (Table 2). RCTs of alen-
dronate therapy demonstrated significant reductions in in-
cident vertebral fractures,6,7 but the incident vertebral frac-
ture rates of the control groups were 25% lower than those
documented in other alendronate trials (Table 2). This re-
sulted in estimates of the number of patients who need to
be treated to prevent new vertebral fractures that were 3
times higher than those calculated in bisphosphonate trials
involving women with pre-existing vertebral fractures
(Table 2).

Although the incidence of nonvertebral fracture, and
specifically hip fractures, is quite similar in all of the studies
outlined in Table 2, bisphosphonates have not been un-
equivocally shown to reduce the incidence of hip fractures
in the absence of documented prevalent vertebral
fractures.6,9 The risedronate trial was specifically designed
to evaluate hip fracture incidence (Hip fracture Interven-
tion Program, HIP) in elderly women with unequivocally
low BMD measurements (femoral neck T-scores ≤ 3.0).9 In
the intention-to-treat analysis, an overall reduction in hip
fractures was found (RR 0.6, 95% CI 0.4–0.9). However,
within the preplanned stratified analysis, the significant re-
ductions in observed incident hip fractures occurred only in
the subgroup with prevalent vertebral fractures at the time
of enrolment (Table 2). Indeed, the incidence of hip frac-
tures in the HIP trial cohort comprising women aged
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Table 1: Characteristics of randomized clinical trials
of the efficacy of bisphosphonates in preventing fractures

Trial
Total

enrolment
Duration,

yr
Mean age of

participants, yr

Trials involving women with prevalent vertebral fractures
Etidronate
Watts et al19 423 2 65
Storm et al20 66 3 68
Alendronate
Black et al12 2027 3 71
Risedronate
Harris et al13 2458 3 69
Reginster et al14 1226 3 71

McClung et al9*† 1703 3 70–79‡
Trials involving women without prevalent vertebral fractures
Alendronate
Cummings et al6 4432 4 68
Liberman et al7§ 994 3 64

Liberman et al7†¶ 181 3 NA

Risedronate
McClung et al9*† 2648 3 70–79‡
McClung et al9** 3886 3 83

Note: NA = not available.
*Participants with osteoporosis confirmed by bone mineral density.
†Data shown for subgroups with and without vertebral fractures at baseline.
‡Age range of participants.
§Twenty percent of participants had prevalent vertebral fractures at baseline.
¶Subgroup without prevalent vertebral fractures.
**Women aged > 80 years with ≥ 1 clinical risk factor.



80 years and older with at least one nonskeletal risk factor
for “frailty” failed to show antifracture efficacy of rise-
dronate, even though the hip fracture incidence in the con-
trol group was generally higher than that in other pub-
lished studies.9 The large Fracture Intervention Trial with
alendronate confirmed that it provided protection against
hip fractures for women with prevalent vertebral fractures,12

but this was not found in the intention-to-treat analysis of
women who had no prevalent vertebral fractures at enrol-
ment.6 However a subgroup analysis of women without
prevalent vertebral fractures, but with a confirmed BMD
measurement at the femoral neck that was less than or
equal to 2.5 standard deviations below peak adult bone
mass, did show a significant reduction in the incidence of

hip fractures.6 Thus, a low BMD is still seen as an impor-
tant independent risk factor for hip fracture.

Thus, these RCTs of all 3 of the bisphosphonates in the
treatment of osteoporosis clearly show a beneficial effect on
BMD at several skeletal sites. The balance of evidence sup-
ports a beneficial antifracture efficacy for etidronate, but
this agent may be less effective than either alendronate or
risedronate. For example, in one study, 80% of patients
treated with cyclical etidronate demonstrated an increased
BMD at the lumbar spine,23 whereas over 95% responded
to alendronate.24 In the absence of a head-to-head compari-
son, the therapeutic equivalence, or lack of it, of etidronate
as compared with alendronate or risedronate in the preven-
tion of fractures must remain an open question. In women
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Table 2: Randomized clinical trials of the efficacy of bisphosphonates in preventing fractures

Trial
Vertebral

fractures, %*†
RR

(95% CI) NNT‡
Nonvertebral
fractures, %*†

RR
(95% CI) NNT‡

Hip
 fractures, %*†

RR
(95% CI) NNT‡

Higher risk of fracture (women with at least 1 vertebral fracture at the start of the trial)

Etidronate
Watts et al19 30 v. 63§ NA 20 17 v. 15 NA – NA – –

Storm et al20 18 v. 43 NA – 15 v. 18 NA – NA – –

Alendronate
Black et al12 8 v. 15¶

0.5
(0.4–0.7) 9 12 v. 15

0.8
(0.6–1.0) – 1.1 v. 2.2§

0.5
(0.2–1.0) 91

Risedronate
Harris et al13 11 v. 16¶

0.6
(0.4–0.8) 20 5 v. 8§

0.6
(0.4–0.9) 43 2.5 v. 3.3 – –

Reginster
et al14 18 v. 29¶

0.5
(0.4–0.7) 10 36 v. 51§

0.7
(0.4–1.0) 20 2.6 v. 3.2 – –

McClung
et al9**†† NA – – 10 v. 16¶

0.7
(0.5–0.9) 17 2.3 v. 5.7¶

0.4
(0.2–0.8) 42

Lower risk of fracture (women with no earlier vertebral fracture at the start of the trial)

Alendronate
Cummings
et al6 2 v. 4¶

0.6
(0.4–0.8) 60 12 v. 13 – – 0.9 v. 1.1 – –

Liberman
et al7‡‡ 3 v. 6§

0.5
(0.3–1.0) 33 9 v. 11 – – 0.2 v. 0.8 – –

Liberman
et al7††§§ 1 v. 2 – – – – – – – –

Risedronate
McClung
et al9**†† NA – – 11 v. 12 – – 1.0 v. 1.6 – –

McClung
et al9¶¶ NA – – 11 v. 12 – – 4.2 v. 5.1 – –

Note: RR = relative risk, CI = confidence interval, NNT = number needed to treat.
*Fracture rates shown as published; for etidronate, vertebral fracture rates are expressed as number of fractures/100 patient-years. Otherwise fracture rates are reported as % of patients
experiencing a fracture during the trial.
†Treatment subjects versus control subjects.
‡NNT calculations were not performed if the reduced fracture incidence was not significant.
§p < 0.05 for significant reductions in fracture incidence (% treated subjects) during 3–4 years of the trial.
¶p < 0.01 for significant reductions in fracture incidence (% treated subjects) during 3–4 years of the trial.
**Participants with osteoporosis confirmed by bone mineral density.
††Data shown for subgroups with and without prevalent vertebral fractures at baseline. These data are not necessarily the intention-to-treat outcome analyses.
‡‡Data shown for all 3 doses combined versus placebo. Twenty percent of participants had prevalent vertebral fractures at baseline.
§§Subgroup without prevalent fractures.
¶¶Women aged > 80 years with ≥ 1 clinical risk factor.



with prevalent vertebral fractures, particularly if they have
BMD measurements diagnostic of osteoporosis (i.e., a T-
score at any site ≤ –2.5), both alendronate and risedronate
unequivocally reduce incident fractures at all sites by up to
50% when treatment continues for 3–4 years or longer.
Number-needed-to-treat calculations suggest that 40 or
fewer women need treatment to prevent either a vertebral
or nonvertebral fracture.

In women with a low BMD, but no prevalent fractures,
the risk reduction for subsequent fractures is comparable,
but more women require treatment to prevent a fracture
because fracture rates are much lower in this group. To
date, significant reductions in hip fracture incidence have
been shown in subjects who have already suffered vertebral
compression fractures, although it is probable that similar
protection is conferred in elderly women with very low
BMD measurements. However, even frail elderly patients
over 80 years of age are not significantly protected from
hip fracture in the absence of demonstrable “fragility” frac-
tures at other sites.

In conclusion, the evidence to date confirms the effec-
tiveness of the bisphosphonate family in the treatment of
women with severe osteoporosis and in protecting them
from future fractures. There is little information docu-
menting the impact of therapy on mortality and morbidity.

From the known epidemiologic data on the consequence of
fractures in elderly women (as discussed earlier), prevention
of fractures should reduce both morbidity and mortality.
The morbidity experienced by women in the alendronate
trials has been partially reported; women in the treatment
arm experienced significantly fewer days with back pain
and fewer days of bedrest.25 Information regarding admis-
sions to hospital and mortality during bisphosphonate
treatment has yet to be made available. Bisphosphonates
are well tolerated, but poorly absorbed, requiring a rigor-
ous dosing protocol. The recent finding that weekly dos-
ing, as compared with daily dosing, with alendronate re-
sults in comparable increments in BMD measurements
should improve the side-effect profile of this drug and en-
hance compliance.24 This family of therapeutic agents is a
potent addition to the treatment of postmenopausal osteo-
porosis.
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Table 3:  Changes in bone mineral density (BMD) observed
in randomized clinical trials of the efficacy of
bisphosphonates in preventing fractures

% change in BMD (treatment v. control)

Trial Vertebral Femoral neck

Trials involving women with prevalent vertebral fractures
Etidronate
Watts et al19 4.5 v. 1.2* 3.0 v. 0.5
Storm et al20 5.3 v. –2.7† NA

Alendronate
Black et al12 7.5 v. 1.3† 3.6 v. –0.5†
Risedronate
Harris et al13 5.4 v. 1.1* 1.6 v. –1.2*
Reginster et al14 7.5 v. 1.5* 2.2 v. –1.0*

McClung et al9‡§ NA NA

Trials involving women without prevalent vertebral fractures
Alendronate
Cummings et al6 8.3 v. 1.5† 3.8 v. –0.8†
Liberman et al7¶ 8.0 v. –0.8† 3.2 v. –1.3†
Liberman et al7§** NA NA
Risedronate
McClung et al9‡§ NA NA

McClung et al9†† NA NA

*p < 0.05.
†p < 0.01.
‡Participants with osteoporosis confirmed by BMD.
§Data shown for subgroups with and without prevalent vertebral fractures at baseline. These
data are not necessarily the primary intention-to-treat outcome analyses.
¶Data shown for all 3 doses combined versus placebo. Twenty percent of participants had
prevalent vertebral fractures at baseline.
**Subgroup without prevalent fractures.
††Women aged > 80 years with ≥ 1 clinical risk factor.
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7336 x2126; patrick.sullivan@cma.ca). Articles should be no more
than 1200 words, and photographs or illustrations are encouraged.
The deadline for submissions is Oct. 1, 2002.  


