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Osteoporosis

Drug Therapy for Primary Prevention of
Osteoporosis

Osteoporosis, defined as a reduction in
bone mass leading to an increased sus-
ceptibility to fracture with minimal trau-
ma, affects 1.4 million Canadians.1

Osteoporotic hip and vertebral fractures
are major causes of disability and pre-
mature death. For example, the average
length of stay in an acute care hospital
after a hip fracture is three weeks, and
one in four patients must remain in long-
term care institutions for at least one year.
Furthermore, patients with hip and ver-
tebral fractures face a 20% increased risk
of mortality.2 Osteoporosis is also costly—
in Canada, in 1993, the total expenditure
for fractures was estimated to be 1.3 bil-
lion dollars.3 As the population of Cana-
da ages, the impact of osteoporosis will
increase. As such, health care providers
should be aware of techniques to prevent
fractures due to osteoporosis.

In addition to encouraging physical
activity and ensuring adequate calcium
and vitamin D intake, several medica-
tions can be used to prevent osteoporot-
ic fractures. These drugs, which have
been studied predominantly in post-
menopausal women, include bisphos-
phonates, estrogen, selective estrogen
receptor modulators and calcitonin. The
evidence that supports the use of these
agents to prevent bone loss and fractures
in postmenopausal women is reviewed
below. 

Bisphosphonates
Etidronate, alendronate and risedronate
are commonly used bisphosphonates for
the prevention of osteoporotic fractures
(Table 1). Randomized controlled trials
demonstrate that all of these agents
increase bone mineral density (BMD).
Etidronate is efficacious in preventing
vertebral fractures, while alendronate
and risedronate are efficacious in pre-

venting both vertebral and nonvertebral
fractures.4-8 It is important to note that
there have not been any head-to-head
comparisons of these agents. Despite this,
most osteoporosis experts consider
etidronate to be slightly better tolerated
but less potent than either alendronate or
risedronate. 

How do I Prescribe a 
Bisphosphonate?
Bisphosphonates have several pharma-
cokinetic properties that should be con-
sidered when prescribing these drugs.
Since these compounds are poorly
absorbed from the upper gastrointestinal
tract, patients should be instructed to take
them in fasting state. Bisphosphonates
are excreted by the kidneys and
should not be prescribed for patients
with renal failure (creatinine clearance
of < 35 ml/min). Finally, as these drugs
are slowly released from bone during

skeletal remodeling, they have the poten-
tial to exert effects long after treatment is
discontinued (up to 10 years in the case of
alendronate). Because newer agents have
been in general use for less than decades,
not all long-term effects can be assessed. 

While patients taking bisphospho-
nates often complain of gastrointestinal
side effects, data from the Fracture Inter-
vention Trial (FIT) demonstrate that the
incidence of adverse events was similar
for placebo when compared to alen-
dronate-treated women.9 Severe
esophagitis with alendronate therapy has
been reported to occur at a rate of
approximately one case per 1,000 patient-
years of therapy. Taking the medication
properly may reduce the risk of this com-
plication (see Table 1 for specific instruc-
tions to give your patient). Taking the
medication properly also enhances
absorption: waiting less than 30 minutes,
or taking the drug with food, beverages
other than plain water, or other medica-
tions, particularly calcium supplements,
will lessen the effect of the bisphospho-
nate by decreasing absorption.

Sophie Jamal, MD, FRCPC, Osteoporosis Research Fellow, Sunnybrook and
Women’s College Health Sciences Centre,Toronto, ON.

Bisphosphonates available for the treatment of 
postmenopausal osteoporosis

Table 1

Agent Dose for treatment Instructions to patient
of osteoporosis

Etidronate 400 mg daily for Take nothing by mouth but plain water 
(Didronel 2 weeks every 3 for 2 hours before and 2 hours after 
or Didrocal) months taking etidronate. Taking drug before 

bed is typically advised. 

Alendronate 10 mg daily or Take the pill first thing in the morning, on
(Fosamax) 70 mg weekly* an empty stomach with a full glass 

(6-8 ounces) of water. Stay upright 
Risedronate 5 mg daily or (sitting or standing) for at least half an 
(Actonel) 35 mg weekly* hour after taking the medication and 

wait 30 minutes before eating or drinking.

*Weekly dose of these agents is therapeutically equivalent to the daily dose.
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How Long Should 
Bisphosphonates be Continued?
Currently, the optimum duration of treat-
ment is not known and only expert opin-
ion is available. Physicians prescribing
bisphosphonates need to weigh the fact
that stopping bisphosphonates is associ-
ated with bone loss and increased frac-
ture risk, against the fact that long-term
safety data (> 5 years) are unavailable.
When using bisphosphonates for the pre-
vention of osteoporosis it may be reason-
able to limit treatment to five years.
However, among patients with osteo-
porosis or fractures, the benefits of con-
tinuing the medication after five years
may outweigh any potential risks.

Estrogen
Several estrogen preparations are avail-
able (Table 2). In nonhysterectomized
women, a progestogen must be given
with the estrogen to protect against
endometrial carcinoma. The hormones
can be given on a daily basis (e.g., con-
jugated estrogen 0.625 mg and medrox-
yprogesterone acetate 2.5 mg) or in a
cyclical manner (e.g., conjugated estro-
gen 0.625 mg daily and medroxyprog-
esterone acetate 5 mg, days 1 to 12).
Table 3 reviews side effects of estrogen
replacement therapy and Table 4 the
absolute contraindications to its use
(page 10).

Effects on Bone Mineral 
Density
Randomized controlled trials have con-
sistently shown that estrogens, alone or
in combination with progestogens, main-
tain or modestly increase BMD. In the
Postmenopausal Estrogen/Progestin
Interventions Trial (PEPI), estrogen
increased spine BMD by about 4% and
hip BMD by about 1.7% at three years.10

Effects on Fracture
Many observational studies have report-
ed lower fracture rates (ranging from a
35–50% reduction in risk of all fractures)
in women who take estrogen compared
with women not receiving this therapy.
The decrease in fracture risk is greatest
among current or recent users, long-term

users of estrogen, and women who initi-
ate estrogen close to menopause.11 

Only a few randomized trials of
estrogens have examined fracture as the
primary outcome.12-16 Some, but not all,
of these studies demonstrate a lower frac-
ture rate among estrogen users. Thus,
current randomized trial data are incon-
clusive with respect to whether estrogen
prevents fractures. 

How Long Should Estrogen 
be Continued for Prevention
of Fractures?
Observational data indicate that the
lower risk of fractures associated with
long-term use of estrogen disappears
when a woman stops taking estrogen,
even if she has taken it for a decade.11

These findings suggest that, for estrogen
to be effective for long-term prevention
of fractures, it must be continued indefi-
nitely.

Effects of Postmenopausal 
Hormone Therapy on Other
Conditions
In addition to its skeletal effects, hor-
mone replacement therapy has other
effects that are not the focus of this arti-
cle. Clinical trials consistently demon-
strate that estrogen reduces the
frequency and severity of hot flushes
and helps relieve symptoms and signs of

vaginal atrophy.17,18 Randomized trials
examining the effects of estrogen on var-
ious other outcomes, such as the pre-
vention of Alzheimer disease and colon
cancer, are ongoing. While no random-
ized trials have been large enough or
long enough to evaluate whether post-
menopausal estrogen causes breast can-
cer, observational studies indicate an
increased lifetime risk (10–35%) of breast
cancer among women who are current-
ly using estrogen and have done so for at
least five years.19 Observational studies
suggest that estrogen may be useful for
the primary prevention of coronary heart
disease (CHD); however, randomized
trials to support these data are lacking.
Further, a recent randomized trial (the
Heart and Estrogen/progestin Replace-
ment Study; HERS) found a combination
of oral estrogen and medroxyproges-
terone acetate is of no benefit in the sec-
ondary prevention of CHD. Indeed,
estrogen use in the first two years of this
four-year study was associated with an
increased risk of CHD events and mor-
tality.20 Based on this finding, it is pru-
dent to avoid starting HRT for
osteoporosis prevention in women with
established CHD. Physicians and
patients should consider all of the risks
and benefits of HRT when deciding
about the use of HRT for the prevention
of osteoporosis.

Commonly used hormone regimens for the 
prevention of postmenopausal osteoporosis

Table 2

Agent Strength Equivalents

Estrogen
Conjugated estrogens (Premarin, C.E.S.) 0.625 mg
Estropipate (Ogen) 0.625 mg
Micronized estradiol-17B (Estrace) 1mg
Transdermal estradiol-17B gel (Estrogel) 2 pumps daily
Transdermal estradiol (Estraderm) 50mcg

Progestogens
Medroxyprogesterone acetate (Provera) 2.5mg daily; if given 
Norethindrone (Micronor) cyclically: 5 mg or 10mg

Micronized progesterone (Prometrium) 100 mg daily; if given 
cyclically 200mg

* If higher doses of estrogens are used, use higher doses of progestogens.
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Raloxifene (“Evista”)
Raloxifene is a recently developed selec-
tive estrogen receptor modulator. It binds
to the estrogen receptor and is capable of
producing estrogen-agonist effects in
some tissues (e.g., the bone) and estrogen
antagonist effects in others (e.g., the
breast). 

In osteoporosis prevention studies,
Raloxifene at 60 mg a day increased
spine, hip and total body bone mass by
1.4–2.8% compared with women who
received calcium and vitamin D alone.21

It is not known if raloxifene decreases the
risk of fractures when used for the pre-
vention of osteoporosis. In women with
established osteoporosis, raloxifene
decreased the risk of vertebral fractures
by about 40%.22

Raloxifene has the additional benefit
of substantially reducing the risk of
estrogen receptor positive invasive breast
cancer—the occurrence of invasive breast
cancer was 76% lower in women taking
raloxifene compared with placebo.23

About 126 women would need to be
treated with raloxifene for 3.5 years to
prevent one case of breast cancer. A ran-
domized controlled trial of raloxifene for
breast cancer prevention is ongoing in
order to confirm these results. 

Side effects of raloxifene include: a
three-fold increased risk of thromboem-
bolic disease (similar to the increase
observed with estrogen); an increase in
hot flushes; leg cramps; leg swelling;
and an influenza-like syndrome. The
effects of raloxifene on cardiovascular
and cerebrovascular disease are not
known. 

Calcitonin
Injectable Calcitonin
Randomized controlled trials demon-
strate that injectable calcitonin given
daily or every other day at doses of 50
to 100 IU is associated with an increase
in lumbar spine BMD.24 The effects of
injectable calcitonin on hip BMD are
not known. One small study suggests
that injectable calcitonin reduces the
risk of further vertebral fractures in
women with vertebral fractures.25

Larger studies and studies of the
effects of calcitonin on nonvertebral
fractures have not been conducted.
The use of injectable calcitonin is lim-
ited by the inconvenience of injection,
side effects of nausea with or without
vomiting (which occurred in 20% of
women treated), local reactions at the
injection site (which occurred in 3%)
and flushing of the face and hands
(which occurred in 20%).

Nasal Spray Calcitonin 
(“Miacalcin”)
Nasal spray calcitonin has recently
become available in Canada. The effica-
cy of nasal spray calcitonin for the pre-
vention of osteoporosis appears to be
dependent on the number of years since
menopause. Data from two unpub-
lished, large multicentre studies indi-
cate that, in early postmenopausal
women (≤ 5 years since menopause),
calcitonin does not prevent bone loss
from the hip or spine and should not be
used for osteoporosis prevention in this
group.

In late postmenopausal women (>5
years since menopause), daily nasal cal-
citonin (200 IU) was found to increase
lumbar spine BMD, but not hip BMD,
by an average of 1–2%, which was sig-

nificant compared with placebo in most,
but not all studies. Nasal calcitonin also
reduced the risk of new vertebral frac-
tures, but not nonvertebral fractures, in
women with low BMD or vertebral
fracture.26 

The recommended dose of calci-
tonin nasal spray is 200 IU daily, admin-
istered to one nostril each day, and
administration should alternate
between nostrils. There is no dosing
restriction with regards to meals. The
medication should be refrigerated until
opened, but then kept at room temper-
ature and covered to avoid evaporation
and condensation. Side effects with
nasal calcitonin are known to be mini-
mal. Thus far, the only significant side
effect has been an increase in the fre-
quency of rhinitis.

Putting It All Together—
Deciding on the Right 
Treatment
All patients should be advised to partic-
ipate in regular physical activity and take
in adequate calcium and vitamin D to
prevent the development of post-
menopausal osteoporosis. The decision
about whether to use a medication, and
which agent to use, should be made
together with the patient after consider-
ing the risks and benefits of each agent.
While all of these agents are probably
reasonable for the prevention of post-
menopausal osteoporosis, data on calci-
tonin are the least compelling. Regardless
of which decision is made, the physician
and patient should re-evaluate it on an
annual basis.                                                  �

Side effects of estrogen
replacement therapy

Table 3

Common side effects

Headache

Breast discomfort 

Nausea/bloating

Vaginal bleeding

Less common side effects

Venous thrombosis and 
pulmonary embolism

Increased risk of clinical gall
bladder disease

Endometrial hyperplasia and 
endometrial carcinoma 
(with unopposed estrogen use)

Absolute contra-
indications to estrogen

replacement therapy

Table 4

Undiagnosed vaginal bleeding

Breast cancer

Active liver disease

Current or past (unexplained) deep 
vein thrombosis and/or pulmonary
embolism
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Raloxifene and Breast Cancer: The
Influence of Estradiol
Arecent study has suggested that Raloxifene may be
more effective in preventing breast cancer in women
with higher levels of estradiol. It has previously been
shown that the risk for breast cancer increases with
increased endogenous estradiol. Scientists hypothe-
sized that raloxifene, which competes with estradiol
for binding to estrogen receptors in breast tissue,
might have a greater effect on breast cancer risk in
women with relatively high estradiol levels. They
analyzed data from the Multiple Outcomes of Ralox-
ifene Evaluation (MORE) trial, conducted in 7290 women (80 or younger) with
osteoporosis. Serum estradiol concentrations were measured by a central lab. They
found that in the placebo group, women with estradiol levels greater than 10
pmol/L (2.7 pg/mL) had a 6.8-fold higher rate of breast cancer than did women
with undetectable estradiol levels. Women with estradiol levels greater than 10
pmol/L in the raloxifene group had a rate of breast cancer that was 76% lower
when compared to that of women in the placebo group with similar levels of estra-
diol. In contrast, women with undetectable levels of estradiol had similar breast
cancer risk whether or not they were treated with raloxifene. If confirmed, this sug-
gests that measuring estradiol and treating women with high estradiol levels could
substantially reduce the rate of breast cancer among postmenopausal women.   �
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1. Cummings SR, Duong T, Kenyon E, et al. Serum estradiol level and risk of breast cancer during
treatment with raloxifene. JAMA. 2002;287:216-20.


