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Background: Preventing bone loss associated w i t h 
menopause and aging and maintaining the normal micro
architecture of bone provide important opportunities for 
the prevention of osteoporosis and fractures. 

Objective: To determine the safety and efficacy of alen
dronate, an aminobisphosphonate, for preventing post
menopausal bone loss. 

Design: 3-year double-b l ind, randomized, placebo-
controlled tr ial. 

Setting: 15 osteoporosis centers throughout the wor ld. 

Participants: 447 women who had recently experienced 
menopause (6 to 36 months before study entry). 

Intervention: Participants were randomly assigned to 
one of five regimens: oral placebo; oral alendronate, 1, 5, 
or 10 mg/d; or oral alendronate, 20 mg/d for 2 years 
fol lowed by placebo during the third year (20/0 mg/d). 

Measurements: Bone mineral density was measured by 
dual-energy x-ray absorptiometry. Bone turnover and 
bone quality were assessed wi th biochemical markers and 
bone histomorphometry. 

Results: Alendronate at 5, 10, and 20/0 mg/d increased 
bone mineral density f rom baseline at the lumbar spine, 
femoral neck, and trochanter by 1 % to 4% and in the total 
body by 0.3% to 1.0%; placebo led to losses of 2% to 4% at 
these sites. Alendronate, 1 mg/d, attenuated losses relative 
to those seen wi th placebo. Alendronate decreased mark
ers of bone resorption to a new steady state by 3 months 
and decreased markers of bone formation by 6 to 12 
months. Bone quality remained normal. At all dosages 
studied, alendronate had a safety and tolerability profile 
similar to that of placebo. 

Conclusions: In early postmenopausal women, alendro
nate given for 3 years at dosages of 5 mg/d or greater 
prevented the loss of bone mineral density at the spine 
and hip and in the total body. Alendronate seems to be a 
safe and effective nonhormonal option for prevention of 
postmenopausal bone loss. 
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Osteoporosis is characterized by low bone mass 
and architectural changes in bone that render 

the skeleton brittle and susceptible to fracture (1). 
As the elderly population grows, the worldwide an
nual incidence of hip fractures is projected to in
crease from 1.7 million in 1990 to 6.3 million by 
2050, placing great economic strain on health care 
systems (2). Currently, a 50-year-old woman is esti
mated to have a risk as high as 40% for sustaining 
a fracture related to osteoporosis at some point in 
the future (3). The age-adjusted risk for fracture 
seems to be increasing, and this risk may be an 
underestimate for the future (4). 

Bone loss after menopause, which results in low 
bone density, is an important determinant of risk 
for fracture, although other factors (such as ad
vanced age, hip geometry, and falls and injuries) 
also contribute (5, 6). Bone loss is most rapid dur
ing the first few years after menopause, but evi
dence suggests that the rate of loss also becomes 
accelerated in advanced old age (7, 8). 

One strategy to reduce the number of fractures 
in postmenopausal women is to begin treatment for 
osteoporosis only in patients who are at high risk 
for fracture, including those with osteoporosis or 
previous fragility fractures. Pharmacologic therapy 
in women with osteoporosis with or without frac
tures reduces the incidence of fracture by about 
50% (9, 10). However, half of women who would 
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have sustained fractures without treatment still do 
so with treatment. Thus, preventing rather than 
treating osteoporosis is a more appealing clinical 
objective because it can avoid the increased risk for 
fracture. There may also be an advantage in terms 
of preserving the normal microarchitecture of bone. 
Preventing bone loss associated with menopause 
and aging and maintaining normal microarchitec
ture provide important opportunities for the preven
tion of osteoporosis and fractures. 

Estrogen is effective in preventing bone loss in 
early and late postmenopausal women, but it must 
be taken over the long term to decrease the inci
dence of vertebral and hip fractures (11). Estrogen 
also relieves menopausal symptoms and, in epide
miologic cohort studies, seemed to protect against 
cardiovascular disease. However, most women who 
begin estrogen therapy do not continue it for more 
than a year, in part because of such side effects as 
breast tenderness, headache, fluid retention, and 
withdrawal bleeding (12, 13). Although the benefits 
of estrogen therapy outweigh the risks in most 
women, concern about risk for breast cancer is suf
ficiently great that many women avoid estrogen 
therapy (14, 15). 

Alendronate sodium (monosodium 4-amino, 1-hy-
droxybutylidene-1, 1-bisphosphonate) is a potent and 
selective inhibitor of osteoclast-mediated bone re
sorption. Studies in animals with low bone mineral 
density have shown that alendronate therapy is as
sociated with increased bone mass of normal quality 
and increased bone strength (16). Alendronate treat
ment of osteoporosis in postmenopausal women in
duces progressive increases in bone density and a 
reduction in the incidence of new fractures of the 
vertebrae, hip, and forearm in osteoporotic women 
(9, 10). We performed a 3-year randomized, double-
blind, placebo-controlled, dose-ranging study to evalu
ate the efficacy of alendronate therapy in preventing 
bone loss in healthy women who had recently expe
rienced menopause. 

Methods 

Study Participants 

Healthy women aged 40 to 59 years who had 
experienced menopause 6 to 36 months before en
rollment were eligible to participate in this study. 
Women were excluded if their spine bone mineral 
density was more than 2 SDs above or below nor
mal peak bone mineral density or if they had a 
history of nontraumatic spine or hip fracture. 
Women with disorders of bone and mineral metab
olism were also excluded, as were those with recent 
(within 1 year of study entry) major upper gastro
intestinal diseases (such as peptic ulcer, esophageal 
disease, and malabsorption). Other exclusion crite

ria were previous treatment with bisphosphonates or 
fluoride (>1 mg/d) or treatment within the 12 
months before enrollment with estrogen, progestin, 
calcitonin, glucocorticoids, anticonvulsant agents, 
phosphate-binding antacids, or excessive vitamin A 
or vitamin D. Women who regularly used (>four 
times per week) any medication that had the poten
tial to cause gastrointestinal irritation (such as aspi
rin), who smoked more than 20 cigarettes per day, 
or who drank three or more alcoholic beverages per 
day were also excluded. 

Four hundred forty-seven women met the inclu
sion criteria and were enrolled at 15 centers 
throughout the world. The target sample size of 250 
women completing the study was selected to detect 
a difference in bone density of 2.4% between an 
individual alendronate dosage and placebo at a P 
value of 0.05 or less, with 95% power using an SD 
of 3.3% that was obtained from 1-year bone density 
data in placebo recipients (17). All centers con
ducted the study with appropriate approval from the 
institutional review boards, and all participants gave 
informed consent. 

Treatment 

Participants were randomly assigned (in alloca
tion blocks of five) to one of five regimens: placebo 
for 3 years; alendronate at 1, 5, or 10 mg/d for 3 
years; or alendronate at 20 mg/d for 2 years fol
lowed by placebo for 1 year (20/0 mg/d). In all 
groups, double-blinding was maintained for all 3 
years. Alendronate and placebo tablets were identi
cal in size, shape, and color. The women were in
structed to take the study drug daily at least 1 hour 
before breakfast or, as a less desirable alternative, 
at least 2 hours after a meal and 1 hour before the 
next meal. All participants also received a daily sup
plement of calcium carbonate (Os-Cal 500, Smith-
Kline Beecham Consumer Brands, LP, Pittsburgh, 
Pennsylvania, or the equivalent) unless dietary cal
cium intake exceeded 1000 mg/d. This supplement 
was usually taken with the evening meal. After be
ginning therapy, each participant was seen at 
months 1 and 3 and every 3 months thereafter. 
Eight participants (four in the placebo group and 
four in the 1-mg/d group) lost more than 6% of 
their spine bone density at 24 months relative to 
their baseline measurements and were therefore 
designated "fast bone losers." Seven of these par
ticipants completed the study; from month 24 to the 
end of the study, they received 5 mg of open-label 
alendronate per day. The other patient discontinued 
therapy at month 24. 

Bone Mineral Density 

Bone mineral density of the spine, proximal fe
mur, total body, and forearm was measured every 6 
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months by dual-energy x-ray absorptiometry with a 
Hologic QDR-1000, 1000/W, or 2000 densitometer 
(Waltham, Massachusetts) or a Lunar DPX-L den
sitometer (Madison, Wisconsin). One bone density 
quality assurance center (Oregon Osteoporosis Cen
ter) that remained blinded to treatment allocation 
was responsible for the quality control of all partic
ipant and phantom calibration scans (18). Factors to 
correct for machine calibration drift were applied as 
necessary. The primary end point was bone mineral 
density of the lumbar spine; the other most impor
tant end points were bone mineral density of the 
femoral neck, trochanter, and total body. Bone min
eral density of the total body, total hip, and forearm 
was measured at the centers that had densitometers 
capable of performing these measurements (11 cen
ters measured bone mineral density of the total 
body; 10 centers measured bone mineral density of 
the total hip and forearm). 

Biochemical Markers and Indices of Mineral 
Metabolism 

Fasting serum and urine samples (second morn
ing void) were obtained at all clinic visits except 
those in months 27 and 33. The resorption markers 
included urine deoxypyridinoline, measured by high-
pressure liquid chromatography, and (in a subgroup 
of 268 participants) urine N-telopeptide cross-links 
of type I collagen (Ostex, Seattle, Washington). Each 
of these markers was expressed as a ratio to urine 
creatinine. Serum osteocalcin levels, measured by 
radioimmunoassay (INCSTAR, Stillwater, Nebras
ka), and serum bone-specific alkaline phosphatase 
levels were used to assess the rate of bone forma
tion. Levels of serum calcium, phosphorus, intact para
thyroid hormone (measured by immunoradiometric 

assay), and 1,25 dihydroxyvitamin D (measured by 
competitive binding assay) were also determined to 
assess the effects of treatment on mineral metabo
lism. N-telopeptide levels were measured by Medi
cal Research Laboratories (Highland Heights, Ken
tucky). All other assays were done at Corning-
Nichols Institute (San Juan Capistrano, California). 

Safety Evaluations 
At each visit, vital signs were measured and any 

new or worsening symptoms were recorded. Physical 
examinations were performed at the baseline, month 
3, and yearly visits. Standard laboratory safety eval
uations (including evaluations of hematologic, renal, 
and liver function) were performed at every visit. 
Investigators reported any unfavorable or unintended 
clinical or laboratory events as adverse experiences. 
After 3 years of therapy, biopsy specimens of trans-
iliac bone were obtained for histologic and histo 
morphometric assessment from 55 women who pro
vided specific informed consent for this procedure. 
These analyses were performed, as previously de
scribed, by a single investigator who was blinded to 
treatment groups (19). 

Statistical Analysis 
The Tukey trend test (20) was used to assess the 

trend in response with increasing alendronate dos
ages. The 20/0-mg/d group was excluded from this 
test because of the change in dosage. This test uses 
the minimum P value, adjusted for multiplicity (21), 
that was obtained from tests of the regression 
sloped on three dosage scalings. The test is done in 
a stepwise manner, with the highest dosage elimi
nated, until the minimum P value exceeds 0.05. 
Dose-response relations were examined for the re-

Table 1. Selected Baseline Characteristics of the Study Participants 

Characteristic Placebo Group 1 -mg/d 5-mg/d 10-mg/d 20/0-mg/d 
(n = 90) Alendronate Group Alendronate Group Alendronate Group Alendronate Group 

(n = 92) (n = 88) (n = 88) (n = 89) 

Continuous variables* 
Age, y 51.3 ±0.4 51.7 ±0 .4 52 ± 0.3 52.1 ±0.3 52.1 ±0 .4 
Time since menopause, mo 28.4 ± 5.0 22.1 ±2.2 22.6 ±2.3 19.2 ± 1.0 20.2 ± 1.1 
Height, cm 162 ± 1.0 162 ± 1.0 162 ± 1.0 162 ± 1.0 163 ± 1.0 
Weight, kg 63.9 ± 1.0 63.3 ± 1.0 61.9 ± 1.0 64.2 ± 1.0 64.5 ± 1.1 
Body mass index, kg/m2 24.5 ± 0.4 24.1 ±0 .4 23.6 ± 0.3 24.4 ± 0.4 24.4 ± 0.4 
Estimated dietary calcium 

intake, mg/d 482 ± 46.0 471 ± 47.0 590 ± 67.0 458 ± 47.0 479 ± 52.0 
Bone mineral density of the 

spine, g/cm2 

Hologic densitometryt 0.93 ± 0.01 0.92 ± 0.01 0.92 ± 0.01 0.93 ± 0.01 0.94 ± 0.01 
Lunar densitometry* 1.10 ±0.02 1.11 ±0.02 1.05 ±0.02 1.08 ±0.02 1.05 ±0.02 

Categorical variables, n (%) 
Cigarette smoking§ 36 (40.0) 35 (38.0) 31 (35.2) 40(45.5) 25(28.1) 
Ethanol intake|| 9(10.0) 11 (12.0) 11 (12.5) 9(10.2) 12(13.5) 
Family history of osteoporosis 30(33.3) 32 (34.8) 34 (38.6) 27 (30.7) 27 (30.3) 

* Continuous variables are expressed as the mean ± SE. 
t 59 to 62 women per treatment group. 
* 26 to 29 women per treatment group. 
§ Percentage is the number of women who reported smoking cigarettes or other tobacco use/number of women in the treatment group. 
|| Percentage is the number of women who reported drinking at least 1 alcohol-containing beverage per day/number of women in the treatment group. 
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Figure 1. Mean changes from baseline in bone mineral density of the spine, femoral neck, trochanter, and total body in the placebo and 
alendronate groups. All women also received 500 mg of calcium (as carbonate) daily. Bars represent SEs. 

sponses of the percentage change in bone density 
variables, natural logarithm (fraction of the baseline 
value) for biochemical variables, and change in clin
ical safety variables. 

Role of Funding Source 

Employees of Merck & Co., Inc., participated in 
the study as co-investigators. After designing the 
study with the input of other investigators, these 
employees implemented the protocol and coordi
nated data collection and statistical analysis. They 
also contributed to the writing of this paper, but 
data interpretation and decisions about the content 
of the paper and submission for publication resided 
with the entire group of investigators. 

Results 

Baseline Clinical and Laboratory Characteristics 

At baseline, all treatment groups had similar de
mographic characteristics and bone density values 
(Table 1) and biochemical markers (data not shown). 

Of the 447 participants, 89.3%, 71.8%, and 69.6% 
completed at least 1, 2, and 3 years of treatment, 
respectively. The rate of withdrawal was similar in 
all treatment groups. 

Bone Mineral Density 

By 36 months, placebo recipients had lost ap
proximately 3% to 4% of bone density at the spine, 
femoral neck, and trochanter (Figure 1 and Table 
2). In contrast, participants in the 5-, 10-, and 20/0-
mg/d groups had increased their bone density by 
approximately 1% to 4% at these sites relative to 
baseline. All alendronate dosages differed signifi
cantly from placebo, including the 1-mg/d dosage, 
which attenuated bone loss. Total body bone min
eral density (measured at 11 of the 15 centers) 
increased significantly only with 10 mg of alendro
nate per day (increase of 1%) and was maintained 
with 5 mg/d; in contrast, progressive and significant 
losses of bone mineral density occurred in the pla
cebo and 1-mg/d groups. Treatment with 10 mg of 
alendronate per day produced slightly greater mean 
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increases in bone mineral density than did 5 mg/d, 
but the differences were significant only at the tro
chanter site. Most of the increase in bone mineral 
density of the spine and proximal femur occurred in 
the first 12 months of the study and was maintained 
thereafter with continuous alendronate treatment 
(Figure 1). The bone mineral density changes in the 
20/0-mg/d group at 24 months were similar to those 
in the 5- and 10-mg/d groups. After 24 months, 
when women in the 20-mg/d group were switched to 
placebo, loss of bone density resumed in this group 
at a rate similar to that seen throughout the entire 
study in the placebo group. 

Bone density increments were also achieved in 
the other regions of the proximal femur (Table 2). 
Forearm measurements were done in slightly more 
than half of the participants. Placebo led to loss of 
bone mass in the forearm sites, whereas alendronate 
significantly attenuated loss of bone mineral density 
at both subregions of the forearm (Table 2). 

Biochemical Markers and Indices of Mineral 
Metabolism 

Both urinary markers of bone resorption de
creased (deoxypyridinoline levels decreased by 35% 
to 45%; N-telopeptide levels decreased by 65% to 
70%) within 1 month of the initiation of alendro
nate at 5, 10, and 20 mg/d and reached a new steady 
state by 3 months (Figure 2). This decrease was 
sustained for the duration of treatment with 5 or 10 
mg of alendronate per day. Bone-specific alkaline 
phosphatase and osteocalcin levels began to de
crease at 1 month, reaching a steady state during 
treatment between 6 and 12 months at values of 
40% to 60% below baseline (Figure 2). Upward 
trends in both deoxypyridinoline (between months 
24 and 30) and bone-specific alkaline phosphatase 

(after 6 months) were seen in all groups, but the 
relation between active treatment groups and the 
placebo group was maintained. These changes are 
most consistent with a drift in the results of the 
assays during the study. After patients receiving 20 
mg of alendronate per day were switched to placebo 
during the third year, the suppression of bone turn
over was attenuated. 

Women treated with at least 5 mg of alendronate 
per day had modest decreases in serum calcium 
levels (1% to 3% from baseline) and serum phos
phate levels (5% to 9% from baseline) within the 
first few months of therapy, a finding consistent with 
the antiresorptive effect of the drug. These changes 
did not result in clinical signs or symptoms, and the 
values gradually returned toward baseline by 12 to 
24 months. In response to these changes, serum 
parathyroid hormone levels increased by approxi
mately 50% to 60% and 1,25-dihydroxyvitamin D 
levels increased by 20% in the 5-, 10-, and 20/0-
mg/d alendronate groups by 1 month; by 12 months, 
these levels returned toward baseline values (data 
not shown). 

Histomorphometry 

Alendronate treatment did not impair skeletal 
mineralization; no increase in the mean thickness of 
osteoid seams (osteoid thickness) (Figure 3) or the 
proportion of unmineralized cancellous bone (os
teoid volume/total volume) was documented. No 
differences were seen in the rate at which bone 
mineral was deposited (mineral apposition rate) for 
any treatment group. The local bone turnover rate 
was assessed by measuring the proportion of bone 
surface that was undergoing mineralization (miner
alizing surface). This variable decreased, a finding 
consistent with the ability of alendronate to de-

Table 2. Summary of Percentage Change in Bone Mineral Density from Baseline at 36 Months* 

Measurement Site Placebo Group 1-mg/d Alendronate 5-mg/d Alendronate 10-mg/d Alendronate 20/0-mg/d Alendronate 
Group Group Group Group 

Partici Change Partici Change Partici Change Partici Change Partici Change 
pants pants pants pants pants 

n % n % n % n % n % 

Most importantt 
Spine (primary end 

point) 82 -3.51 ± 0.36 88 -1.16 ±0.40* 84 2.89 ± 0.46 84 3.95 ± 0.39 78 4.37 ± 0.50 
Femoral neck 76 -3.95 ± 0.47 83 -1.65 ±0.43 83 1.10±0.45§ 80 2.27 ± 0.46 74 1.87 ± 0.48 
Trochanter 76 -2.58 ± 0.50 83 0.03 ± 0.46|| 83 2.71 ±0.51 80 4.39 ± 0.47 74 3.51 ±0.51 
Total body 48 -2.26 ± 0.33 53 -1.00 ±0.2711 52 0.32 ± 0.33|| 49 1.03 ±0.32* 41 0.52 ± 0.40|| 

Secondary 
Total hip 51 -3.07 ± 0.51 55 -1.04±0.44§ 56 1.02 ±0.40§ 55 2.34 ± 0.39 51 1.75 ±0.39 
One-third wrist 50 -3.85 ± 0.60 56 -3.43 ± 0.50** 54 -2.27 ±0.411 53 -0.92 ± 0.49|| 50 -1.25 ±0.45* 
Ultra-distal wrist 50 -5.46 ± 0.76 56 -4.62 ± 0.57** 54 -3.88 ± 0.64H 53 -2.39 ± 0.55 50 -2.74 ± 0.6011 

* Percentages are expressed as the mean ± SE. P < 0.001 relative to both placebo and baseline unless otherwise indicated, 
t Spine, femoral neck, trochanter, and total body were identified in the study protocol as the most important end points. 
* P < 0.01 relative to baseline. 
§ P < 0.05 relative to baseline. 
|| P > 0.05 relative to baseline. 
H P < 0.05 relative to placebo. 

** P > 0.05 relative to placebo. 
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Figure 2. Mean changes from baseline in biochemical markers and indices of mineral metabolism with time in the placebo and alendronate 
groups. Dashed lines designate the period during which women who received 20 mg of alendronate per day for 2 years and placebo for 1 year (the 20/0-mg/d 
group) were receiving placebo. Numbers of participants per group for each variable are 43 to 53 for deoxypyridinoline excretion, 23 to 42 for N-telopeptide 
crosslinks excretion, 44 to 55 for serum bone-specific alkaline phosphatase, and 43 to 50 for serum osteocalcin. 

crease the overall rate of bone turnover; however, 
mineralizing surface remained measurable in all 
participants (Figure 3). In addition, mineralizing 
surface was higher in the 20/0-mg/d group than in 
any other alendronate group, reflecting the resolu
tion of the effect of alendronate to decrease bone 
turnover 1 year after discontinuation of therapy. No 
qualitative abnormalities of bone or bone marrow 
were seen on histologic examination, and the nor
mal lamellar structure was preserved in all cases. 

Adverse Experiences 

Alendronate was well tolerated by participants. 
Clinical adverse events (any unexpected symptom 
ranging from mild, common symptoms, such as 
headache and upper respiratory infection, to infre
quent but more significant problems requiring hos
pitalization) occurred in more than 90% of each 
treatment group. However, the incidence of all ad
verse experiences, including events defined by the 
protocol as serious (cancer, life-threatening events, 
or events resulting in hospitalization or prolongation 
of hospitalization) and adverse experiences leading 

to withdrawal from the study, was similar in the 
placebo and alendronate groups (Table 3). 

Of the clinical adverse experiences seen in our 
sample, only flatulence and odynophagia showed 
dose-related increases (Table 3). Six cases of 
odynophagia occurred, three in the 10-mg/d group 
and three in the 20/0-mg/d group. None was serious, 
and only one (in a 20-mg/d recipient with esophagi-
tis) resulted in discontinuation of study therapy. The 
remaining five participants had transient (lasting 2 
to 11 days) episodes of odynophagia that resolved 
despite continued therapy. One of these participants 
(in the 20/0-mg/d group) was receiving placebo at 
the time of the adverse experience. No consistent 
differences in the frequency of other upper gastro
intestinal symptoms (such as nausea, vomiting, and 
heartburn) or any other type of clinical or labora
tory adverse experience were seen among the treat
ment groups. 

Discussion 

At baseline, bone mineral density in the partici
pants was approximately 10% below the mean val-
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ues for young adult women. This finding suggests 
that participants may have already experienced sub
stantial bone loss during the perimenopausal and 
early postmenopausal period and is consistent with 
results of other recent studies that showed early 
postmenopausal bone loss (22, 23). The average 
bone mineral density of the spine at baseline in our 
sample was 10% to 15% greater than levels consid
ered to indicate osteoporosis (24). If rates of bone 
loss were to continue at the rate of approximately 
1% per year (the rate seen in the placebo group), a 
substantial number of these women would develop 
osteoporosis in the next 10 to 15 years. 

In contrast to the therapeutic objective of in
creasing bone mass and strength in women with 
established osteoporosis, the aim of therapy in these 
women is simply the prevention of bone loss. Cal
cium administration did not achieve this goal; de
creases of 3% to 4% were seen at several skeletal 
sites over the 3 years of observation, a finding con
sistent with those of earlier studies (25-27). In our 
study, alendronate at dosages of 5 mg/d or greater 
given for 3 years met the objective of preventing 
bone loss at the spine, hip, and total body. The 10-
and 20-mg/d dosages seemed to have slightly greater 
effects than the 5-mg/d dosage, but no clinically 
significant difference was apparent. Alendronate at 
1 mg/d significantly attenuated but did not fully 
prevent bone loss, suggesting that 5 mg/d is the 
lowest of the tested dosages that can achieve the 
objective of preserving bone mass in this group of 
early menopausal women. We did not evaluate the 
effect of dosages between 1 and 5 mg/d. Compared 
with placebo, alendronate attenuated but did not 
prevent bone loss in the forearm. The clinical sig
nificance of this finding is unclear because alendro
nate therapy reduces the rate of wrist fractures in 
women with osteoporosis (10). 

The skeletal response to alendronate at different 
sites was heterogeneous; greater increases in bone 
mass were seen at more trabecular sites, such as the 
spine. The effect of alendronate on bone mineral 
density of the spine was similar to or greater than 
the effects of estrogen or other bisphosphonates in 
early postmenopausal women (28-31). The effect at 
the hip was of the same magnitude as that seen with 
hormone replacement therapy (28). 

The decreases in biochemical markers of bone 
turnover in response to alendronate were similar to 
those seen with estrogen therapy (32, 33). As was* 
expected, bone resorption decreased more quickly 
than bone formation as a result of alendronate's 
direct ability to suppress osteoclastic activity. During 
this early transient period, formation exceeds re
sorption; this "remodeling space filling" probably ex
plains the fact that the greatest increase in bone mass 
occurs during the first 6 to 12 months of therapy. 

Biochemical markers achieved a new steady state 
after approximately 3 to 6 months of therapy and 
did not continue to decrease with continued ther
apy. The progressive return of the markers of bone 
resorption toward baseline values after the 20-mg/d 
group was switched to placebo in the third year 
suggests that it is the current (or at least recent) 
alendronate dosage, rather than the cumulative 
dose, that determines the degree of suppression of 
bone turnover. These findings are consistent with 
observations in animals that osteoclasts are exposed 
only to the drug present on resorption surfaces and 
that alendronate incorporated into bone is not phar
macologically active (34). The resumption of bone 
loss after the discontinuation of alendronate therapy 

Figure 3. Histomorphometric variables (osteoid thickness [top] 
and mineralizing surface [bottom]) at 3 years. Values are expressed as 
the mean ± SE. Each plot provides the median (center line of each box), 
25th and 75th percentiles (bottom and top of each box), 10th and 90th 
percentiles (caps of error bars), and individual points outside those limits. 
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Table 3. Clinical Adverse Experiences 

Adverse Experience Placebo Group 1 -mg/d 5-mg/d 10-mg/d 20/0-mg/d 
(n = 90) Alendronate Group Alendronate Group Alendronate Group Alendronate Group 

(n = 92) (n = 88) (n = 88) (n = 89) 

< n (Q/ ) < n ( HJ) 

>1 adverse experience 82(91.1) 85 (92.4) 81 (92.0) 86 (97.7) 84 (94.4) 
Serious adverse experience* 9(10.0) 5 (5.4) 10(11.4) 13(14.8) 8 (9.0) 
Adverse experience resulting in 

discontinuation of therapy 6 (6.7) 6(6.5) 6 (6.8) 6 (6.8) 9(10.1) 
>1 clinically significant upper 

gastrointestinal adverse 
experience 26 (28.9) 24(26.1) 23(26.1) 26 (29.5) 28(31.5) 

Flatulence 1 (1.1) 1 (1.1) 1(1.1) 5 (5.7)t 5 (5.6)+ 
Odynophagia 0 0 0 3 (3.4)+ 3 (3.4)+ 

* Includes cancer; life-threatening events; and events that resulted in death, hospitalization, prolongation of hospitalization, or permanent or substantial disability. 
t P < 0.05 through this dosage by the trend test. 
+ P < 0.01 through this dosage by the trend test. 

suggests that long-term therapy may be necessary 
for persistent inhibition of bone loss and reduction 
of the incidence of fractures in older women. 

In addition to documenting increases in bone 
mass, our study shows the continued formation of 
bone of normal quality without histomorphometric 
evidence of osteomalacia. This is consistent with 
findings seen in more than 500 bone biopsies done 
in patients with osteoporosis and Paget disease of 
bone who were receiving daily alendronate dosages 
as high as 80 mg/d (35, 36). The normal quality of 
alendronate-treated bone is further supported by 
preclinical studies that showed normal bone histo
logic findings (16) and by the decreased incidence 
of fractures associated with increased bone density 
in postmenopausal women with osteoporosis (9, 10). 

Alendronate was well tolerated by participants in 
our study. The proportion of women who discontin
ued therapy because of an adverse experience was 
similar among the placebo and alendronate groups. 
Although the total incidence of upper gastrointesti
nal symptoms did not differ between the alendronate 
and placebo groups, the incidence of odynophagia 
was significantly increased in the 10- and 20-mg/d 
groups; one woman in the 20-mg/d group had 
esophagitis. No cases of esophagitis developed in 
the 5- and 10-mg/d groups, although this potential 
clearly exists with the 10-mg/d dosage, especially if 
the patient does not adhere to dosing instructions 
(37). The safety profile of all doses was favorable; 
among the effective dosages, however, 5 mg/d 
clearly has the least potential for any adverse effects 
(including gastrointestinal). Therefore, on the basis 
of both efficacy and safety considerations, 5 mg/d 
seems to be the optimal dosage for the prevention 
of postmenopausal bone loss. 

The limitations of our study include the relatively 
short duration of follow up. Understanding the 
long-term effect of strategies to prevent a process 
that occurs over many decades is important, and we 
plan to continue our study for at least 7 total years. 

Studies such as this one cannot assess the effect of 
therapy on risk for fracture: A much larger study 
conducted over many years would be required. Our 
data, however, combined with the documented ef
fectiveness of alendronate therapy in reducing the 
incidence of fracture in older women with osteopo
rosis, suggest that preventing bone loss could ulti
mately protect against fractures. The participants in 
our study were healthy women who had recently 
undergone menopause. Thus, our results are not 
applicable to premenopausal women, men, or women 
with secondary causes of bone loss. 

In summary, our study shows that alendronate 
treatment given for 3 years at dosages of at least 5 
mg/d is effective in preventing bone loss at the 
spine, hip, and total body in early postmenopausal 
women. Bone quality is preserved, and treatment is 
associated with a favorable safety and tolerability 
profile. Alendronate shows promise as a nonhor-
monal, bone-specific therapy for the prevention of 
postmenopausal bone loss. 

Appendix 

The Alendronate Osteoporosis Prevention Study Group 
comprised the following: 

Investigative Centers and Clinical Investigators: Rich
ard Bauer, MD (University of Texas Health Science Cen
ter, San Antonio, Texas); Claus Christiansen, MD, Bj0rg 
Clemmesen, MD, and Pernille Ravn, MD (Center for 
Clinical and Basic Research, Ballerup, Denmark); Jan 
Dequeker, MD, PhD (Universitair Ziekenhuis, Pellen-
berg, Belgium); John A. Eisman, MD, and Philip Sam-
brook, MD (Garvan Institute of Medical Research, St. 
Vincent's Hospital, Sydney, Australia); Ignac Fogelman, 
MD, and Paul Ryan, MD (Guy's Hospital, London, 
United Kingdom); Ghada El Hajj Fuleihan, MD (Brigham 
and Women's Hospital, Boston, Massachusetts); Piet 
Geusens, MD (Limburgs Universitair Centrum, Diepen-
beek, Belgium); Nigel L. Gilchrist, FRACP (Princess 
Margaret Hospital, Christchurch, New Zealand); Marjorie 
Luckey, MD (Mount Sinai Medical Center, New York, 
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New York); Michael R. McClung, MD (Oregon Osteo
porosis Center, Providence Health System, Portland, Or
egon); Charles J. Menkes, MD (Service de Rhumatologie 
A, Hopital Cochin, Paris, France); Jose A. Rodriguez-
Portales, MD (Catholic University of Chile, Santiago, 
Chile); Stephan Goemaere, MD, and Jean Marc Kauf
man, MD (UZ Gent Department of Endocrinology, Gent, 
Belgium); Richard Wasnich, MD (Hawaii Osteoporosis 
Center, Honolulu, Hawaii); Stuart R. Weiss, MD (San Di
ego Endocrine and Medical Clinic, San Diego, California). 
Bone Density Quality Assurance Center: Michael McClung, 
MD, and Leslie Roberts, BS (Oregon Osteoporosis Center, 
Providence Health System, Portland, Oregon). Histomor-
phometry Center: Robert S. Weinstein (University of Arkan
sas Medical School, Little Rock, Arkansas). Merck Research 
Laboratories, Rahway, New Jersey: Clinical Research: Anas-
tasia Daifotis, MD, Celia Reda, BS, Enza Ricerca, BS, and 
A. John Yates, MD; Clinical Biostatistics: Erika Hale, MS, 
and Tracy Survill, MS. 

From Providence Health System, Portland, Oregon; Center for 
Clinical and Basic Research, Ballerup, Denmark; Merck & Co., 
Rahway, New Jersey; Princess Margaret Hospital, Christchurch, 
New Zealand; St. Vincent's Hospital, Sydney, Australia; Univer
sity of Arkansas for Medical Sciences, Little Rock, Arkansas; and 
Brigham and Women's Hospital, Boston, Massachusetts. 

Grant Support: By Merck Research Laboratories in the form of 
research grants to the individual study sites. 

Requests for Reprints: Michael R. McClung, MD, Oregon Osteopo
rosis Center, Providence Health System, 5050 NE Hoyt Street, Suite 
651, Portland, OR 97213. 

Current Author Addresses: Dr. McClung: Oregon Osteoporosis 
Center, Providence Health System, 5050 NE Hoyt Street, Suite 
651, Portland, OR 97213. 
Drs. Clemmesen and Ravn: Center for Clinical and Basic Re
search, Ballerup Byvej 222, Ballerup, Denmark 2750. 
Drs. Daifotis and Yates and Ms. Reda: Merck & Co., Inc., 126 
East Lincoln Avenue (RY32-537), Rahway, NJ 07065. 
Dr. Gilchrist: Princess Margaret Hospital, Cashmere Road, 8002 
Christchurch, New Zealand. 
Dr. Eisman: Garvan Institute of Medical Research, St. Vincent's 
Hospital, 384 Victoria Street, Sydney, NSW 2010, Australia. 
Dr. Weinstein: University of Arkansas for Medical Sciences, 4301 
West Markham—Slot 587, Little Rock, AK 72205. 
Dr. El Hajj Fuleihan: Brigham and Women's Hospital, 221 Long-
wood Avenue, Boston, MA 02215. 

References 

1. Riggs BL, Melton LJ 3d. The prevention and treatment of osteoporosis. 
N Engl J Med. 1992;327:620-7. 

2. Cooper C, Campion C, Melton LJ 3d. Hip fractures in the elderly: a 
world-wide projection. Osteoporosis Int. 1992;2:285-9. 

3. Melton LJ 3d, Chrischilles EA, Cooper C, Lane AW, Riggs BL. Perspec
tive. How many women have osteoporosis? J Bone Miner Res. 1992;7:1005-10. 

4. Boyce WJ, Vessey MP. Rising incidence of fracture of the proximal femur. 
Lancet. 1985;1:150-1. 

5. Nguyen T, Sambrook P, Kelly P, Jones G, Lord S, Freund J, et al. 
Prediction of osteoporotic fractures by postural instability and bone density. 
BMJ. 1993;307:1111-5. 

6. Cummings SR, Black DM, Nevitt MC, Browner W, Cauley J, Ensrud K, 
et al. Bone density at various sites for prediction of hip fractures. The Study 
of Osteoporotic Fractures Research Group. Lancet. 1993;341:72-5. 

7. Jones G, Nguyen T, Sambrook P, Kelly PJ, Eisman JA. Progressive loss of 
bone in the femoral neck in elderly people: longitudinal findings from the 
Dubbo osteoporosis epidemiology study. BMJ. 1994;309:691-5. 

8. Ensrud KE, Palermo L, Black DM, Cauley J, Jergas M, Orwoll ES, et al. 
Hip and calcaneal bone loss increase with advancing age: longitudinal results 
from the study of osteoporotic fractures. J Bone Miner Res. 1995;10:1778-87. 

9. Liberman UA, Weiss SR, Broil J, Minne HW, Quan H, Bell NH, et al. 
Effect of oral alendronate on bone mineral density and the incidence of 
fractures in postmenopausal women. The Alendronate Phase III Osteoporosis 

Treatment Study Group. N Engl J Med. 1995;333:1437-43. 
10. Black DM, Cummings SR, Karpf DB, Cauley JA, Thompson DE, Nevitt 

MC, et al. Randomized trial of effect of alendronate on risk of fracture in 
women with existing vertebral fractures. Fracture Intervention Trial Research 
Group. Lancet. 1996;348:1535-41. 

11. Cauley JA, Seeley DG, Ensrud K, Ettinger B, Black D, Cummings SR. 
Estrogen replacement therapy and fractures in older women. Study of Osteo
porotic Fractures Research Group. Ann Intern Med. 1995;122:9-16. 

12. Harris RB, Laws A, Reddy VM, King A, Haskell WL. Are women using 
postmenopausal estrogens? A community survey. Am J Public Health. 1990; 
80:1266-8. 

13. Ryan PJ, Harrison R, Blake GM, Fogelman I. Compliance with hormone 
replacement therapy (HRT) after screening for postmenopausal osteoporosis. 
Br J Obstet Gynaecol. 1992;99:325-8. 

14. Colditz GA, Hankinson SE, Hunter DJ, Willett WC. Manson JE, 
Stampfer MJ, et al. The use of estrogens and progestins and the risk of 
breast cancer in postmenopausal women. N Engl J Med. 1995;332:1589-93. 

15. Dupont WD, Page DL. Menopausal estrogen replacement therapy and 
breast cancer. Arch Intern Med. 1992;151:67-72. 

16. Balena R, Toolan BC, Shea M, Markatos A, Myers ER, Lee SC, et al. The 
effects of 2-year treatment with the aminobisphosphonate alendronate on 
bone metabolism, bone histomorphometry, and bone strength in ovariecto-
mized nonhuman primates. J Clin Invest. 1993;92:2577-86. 

17. Reginster JY, Albert A, Lecart MP, Lambelin P, Denis D, Deroisy R, et 
al. 1-year controlled randomised trial of prevention of early postmenopausal 
bone loss by prevention of intranasal calcitonin. Lancet. 1987;2:1481-3. 

18. Faulkner KG, McClung MR. Quality control of DXA instruments in multi-
center trials. Osteoporosis Int. 1995;5:218-27. 

19. Reid IR, Nicholson GC, Weinstein RS, Hosking DJ, Cundy T, Kotowics 
MA, et al. Biochemical and radiologic improvement in Paget's disease of 
bone treated with alendronate: a randomized, placebo-controlled trial. Am J 
Med. 1996;101:339-40. 

20. Tukey JW, Ciminera JL, Heyse JF. Testing the statistical certainty of a 
response to increasing doses of drugs. Biometrics. 1985;41:295-301. 

21. Capizzi T, Survill TT, Heyse JF, Malani H. An empirical and simulated 
comparison of some tests for detecting progressiveness of response with 
increasing doses of a compound. Biometrical Journal. 1992;34:275-89. 

22. Elders PJ, Netelenbos JC, Lips P, van Ginkel FC, van der Stelt PF. 
Accelerated vertebral bone loss in relation to the menopause: a cross-sec
tional study on lumbar bone density in 286 women of 45 to 55 years of age. 
Bone Mineral. 1988;5:11-9. 

23. Hansen MA, Overgaard K, Christiansen C. Spontaneous postmenopausal 
bone loss in different skeletal areas—followed up for 15 years. J Bone Miner 
Res. 1995;10:205-10. 

24. Assessment of fracture risk and its implications to screening for postmeno
pausal osteoporosis. WHO Technical Report Series #843. Geneva: World 
Health Organization; 1994. 

25. Prince RL, Smith M, Dick IM, Price Rl, Webb PG, Henderson NK, et al. 
Prevention of postmenopausal osteoporosis. A comparative study of exercise, 
calcium supplementation, and hormone-replacement therapy. N Engl J Med. 
1991;325:1189-95. 

26. Reid IR, Ames RW, Evans MC, Gamble GD, Sharpe SJ. Effects of calcium 
supplementation on bone loss in postmenopausal women. N Engl J Med. 
1993;328:460-4. 

27. Aloia JF, Vaswani A, Yeh JK, Ross PL, Flaster E, Dilmanian FA. Calcium 
supplementation with and without hormone replacement therapy to prevent 
postmenopausal bone loss. Ann Intern Med. 1994;120:97-103. 

28. Effects of hormone therapy on bone mineral density: results from the Post
menopausal Estrogen/Progestin Interventions (PEPI) Trial. The Writing Group 
for the PEPI Trial. JAMA. 1996;276:1389-96. 

29. Speroff L, Rowan J, Symons J, Genant H, Wilborn W. The comparative 
effects on bone density, endometrium, and lipids of continuous hormones as 
replacement therapy (CHART study). A randomized controlled trial. JAMA. 
1996;276:1397-403. 

30. Field CS, Ory SJ, Wahner HW, Herrmann RR, Judd HL, Riggs BL. 
Preventive effects of transdermal 17 /3-estradiol on osteoporotic changes after 
surgical menopause: a two-year placebo-controlled trial. Am J Obstet Gy
necol. 1993;168:114-21. 

31. Reginster JY, Deroisy R, Denis D, Collette J, Lecart MP, Sarlet N, et al. 
Prevention of postmenopausal bone loss by tiludronate. Lancet. 1989;2:1469-71. 

32. Raisz LG, Wiita B, Artis A, Bowen A, Schwartz S, Trahiotis M, et al. 
Comparison of the effects of estrogen alone and estrogen plus androgen on 
biochemical markers of bone formation and resorption in postmenopausal 
women. J Clin Endocrinol Metab. 1996;81:37-43. 

33. Chesnut CH 3d, Bell NH, Clark GS, Drinkwater BL, English SC, 
Johnston CC Jr, et al. Hormone replacement therapy in postmenopausal 
women: urinary N-telopeptide of type I collagen monitors therapeutic effect 
and predicts response of bone mineral density. Am J Med. 1997;102:29-37. 

34. Masarachia P, Weinreb M, Balena R, Rodan GA. Comparison of the 
distribution of 3H-alendronate and 3H-etidronate in rat and mouse bones. 
Bone. 1996;19:281-90. 

35. Siris E, Weinstein RS, Altman JM, Conte JM, Favus M, Lombardi A, et 
al. Comparative study of alendronate versus etidronate for the treatment of 
Paget's disease of bone. J Clin Endocrinol Metab. 1996;81:961-7. 

36. Arlot MC, Meunier PJ, Chavassieux P, Recker R, Reda C, Wei L, et al. 
Effects of long-term alendronate treatment for postmenopausal osteoporosis 
on bone histomorphometry [Abstract]. J Bone Miner Res. 1995;10(Suppl 1):S199. 

37. de Groen PC, Lubbe DF, Hirsch U, Daifotis A, Stephenson W, Freed-
holm D, et al. Esophagitis associated with the use of alendronate. N Engl 
J Med. 1996;335:1016-21. 

15 February 1998 • Annals of Internal Medicine • Volume 128 • Number 4 261 


