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OBJECTIVES: To determine the efficacy of alendronate treatment
on risk of vertebral fracture in a subgroup of women from the
Fracture Intervention Trial who had bone mineral density T scores
between –1.6 and –2.5 at the femoral neck and to describe how
soon after initiation of therapy alendronate becomes effective and
whether it is consistent in women with and without existing radio-
graphic vertebral fracture.

PATIENTS AND METHODS: From May 1992 to March 1997, post-
menopausal women aged 55 to 80 years were randomized to
receive alendronate at 5 mg/d for 2 years and 10 mg/d thereafter
or placebo for up to 4.5 years (mean, 3.8 years) in a controlled,
double-blind, multicenter study.

RESULTS: A total of 3737 postmenopausal women were included
in the study, 1878 in the alendronate group and 1859 in the
placebo group. Risk of vertebral fracture was significantly reduced
by alendronate compared with placebo for clinical (relative risk
[RR], 0.40; 95% confidence interval [CI], 0.19-0.76; P=.005) and
radiographic (RR, 0.57; 95% CI, 0.41-0.81; P=.002) fracture. The
reductions in vertebral fracture risk were consistent in women
with and without an existing radiographic vertebral fracture for
clinical (RR, 0.34; 95% CI, 0.12-0.84; and RR, 0.46; 95% CI, 0.16-
1.17; respectively) and radiographic (RR, 0.53; 95% CI, 0.34-
0.82; and RR, 0.64; 95% CI, 0.38-1.10; respectively) fractures. In
both groups, the effect of alendronate on clinical vertebral frac-
ture was noted soon after therapy was initiated. The absolute risk
of vertebral fracture was low in women without a baseline radio-
graphic fracture.

CONCLUSIONS: In women with low bone mass who do not meet
the bone mineral density criterion for osteoporosis, alendronate is
effective in reducing the risk of vertebral fractures. The absolute
benefit of this therapy in women with a T score between –1.6 and
–2.5 is greater in women with an existing vertebral fracture and/
or with other risk factors. The effect of alendronate occurs early.
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Osteopenia has been defined as a bone mineral density
(BMD) value more than 1 but less than 2.5 SDs below

the young adult mean value (ie, a BMD T score between –1
and –2.5).1,2 The efficacy of pharmacological treatment of
low BMD has been established mainly for patients with
osteoporosis (ie, a BMD T score of less than –2.5). Al-
though therapeutic interventions are deferred occasionally

in persons who do not attain the cutoff BMD T score of
–2.5, treating such individuals to reduce fracture risk may
be important.1 It is well established that a low adult peak
bone mass and an increased rate of postmenopausal or
aging-associated bone loss in women increase the likeli-
hood of developing osteoporosis.3 Each SD decrease in
BMD is known to be associated with an increased risk of
fracture. A BMD decrease of 2 SDs in women is associated
with a 4- to 6-fold increase in the risk of new vertebral
fractures,4 whereas each SD decrease in femoral neck
BMD increases the age-adjusted risk of hip fracture by
2.6.5 Consequently, in persons with a T score of –1.0 to
–2.5, the decision to intervene to reduce the risk of subse-
quent osteoporotic fractures has usually been made in those
who have progressive bone loss on serial BMD determina-
tions or in those with additional risk factors. Analysis of the
National Osteoporosis Risk Assessment indicates that post-
menopausal women classified as having osteoporosis
based on BMD experienced only 18% of the documented
osteoporotic fractures,6 suggesting that more efforts are
necessary to reduce fracture risk in women with BMD
scores higher than –2.5.

Currently, nonpharmacological measures (eg, weight-
bearing exercises, diet and lifestyle modification) and cal-
cium supplements are the first-line interventions advocated
in patients with osteopenia. There have been no large-scale
randomized trials of the effect of pharmacological treat-
ment with bisphosphonates, vitamin D analogues, calcito-
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nin, or other drugs on vertebral and nonvertebral fractures
in these patients. Because the bisphosphonate alendronate
sodium, which acts via inhibition of bone resorption, has
been proved effective in reducing the risk of vertebral, hip,
and wrist fractures in women with established osteoporosis
(defined by the presence of a vertebral fracture or T score
of –2.5 or less at the femoral neck7-10), we examined its
effectiveness in reducing the risk of both clinically evident
vertebral fractures and radiographic vertebral fractures
in postmenopausal women with BMD T scores of –1.6 to
–2.5. This study of a subgroup of women from the Fracture
Intervention Trial (FIT) was designed to determine how
soon after initiation of therapy any protective effect of
alendronate occurs and whether it is consistent in women
with and without existing radiographic vertebral fracture.

PATIENTS AND METHODS

STUDY DESIGN

FIT was a randomized, double-blind, placebo-controlled
study conducted from May 1992 to March 1997 at 11
clinical centers in the United States, the coordinating center
for which was the University of California, San Fran-
cisco.11 The trial had 2 arms: FIT I (n=2027) included
women with a vertebral fracture at baseline, and FIT II
(n=4432) included only women without a vertebral frac-
ture. In both study arms, patients were randomized based
on a femoral neck BMD of less than 0.68 g/cm2, which
corresponds to a T score of –1.6 or less. The study was
designed to provide precise estimates of the benefit of
alendronate treatment in the 2 study arms for vertebral and
clinical fracture end points. The protocol for FIT was ap-
proved by the appropriate institutional review board at each
clinical center. All patients provided written informed con-
sent to participate in the study. Details of the patient re-
cruitment procedures and the inclusion and exclusion crite-
ria for FIT have been published previously.7,9,11

Our current study population included women from FIT
I and FIT II who had a diagnosis consistent with the World
Health Organization (WHO) definition of osteopenia (a
femoral neck BMD T score of –1.6 or less but greater than
–2.5).1,2 The CONSORT information for FIT I and FIT II
has been described previously.5,9 Our subgroup analysis was
not prespecified before the completion of FIT, but examina-
tion of fracture risk by baseline BMD was prespecified.

MEDICATION

Patients enrolled in FIT were women aged 55 to 80 years
who had been postmenopausal for at least 2 years and had a
femoral neck BMD of 0.68 g/cm2 or less measured by using
densitometers (Hologic QDR-2000, Hologic Inc, Waltham,
Mass). At the time of enrollment, based on the manu-

facturer’s reference values, this was believed to correspond
to a BMD value of at least 2 SDs below the mean for young
adult white women. However, subsequent data from a rep-
resentative sample of the US population in the National
Health and Nutrition Examination Survey III (NHANES
III) indicated that this femoral neck BMD cutoff corre-
sponded instead to approximately 1.6 SDs below the young
adult mean.12 Thus, all patients had a baseline femoral neck
BMD T score of –1.6 or less using the revised NHANES III
reference data.

Patients in FIT I and FIT II were randomized to receive
alendronate or placebo and were followed up for up to 4.5
years (mean, 3.8 years). The dosage of alendronate was 5
mg/d for the first 2 years and 10 mg/d for the rest of the
study. Women with existing vertebral fractures received
alendronate for 3 years, whereas those who did not have a
baseline vertebral fracture took the drug for between 4 and
4.5 years. The dosage increment after 2 years of treatment
was made following the publication of studies that indi-
cated that an alendronate dosage of 10 mg/d has a greater
effect on BMD than 5 mg/d,13 but with similar tolerability.
Most patients in each treatment group (approximately
82%) had a baseline dietary calcium intake of less than
1000 mg/d. These patients were given a daily supplement
that contained 500 mg of elemental calcium (as the carbon-
ate salt) and 250 IU of vitamin D.

OUTCOME ASSESSMENT

All assessments were blinded to treatment allocation.
Clinical Vertebral Fractures. The prespecified defini-

tion of a clinical vertebral fracture in the FIT protocol10 was
a fracture diagnosed by a community physician and con-
firmed by written reports of radiographs or other tests. A
blinded end points adjudication committee determined
whether the fracture was pathologic in nature (eg, due to
malignant disease) or caused by trauma sufficient to frac-
ture normal bones in most young adults, in which case they
were excluded from the analysis.

Although all types of fractures that occurred during the
follow-up period were assessed in FIT, only vertebral frac-
tures were considered in the substudy. Clinical vertebral
fractures were defined as those reported by patients to have
been diagnosed by a physician. In all cases, a copy of the
radiograph used by the patient’s physician was obtained,
forwarded to the coordinating center, and compared with
the baseline radiograph by the central study radiologist
using semiquantitative criteria. Fractures that could not be
confirmed by the study radiologist were excluded from the
analysis.

Radiographic Assessment of Radiographic Verte-
bral Fractures. Lateral spine radiographs were obtained at
baseline and at approximately 2 and 3 years (women with
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TABLE 1. Mean Baseline Characteristics of Patients With
Femoral Neck BMD T Scores Between –1.6 and –2.5 (Mean Score, –2.1)

Enrolled in FIT (N=3737)*

Alendronate Placebo Alendronate Placebo
Characteristic (n=484) (n=456) (n=1394) (n=1403)

Age (y) 69.6 70.2 66.9 67.0
Time since menopause (y) 23.4 24.1 20.2 20.4
Hip BMD (g/cm2)† 0.73 0.72 0.75 0.74
Spine BMD (g/cm2)† 0.85 0.85 0.87 0.88
History of falls (% of patients) 31.6 32.0 27.5 25.6
Prior clinical fractures

(% of patients)‡ 50.8 53.5 31.4 31.5

*BMD = bone mineral density; FIT = Fracture Intervention Trial.
†Measured using densitometers (Hologic QDR-2000, Hologic Inc, Waltham, Mass).
‡Any type of fracture based on patient interview or recall.

Women with
an existing

vertebral fracture
(FIT I)

Women without
an existing

vertebral fracture
(FIT II)

existing vertebral fractures) and 4 years (women without
existing vertebral fractures) after randomization, according
to published guidelines.14-16 A new radiographic vertebral
fracture was defined as a decrease of 20% and at least 4 mm
in the height of any vertebral body from baseline to the end
of the study.7,15 All fractures were confirmed by a subse-
quent measurement of the involved vertebral body and
reviewed by a radiologic technician.

STATISTICAL ANALYSES

An intention-to-treat analysis was performed in which all
events that occurred after randomization were analyzed,
regardless of whether the patient continued taking the
study medication or not. For analysis of clinical vertebral
fractures, we used time-to-event methods, whereas for
radiographic vertebral fractures, we used methods based
on proportions. For clinical vertebral fractures, we used
Kaplan-Meier estimates17 to draw the cumulative inci-
dence curves, a stratified log-rank test to assess the dif-
ference between the 2 curves, and a stratified Cox pro-
portional hazards model18 to compute the relative hazard
(reported as relative risks [RRs]) and confidence inter-
vals (CIs) for the risk reduction relative to placebo.
Analyses were performed for the total study population
and for women with and without existing baseline verte-
bral fractures separately. We tested for consistency of the
RR with respect to baseline fracture status by examining
the significance of the interaction term (baseline fracture
status × treatment group) in the Cox proportional hazards
model.

For radiographic vertebral fractures, we used summary
information from each of the strata (baseline fracture
status) to form 2 × 2 contingency tables and summarized
the overall RR and the corresponding 95% CI using the

Mantel-Haenszel method. Because the risk of vertebral
fractures is low, the RRs approximately equal the odds
ratios, and hence the Breslow-Day test19 was used to
assess consistency of the treatment effect across the
strata.

For clinical vertebral fractures, we tested for linear trends
with time since randomization by using the Cox proportional
hazards model with a time-dependent covariate.

RESULTS

Our study included 3737 women with osteopenia (940
from FIT I and 2797 from FIT II). Their baseline character-
istics are given in Table 1. Women with an existing radio-
graphic vertebral fracture were slightly older than those
without an existing fracture. The former group also tended
to have slightly lower BMD values and a higher incidence
of falls and clinical fractures of any kind in their history
at baseline (Table 1), consistent with their age and time
since menopause. However, within each group, no signifi-
cant differences were apparent between patients random-
ized to alendronate and those taking placebo for any base-
line characteristic.

OVERALL ANALYSIS

Clinical vertebral fracture rates (per 10,000 person-years at
risk) in the alendronate and placebo groups during the
follow-up period are given in Table 2. The overall clinical
vertebral fracture rate was 16 per 10,000 person-years at
risk in women receiving alendronate vs 40 per 10,000
person-years in those taking placebo. The RR analysis at 3
years showed that alendronate significantly (P=.005) re-
duced the overall risk of clinical vertebral fractures by 60%
compared with placebo (RR, 0.40; 95% CI, 0.19-0.76)
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TABLE 3. Radiographic Vertebral Fracture Rates and Risk Values Overall
and by Baseline Fracture Status*

No. of No. of
RVFx Rate† RVFx Rate† ARR RR (95% CI)

Overall (N=3737)
(3.0- to 4.5-y follow-up) 48 NA 81 NA NA 0.57 (0.41-0.81)

Existing vertebral fracture status
With baseline fracture

(3-y follow-up) 27 1.9 48 3.6 1.7 0.53 (0.34-0.82)
Without baseline fracture

(4.5-y follow-up) 21 0.4 33 0.6 0.2 0.64 (0.38-1.10)

*ARR = absolute risk reduction; CI = confidence interval; NA = not available (because follow-up time varied
between the 2 arms); RR = relative risk; RVFx = radiographic vertebral fracture.

†Rate is expressed as percent per year; this is estimated because exact time of fracture is unknown.

Alendronate
(n=1775)

Placebo
(n=1757)

TABLE 2. Clinical Vertebral Fracture Rates and Risk Values Overall and by Baseline Fracture Status*

No. of No. of
women women

with CVFx Rate† with CVFx Rate† ARR RR (95% CI)

Overall (N=3737)
(3.0- to 4.5-y follow-up) 12 16 29 40 24 0.40 (0.19-0.76)

Existing vertebral fracture status
With baseline fracture

(3-y follow-up) (n=940) 6 43 16 124 81 0.34 (0.12-0.84)
Without baseline fracture

(4.5-y follow-up) (n=2797) 6 10 13 22 12 0.46 (0.16-1.17)

*ARR = absolute risk reduction; CI = confidence interval; CVFx = clinical vertebral fracture; RR = relative risk.
†Rate is expressed as number of fracture cases per 10,000 person-years of risk.

Alendronate
(n=1878)

Placebo
(n=1859)

(Table 2). In addition, alendronate significantly (P=.002)
reduced the overall risk of radiographic vertebral fracture
by 43% (RR, 0.57; 95% CI, 0.41-0.81) (Table 3).

ANALYSIS BY RADIOGRAPHIC VERTEBRAL FRACTURE STATUS

AT BASELINE

Alendronate was effective in reducing the risk of a verte-
bral fracture (clinical or radiographic) regardless of the
presence of a radiographic vertebral fracture at baseline
(Table 2 [clinical vertebral fracture] and Table 3 [radio-
graphic vertebral fracture]). Patients with an existing frac-
ture were at greater risk of a vertebral fracture than those
without an existing fracture, and the absolute risk re-
duction with alendronate in the latter group was small.
However, RR analysis showed that the risk reduction vs
placebo would be consistent regardless of the presence of
a baseline radiographic vertebral fracture (RR = 0.34,
95% CI = 0.12-0.84 for patients with a baseline vertebral
fracture; RR = 0.46, 95% CI = 0.16-1.17 for those with-
out [Table 2 and Figure 1]). There was no evidence of
a significant interaction term in the model (P=.44). Simi-

lar findings were seen for radiographic vertebral fracture
(RR = 0.53, 95% CI = 0.34-0.82 for patients with a baseline
vertebral fracture; RR = 0.64, 95% CI = 0.38-1.10 for those
without [Table 3]). The P value for the interaction term was
.54.

The 3-year cumulative incidence curves (Figure 1) for
clinical vertebral fracture indicate that the difference be-
tween treatment groups began to develop soon after ran-
domization. The curves provide no evidence of conver-
gence through 3 years of follow-up. Tests for linear trends
in the RR with time since randomization, based on a strati-
fied Cox proportional hazards model with a time-depen-
dent covariate, detected no trend with time for the RR for
clinical vertebral fracture. No clinical vertebral fracture
was seen in the group receiving alendronate during the first
12 months after initiation of therapy, whereas patients tak-
ing placebo showed an immediate fracture incidence, with
5 patients experiencing fractures in the first 12 months. We
looked for the first time point (6-month intervals) at which
a statistically significant difference was detected. The dif-
ference at 12 months was statistically significant (P=.02)
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and remained statistically significant for the remainder of
the follow-up.

DISCUSSION

In this analysis of a subgroup of women from FIT, we have
shown that those with T scores of –1.6 to –2.5 benefited
from long-term (3.0-4.5 years) alendronate therapy with a
reduction in the risk of clinical and radiographic vertebral
fractures. The effect of alendronate on clinical vertebral
fractures was seen early after initiation of therapy in
women with and without a baseline radiographic vertebral
fracture. The results are consistent with those seen in a
subpopulation of the Multiple Outcomes of Raloxifene
Evaluation (MORE) trial.20 Thus, our study, like MORE,
extends the results of FIT by showing the effect of
antiresorptive therapy in women who met the WHO defini-
tion of osteopenia. In our postmenopausal osteopenic
women, 3 years of treatment with alendronate reduced the
overall risk of clinical vertebral fractures by 60% and ra-
diographic vertebral fractures by 43% compared with pla-
cebo. Although the RR reduction was consistent in women
with and without a baseline radiographic vertebral fracture,
the absolute risk reduction depended on vertebral fracture
status and was lower in those without a baseline fracture.

Our findings with alendronate in women with a T score
between –1.6 and –2.5 (at the femoral neck) are consistent
with previous results that show a reduction in radiographic
vertebral fracture risk in all postmenopausal women, re-
gardless of their baseline BMD or the presence of existing
vertebral fractures.7-10,21

The early effect of alendronate on clinical vertebral
fractures in our study population is consistent with what
has been shown with bisphosphonates in patients with
more severe osteoporosis. The consistency of the effect of

alendronate across risk categories suggests that, in women
with BMD T scores higher than –2.5, the greatest benefit
will be seen in those with other factors that place them at
risk for vertebral fractures. These include but are not lim-
ited to increased age, family history of osteoporosis, smok-
ing, and long-term treatment with drugs such as glucocorti-
coids and anticonvulsants.

Vertebral fractures are the most common osteoporotic
fractures, and their frequency increases markedly with ag-
ing. Although many elude clinical diagnosis, vertebral
fractures commonly cause pain and disability and pro-
foundly affect patient quality of life.22,23 Besides predicting
future hip and other fractures,24,25 vertebral fractures are
associated with increased mortality.26-28

Our study used the T score at the femoral neck to define
the cutoff for BMD. However, in clinical practice, the
cutoff is also based on T scores from other sites. It is not
uncommon for those who measure BMD using a central
measurement to measure both spine and hip BMD and to
use the lowest of the BMDs (spine, hip neck, hip tro-
chanter, or total hip) to diagnose osteoporosis. Thus, a
patient may have a WHO osteoporotic spine BMD T score
of –2.6 yet have nonosteoporotic hip BMD measurements
(eg, T score of –1.8) and be correctly diagnosed as being
“osteoporotic.” If we had used a cohort of patients for
whom all the T scores (spine, hip neck, or total hip) were
higher than –2.5, the findings would be consistent with the
results reported herein.

Both the effectiveness (as measured by RR reduction)
and the benefit (as measured by absolute risk reduction) of
a treatment are critical when deciding how to apply the
findings of a research study in planning the treatment of a
particular patient. This is especially important in using
studies such as ours in which the incidence of vertebral
fracture is low. In our study and in the larger FIT studies,7,9

FIGURE 1. Three-year cumulative incidences of clinical vertebral fractures in women with osteopenia (bone mineral density T scores between
–1.6 and –2.5; mean T score, –2.1) with (left) or without (right) a baseline radiographic vertebral fracture who were randomized to alendronate
therapy (5 mg/d increasing to 10 mg/d) or placebo.
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effectiveness of alendronate in reducing the risk of verte-
bral fractures has been established. However, the issue of
benefits is more complex and deserves further comment.

The incidence of vertebral fracture is approximately 5
times higher among women with an existing vertebral frac-
ture compared with those without (FIT I, FIT II, MORE).
Thus, patients with existing vertebral fractures will benefit
more (in absolute risk reduction) from alendronate therapy.
As a consequence, the number needed to treat (NNT) will
be lower among women with existing vertebral fracture
compared with those without. The NNT to prevent 1 frac-
ture is a function of the true baseline risk and the RR. If we
assume that the rates of fracture in the placebo group
(Table 3) are representative of the true baseline risk, and if
we project these rates to 5 years, then the NNTs for 5 years
for radiographic vertebral fractures (most of which are not
apparent to the patient) are approximately 12 and 90 for
those with and without baseline vertebral fractures, respec-
tively. Similarly, if we project the placebo rates (Table 2)
for clinical vertebral fractures (which are apparent to the
patient and physician) to 5 years, the corresponding NNTs
are 26 and 175.  However, extreme caution must be exer-
cised in interpreting the NNT reported in any clinical trial.
The placebo groups in clinical trials, such as ours, are
highly selected and hence should not be used to provide
estimates of the absolute risks in a general clinical popula-
tion. The placebo group in a clinical trial is not a surrogate
for the population at risk. Such absolute risks are more
properly determined from epidemiological studies. For this
reason, NNTs from our trial should not be considered part
of the study results on which to base clinical judgments for
individual patients.

The use of NNTs may be a good strategy for making
decisions in a large cross section of patients. However, its
utility in making an individual treatment decision is lim-
ited. A more realistic NNT, because of its direct relation-
ship with absolute risk, can be estimated when several of
the risk factors (age, fracture status, BMD, tendency to fall,
and others) for the particular patient are known.

Our study has several strengths. The inclusion of
women with BMD values 2.5 to 1.6 SDs below the mean
for young adult white patients provided the opportunity to
obtain valuable information on the effect of alendronate in
women with or without existing vertebral fracture. Both
clinical and radiographic vertebral fractures were prespec-
ified end points and were evaluated carefully by an inde-
pendent end points committee. The use of clinical vertebral
fracture as an end point, as opposed to radiographic verte-
bral fracture, enabled us to determine how early the effects
could be seen. We performed a true intention-to-treat
analysis in which all vertebral fractures that occurred dur-
ing the study were analyzed regardless of whether the

patient was receiving the study medication at the time the
fracture occurred. During FIT, approximately 15% of
women discontinued study therapy before its conclusion;
however, we were able to obtain follow-up data for the full
study period for approximately 98% of the randomized
survivors. By using a stringent definition of clinical verte-
bral fractures that required radiographic confirmation of
each fracture, we were able to minimize false-positive
diagnoses. However, our study has some limitations. Al-
though the pooling of the 2 arms of FIT was prespecified,
this specific subgroup analysis was not prespecified. Most
of the study population was white; hence, care must be
exercised in extrapolating the results to other populations.
Because this cohort of women had a mean age of 68 years
(range, 55-80 years), the results may not apply to women
younger than 55 years. Moreover, no women had T scores
between –1.0 and –1.6 at the femoral neck; therefore, the
results do not necessarily apply to the larger group of
osteopenic women with T scores in this range.

CONCLUSIONS

Women who had a BMD T score at the femoral neck
between –1.6 and –2.5 experienced a statistically signifi-
cant reduction in the incidence of vertebral fractures with
alendronate therapy compared with placebo. This effect of
alendronate occurred early after initiation of therapy re-
gardless of whether the patient had a baseline radiographic
vertebral fracture. Therefore, alendronate therapy is a valid
consideration for postmenopausal women with T scores
between –1.6 and –2.5 at the femoral neck to prevent
subsequent vertebral fractures.

The absolute risk of vertebral fracture is low in women
without a previous radiographic fracture; thus, the number
of fractures that would be prevented with alendronate
therapy in this group is small. The absolute benefit of
alendronate therapy in women with a T score between –1.6
and –2.5 is greater in women with an existing vertebral
fracture or with other risk factors. Identification of these
women and treatment with alendronate will result in a
higher number of prevented fractures.
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