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OSTEOPOROSIS IS COMMON

among postmenopausal
women, and the disease
process is characterized by

increased bone turnover, progressive
loss of bone mass, microarchitectural
deterioration, and increased fracture
risk. Bisphosphonates, which are anti-
resorptive drugs, are the most com-
monly used pharmacologic treat-
ments for postmenopausal osteoporosis.
Alendronate, a potent bisphospho-
nate, decreases bone turnover, in-
creases bone mineral density (BMD),
and decreases vertebral, nonspine, and
hip fracture risk in women with os-
teoporosis.1-4
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Context The optimal duration of treatment of women with postmenopausal os-
teoporosis is uncertain.

Objective To compare the effects of discontinuing alendronate treatment after 5
years vs continuing for 10 years.

Design and Setting Randomized, double-blind trial conducted at 10 US clinical cen-
ters that participated in the Fracture Intervention Trial (FIT).

Participants One thousand ninety-nine postmenopausal women who had been ran-
domized to alendronate in FIT, with a mean of 5 years of prior alendronate treatment.

Intervention Randomization to alendronate, 5 mg/d (n=329) or 10 mg/d (n=333),
or placebo (n=437) for 5 years (1998-2003).

Main Outcome Measures The primary outcome measure was total hip bone min-
eral density (BMD); secondary measures were BMD at other sites and biochemical mark-
ers of bone remodeling. An exploratory outcome measure was fracture incidence.

Results Compared with continuing alendronate, switching to placebo for 5 years re-
sulted in declines in BMD at the total hip (−2.4%; 95% confidence interval [CI], −2.9%
to −1.8%; P�.001) and spine (−3.7%; 95% CI, −4.5% to −3.0%; P�.001), but mean
levels remained at or above pretreatment levels 10 years earlier. Similarly, those dis-
continuing alendronate had increased serum markers of bone turnover compared with
continuing alendronate: 55.6% (P�.001) for C-telopeptide of type 1 collagen, 59.5%
(P� .001) for serum N=propeptide of type 1 collagen, and 28.1% (P�.001) for bone-
specific alkaline phosphatase, but after 5 years without therapy, bone marker levels
remained somewhat below pretreatment levels 10 years earlier. After 5 years, the cu-
mulative risk of nonvertebral fractures (RR, 1.00; 95% CI, 0.76-1.32) was not signifi-
cantly different between those continuing (19%) and discontinuing (18.9%) alen-
dronate. Among those who continued, there was a significantly lower risk of clinically
recognized vertebral fractures (5.3% for placebo and 2.4% for alendronate; RR, 0.45;
95% CI, 0.24-0.85) but no significant reduction in morphometric vertebral fractures
(11.3% for placebo and 9.8% for alendronate; RR, 0.86; 95% CI, 0.60-1.22). A small
sample of 18 transilial bone biopsies did not show any qualitative abnormalities, with
bone turnover (double labeling) seen in all specimens.

Conclusions Women who discontinued alendronate after 5 years showed a moder-
ate decline in BMD and a gradual rise in biochemical markers but no higher fracture risk
other than for clinical vertebral fractures compared with those who continued alend-
ronate. These results suggest that for many women, discontinuation of alendronate for
up to 5 years does not appear to significantly increase fracture risk. However, women at
very high risk of clinical vertebral fractures may benefit by continuing beyond 5 years.

Trial Registration clinicaltrials.gov Identifier: NCT 00398931
JAMA. 2006;296:2927-2938 www.jama.com
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Treatment for osteoporosis often
continues indefinitely, but few studies
have examined the effects of using bis-
phosphonates longer than 5 years or the
effects of stopping treatment after 5
years. A small number of participants
in a phase 3 study of alendronate were
followed up for as long as 10 years of
continued treatment.5 Among women
who continued alendronate, spinal
BMD increased throughout the entire
treatment period, with maintenance of
increases in hip BMD. Women who dis-
continued treatment experienced small
declines in hip BMD but maintained
lumbar spine BMD. Similar BMD find-
ings were reported from the 7-year fol-
low-up of a small subset of partici-
pants in a study of risedronate.6 Few
fracture risk data are available for long-
term bisphosphonate treatment, al-
though 1 study supported the long-
term safety of alendronate by showing
no increased fracture risk over 10 years.5

Pharmacokinetic studies show that
bisphosphonates remain in bone ma-
trix for many years, and the incorpo-
rated bisphosphonate remains inac-
tive until it is gradually released as bone
containing it is resorbed. The termi-
nal half-life of alendronate is similar to
that of bone mineral, approximately
10.5 years.7 Thus, some of the skeletal
effects of alendronate and other bis-
phosphonates may last for years after
treatment stops. These findings sug-
gest that stopping treatment after 4 to
5 years might result in residual clini-
cal efficacy, but the magnitude and du-
ration of this effect remains uncertain.
Because the effects of long-term use and
discontinuation have been studied only
in small numbers of participants who
were not randomly assigned to con-
tinuation or discontinuation, avail-
able data are inadequate to determine
optimal treatment duration.

The Fracture Intervention Trial
(FIT), a randomized, blinded, placebo-
controlled trial, examined the effect of
daily alendronate on BMD and frac-
ture risk in postmenopausal women
with low BMD. Average follow-up dur-
ing treatment was 3.8 years, with op-
tional open-label treatment continua-

tion after trial completion. In this article,
we report data from the FIT Long-
term Extension (FLEX), designed to
evaluate in a randomized trial the ef-
fects on BMD of either continuation of
alendronate, 5 or 10 mg/d for a total of
10 years, or discontinuation after ap-
proximately 5 years.

METHODS
Participants

Details of the design and outcomes of
FIT, as well as interim results from
F L E X , h a v e p r e v i o u s l y b e e n
reported.2,3,8,9 For the FIT study, post-
menopausal women aged 55 to 81
years with low femoral neck BMD
(�0.68 g/cm2) were eligible to partici-
pate. Of 6459 enrolled participants,
2027 women with 1 or more preexist-
ing vertebral deformit ies were
enrolled in the vertebral fracture arm
and 4432 women with no existing
vertebral deformity were enrolled in
the clinical fracture arm. In each arm,
women were randomized to alendr-
onate, 5 mg/d for 2 years and 10 mg/d
thereafter (n = 3236), or placebo
(n=3223). Average follow-up in the
FIT vertebral fracture arm was 2.9
years and in the clinical fracture arm
was 4.2 years. One year of alendr-
onate, 10 mg/d, was offered at no cost
to all participants at the end of FIT.
Thereafter, women were encouraged
to consult their personal physicians
regarding continued treatment.

Eligibility in FLEX was limited to
women assigned to receive alendro-
nate during FIT who completed at least
3 years of treatment during the trial and
subsequent open-label period. Women
whose total hip BMD at FLEX base-
line was less than 0.515 g/cm2 (T score
�−3.5)10 or whose total hip BMD was
lower than at FIT baseline were ineli-
gible. Because fracture risk and bone
density differ by race, women were
asked to report their race/ethnicity dur-
ing the baseline visit. This self-
reported race/ethnicity was recorded by
the interviewer as 1 of the following cat-
egories: white, black or African Ameri-
can, Hispanic or Latina, Asian or Pa-
cific Islander, or other (specified). Ten

of the 11 original clinical centers in FIT
participated in FLEX. A total of 1099
women were enrol led in FLEX
(FIGURE 1). All women provided writ-
ten informed consent, and the proto-
col was approved by the appropriate in-
stitutional review boards.

Treatment

At FLEX baseline, participants were
randomly allocated (using a permuted-
block design, stratified by study stra-
tum and center) to receive alendro-
nate, 10 mg/d (30%), alendronate, 5
mg/d (30%), or placebo (40%) for 5
years. Each participant was also of-
fered a daily supplement containing 500
mg of calcium and 250 U of vitamin D.
Two randomization strata were de-
fined: the higher-risk stratum in-
cluded women with 1 or more mor-
phometric vertebral deformities at the
end of FIT or with a clinical fracture
during FIT; all other women were ran-
domized to the low-risk stratum.

Participants and all study staff and
investigators, except a senior statisti-
cian, remained blinded to treatment al-
location and BMD follow-up values
throughout the study. The senior stat-
istician created unblinded reports that
were reviewed periodically by a data
monitoring committee. The 3-year in-
terim analysis9 was performed with-
out unblinding of investigators to in-
dividual assignments.9

Follow-up

Annual examinations were conducted
at clinical centers. Every 3 months,
women were contacted by telephone to
encourage adherence, identify ad-
verse experiences (including frac-
tures), and update concurrent medica-
tion use. Adherence was assessed in the
clinic by self-report and pill count.

BMD Measurement

At FLEX baseline, BMD was measured
at the posteroanterior lumbar spine, hip
(femoral neck, trochanter, total), and
total body using dual-energy x-ray ab-
sorptiometry. Forearm BMD was mea-
sured in 40% of participants. Measure-
ments were made with the same
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Hologic QDR 2000 densitometers used
for FIT (Hologic Inc, Bedford, Mass).
Hip BMD was measured annually;
spine, total body, and forearm BMD
were measured at the 36- and 60-
month visits. Total hip BMD was the
primary end point, while BMD mea-
surements at other sites were second-
ary end points.

Dual-energy x-ray absorptiometry
quality control was the same as that
used in FIT, including technician train-
ing and certification, daily scanning of
local spine and hip phantoms, base-
line scanning of a study-wide phan-
tom at each center, and review of a ran-
dom sample of scans. In FLEX,
phantom-based reproducibility of spine
BMD was 0.4% to 0.5%, and for simi-
lar machines in other studies, in vivo
reproducibility has been reported as
about 1%.11-13 If a participant experi-
enced excessive bone loss at the total
hip (loss �8% over 1 year, 10% over 2
years, etc) or 3 or more new fractures,
the investigator was notified without
disclosing treatment assignment. Risks
and benefits associated with study con-
tinuation were discussed with the par-
ticipant. Discontinuation from study
drug was required if any total hip BMD
measurement was more than 5% be-
low the FIT baseline value.

Stature was assessed using a wall-
mounted stadiometer.8

Biochemical Markers
of Bone Turnover

At the end of FLEX, analyses of bio-
chemical markers (secondary end
points) were performed in 1 batch us-
ing stored serum from FIT and FLEX.
Of the 1099 participants in FLEX, a
sample of 236 participants were cho-
sen who had a complete set of samples
(at FIT baseline and at end of FIT study,
either 36 months or 48 months; at
FLEX baseline and at 36 and 60
months) and were adherent through-
out the study (defined as having taken
�75% of assigned study medication).
Specimens were obtained in a nonfast-
ing state and stored at −70°C during
FLEX. During FIT, samples were stored
at −70°C with the exception of 2 years

Figure 1. Screening, Enrollment, and Follow-up in FLEX

1195 Eligible for FLEX Screening

2852 Contacted to Participate in FLEX

3236 Randomly Assigned to Receive
Alendronate in FIT

1099 Randomized

333 Assigned to Receive
Alendronate, 10 mg/d

329 Assigned to Receive
Alendronate, 5 mg/d

437 Assigned to Receive Placebo

38 Did Not Complete Follow-up
7 Died

5 Did Not Have at Least
1 Postrandomization
BMD Measurement

3 Did Not Have at Least
1 Postrandomization
BMD Measurement

24 Withdrew

7 Lost to Follow-up

30 Did Not Complete Follow-up
12 Died

2 Did Not Have at Least
1 Postrandomization
BMD Measurement

1 Did Not Have at Least
1 Postrandomization
BMD Measurement

2 Did Not Have at Least
1 Postrandomization
BMD Measurement

12 Withdrew

6 Lost to Follow-up

36 Did Not Complete Follow-up
19 Died

4 Did Not Have at Least 
1 Postrandomization
BMD Measurement

2 Did Not Have at Least 
1 Postrandomization
BMD Measurement

14 Withdrew

3 Lost to Follow-up

295 Completed Follow-up
71 Discontinued Study

Medication
2 Did Not Have at Least

1 Postrandomization
BMD Measurement
1 Poor Health
1 Bilateral Hip Replacement

224 Received Study Medication
Until End of Study
1 Did Not Have at Least

1 Postrandomization
BMD Measurement
(Bilateral Hip
Replacement)

299 Completed Follow-up
63 Discontinued Study

Medication
236 Received Study Medication

Until End of Study
3 Did Not Have at Least 

1 Postrandomization
BMD Measurement
(Bilateral Hip
Replacement)

401 Completed Follow-up
102 Discontinued Study

Medication
1 Did Not Have at Least 

1 Postrandomization
BMD Measurement
(Poor Health)

299 Received Study Medication
Until End of Study
2 Did Not Have at Least

1 Postrandomization
BMD Measurement
(Bilateral Hip
Replacement)

322 Included in Primary Analysis
11 Not Included 

(No Postrandomization BMD
Measurement)

321 Included in Primary Analysis
8 Not Included 

(No Postrandomization BMD
Measurement)

428 Included in Primary Analysis
9 Not Included 

(No Postrandomization BMD
Measurement)

384 Excluded
325 at Clinical Center That

Discontinued Study
59 Died

1657 Not Screened
360 Chose to Continue Receiving

Open-Label Alendronate
325 Received Alendronate for <3 y
223 Receiving Excluded 

Bone-Active Medication
204 Other Ineligibility
505 Did Not Wish to Continue
40 Did Not Respond to Contact

96 Excluded
4 Did Not Meet BMD Criteria
5 Esophageal Abnormality or Recent

Upper Gastrointestinal Bleeding
34 Other Ineligibility
53 Did Not Wish to Continue

BMD indicates bone mineral density; FIT, Fracture Intervention Trial; FLEX, Fracture Intervention Trial Long-
term Extension.
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at −20°C. All assays were performed at
a central laboratory (Synarc, Lyon,
France). Serum C-terminal telopep-
tide of type 1 collagen, a marker of bone
resorption, and N-propeptide of type 1
collagen, a marker of bone formation,
were measured with 2-site immunoas-
says on an automatic analyzer (Elec-
cys, Riagnostic, Mannheim, Ger-
many) . Bone-spec i f i c a lka l ine
phosphatase was measured by the Os-
tase assay (Beckman, San Diego, Calif).
Intra-assay and interassay coefficients
of variability for serum N-propeptide of
type 1 collagen and serum C-terminal
telopeptide of type 1 collagen are ap-
proximately 4% and 6%, respectively.

During the study, 2 other bone mark-
ers were assayed at several time points,
and interim results were previously re-
ported.9 However, because of con-
cerns about assay drift with assays per-
formed over several years, these
analyses are not included herein.

Fractures

Fracture incidence in the alendronate
and placebo groups was an explor-
atory objective, including clinical and
morphometric vertebral fractures, all
nonvertebral fractures, forearm frac-
tures, and hip fractures. Potential frac-
tures were identified by self-report and
confirmed by radiology or surgical re-
ports. Pathological, skull, and exces-
sive trauma fractures were excluded.
Potential clinical spine fractures were
identified by diagnosis of vertebral frac-
ture by a participant’s physician, usu-
ally following reported back pain. A
copy of the spine radiograph used by
the participant’s physician to diag-
nose the fracture was compared with
radiographs from FLEX baseline. Clini-
cal spine fractures were confirmed if the
semiquantitative grading of vertebral
fractures14 had increased by at least 1
category from baseline.

Lateral spine radiographs were ob-
tained at FLEX baseline and at 36 and
60 months for morphometric verte-
bral fracture ascertainment. Six points
were placed on each vertebra to define
anterior, posterior, and mid heights (Sy-
narc Inc) and radiographs with sus-

pected incident morphometric frac-
tures were also given semiquantitative
grades.14,15 A new fracture was defined
as a decrease of more than 20% in any
vertebral height (minimum, 4 mm)
with a semiquantitative confirmation.
Prevalent vertebral fracture at base-
line was defined as either randomiza-
tion to the FIT vertebral fracture arm
or deformity on baseline FLEX radio-
graph derived from quantitative mor-
phometry.16,17

Bone Biopsies

Transilial bone biopsies, 7.5 mm in di-
ameter, were obtained at the conclu-
sion of FLEX using standard tech-
niques.18 Only 1 of the 10 sites chose
to participate in the bone biopsy study,
and a total of 29 samples were ob-
tained; 18 were of sufficient quality for
histomorphometry. To assess bone for-
mation, double fluorochrome label was
administered prior to biopsy. Two-
dimensional histomorphometry was
performed at Creighton University,
Omaha, Neb, using standard tech-
niques.19

Adverse Experiences

Adverse events were defined as occur-
rence of any untoward condition, in-
cluding minor illnesses, during the
course of the study. All information on
adverse experiences was gathered at
each patient contact, and specific cat-
egories were defined for analysis. These
included 3 general categories: serious
(fatal, life-threatening, or those requir-
ing or prolonging hospitalization);
those considered by clinical investiga-
tors as definitely, probably, or possi-
bly related to study medication; and
those resulting in study medication dis-
continuation. Upper gastrointestinal
tract adverse events were also identi-
fied by specific symptoms and diag-
noses.

Statistical Analyses

Modified intention-to-treat analysis, us-
ing all available data from all partici-
pants assigned to treatment who had at
least 1 follow-up measure, regardless of
study medication adherence, was used

for analysis of BMD. If at least 1 post-
randomization value was available, we
carried forward values for later miss-
ing values. In addition, we performed
sensitivity analyses without carrying
forward BMD values or excluding
women who discontinued study drug
or used other bone-active medica-
tions. The analysis of biochemical
markers was based on a subgroup of
women with high adherence and is
therefore de facto a per-protocol analy-
sis. As prespecified, data from both al-
endronate dosage groups were pooled
for primary analyses; secondary analy-
ses for BMD and biochemical markers
were performed without pooling. Any
significant differences between doses
are noted herein.

Baseline characteristics by FLEX
treatment group were compared by �2

tests and analysis of variance. As pre-
specified in the data analysis plan, per-
centage change in BMD from FLEX
baseline and log fraction of baseline val-
ues for bone turnover markers were
analyzed using an analysis of variance
model with factors for treatment as-
signment, study center, and fracture risk
stratum. Treatment differences were es-
timated by differences in least-square
means from the analysis of variance
model and by calculating 95% confi-
dence intervals (CIs). Clinical frac-
tures were analyzed using the Kaplan-
Meier estimator and the log-rank test
to compare treatment groups. The effect
of alendronate was evaluated using pro-
portional hazards models for clinical
fractures and logistic regression mod-
els for morphometric vertebral frac-
tures, adjusted for clinic and stratum.
Results are reported as relative risks
(RRs).

Comparison of the proportion of par-
ticipants with morphometric verte-
bral fractures was made using RRs and
the Mantel-Haenszel �2 statistic. �2 or
Fisher exact tests were used for be-
tween-group comparisons of adverse
events. The mean percentage change in
BMD from FIT baseline to the comple-
tion of FLEX was also analyzed. Frac-
ture efficacy was analyzed within sub-
groups of FLEX baseline BMD T score
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and by FLEX baseline vertebral
fracture.3,20

With a sample size of 1099, 4% ob-
served standard deviation BMD, and a
2-sided � level of .05, the trial had 90%
power to detect a difference of 0.9%
change in total hip BMD between the
combined alendronate vs placebo
groups. Based on 20% incidence of frac-
ture in placebo, the trial had 80% power
to detect a risk reduction of 33% to
13.5%.

RESULTS
Study Participants and Adherence

A total of 1099 women, all of whom
had previously received alendronate,
were enrolled in FLEX and rerandom-
ized to receive placebo (n=437), alen-
dronate, 5 mg/d (n=329), or alendr-
onate, 10 mg/d (n=333) (Figure 1).
The average age was 73 years, 61%
had self-rated very good or excellent
health, 34% had prevalent vertebral
fractures, and 60% had a history of
clinical fractures since menopause
(TABLE 1). At FLEX baseline, total hip
BMD averaged 0.73 g/cm2 (T score,
−1.9); femoral neck BMD, 0.61 g/cm2

(T score, −2.2); and lumbar spine
BMD, 0.90 g/cm2 (T score, −1.3). On
average, participants had taken alendr-
onate for 5 years during and after FIT
and 78% were currently using alendr-
onate. There were no significant differ-
ences between treatment groups.
Sc r een ing and randomiza t ion
occurred in 1998 and the last partici-
pant finished in October 2003.

Of the 1099 randomized partici-
pants, 914 women (87% of survivors)
had measurement of total hip BMD (the
primary study end point) at the 60-
month visit and 759 (72% of survi-
vors) were still taking study medica-
tion. This proportion did not vary by
treatment assignment (Figure 1). In the
placebo group, 83 of 102 who discon-
tinued study drug took bone-active
medications, including alendronate, at
some point during the study.

Bone Mineral Density

Among women enrolled in FLEX, all
of whom received alendronate during

FIT, 5 additional years of alendronate
(5- and 10-mg groups combined)
maintained BMD at the total hip com-
pared with placebo (mean difference,
2 .36%; 95% CI , 1 .81%-2 .90%;
P�.001) (TABLE 2). Women random-
ized to alendronate had a mean total

hip BMD decline of 1.02% compared
with 3.38% with placebo. The patterns
of change in femoral neck and tro-
chanteric BMD were similar, with
mean differences of 1.94% (95% CI,
1.20%-2.68%) and 3.17% (95% CI,
2.49%-3.84%), respectively (P�.001

Table 1. Characteristics of the Study Participants at FLEX Baseline*

Characteristics
Placebo
(n = 437)

Alendronate

P
Value

5 mg/d
(n = 329)

10 mg/d
(n = 333)

Age, mean (SD), y 73.7 (5.9) 72.7 (5.7) 72.9 (5.5) .05

Body mass index, mean (SD)† 25.8 (4.3) 25.7 (4.2) 25.9 (4.5) .73

Race
White 421 (96.3) 322 (97.9) 327 (98.2)

.22
Other 16 (3.7) 7 (2.1) 6 (1.8)

General health, self-reported
Very good or excellent 252 (57.8) 204 (62.2) 210 (63.3)

Good 157 (36.0) 109 (33.2) 100 (30.1) .08

Fair or poor 27 (6.2) 12 (3.7) 22 (6.6)

Walk for exercise 244 (57.0) 189 (58.7) 203 (61.9) .40

Fall in last 12 mo 105 (24.2) 80 (24.4) 71 (21.6) .64

Baseline vertebral fracture 150 (34.3) 107 (32.5) 119 (35.7) .68

History of clinical fracture (�45 years old) 260 (59.5) 196 (59.6) 204 (61.3) .86

High fracture risk stratum 165 (37.8) 125 (38.0) 131 (39.3) .90

Smoking
Never 223 (51.1) 172 (52.4) 163 (49.2)

Former 185 (42.4) 126 (38.4) 143 (43.2) .52

Current 28 (6.4) 30 (9.1) 25 (7.6)

Duration of alendronate use, mean (SD), y 5.0 (0.7) 5.0 (0.7) 4.9 (0.7) .10

Current alendronate use 341 (78.0) 275 (83.6) 262 (78.7) .13

Current use of hormone therapy
or raloxifene

12 (2.7) 5 (1.5) 5 (1.5) .36

Time since start of FIT, mean (SD), y 5.7 (0.3) 5.7 (0.3) 5.7 (0.3) .54

Time since end of FIT, mean (SD), y 1.9 (0.5) 1.8 (0.5) 1.8 (0.5) .73

FLEX baseline BMD, mean (SD), g/cm2

Total hip 0.72 (0.09) 0.73 (0.09) 0.73 (0.09) .35

Femoral neck 0.61 (0.07) 0.62 (0.07) 0.61 (0.07) .69

Lumbar spine 0.90 (0.14) 0.90 (0.15) 0.89 (0.13) .78

Forearm 0.44 (0.05) 0.45 (0.06) 0.45 (0.06) .56

Total body 0.97 (0.09) 0.98 (0.10) 0.98 (0.09) .88

FLEX baseline BMD T score
at femoral neck, mean (SD)

−2.2 (0.7) −2.1 (0.6) −2.2 (0.6) .69

�−2.5 132 (30.2) 99 (30.3) 91 (27.6)

�−2.5 to �−2.0 126 (28.8) 83 (25.4) 102 (30.9) .38

�−2.0 179 (41.0) 145 (44.3) 137 (41.5)

Serum bone-specific alkaline
phosphatase, mean (SD), ng/mL‡

8.3 (3.1) 8.8 (3.1) 8.6 (3.2) .55

Serum C-terminal telopeptide of
type 1 collagen, mean (SD), ng/mL‡

0.11 (0.09) 0.10 (0.11) 0.12 (0.13) .62

Serum N-propeptide of type 1 collagen,
mean (SD), ng/mL‡

22.4 (11.5) 23.9 (14.3) 25.9 (15.7) .18

Dietary calcium intake, mean (SD), mg/d 635 (390) 655 (403) 667 (406) .53
Abbreviations: BMD, bone mineral density; FIT, Fracture Intervention Trial; FLEX, Fracture Intervention Trial Long-term

Extension.
*Data are expressed as No. (%) unless otherwise indicated.
†Calculated as weight in kilograms divided by height in meters squared.
‡Geometric mean, based on a sample of 236 participants as described in the “Methods” section of the text.
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for both) . Lumbar sp ine BMD
increased by 5.26% in the alendronate
group compared with 1.52% in the
placebo group, a mean difference of

3 .74% (95% CI, 3 .03%-4.45%;
P�.001). Similar statistically signifi-
cant mean differences between the
alendronate and placebo groups were

observed for total body and forearm
BMD (1.28%; 95% CI, 0.70%-1.86%;
and 2.01%; 95% CI, 1.35%-2.68%;
P�.001 for both). With the exception

Table 2. Mean (SE) Percentage Change in Bone Mineral Density (BMD) for Duration of FLEX by Treatment*

Site
Placebo
(n = 428)

Pooled Alendronate
(n = 643)†

Alendronate,
5 mg/d

(n = 321)†

Alendronate,
10 mg/d

(n = 322)†

Mean Difference,
Pooled Alendronate vs Placebo

(95% Confidence Interval)†

Total hip −3.38 (0.22) −1.02 (0.18) −1.32 (0.25) −0.73 (0.25) 2.36 (1.81-2.90)

Femoral neck −1.48 (0.30) 0.46 (0.24) 0.06 (0.34) 0.86 (0.34) 1.94 (1.20-2.68)

Trochanter −3.25 (0.27) −0.08 (0.22) −0.23 (0.31) 0.07 (0.31) 3.17 (2.49-3.84)

Lumbar spine 1.52 (0.29) 5.26 (0.24) 4.95 (0.33) 5.57 (0.33) 3.74 (3.03-4.45)

Total body −0.27 (0.24) 1.01 (0.19) 0.55 (0.27) 1.46 (0.27) 1.28 (0.70-1.86)

Forearm −3.21 (0.27) −1.19 (0.23) −0.90 (0.31) −1.51 (0.32) 2.01 (1.35-2.68)
Abbreviation: FLEX, Fracture Intervention Trial Long-term Extension.
*Number given is total number of patients with at least 1 follow-up hip BMD (n = 1071). Slightly fewer had spine and body BMD (n = 1023 and n = 1026, respectively) and 396 had

forearm BMD. The value for the last observation was carried forward for those missing later follow-up measurements, as described in the “Methods” section of the text.
†All differences between pooled alendronate and placebo and for 3-group analysis of variance (alendronate, 5 mg/d, alendronate 10 mg/d, and placebo) were significant at P�.001.

None of the differences between 5 and 10 mg/d of alendronate were significant except total body (P = .01)

Figure 2. BMD Change in FLEX Participants
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*Measured in clinical fracture arm only.
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of total body BMD, only small differ-
ences were noted between the 5- and
10-mg alendronate groups. Change in
BMD from FIT baseline through the
completion of FLEX is shown in
FIGURE 2. At each site, BMD gains
after 10 years of alendronate were
significantly greater than after 5
years of alendronate followed by 5
years of placebo. Total hip BMD
increased 2.41% among women
treated with alendronate in FIT and
FLEX compared with a decrease of
0.16% among women treated with
placebo in FLEX (mean difference,
2 .57%; 95% CI , 1 .78%-3 .36%;
P�.001). Both groups experienced
net gains in BMD from FIT baseline

at the femoral neck (4.75% with
alendronate vs 2.50% with placebo)
and trochanter (5.95% with alendr-
onate vs 2.62% with placebo). Over-
all BMD gains were greatest at the
lumbar spine: 14.80% for alendr-
onate vs 10.99% for placebo (differ-
ence, 3.81%; 95% CI, 2.64%-4.97%;
P�.001). Women randomized to
alendronate gained 3.60% total body
BMD compared with 2.48% gains in
the placebo group (difference, 1.12%;
95% CI, 0.34%-1.91%; P=.005).

Sensitivity analyses limited to those
who remained taking study medica-
tion and those who did not use bone-
active medications, as well as analyses
that did not carry data forward to re-

place missing values, yielded similar re-
sults (data not shown).

Biochemical Markers
of Bone Turnover

Resultsforthe3biochemicalmarkerswere
similar (FIGURE 3). Those continuing
alendronate remained at levels close
to FLEX baseline, while those discon-
tinuing alendronate experienced a
gradual rise inmarkersover5years (dif-
ference compared with continued alen-
dronate, 55.6% for serum C-terminal
telopeptideof type1collagen,59.5%for
N-propeptide of type 1 collagen, and
28.1% for bone-specific alkaline phos-
phatase).Whencomparedwithpretreat-
ment levels inFIT10yearsearlier,mark-

Figure 3. Biochemical Markers of Bone Turnover in FLEX Participants

Alendronate (Pooled)
FLEX Treatment Group

Placebo

Serum C-Terminal Telopeptide of Type 1 Collagen

0.25

0.10

0.05

0.15

0.20

0

M
ea

n,
 n

g/
m

L

FIT

0 1 2 3 4

FLEX

0 1 2 3 4 5

Serum Bone-Specific Alkaline Phosphatase

15

6

3

9

12

0

M
ea

n,
 n

g/
m

L
FIT

0 1 2 3 4

FLEX

0 1 2 3 4 5

Serum N-Propeptide of Type 1 Collagen

60

20

10

30

40

50

0

M
ea

n,
 n

g/
m

L

FIT

0 1 2 3 4

FLEX

0 1 2 3 4 5

No.
Alendronate
Placebo

Year

129 57∗ 45†

87 48∗ 32†

Year

129 124 129
87 87 87

No.
Alendronate
Placebo

Year

130 61∗ 44†

87 48∗ 34†

Year

130 126 130
87 87 87

No.
Alendronate
Placebo

Year

136 60∗ 45†

92 47∗ 34†

Year

136 131 136
92 92 92

FIT indicates Fracture Intervention Trial. Error bars indicate 95% confidence intervals. Data are shown for the period spanning the beginning of FIT through the comple-
tion of FLEX
*Measured in vertebral fracture arm only.
†Measured in clinical fracture arm only.

CONTINUING VS STOPPING ALENDRONATE AFTER 5 YEARS OF TREATMENT

©2006 American Medical Association. All rights reserved. (Reprinted) JAMA, December 27, 2006—Vol 296, No. 24 2933

Downloaded From: http://jama.jamanetwork.com/ on 12/19/2014



ers at the end of FLEX in those who dis-
continued were somewhat lower (−7%
forserumC-terminal telopeptideof type
1 collagen and bone-specific alkaline
phosphataseand−24%for N-propeptide
of type 1 collagen compared with FIT
baseline) (Figure 3). There was no sig-
nificant difference between those tak-
ing 5 mg/d and 10 mg/d of alendronate
for any markers.

Fractures

No significant differences between treat-
ment groups were observed for all clini-
cal fractures or nonvertebral fractures
(nonvertebral fractures, 19.0% with pla-
cebo vs 18.9% with alendronate; RR,
1.00; 95% CI, 0.76-1.32) (TABLE 3 and
FIGURE 4). There was a statistically sig-
nificantly lower risk of clinical verte-
bral fractures among those random-
ized to alendronate (5.3% with placebo
vs 2.4% with alendronate; RR, 0.45;
95% CI, 0.24-0.85), although the small

decrease in morphometric vertebral
fractures among those taking alen-
dronate was not significant (11.3% with
placebo vs 9.8% with alendronate; RR,
0.86; 95% CI, 0.60-1.22).

The post hoc subgroup fracture
analysis did not show significant trends
with lower BMD or prevalent verte-
bral fractures at FLEX baseline for either
nonvertebral or clinical vertebral frac-
tures (TABLE 4). However, the inci-
dence of both types of fractures in the
placebo group increased with lower
baseline BMD or prevalent fracture.

To compare nonvertebral fracture in-
cidence in FIT and FLEX, we ran pro-
portional hazards models among alen-
dronate-treated participants with study
and age as predictors and found that af-
ter adjustment for age, fracture inci-
dence was similar in the 2 studies.

There was not a significant differ-
ence in height loss between the treat-
ment groups.

Histomorphometry/
Micro–Computed Tomography
Eighteen iliac crest biopsy specimens
were suitable for 2-dimensional histo-
morphometry (9 placebo and 9 com-
bined alendronate). No significant
quantitative differences were seen, al-
though numbers are small and CIs wide
(TABLE 5). Dual labeling was present
in all specimens.

Safety

No significant between-group differ-
ences were seen in serious adverse ex-
periences, discontinuations due to ad-
verse events, or rates of death, nor were
differences seen in upper gastrointes-
tinal tract or serious upper gastrointes-
tinal tract adverse experiences (data not
shown). No cases of osteonecrosis of the
jaw were observed.

COMMENT
Among women previously treated for
5 years with alendronate, those who
were randomly assigned to continue
alendronate for 5 additional years
maintained higher BMD at the hip and
spine than those randomized to pla-
cebo. In those continuing alendronate,
biomarkers of bone remodeling
remained reduced, while those who
stopped had a gradual increase in
bone remodeling that, however,
remained somewhat below pretreat-
ment levels 10 years earlier.

Table 3. Incidence of Fracture by Treatment Group

Fractures
Placebo, No. (%)

(n = 437)
Pooled Alendronate, No. (%)

(n = 662)
Relative Risk (95%

Confidence Interval)*

Vertebral
Clinical 23 (5.3) 16 (2.4) 0.45 (0.24-0.85)

Morphometric 46 (11.3) 60 (9.8) 0.86 (0.60-1.22)

Clinical
Any 93 (21.3) 132 (19.9) 0.93 (0.71-1.21)

Nonspine 83 (19.0) 125 (18.9) 1.00 (0.76-1.32)

Hip 13 (3.0) 20 (3.0) 1.02 (0.51-2.10)

Forearm 19 (4.3) 31 (4.7) 1.09 (0.62-1.96)
*Adjusted for clinic and stratum.

Figure 4. Survival Curve for Time to First Nonvertebral Fracture and Time to First Clinical Vertebral Fracture
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The FLEX results are generally con-
sistent with findings from a smaller
long-term study of alendronate re-
ported by Bone et al.5 In both studies,
the difference in BMD between con-
tinuous alendronate for 10 years and
treatment with alendronate for 5 years
followed by placebo for 5 years was
about 4% for spine BMD and about 3%
to 4% at the hip. In addition, the 10-
year increase in spine BMD for 10 mg/d
of alendronate was about 14% in both
studies. However, the within-group
change in total hip and trochanter BMD
was greater in the previous study than
in FLEX; this may be due to the older
age of the FLEX participants (about 6
years difference) and the fact that they
were treated with only 5 mg/d for the
first 2 years of FIT. Both studies also
showed a rise in bone markers after dis-
continuation of alendronate. Al-
though Bone et al5 found a difference
between 10 years of 10 mg/d of alen-
dronate compared with 10 years of 5
mg/d, in FLEX, women had similar
BMD and marker responses during con-
tinued treatment with either 5 or 10
mg/d.

The changes in BMD and bone mark-
ers after discontinuation might pro-
vide some insight into the residual effect
of alendronate following 5 years of use.
While BMD at the hip decreased fol-
lowing discontinuation, the decrease
was relatively small (2%-3% over 5
years). Thus, the cumulative effect of

5 years of alendronate followed by 5
years of placebo (1%-3% gain) was posi-
tive compared with the 5% to 10% loss
expected from observational studies of
untreated women of similar age.21 The
changes in bone markers also suggest
some residual effect after 5 years of
treatment, although by the end of FLEX,
bone marker levels were close to pre-
treatment (FIT baseline) values. Addi-
tionally, the FLEX placebo group was
taking calcium and vitamin D, which
can decrease bone marker levels by 10%
to 30%.5,22 However, because of the un-
known effects of long-term storage of
serum and the storage of FIT samples
for a period at −20°C, it is difficult to
make an exact comparison to marker
levels prior to the start of FLEX. The
duration and extent of residual effects
for bisphosphonates depends on cu-
mulative dose and duration of treat-
ment. Therefore, our results should not

be generalized to shorter treatment pe-
riods or longer periods without treat-
ment. Despite these limitations, the
BMD and bone marker changes sug-
gest some residual effect from 5 years
of alendronate treatment that is evi-
dent for at least 5 years after discon-
tinuation.21

The decline in BMD following dis-
continuation of alendronate was much
lower than that seen after discontinu-
ation of estrogen,23 raloxifene,24 or in-
termittent parathyroid hormone.25 Dis-
continuation of these agents is
associated with immediate and sub-
stantial decreases in BMD. Gains in
BMD during treatment appear to be bet-
ter maintained after discontinuation of
bisphosphonates, including alendr-
onate,5,23,26 risedronate,27 pamidr-
onate,28 and etidronate.29 Similarly, bone
turnover markers increased only gradu-
ally after discontinuation of alendro-

Table 4. Effect of Alendronate on Fracture Risk Among Subgroups of Baseline Femoral Neck BMD and Prevalent Vertebral Fracture*

Subgroup No.

Nonvertebral Fractures Clinical Vertebral Fractures

Placebo,
No. (%)

Alendronate,
No. (%) RR (95% CI)

Placebo,
No. (%)

Alendronate,
No. (%) RR (95% CI)

Baseline BMD T score at femoral neck
�−2.0 461 18 (10.1) 42 (14.9) 1.5 (0.86-2.6) 3 (1.7) 4 (1.4) 0.84 (0.18-4.2)

�−2.5 to �−2.0 311 26 (20.6) 38 (20.5) 1.0 (0.63-1.7) 9 (7.1) 3 (1.6) 0.22 (0.05-0.74)

�−2.5 322 39 (29.5) 43 (22.6) 0.77 (0.50-1.2) 11 (8.3) 9 (4.7) 0.57 (0.23-1.40)

P value for interaction† .40 .72

Prevalent vertebral fracture
No 723 48 (16.7) 61 (14.1) 0.86 (0.59-1.3) 11 (3.8) 7 (1.6) 0.42 (0.16-1.1)

Yes 376 35 (23.3) 62 (27.7) 1.20 (0.80-1.8) 12 (8.0) 9 (4.0) 0.47 (0.19-1.1)

P value for interaction‡ .23 .86
Abbreviations: BMD, bone mineral density; CI, confidence interval; RR, relative risk.
*Analyses of RR and assessment of interaction were done with unadjusted proportional hazards models. Parallel analyses of morphometric vertebral fracture did not show any

significant trends for alendronate efficacy among subgroups.
†Interaction between BMD as a continuous variable and treatment.
‡Interaction between prevalent vertebral fracture status and treatment.

Table 5. Histomorphometric Findings From Iliac Crest Biopsies

Variables

Placebo,
Mean (SD)

(n = 9)

Alendronate,
Mean (SD)

(n = 9)
Mean Difference

(95% CI)

Bone volume fraction, % 18.3 (5.2) 19.5 (6.2) 1.17 (−4.55 to 6.89)

Trabecular spicules, No. per mm 1.3 (0.2) 1.3 (0.2) 0.02 (−0.22 to 0.26)

Trabecular thickness, µm 142 (27) 148 (35) 6.33 (−25.08 to 37.75)

Osteoid volume, % 1.1 (0.4) 0.9 (0.7) −0.12 (−0.69 to 0.45)

Osteoid surface, % 11.6 (4.7) 10.0 (6.3) −1.68 (−7.25 to 3.90)

Osteoid thickness, µm 4.8 (0.4) 5.1 (0.7) 0.31 (−0.29 to 0.91)

Mineralizing surface, % 3.0 (3.4) 1.4 (1.6) −1.60 (−4.27 to 1.08)

Mineral apposition rate, µm/d 0.6 (0.1) 0.5 (0.1) −0.03 (−0.17 to 0.11)
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nate compared with sharp and imme-
diate gains seen following estrogen, ral-
oxifene, and parathyroid hormone dis-
continuation. Bisphosphonates bind
strongly to hydroxyapatite. When bone
containing bisphosphonate is re-
sorbed, some of the bisphosphonate re-
leased recirculates locally and systemi-
cally and binds again to bone surfaces.
Thus, when long-term treatment with
bisphosphonates stops, the residual and
recirculating bisphosphonate contin-
ues to inhibit bone resorption, al-
though to a lesser extent than contin-
ued treatment. The retention of
bisphosphonates in bone may ac-
count for the slow bone loss after bis-
phosphonates are stopped.5,23,27-29

We saw no difference in the rates of
nonvertebral fractures. Although this
finding must be tempered by the wide
CIs (which cannot exclude a small in-
crease or decrease in risk), it could be
explained by the fact that changes in
BMD and bone turnover after alendr-
onate discontinuation for 5 years were
gradual and may not have been suffi-
cient to cause an increase in nonverte-
bral fracture risk compared with the al-
endronate group. Furthermore, effects
on nonvertebral fracture risk have gen-
erally been demonstrated only among
patients with pretreatment osteoporo-
sis, as assessed by BMD, or preexisting
vertebral fractures.2,3,22,30,31 Many FLEX
participants did not have osteoporo-
sis, either because they entered the FIT
trial without osteoporosis or because
they experienced gains in BMD dur-
ing FIT, and this would further re-
duce the power to detect a difference
between groups, if one exists.

The incidence of clinical vertebral
fractures was low (5.3% over 5 years in
placebo) but was reduced to 2.4% in
those who continued taking alendr-
onate, an RR reduction of 55% and an
absolute risk reduction of 2.9%. Among
women with existing vertebral frac-
tures or very low BMD who are at much
higher risk of future vertebral frac-
tures,32 the absolute benefit for clini-
cal vertebral fractures is higher.

Radiographically defined vertebral
fractures were more common in the pla-

cebo group (about 11%), but the 14%
reduction among those continuing al-
endronate was not statistically signifi-
cant. However, the CIs for reductions
in clinical vs morphometeric vertebral
fractures are wide and overlapping and,
thus, these results may not be incon-
sistent.

Decreased bone turnover has been as-
sociated with decreased fracture risk in-
dependent of BMD effects,33,34 and
among women treated for osteoporo-
sis, greater reductions in turnover are
associated with fewer fractures.35,36 Po-
tential mechanisms include allowing re-
sorption pits to fill with bone and re-
duction in the depth and size of new
resorption sites. Conversely, there has
been recent controversy about the effect
of long-term reduction of bone turn-
over on bone strength. It has been sug-
gested that long-term reduced bone
turnover might decrease bone strength
by allowing microcracks to accumu-
late,37 although others have suggested
that increased microcrack density might
decrease fracture risk.38,39 The net effect
of long-term decrease in bone turn-
over on bone strength would be best
tested in trials comparing long-term
treatment with bisphosphonates and
placebo. However, the absence of an in-
creased risk of nonvertebral fracture
with 10 years of treatment compared
with stopping after 5 years, as well as
the decreased risk of clinical vertebral
fracture in those continuing alendr-
onate, suggests that continuing treat-
ment for 10 years does not have ad-
verse effects on bone strength.

While osteonecrosis of the jaw has
been recently associated with bisphos-
phonate treatment, the vast majority
of cases occur in cancer patients
receiving frequent intravenous bis-
phosphonates, and the risk among
osteoporosis patients using oral bis-
phosphonates is very low.40 That we
saw no cases of osteonecrosis of the
jaw supports the view that even long-
term use of oral bisphosphonates car-
ries little risk of osteonecrosis of the
jaw.

This trial has several limitations.
The effect of alendronate on fracture

risk was an exploratory aim and the
trial had limited power to detect mod-
est differences in fracture rates,
reflected in the wide CIs for fracture
outcomes. The FIT participants
received 5 mg/d of alendronate for the
first 2 years, and results with 10 mg/d
for 10 years may have differed. Finally,
the average age of participants at base-
line was 73 years, so results might not
apply to younger women, men, or the
very elderly.

We did not see any subgroups of pa-
tients in whom the relative fracture ben-
efits of continuation were greater, al-
though our power for subgroup
analyses is limited. However, clinical
vertebral fractures were more com-
mon, and the absolute benefit for them
was larger in women with existing ver-
tebral fractures or those with very low
FLEX baseline BMD. Other ongoing
analyses are examining if other factors
can identify patients in whom continu-
ation has greater benefits.

CONCLUSION
We conclude that continuation of al-
endronate (either 5 or 10 mg/d) for 10
years maintains bone mass and re-
duces bone remodeling compared with
discontinuation after 5 years. The re-
sults confirm the safety of alendronate
for up to 10 years including no in-
creased fracture risk with long-term al-
endronate use. However, even among
those who discontinued therapy after
5 years, BMD remained at or above
baseline values 10 years earlier and bone
turnover was still somewhat reduced.
Discontinuation did not increase the
risk of nonvertebral fractures or x-ray–
detected vertebral fractures over the
next 5 years, but the risk of clinically
diagnosed vertebral fractures was sig-
nificantly increased among those who
discontinued. These results suggest that
for many women, discontinuation of al-
endronate after 5 years for up to 5 more
years does not significantly increase
fracture risk, but women at high risk
of clinical vertebral fractures, such as
those with vertebral fracture or very low
BMD, may benefit by continuing be-
yond 5 years.
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