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Background: Many elderly female residents of long-term care
facilities have osteoporosis and could benefit from intervention to
increase bone density.

Objective: To examine the efficacy and safety of alendronate for
treatment of osteoporosis in elderly female residents of long-term
care facilities.

Design: Multicenter, randomized, double-blind, placebo-con-
trolled 2-year study.

Setting: 25 long-term care facilities.

Patients: 327 elderly women with osteoporosis.

Intervention: Patients were randomly assigned to receive alen-
dronate, 10 mg/d, or placebo. All patients also received vitamin D,

400 IU/d, and some patients received supplemental calcium (total
intake, approximately 1500 mg/d).

Measurements: Bone mineral density (BMD) of the spine and
hip and biochemical markers of bone turnover.

Results: Alendronate produced significantly greater increases in
BMD than did placebo (24-month differences: spine, 4.4% [95%
CI, 3.3% to 5.5%]; femoral neck, 3.4% [CI, 2.3% to 4.4%]).
Alendronate produced greater decreases from baseline in bio-
chemical markers of bone turnover than did placebo (P < 0.001).

Conclusion: Alendronate increased BMD at both the spine and
hip in elderly female residents of long-term care facilities.
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Osteoporosis increases in prevalence with age and is
very common in elderly women. The estimated

prevalence of osteoporosis in community-dwelling el-
derly women aged 70 to 79 years is 55%; this rate in-
creases to 73% among those older than 80 years of age
(1). The prevalence in elderly female residents of long-
term care facilities is even higher. One study (2) re-
ported an 85% prevalence of osteoporosis at nursing
home admission. A large survey of nursing home resi-
dents found a prevalence of 63.5% for women aged 65
to 74 years and 85.8% for women older than 85 years of
age (3).

Because most osteoporosis studies have focused on
younger postmenopausal women and few studies have
evaluated residents of long-term care facilities, we exam-
ined the efficacy and tolerability of alendronate for treat-
ing osteoporosis in elderly female residents of long-term
care facilities.

METHODS

This randomized, double-blind, placebo-controlled,
2-year study was conducted at 25 U.S. centers. Each
center recruited ambulatory female residents 65 years of

age or older who lived in local long-term care facilities,
including skilled-care nursing homes and assisted-living
centers, but not facilities that housed independent, com-
munity-dwelling elderly persons. Participants were re-
quired to have a bone mineral density (BMD) lower
than a T-score of �2.0 at the posterior–anterior lumbar
spine or total hip. Women were excluded for the follow-
ing: disorders of bone mineralization, 25-hydroxychole-
calciferol level less than 25 nmol/L, untreated hyper-
thyroidism, recent major upper gastrointestinal mucosal
erosive disease, or use of bone-active agents.

The ethics committee for each site approved the study,
and all patients gave informed consent. A total of 832
women consented to participate; the 327 women who met
the inclusion and exclusion criteria were enrolled.

Patients were randomly assigned (using a computer-
generated allocation schedule) to receive alendronate, 10
mg/d (Fosamax, Merck & Co., Inc., Whitehouse Sta-
tion, New Jersey), or matching placebo for 24 months.
Patients also received vitamin D, 400 IU/d. Calcium
carbonate (OsCal 500, SmithKlineBeecham Consumer
Healthcare, Pittsburgh, Pennsylvania) was given to pa-
tients whose daily dietary calcium intake was less than
1500 mg.
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Bone mineral density of the hip and spine was mea-
sured by using dual-energy x-ray absorptiometry (Ho-
logic, Waltham, Massachusetts) and was analyzed by a
central quality assurance center (MDM, Waltham, Mas-
sachusetts). A central laboratory (Pacific Biometrics, Se-
attle, Washington) analyzed biochemical markers of
bone formation (serum bone-specific alkaline phospha-
tase, measured by using Tandem-R Ostase kit, Hy-
britech, Inc., San Diego, California) and bone resorp-
tion (urinary N-telopeptide of type I collagen adjusted
for urinary creatinine, measured by using Osteomark
enzyme-linked immunoassay, Ostex International, Inc.,
Seattle, Washington). We also collected routine labora-
tory measures for safety (chemistry, hematology, and
urinalysis) and information on the occurrence of clinical
adverse experiences and clinical fractures.

We used SAS software, version 6.12, for statistical
analyses (SAS Institute, Inc., Cary, North Carolina). Base-
line demographic characteristics of the two treatment
groups were compared by using t-tests (for continuous
data) and Fisher exact tests (for categorical data). Analysis
of variance was used to compare BMD and biomarker end
points between groups. Paired t-tests were used to compare
outcomes against baseline values within treatment groups.
An intention-to-treat approach was followed in the analyses
of BMD end points (for missing data, the last postrandom-
ization observation was carried forward to subsequent time
points) and safety data. A per protocol approach was used
for analysis of biomarkers. Sensitivity analyses were done
separately for BMD and biomarker end points by using
mixed models that accounted for the correlation between
all available measurements of BMD (up to 12 for each
participant) and biomarkers (up to 8 for each participant).
Data points were not carried forward in these analyses.
Treatment comparisons were made by using the appropri-
ate contrasts from the interaction term for treatment � test
site � visit (using the MIXED procedure [4]).

Employees of Merck & Co., Inc., contributed to the
protocol design, recruitment of investigators, and collec-
tion and analysis of data. Merck & Co., Inc., had com-
mitted to submitting the data for publication regardless
of study outcome.

RESULTS

Most patients were residents of continuing-care re-
tirement communities (68%); others resided in retire-

ment communities (12%), congregate-care facilities
(8%), and other types of facilities (12%), including
skilled-care nursing homes and residential-care facilities.
The characteristics of each treatment group were similar
at baseline. The mean age was 78.5 years (range, 65 to
91 years). Most patients (97%) were white. The mean
BMD T-scores at the hip and spine ranged from �3.5
to �2.4. Fifty-five percent of patients had a history of
fracture, 19% reported a history of upper gastrointesti-
nal disorder at baseline, and 64% used either aspirin or
a nonsteroidal anti-inflammatory drug during the study.

Increases in BMD at all sites were significantly
greater in the alendronate group than in the placebo
group at all time points measured (Figure 1). Compared
with placebo, alendronate produced significantly greater
increases in BMD (24-month differences: posterior–
anterior spine, 4.4% [95% CI, 3.3% to 5.5%]; lateral
lumbar spine, 5.7% [CI, 3.9% to 7.5%]; femoral neck,
3.4% [CI, 2.3% to 4.4%]; hip trochanter, 4.7% [CI,
3.4% to 6.0%]). The largest increases from baseline
with alendronate occurred at the lateral lumbar spine
(7.4% [CI, 6.1% to 8.7%]; absolute change, 0.039
g/cm2 [CI, 0.032 to 0.046 g/cm2]; P � 0.001) and the
posterior–anterior lumbar spine (6.3% [CI, 5.5% to
7.0%]; absolute change, 0.047 g/cm2 [CI, 0.042 to

Context

Although the prevalence of osteoporosis increases with
advancing age, most therapeutic studies have focused on
younger postmenopausal women. It is not known whether
treatment is effective in elderly women.

Contribution

The efficacy and tolerability of alendronate in elderly fe-
male residents of long-term care facilities were tested in a
2-year randomized, double-blind, placebo-controlled
study. Alendronate significantly increased bone mineral
density and decreased bone turnover when compared with
placebo in this elderly population. Side effects did not dif-
fer between treatment groups.

Implications

Elderly women with osteoporosis may benefit from alen-
dronate therapy. The effect of this therapy on incidence of
fractures or the optimum length of therapy cannot be de-
termined from this study.

–The Editors
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0.053 g/cm2]; P � 0.001) at 24 months. Decreases in
levels of bone-specific alkaline phosphatase and urinary
N-telopeptide adjusted for urinary creatinine were sig-
nificantly greater in alendronate recipients than in pla-
cebo recipients at all time points measured (P � 0.001)
(Figure 2). The mixed-model analyses yielded similar
results.

More patients receiving placebo experienced a frac-
ture during the study (11% of placebo recipients vs. 8%
of alendronate recipients), but this finding was not sta-
tistically significant. Hip fracture occurred in 4 patients
receiving placebo and 2 patients receiving alendronate.
Overall, 13 fractures were reported in 13 patients receiv-
ing alendronate and 28 fractures were reported in 18
patients receiving placebo.

In each group, the percentage of patients reporting
any clinical adverse experience was the same (93%). The
percentage of patients reporting any upper gastrointesti-
nal adverse event did not significantly differ between
groups (33% in the alendronate group vs. 35% in the

placebo group), nor did the percentage of patients re-
porting serious upper gastrointestinal adverse events
(0.6% for alendronate vs. 1.9% for placebo).

DISCUSSION

In this study, alendronate significantly improved
both hip and spine BMD in elderly female residents of
long-term care facilities. These improvements were asso-
ciated with the expected decreases in bone resorption. In
addition, alendronate was generally well tolerated in this
elderly cohort.

Although several studies have documented improve-
ments in BMD among community-dwelling postmeno-
pausal women treated with alendronate, our study is the
first to examine the efficacy of 10 mg of alendronate per
day in elderly residents of long-term care facilities. Bone
and colleagues (5) studied community-dwelling elderly
women with osteoporosis (mean age, 71 years) and
found a dose-related response of BMD with use of alen-

Figure 1. Changes in bone mineral density (BMD).

Values are mean percentage changes in BMD of the posterior–anterior lumbar spine, lateral lumbar spine, hip trochanter, and femoral neck with 10 mg
of alendronate per day (circles) or placebo (squares) over 24 months. P values refer to between-group comparisons. For alendronate, within-group changes
from baseline are significant at each time point and at each site (P � 0.001). In the placebo group, increases in BMD over baseline values were significant
only at the lumbar spine (posterior–anterior lumbar spine, P � 0.001 at 6, 12, and 24 months; lateral lumbar spine, P � 0.031 at 6 months and P �
0.008 at 24 months). Bars represent 95% CIs.
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dronate dosages as high as 5 mg/d. The improvements
in BMD in our study indicate that even in elderly
women, BMD significantly increases with alendronate.
Furthermore, a woman who reaches age 65 years can on
average expect to live to age 84, and women who survive
to age 85 can expect to live to age 92 (6). Therefore, it
would be clinically relevant and appropriate to treat
these patients, even though they are elderly, with a med-
ication that reduces fracture rates in 1 to 3 years.

No bone loss occurred in the placebo group. This
may have been due to adequate calcium intake and the
use of vitamin D. Previous studies have shown that bone
loss slows with calcium supplementation (7, 8) and that
hip BMD increases and fracture rate decreases with use
of vitamin D and calcium supplementation in elderly
female residents of long-term care facilities (9). Our
study showed that while use of calcium and vitamin D
alone may help slow bone loss, additional therapy is
required to substantially increase BMD.

Establishing safety is important when any medica-
tion is given to elderly patients in long-term care set-
tings. Previous clinical trials with alendronate have re-
ported rates of gastrointestinal adverse events similar to
those seen with placebo (5, 10–12). The potential for
adverse gastrointestinal events in elderly patients is rele-
vant because such patients may have undiagnosed gastro-
esophageal reflux and other esophageal abnormalities.
Our study shows that alendronate is generally well tol-
erated by elderly residents of long-term care facilities
and that gastrointestinal events did not differ between
patients receiving alendronate and those receiving pla-
cebo. Once-weekly administration of alendronate may
be particularly attractive in residents of long-term care
facilities, in whom strict adherence to dosing instruc-
tions may be difficult (13, 14).

Our study has several limitations. It was not pow-
ered or designed to examine fracture incidence. A larger
trial with fracture as an end point would be required to
assess the benefit on fracture incidence in this popula-
tion. Since we included only ambulatory female resi-
dents, the results may not be generalizable to nonambu-
latory residents.

An estimated 2 million Americans reside in long-
term care facilities, and another 4 million persons with
similar functional impairment and frailty live in the
community (15). Because Americans older than 85 years
of age are the fastest-growing segment of the population,

the number of residents of long-term care facilities is
expected to increase. It is therefore critical that therapies
for osteoporosis be made available to elderly patients in

Figure 2. Changes in biochemical markers of bone
turnover.

Values are back-transformed mean log percentage changes from baseline
in levels of serum bone-specific alkaline phosphatase and urinary N-
telopeptide adjusted for urinary creatinine with 10 mg of alendronate per
day (circles) or placebo (squares) over 24 months. P values refer to be-
tween-group comparisons. In the alendronate group, changes from base-
line for both measures were significant (P � 0.001) at each time point.
In the placebo group, within-group changes in bone-specific alkaline
phosphatase level were significant at months 3 and 6, 12, and 24 (P �
0.001, P � 0.003, and P � 0.014, respectively); levels of urinary N-
telopeptide adjusted for urinary creatinine did not differ from baseline at
any time point. Bars represent 95% CIs.
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these settings (16). Although our study shows that alen-
dronate is efficacious and generally well tolerated in el-
derly women, further studies are needed to establish the
appropriate duration of treatment and acceptability of
alternative dosing regimens, such as once-weekly admin-
istration of alendronate, in the long-term care setting.
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