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Abstract

Osteoporosis is a systemic metabolic disorder associated with a decreased bone mass and resistance. Bisphosphonates suppress
bone resorption and bone turnover by a mechanism that depends on their structure. They are characterized by low gastrointestinal
absorption. In postmenopausal women, alendronate (ALN) reduces bone resorption markers and increases bone mineral density
(BMD) in the lumbar spine, femoral neck, and total body. Individuals receiving ALN have been studied for up to 10 years with
an apparent linear increase in BMD over that time period estimated at 13.7% at the lumbar spine. Treatment with ALN reduced
the risk of both vertebral and non-vertebral fractures, including hip fractures, in postmenopausal women with osteoporosis.
Direct comparisons of the results obtained with different antiresortive agents is difficult, because the designs of the respective
studies, populations and other factors. However, the meta-analysis of available publications seems to indicate that ALN reduces
the relative risk of vertebral fractures in a greater proportion than any other agent. Furthermore, ALN prevents the reduction in
BMD after hormone replacement therapy discontinuation.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Osteoporosis is a multifactorial systemic metabolic
disorder mainly characterized by a decreased bone
mass and resistance. However, osteoporosis has also
been conceptualized as a risk factor, and described as
“disease mongering”[1,2] that has create a hot debate
concerning the diagnosis and the treatment[3,4]. Its
etiology involves genetic, environmental, hormonal
and nutritional factors. Identification of the genes
responsible for osteoporosis will allow for future
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identification of clinical variants with a greater or
lesser rate of bone loss, and will make it possible to
design strategies adapted to each individual patient
and disease risk[5,6].

Bone fractures related to osteoporosis, particularly
vertebral and hip fractures, cause significant suffering
and are associated with high mortality and decreased
quality of life [7]. The prevalence of fractures related
to postmenopausal osteoporosis is very high; indeed,
osteoporotic fractures are more frequent than the sum
of cases of myocardial infarction, breast cancer and
stroke [8–10]. In the specific case of gynecological
practice, the risk of a woman suffering a fracture
related to osteoporosis is greater than the sum of the
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risk of breast and genital cancer. Moreover, 20% of all
women experiencing one of these fracture will suffer
another within a year[11]. Osteoporotic fractures are
three times more common in the vertebras than in
the hip. In addition to fractures, osteoporosis causes
deformity and height loss, pain highly refractory
to treatment, reduced physical activity, respiratory
complications, limited social activities, dependency
upon other persons, etc. This disheartening prospect
irreversibly impairs health and generates enormous
health care expenses. Apart from clinical impairment
and worsened quality of life, it should be remembered
that the financial cost of fully established clinical
conditions is substantially greater than the cost as-
sociated with the application of effective preventive
measures.

2. Screening and identification of osteoporosis

The WHO defines osteoporosis as the presence of
a bone mineral density (BMD), the most widely used
surrogate parameter, more than 2.5 standard deviations
(S.D.) below the maximum mean densitometric value
in young women[12]. However, the risk of fracture
does not begin at this arbitrary value, but is a variable
inversely related to BMD. For this reason, the cut-off
point for the diagnosis and treatment of osteoporosis
is highly controversial.

The US National Osteoporosis Foundation recom-
mends starting treatment to prevent fractures in post-
menopausal women with a densitometricT score of
under two in the absence of risk factors, and with aT
score of under 1.5 if risk factors exist[13]. The mea-
sures to be taken depend on patient characteristics, i.e.
on the risk of future fracture regardless of age, the
clinical evidence in each case, and the scientific re-
sults obtained with drugs that reduce the occurrence
of bone fractures. It should be noted that during the
process of bone mass loss, in general, all skeletal sites
are at risk of fracture; it is therefore desirable to use
treatments covering the whole skeletal structure—both
vertebral and otherwise. In this setting, bisphospho-
nates are the antiresorptive drugs which have been
shown in randomized studies to prevent fractures. By
contrast, only partial or incomplete evidence exists for
hormonal therapies, calcium and Vitamin D, calcitonin
or fluorine therapy.

Screening for osteoporosis should identify peri-
menopausal women at risk before the start of rapid
bone mass loss. Screening and identification of
women at risk of osteoporosis is not easy, and no
simple methods are available. The US National Os-
teoporosis Foundation recommends the measurement
of BMD in all women aged 65 or over, as well as in
younger women with one or more risk factors[13].
While some physicians screen all women, others
perform no screening at all, due to the high cost of
densitometry, the reference technique for detecting a
decreased BMD. Weinstein and Ullery[14] admin-
istered a questionnaire with the potential risk factors
to 1610 women (mean age: 62 years) who were then
subjected to dual photon densitometry of the spine,
hip and femoral neck. Osteoporosis was detected in
35.3% of the women in one or more of the sites
evaluated. The only variable that predicted the exis-
tence of osteoporosis was the absence of exposure to
estrogens as oral contraceptives or hormone replace-
ment therapy (HRT). The independent variables with
predictive value were advanced age, reduced body
weight, and years since menopause. In the study, au-
thors concluded that many of the accepted risk factors
are not reliable to establish who should participate in
a screening program. Based on the confidence limits,
screening can be recommended in women over age
65 with a body weight of under 140 pounds (57 kg)
at the time of menopause, or who have not used
estrogens for at least 6 months.

Kovacs[15] has evaluated four guidelines for tak-
ing the decision to perform densitometry:simple cal-
culated osteoporosis risk estimation(SCORE)[16];
osteoporosis risk assessment instrument(ORAI) [17];
age, body size, no estrogen(ABONE) [14]; and abody
weightof under 70 kg[18], to determine how they fit
the recommendations of the US National Osteoporosis
Foundation. The SCORE and ORAI guidelines offer
the best discriminatory capacity for all BMD thresh-
olds. For detecting BMD with aT score of under 2.0
standard deviations (the threshold for pharmacological
treatment), the sensitivity was 93.7% for the US Na-
tional Osteoporosis Foundation guideline, 97.5% for
SCORE, 94.2% for ORAI, 79.1% for ABONE, and
79.6% for the weight criterion.

The US Preventive Service Task Force stated that
screening 731 women aged 65–69 years would prevent
one hip fracture if those with indications for treatment
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took it, and screening 248 women would prevent one
vertebral fracture. The benefits of screening are rela-
tively small in women under the age of 65 years, un-
less they have other risk factors for osteoporosis[19].

3. Objectives of prevention and treatment of
osteoporosis

Success in the prevention and treatment of osteope-
nia and osteoporosis requires the achievement of a
number of pathophysiological objectives leading to the
prevention of fractures[20–23]. The first effect of a
treatment becomes evident as changes in the different
bone metabolic markers. These biochemical changes
affect the markers of bone resorption and formation.
An increase in bone turnover causes an imbalance be-
tween bone resorption and formation which is reflected
as a decreased BMD, a loss of connective trabecula-
tion and a reduction in mineralization[24].

The second change refers to a gain in BMD,
measurable by densitometry, as a result of tissue re-
construction by the bone metabolic unit, and which
occurs after months of treatment. It has been claimed
that the greater the increase in BMD, the greater bone
resistance. However, increases in BMD are associated
with variable changes in bone microarchitecture, so
that different treatments induce different densitomet-
ric and microarchitectural responses which correlate
to an increased or reduced risk of bone fracture. In
other words, although BMD is a significant determi-
nant of bone resistance and of the risk of fracture,
the relationship is not linear, and small reductions in
BMD are associated to disproportionately large in-
creases in fracture risk[25–27], suggesting that some
other associated factor exists which increases fracture
risk in a complementary manner to bone mass. Apart
from these considerations, however, reduced BMD
levels warrant treatment to improve bone resistance.

The objective of treatment is to reduce the inci-
dence of bone fractures and the desirable clinical
benefit. There are two meta-analyses showing the ex-
istence of a significant association between increased
BMD in the lumbar spine and hip and the risk of
new radiographic vertebral fractures during treatment
with antiresorptive drugs[20,28]. Different potential
mechanisms of action of antiresorptive drugs ex-
ist, particularly on the risk of vertebral fracture: (1)

reduction in the number of active resorption units;
(2) inhibition of excessive resorption allows bone to
respond to the mechanical demands; (3) reduced bone
turnover would prevent trabecular plate perforation
and trabecular loss; and (4) reduced bone turnover
would allow for complete mineralization[29].

Bone turnover is approximately 30% per year in
trabecular bone, i.e. about 10-fold higher than in cor-
tical bone. Therefore, changes in bone turnover and
in BMD in cortical bone would be better indicators of
the risk of non-vertebral fractures during antiresorp-
tive treatment[28]. Pharmacological agents which in-
duce few changes in the biochemical markers of bone
turnover and few changes in BMD are of scant efficacy
for preventing non-vertebral fractures. The message
for the clinician is that antiresorptive agents induc-
ing the greatest increases in BMD and maximum re-
ductions in biochemical markers compared to placebo
should be used.

In this context, the available scientific evidence
varies for the different treatment modalities, though
the results of greatest value based on design and
methodology, randomization and follow-up refer to
alendronate (meta-analysis of all treatments avail-
able for osteoporosis following the methodology of
Cochrane)[30]. Moreover, direct, randomized com-
parisons of alendronate versus different antiresorptive
drugs in postmenopausal osteoporosis have become
available very recently.

4. Pharmacology of bisphosphonates and
mechanism of action of alendronate

The bisphosphonates are the most potent antiresorp-
tive drugs available for the treatment of postmeno-
pausal osteoporosis. They all share the pyrophosphate
structure, which characterizes the pharmacological
group. The bisphosphonates are structural analogs
of pyrophosphates with specific activity upon bone,
thanks to their potent chemical affinity for hydroxya-
patite, the main organic component of bone. Bispho-
sphonates were formerly classified according to the
chemical group added to the base pyrophosphoric nu-
cleus at its R2 side chain[31,32]. Accordingly, bispho-
sphonates were classified in the early 1990s into three
generations; alkyl derivatives constituted the first gen-
eration of drugs, of which etidronate is representative.
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The second generation included the aminobisphospho-
nates with a terminal amino group (e.g., alendronate
and pamidronate), while the third generation was char-
acterized by having a cyclic side chain, as in the case of
risedronate[32]. Currently, the tendency is to classify
the bisphosphonates according to their biochemical
mechanism of action: nitrogenated bisphosphonates
or aminobisphosphonates (acting through the meval-
onate biochemical pathway) and non-nitrogenated
bisphosphonates (which act through ATPases)[33].
The drugs most widely used in clinical practice are
alendronate and risedronate, while ibandronate and
zolendronate are currently undergoing development.

All bisphosphonates are characterized by low gas-
trointestinal absorption (approximately 1% of the
administered dose), which can be totally neutralized
if the drug is administered with any type of food.
Uptake by bone is quite constant, with a half-life of
the incorporated drug of over 10 years. At high doses
they interfere with the mineralization process, causing
osteomalacia. However, the resorption/mineralization
ratio of the aminobisphosphonates is so great that
they do not interfere with this process, as a result of
which the therapeutic dose is about 1/100 the dose
that causes osteomalacia.

The bisphosphonates modify calcium metabolism.
Bone calcium resorption decreases and intestinal ab-
sorption increases, as a result of which the calcium bal-
ance is positive. These drugs reduce the differentiation
and recruitment of osteoclast precursors formed from
the hemopoietic stem cells. At the same time, they in-
crease osteoclast apoptosis, partly by caspase activa-
tion. The end result is, therefore, a marked reduction
in the number of these cells. The third action of this
group of drugs is on osteocytes (the cells responsible
for skeletal resistance to mechanical loading), whose
half-life is prolonged (i.e. premature apoptosis such as
that seen in osteoporosis is avoided).

Alendronate sodium (4-amino-1-hydroxybutylidine-
1,1-bisphosphonate) is a bisphosphonate which is
poorly absorbed following oral administration, and
the assimilated fraction is rapidly bound to the bone
remodeling units or is excreted in urine as the un-
changed molecule[34]. The drug does not cross
the cell membranes of other tissues, and therefore,
has no extra-skeletal effects, i.e. the effects are lim-
ited to the bone cells[35]. As with all bisphospho-
nates, alendronate firmly binds to bone minerals,

preventing osteoclast resorption by inhibition of the
mevalonate–cholesterol pathway. Moreover, the drug
possibly acts upon the osteoblasts, stimulating the
synthesis of growth factors and inhibiting osteocyte
apoptosis[36].

Experimental studies in animals suggest that bis-
phosphonates can also have chondroprotective effects
upon cartilage. This possibility has recently been con-
firmed in humans in a controlled, randomized study
involving alendronate[37]. Type II collagen is almost
exclusively located in cartilage, where it constitutes
the main structural component, and is excreted in urine
as type II collagen-C-telopeptide (CTX-II). In healthy
menopausal women, treatment for 3 years with 20 mg
of alendronate reduces this peptide by half, a change
which becomes evident after 3 months of administra-
tion of the drug and persists almost without variation
for the remaining period of time. When treatment is
discontinued, the CTX-II levels return to the baseline
values. These results suggest that, in addition to its
effects upon bone metabolism, alendronate also prob-
ably inhibits cartilage destruction.

5. Effects of alendronate upon biochemical
parameters and densitometry in postmenopausal
osteoporosis

Alendronate sodium has been extensively evaluated
in clinical trials for over a decade in aspects ranging
from the metabolic, densitometric and histomorpho-
logic changes and clinical tolerability to results re-
garding the incidence of all types of fractures. The
patient age range is also very wide (55–81 years),
and the bone status has varied from densitometric
T scores of between−1.6 and −4, and with and
without a history of fracture. The scientific evidence
is, therefore, comprehensive and will be mentioned
here of those data which may prove clarifying for the
clinical.

Treatment with alendronate, both daily and weekly,
with calcium and Vitamin D supplements, reduces
bone resorption markers after 1 month of adminis-
tration to levels characteristic of the premenopausal
phase, while bone formation marker levels decrease
after 3 months of treatment[37,38]. Thus, the bio-
chemical changes are both rapid and sustained during
treatment with alendronate, and bone markers are
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maintained within the levels characteristic of pre-
menopausal women[39].

Alendronate rapidly increases bone mass in the lum-
bar spine and hip both with daily treatment and with
weekly administration. BMD increases are significant
compared to baseline values after 6 months of ther-
apy. After 24 months, a 6.8% increase is recorded for
weekly alendronate treatment, versus 7.4% for daily
administration[40]. Part of the increase in BMD is
due to secondary mineralization, which shows levels
typical of premenopausal status[29].

Long-term treatment with alendronate has a sus-
tained efficacy, with no evident plateau effect[39]. In
a study started in the early 1990s, a continuous in-
crease in BMD was shown with a dose of 10 mg per
day, reaching 11.2% after 7 years of therapy. A second
group of patients initially received 20 mg per day, fol-
lowed by 5 mg per day, and finally placebo for the 6th
and 7th year. In this group, BMD was maintained in
the last 2 years, though the increase in bone turnover
reflected by the bone markers suggests that BMD be-
gins to decrease after this time. The persistence of a
protective effect beyond treatment is characteristic of
alendronate, in contrast to the situation observed with
hormone replacement therapy.

Emkey et al.[41] have presented an update on 247
women from the same population after 10 years of
follow-up. After 10 years of treatment with 10 mg per
day, a cumulative 13.7% increase occurred in spinal
BMD compared to baseline values. Between the 8th
and 10th year, a 2.25% gain in vertebral BMD was
seen, while in women administered 5 mg per day the
gain in this same period was 1.6%. The values reached
in hip and total body were maintained between years 8
and 10 of treatment. By contrast, BMD in the forearm
remained stable in women treated with 10 mg daily,
but decreased slightly in those given half that dose.
The tolerability of such prolonged therapy was good
for both doses compared with the group administered
placebo between the 6th and 10th year of the study.
The treated women administered 20 mg per day for
2 years, 5 mg per day for 3 years, and then 5 years
of placebo showed BMD drops in non-vertebral mea-
surements.

The results from Boivin et al.[29] support the
hypothesis that the reduction in activation frequency
caused by the antiresorptive effect of ALN is fol-
lowed by a secondary mineralization that increases

the percentage of bone structure units having reached
a maximum degree of secondary mineralization.
These effects contribute to improved bone strength is
demonstrated by the reduction in fracture incidence
previously demonstrated in these patients. Masarachia
et al. [42] reported that biopsies from osteoporotic
women treated for 2 years with 5 mg per day oral
ALN had higher trabecular bone volume, trabecular
number and thickness, and trabecular connectivity
than placebo-treated controls. It is reasonable to infer
that the preservation of bone architecture may play a
role in alendronate’s anti-fracture efficacy.

Concern has been raised by some authors that bis-
phosphonates may initially increase the toughness of
bone, and then with prolonged therapy, decrease it.
Some animal studies indicate that microcrack density
and length increase during treatment with high doses
of bisphosphonates[43,44]. With extended suppres-
sion of remodeling, denser and more homogeneous
regions of bone may form, which could allow a micro-
crack to travel with less energy through the structure.
Nonetheless, the bones of the bisphosphonate-treated
animals performed better in most mechanical tests than
the controls. Furthermore, there is no evidence from
clinical studies that prolonged treatment with bispho-
sphonates has a negative effect on fracture resistance.
Indeed, the available data suggest that such treatment
reduces fracture risk for up to 10 years[41,45]. How-
ever, further evidence is needed to determine the pre-
cise mechanisms of action in long-term treatment.

An essential question is the reliability of the treat-
ments, i.e. the percentage of treated patients in whom
a positive treatment effect is seen. In this sense, BMD
significantly increased after 1 year of treatment with
alendronate in over 90% of treated patients, and the
percentage response was similar for both the 10 mg
per day dose and for the 70 mg per week regimen
[38].

In theFosamax International Trial(FOSIT), which
included over 1000 women with low BMD random-
ized to receive either alendronate or placebo for 1 year,
the bisphosphonate was seen to have beneficial effects
upon bone mass, biochemical parameters and symp-
tomatic fractures[46]. The benefit on symptomatic
fractures was apparent from the 3rd month of treat-
ment, and a reduction in the risk of non-vertebral frac-
tures of 47% in 1 year. In other words, the effects upon
fractures are detected early after the start of therapy.
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6. Effects of alendronate on risk fracture in
women with postmenopausal osteoporosis: the
FIT study

TheFracture Intervention Trial(FIT) is a large clin-
ical trial designed to evaluate the effects of alendronate
upon the frequency of vertebral and non-vertebral frac-
tures in postmenopausal women with a low BMD and
either with or without a history of previous fractures,
i.e. the population included in the trial corresponds
to the situation most frequently seen in daily clini-
cal practice. Several publications have appeared as the
results were obtained over the years[23,47–51]. The
most significant data will be analyzed here.

The FIT was conducted with a data control sys-
tem, independent of the study sponsor, which guaran-
tees objective evaluation of fractures, product safety
and other aspects. The inclusion criteria for the cases
were very strict. As an example, 10% of the frac-
tures were discarded due to a lack of evidence, and
follow-up was also highly rigorous, so that 95% of the
cases were controlled to the end of the study. The pa-
tients included were 6459 women postmenopausal for
at least 2 years, with ages ranging from 55 to 81 years,
and with a reduced hip BMD (under 0.69 g/cm2), as
measured by dual energy absorptiometry. The study
comprised two arms: 2027 women having any verte-
bral fracture documented by X-rays (FIT-1); and 4432
women without radiological evidence of prior verte-
bral fracture (FIT-2) (Table 1).

The women were randomized to treatment with al-
endronate (5 mg per day during 2 years and then 10 mg
per day during 12–30 additional months) or placebo.
The patients received an adequate intake of calcium
with supplements and Vitamin D. As regards BMD,

Table 1
Reduction of the incidence of skeletal fractures in postmenopausal women included in the FIT study and treated with alendronate
(comparison with placebo in the control group); modified from Black et al.[47] and Cummings et al.[48]

FIT-1 FIT-2

Percentage P Percentage RR 95% CI

Hip fracture −51 =0.047 −56 0.44 0.18–0.97
New vertebral fracture −47 <0.001
New multiple vertebral fracture −90 <0.001
Morphometric vertebral fracture −44 0.56 0.39–0.80
Any clinical fracturea −36 0.64 0.50–0.82

a In women with an initial femoral neckT score of 2.5 or less.

after only 1 year of therapy with alendronate, BMD
increased 3% or more in the total hip in 35% of the
women, while 50% showed 1–3% increases, and 21%
showed a decrease or no changes at this level. The
women with the greatest increase in hip BMD in the
first 12 months were those having a lesser incidence of
new vertebral fractures: only 3.2% of the women with
a BMD increase of 3% or more in total hip experienced
vertebral fractures, as compared to 6.3% of fractures
in women in whom BMD either failed to increase or
decreased (RR= 0.45; CI = 0.27–0.72). The same
type of relationship was found for BMD measured af-
ter 24 months, and after 3 years over 90% had shown
significant BMD increases in the hip[47,48,51]. These
results suggest that the incidence of new fractures is
related to changes in BMD, and that the 1st and 2nd
years of treatment correspond to the lowest incidence
of vertebral fractures.

This study has shown that alendronate significantly
reduces the number of hip fractures, statistical signif-
icance being reached after 18 months of therapy with
a 63% reduction which was sustained throughout the
study. The risk of hip fracture and the effect of al-
endronate upon fracture prevention depend upon the
baseline BMD[48]. It is not clear why alendronate is
more effective for preventing clinical fractures in the
cases with lower BMD, but it should be noted that this
appears to be a typical characteristic of all antiresorp-
tive drugs (an identical effect has been seen for other
bisphosphonates and raloxifene).

Lewis et al. [23] have recently shown that alen-
dronate significantly reduces the risk of multiple
symptomatic fractures after 6 months in a subgroup
of women with osteoporosis who had at least one
vertebral fracture at baseline or who had no prior
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fracture and a BMD value in the femoral neck of≤2.5
standard deviations below normal or lower. Treatment
consisted of 5 mg per day for 2 years, followed by
10 mg per day for the rest of the time, and the results
were compared to those of a placebo group. All the
women received calcium and Vitamin D supplements,
and the mean follow-up was 4.3 years. Treatment with
alendronate reduced the risk of multiple symptomatic
fractures by 42% (RR= 0.58; CI = 0.41–081),
and the risk of symptomatic vertebral fractures was
reduced 84% (RR= 0.16; CI = 0.05–0.42). The
cumulative incidence curve began to be divergent 3
months after starting treatment, and statistical signif-
icance was reached at 6 months (P = 0.044) for the
symptomatic multiple vertebral fractures. When the
whole follow-up period was considered, the rates of
all symptomatic fractures and symptomatic vertebral
fractures were, respectively, 34 and 63% lower than
in the placebo group.

7. Alendronate in the prevention of bone mass
loss without osteoporosis

Administration of alendronate prevents bone mass
loss as measured by BMD in recently menopausal
women without osteoporosis[52–54]. In the Early
Postmenopausal Intervention Cohort(EPIC) study,
the effects of two alendronate doses, 2.5 and 5 mg
per day, were investigated during 4 years. The BMD
increased approximately 4% in the vertebral spine
and 3% in the hip with the 5 mg per day dose. The
increases in BMD were similar to those achieved
with HRT with estrogens and gestagen[52]. In the
extension of this study, a group of women agreed to
continue to 5 years and assess the effects of treatment
discontinuation: 52 women received alendronate (5 mg
per day) for 5 years (Group I), 56 received placebo for
3 years followed by alendronate (5 mg per day) for 2
years (Group II), and 52 received alendronate (20 mg)
during 2 years and then no therapy for 3 years (Group
III) [53]. At the end of the study, BMD increased in
the spine and trochanter in the first group by 2.5 and
3.2%, respectively, and stabilized in femoral neck
and total body comparison to baseline. The BMD
results were similar after 5 years in the spine, hip and
total body in Groups I and III. After the bisphospho-
nate was discontinued in the last 3 years in Group

III, BMD reduction was 1.8–5.7% from baseline
values.

Luckey et al.[54] evaluated the efficacy and safety
of alendronate 35 mg once weekly (n = 362) com-
pared with alendronate 5 mg daily (n = 361) in the
prevention of osteoporosis. The study was a 1-year,
double-blind, multicenter study of postmenopausal
women (6 months or greater), 40–70 years of age,
with lumbar spine and femoral neck bone density
T-scores between−2.5 and 1. Mean increases in
lumbar spine BMD at 12 months were equivalent.
BMD increases at other skeletal sites and effects on
bone turnover were also virtually identical for the
two dosing regimens. It seems that once-a-week ad-
ministration, with no increase in side effects, would
improve compliance in women with osteopenia or a
strong family history of soteoprosis.

8. Tolerability of alendronate

The tolerability of long-term treatment with bispho-
sphonates has been analyzed in terms of histologi-
cal safety and gastrointestinal tolerability[55]. Daily
treatment with alendronate shows rates for adverse
events, treatment discontinuation and loss of patients
similar to other compounds. Safety in terms of the his-
tological effects has been shown up to 3 years. Longer
treatments, of up to 10 years, have shown good toler-
ability and few adverse effects[41], though it should
be taken into account that this population was highly
self-selected and motivated in comparison with the
routine clinical population.

Although the tolerability of alendronate is good
when the recommendations appropriate for bisphos-
phonates are followed, some patients consider its use
inconvenient, particularly if they are taking multi-
ple drugs. Weekly treatment with 70 mg has solved
this problem, increasing treatment compliance rate
with the same efficacy as the traditional daily dosing
[56,57].

A multicenter study analyzed the gastrointesti-
nal tolerability of a weekly dose of alendronate
(70 mg) versus placebo administered for 12 weeks
in persons with osteoporosis[58]. The primary
study parameters were the incidence of any gastroin-
testinal adverse reaction, while secondary parame-
ters included the number of patients discontinuing
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medication and the changes in bone resorption as-
sessed by the N-telopeptide/creatinine ratio. In a
subgroup of cases, the influence of prior use of bis-
phosphonates was evaluated. Gastrointestinal adverse
effects occurred in 11% of the cases treated with al-
endronate and in the 13% of subjects who received
placebo. Treatment was discontinued by 3% of pa-
tients receiving the bisphosphonate, and by 1% of
patients given placebo. The differences for the pri-
mary and secondary parameters were not statistically
significant. On the other hand, the adverse effects
were less common among the cases which had pre-
viously received bisphosphonate (8%) than in those
which used the medication for the first time (16%).
The urine N-telopeptide/creatinine values decreased
after 12 weeks in the cases treated with alendronate.
It can be concluded that the undesirable effects re-
sulting from treatment are the same as those seen for
placebo.

In an observational cohort of 11,916 patients under
treatment with alendronate the events most frequently
reported as suspected adverse reactions were gastroin-
testinal symptoms including dyspepsia, esophagitis,
esophageal reflux, duodenitis, gastritis and heartburn.
Serious suspected adverse reactions possibly related
to alendronate were single reports of angioedema, ery-
thema multiform, hypercalcemia and hypocalcemia
[59].

9. Comparison of different antiresorptive drugs
with alendronate

Antiresorptive treatments for postmenopausal os-
teoporosis have been studied from multiple perspec-
tives. Marcus et al.[60] reviewed the many studies
available. Estrogens and HRT can reduce the risk
of vertebral and non-vertebral fractures. There is a
meta-analysis of all interventional and observational
studies made involving HRT with different primary
objectives in which the incidence of fractures was
recorded[61]. This meta-analysis shows that HRT has
a favorable effect upon non-vertebral fractures, with
a reduction in their incidence. This effect appears to
be greater in the younger patient cohorts. The results
recently published for the WHI study, a large observa-
tional, epidemiological study involving the follow-up
of a cohort of healthy postmenopausal women,

show HRT to reduce the incidence of non-vertebral
fractures[62].

The effects of SERMs, bisphosphonates and salmon
calcitonin to increase BMD and reduce the risk of frac-
tures have been shown in prospective and randomized
studies, but the evidence is weak for calcitonin[28]. In
these trials, the increases in lumbar BMD vary greatly
from one product to another, while the reduction in
fracture risk is similar, and there is no clear evidence
of any reduction in non-vertebral fractures except for
the bisphosphonates.

The Osteoporosis Research Advisory Group has an-
alyzed in depth the information on the effects of antire-
sorptive drugs upon vertebral and non-vertebral frac-
tures[30]. The results suggest that alendronate reduces
the relative risk of vertebral fractures in a greater pro-
portion than any other agent, and it is considered that
the protection cannot be less than a third, while the
combined results for raloxifene and risedronate should
be no less than a quarter. As to reduction of the rela-
tive risk of non-vertebral fractures, the figure for alen-
dronate is at least 31% (mean reduction 50%) versus
at least 13% for risedronate (mean reduction 25%),
while the rest of agents fall behind these bisphospho-
nates (Tables 2 and 3).

Direct comparison of the results obtained with dif-
ferent drugs is difficult, because the designs of the re-
spective studies must be taken into account, as well as
patient age at the time of entry to the study, the time
from menopause, the use of calcium supplements and
Vitamin D, the primary fracture parameter, the defini-
tion of vertebral deformity or fracture, the treatment
discontinuation rate, and statistical power. A last point
of caution is the value of BMD as surrogate parame-
ter, since the relationship is uncertain and variable.

9.1. Direct comparison of alendronate versus
risedronate

The so-called Study 159, a multination, double
blind, placebo-controlled trial, compared the efficacy
during 1 year of weekly alendronate (70 mg) taken
under fasting conditions 30 min before eating and
drinking versus risedronate 5 mg daily 2 h after eat-
ing and 2 h before the intake of any food or drink,
and a placebo group, in postmenopausal women[63].
All 549 women had been menopausal for at least
2 years, with an age range of 60–90 years, normal
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Table 2
Magnitude of the effects of different agents upon the risk of vertebral fractures

Treatment Number of studies (patients) RR (95% CI) P for RR

Calcium 5 (576) 0.77 (0.54–1.09) 0.14
Vitamin D 8 (1130) 0.63 (0.45–0.88) <0.01
Alendronate (5–40 mg) 8 (9360) 0.52 (0.43–0.65) <0.01
Etidronate (400 mg) 9 (1076) 0.63 (0.44–0.92) 0.02
Risedronate 5 (2604) 0.64 (0.54–0.77) 0.01
Calcitonin 1 (1108) 0.79 (0.62–1.00) 0.05
Raloxifene 1 (6828) 0.60 (0.41–1.07) 0.01
HRT 5 (3117) 0.66 (0.41–1.07) 0.12
Fluorine 5 (646) 0.67 (0.38–1.19) 0.17

The number of studies is indicated, along with the total number of patients, the relative risk (RR) and 95% confidence interval (95% CI),
and the statistical significance for RR (modified from Cranney et al.[30]).

baseline values of Vitamin D, no evidence of verte-
bral fractures in at least three of the first four lumbar
vertebras, and a BMD in the lumbar spine or hip
of −2.5 standard deviations or more with respect to
normal. All the patients received calcium and Vita-
min D supplements. Alendronate showed a greater
reduction in bone resorption and a greater increase
in BMD than risedronate in the lumbar spine and in
all hip sites. These results may be due to a greater
antiresorptive efficacy of weekly alendronate, a lesser
risedronate bioavailability, or both. In any case, au-
thors such as Horchberg et al.[28], in a recently pub-
lished meta-analysis evaluating the impact of changes
in turnover and BMD upon fracture risk reduction
with all the treatments available, found that therapies
which increase bone mass to a greater extent and

Table 3
Magnitude of the effects of different agents upon the risk of non-vertebral fractures

Treatment Number of studies (patients) RR (95% CI) P for RR

Calcium 2 (222) 0.86 (0.43–1.72) 0.66
Vitamin D 6 (6187) 0.77 (0.57–1.04) 0.09
Etidronate 7 (867) 0.99 (0.69–1.42) 0.97
Alendronate (5 mg) 8 (8603) 0.87 (0.73–1.02) 0.09
Alendronate (0–40 mg) 6 (3723) 0.51 (0.38–0.69) <0.01
Raloxifene 2 (6961) 0.91 (0.79–1.06) 0.24
Calcitonin 1 (1245) 0.80 (0.59–1.09) 0.16
Risedronate 7 (12958) 0.73 (0.61–0.87) <0.01
HRT 6 (3986) 0.87 (0.71–1.08) 0.10
Fluorine 5 (950) 1.46 (0.92–2.32) 0.11

The number of studies is indicated, along with the number of total patients, the relative risk (RR) and 95% confidence interval (95% CI),
and the statistical significance for RR (modified from Cranney et al.[30]).

produce greater reductions in turnover have a superior
antifracture efficacy. The tolerability was similar for
both products.

9.2. Direct comparison of alendronate versus
calcitonin

Adami et al.[64] conducted a double blind com-
parative study with alendronate and calcitonin in post-
menopausal women with osteoporosis who were di-
vided into four groups: placebo, alendronate 10 mg per
day, alendronate 20 mg per day, and intranasal calci-
tonin 100 U per day for 2 years. All the women re-
ceived calcium supplements (500 mg per day). At the
end of the 2nd year the change in BMD was 5.2%
for the low dose of alendronate and 7.3% for the high
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dose in the lumbar spine; 3.8 and 4.6% in the femoral
neck; and 7.1 and 7.5% in the trochanter, respectively.
By contrast, calcitonin was unable to significantly in-
crease BMD in the different skeletal points measured.
Moreover, bone turnover markers were modified with
the bisphosphonate, but not with placebo or calcitonin.

Downs et al.[65] directly compared treatment with
oral alendronate (10 mg per day) versus intranasal cal-
citonin (200 U per day) and placebo for 12 months as
treatment for osteoporosis in women with menopause
for at least 5 years. The study excluded women with
previous fractures or with a BMD of under 4 stan-
dard deviations. The three groups of women received
calcium and Vitamin D supplements. The bisphospho-
nate induced greater BMD increases than calcitonin
after 1 year of treatment: 5.16% versus 1.18% in the
lumbar spine; 4.73% versus 0.47% in the trochanter;
and 2.78% versus 0.58% in the femoral neck. Bone
turnover parameters decreased more with alendronate
than with calcitonin. However, the risk of fracture
could not be evaluated in this study due to the limited
duration.

10. Combined treatment with alendronate and
hormone replacement therapy and alendronate
and raloxifene

As regards the possibility of combined therapies,
the administration of two antiresorptive agents causes
a greater increase in BMD, but the effect of the combi-
nation upon risk fracture is not known. HRT is effec-
tive for the prevention of bone mass loss and fractures
related to osteoporosis[61,62,66–69]. The combina-
tion of bisphosphonates and hormones is mutually
reinforcing in the prevention and treatment of bone
metabolic disorders[37,70–72]. Wimalawansa[70]
showed that combined administration of etidronate
and HRT for 4 years in menopausal women with os-
teoporosis caused a greater BMD increase in the lum-
bar spine and hip than any of the two products alone.

Lindsay et al.[71] studied 428 menopausal women
with osteoporosis who were receiving HRT for 1 year
and who were randomized to receive placebo or al-
endronate 10 mg per day in addition to HRT for an-
other year. Combined treatment caused a significantly
greater increase than HRT plus placebo in both ver-
tebral (3.6% versus 1.0%;P < 0.001) and hip BMD

(2.7% versus 0.5%;P < 0.001). However, the dif-
ferences were not significant for BMD in the femoral
neck (1.7% versus 0.8%;P = 0.072). The tolerability
of combined treatment was acceptably good.

Bone et al. [37] studied 425 postmenopausal
women with low BMD values who had not previ-
ously received HRT. These women were randomized
to alendronate 10 mg per day, 0.625 mg per day of
conjugated equine estrogens, the combination of both
products, or placebo for 2 years. All the women also
received a daily supplement of 500 mg of calcium. At
the end of the study, the therapeutic combination was
seen to be more effective in increasing BMD than any
of the other three treatment modalities. The increase
achieved with the combined treatment involving HRT
and alendronate was significantly greater than that
provided by each of the monotherapies (P < 0.001).
The reduction in bone-specific alkaline phosphatase
was 60% for the combined treatment, 50% in the
group given alendronate, and 49% in the women re-
ceiving HRT, with the differences being statistically
significant for the combined treatment versus each of
the individual therapies. The NTX values were 70, 61,
and 52%, respectively, and were again significantly
different for the combined treatment as compared to
each of the individual treatments. There were no sta-
tistically significant differences between alendronate
and HRT in monotherapy. During the study no sig-
nificant adverse effects were recorded in any of the
groups. Based on these observations, it may be specu-
lated that combined treatment would be appropriate in
women with very low BMD, and in women who lose
bone mass despite estrogen treatment but who wish to
continue taking these hormones for other reasons, such
as the prevention of vasomotor or genital symptoms.

Palomba et al.[72] have evaluated the effec-
tiveness of estrogens plus low-dose alendronate
on bone metabolism in a prospective randomized,
double-blind, placebo-controlled, clinical trial with a
total of 150 surgically postmenopausal women with
osteoporosis. The three treatment groups were Group
A, micronized E2 (2 mg per day) plus standard-dose
alendronate (10 mg per day); Group B, micronized E2
plus low-dose alendronate (5 mg per day); and Group
C, micronized E2 plus placebo (one tablet per day).
After 2 years, BMD significantly increased compared
with baseline in all groups. The percentage BMD
change was significantly higher in Groups A and B
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than in Group C. The differences in BMD detected
between Groups A and B were not statistically sig-
nificant. It seems that in surgically postmenopausal
osteoporotic women treated with estrogen replace-
ment, the addition of alendronate at a low dose of
5 mg daily induces a gain of bone mass not signif-
icantly different in comparison with that obtained
using a standard dose of 10 mg daily.

The combination of alendronate and HRT has ad-
ditive effects, with BMD increases superior to those
achieved by each treatment alone.

Both alendronate and raloxifene reduce bone
turnover markers, increase BMD, and prevent verte-
bral fractures, though alendronate, but not raloxifene,
has been consistently shown to prevent non-vertebral
fractures. Johnell et al.[73] conducted a randomized
double-blind study of 331 menopausal women with
osteoporosis to assess the value of combined treat-
ment with raloxifene (60 mg per day) and alendronate
(10 mg per day) for 1 year. Vertebral BMD increased
2.1% with raloxifene, 4.3% with alendronate, and
5.3% with the combined treatment. The increase in
BMD of the femoral neck was greater with the com-
bined treatment (3.7%) than with either raloxifen
(1.7%) or alendronate alone (2.7%). Although the
observed bone marker changes were almost twice as
important in magnitude for alendronate versus ralox-
ifene, it is not certain whether these differences are
important for fracture risk, though they are likely so
[28]. It is not clear whether the increased gain in BMD
with the combined treatment reflects a lesser risk of
fracture compared to monotherapy. Despite these re-
sults, there is no evidence to indicate the convenience
of routine use of the combined treatment, since the
latter has not been shown to have a greater antifrac-
ture effect, the adverse effects may be additive, and
the costs are doubled. Nevertheless, and as discussed
for the combination of alendronate and HRT, these
results may suggest that combined treatment could
be appropriate in women with very low BMD values,
or in women who lose bone mass despite raloxifene
treatment but who wish to continue using the latter
drug for other reasons. This point is more question-
able and controversial than in the case of HRT, since
the benefits of raloxifene in other organic systems,
such as in the prevention of breast cancer, are pending
confirmation in prospective clinical trials designed
for this purpose.

A potentially interesting indication for alendronate
in relation to HRT is in those patients with risk fac-
tors for osteoporosis or in osteoporotic individuals in
whom HRT is discontinued due to intolerability, poor
compliance, or based on the results of the WHI study
(it should be remembered that this study showed the
risk/benefit ratio for HRT beyond 5 years of contin-
uous treatment to be questionable, requiring individ-
ualization in each case). The results of a prospective,
randomized and placebo-controlled study involving
144 patients who abandoned HRT have been recently
reported[74]. They were randomized to receive ei-
ther a daily dose of 10 mg of alendronate sodium or
matching placebo. Spine, hip, and total body BMD;
biochemical markers of bone turnover; and tolerability
were the main outcomes. This study showed that HRT
discontinuation was followed by a bone mass loss sim-
ilar to that which would have been seen in these same
women due to the menopausal process in the absence
of treatment. In fact, the group receiving placebo fol-
lowing HRT lost an average of 3.2% (95% CI,−4.6 to
−1.7%) in spine BMD as compared to a 2.3% mean
increase (95% confidence interval [CI], 1.7–3.0%) in
patients treated with alendronate for 1 year. Greater
hip and total body BMD preservation was also ob-
served with alendronate use. Bone turnover decreased
significantly with alendronate, but increased in the
placebo group. Alendronate was well tolerated, with
no increase in adverse events compared with placebo.
Therefore, alendronate appears to prevent the bone
mass loss which follows HRT discontinuation. This
may be important for those patients in whom HRT
was prescribed for osteoporosis or osteopenia, among
other reasons, and for all menopausal women with
risk factors for osteoporosis who have received HRT,
since in both instances following treatment discontin-
uation the protective effect is lost in only a short time,
and the fracture risk may be expected to increase.

11. Final remarks

The primary objective of treating osteoporosis is
to substantially reduce risk of fractures. ALN is an
important drug for the treatment of osteoporosis be-
cause they inhibit bone resorption, increase bone den-
sity and, therefore, decrease risk of fractures. Given
that treatment for osteoporosis should be long term,
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compliance and tolerability are important. The side ef-
fect profile of ALN is similar to that of placebo. In
clinical practice, oesophagitis has rarely been reported
and in most cases seems to be related to inappropriate
administration.

Although bisphosphonates reverse the low rate of
remodeling and resorption and increase tissue mineral
content and thereby bone mass, we do not know why
the fracture risk is reduced but not abolished, the pre-
cise value of bone density as a surrogate measure for
antifracture efficacy, and the most adequate duration
of ALN treatment. More research is needed to identify
new fracture reduction strategies that will allow bet-
ter matching of risk factors and treatments. We also
need well designed comparative studies, head to head,
with other agents currently used for the treatment of
osteoporosis and prevention of fractures.

In women with documented osteopenia, or a strong
family history of osteoporosis, a low dose of ALN has
been shown to increase and maintain bone density and
reduce fractures.

It is necessary to develop clinical methods to study
bone quality during antiresortive treatments to assess
bone structure and function. Finally, the only property
of bone that we would need to know would be its
ability to resist fracture.
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