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The case
Mrs. C is an otherwise healthy, 58-year-old woman who consults her primary
care physician after experiencing the acute onset of severe low thoracic pain.
She reports having lifted her heavy grandson the previous day. X-ray films of
the thoracic spine show a 50% compression fracture of the T11 vertebra. She
has always had a reasonable intake of calcium and maintains an active
lifestyle. She reached menopause at the age of 48 years, but she did not
choose hormone replacement therapy because she was concerned that it
might be associated with breast cancer. She continues to smoke 1 pack of cigarettes a day (despite counselling from her physician) and drinks alcohol socially. She has no family history of osteoporosis or cardiac disease. Mrs. C
had a hysterectomy 10 years ago for reasons that are unclear. She is accompanied by her only daughter, a nurse, who is anxious that the appropriate
tests be carried out and that treatment be started immediately.

O

steoporosis is a common clinical problem that has been well reviewed.1–3
The lifetime risk of an osteoporotic fracture is 1 in 4 among women and
1 in 8 among men. Changing demographics will lead to a significantly increased risk as the population ages and to staggering health care costs in Canada
and the United States.4–8 The ability to diagnose osteoporosis 10–20 years before
clinically identifiable fractures occur has given the primary care physician the leading role in the prevention and treatment of this condition. The primary care physician can encourage the patient to make lifestyle changes and can provide other
medical interventions early on, before there is irreversible bone loss or before clinically identifiable fractures occur. Identifying common risk factors (Table 1) can increase the likelihood of an early diagnosis of osteoporosis.
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Diagnosing osteoporosis
Osteoporosis may be suspected because of the presence of risk factors but is confirmed by the following: first, a history of fracture and a subsequent determination
of low bone mineral density (BMD), second, low BMD without an earlier fracture
and, third, blood tests to exclude other types of metabolic bone disease.

Estimating fracture risk using BMD studies
Although bone quality is normal in osteoporosis, the quantity of bone is reduced. The net balance between the formation of bone (a function of osteoblasts)
and its resorption (a function of osteoclasts) determines whether the amount of
bone increases or decreases over time. Bone mass, which is determined by the net
effect of these 2 processes, increases from birth until the third decade of life, when
it begins to decline in both men and women. A more rapid decline occurs in
women during their early postmenopausal years.1
Currently, BMD is the best independent risk factor for fractures.4,5 BMD can be
partly quantified by histomorphometric analysis of bone biopsy specimens, but this direct means of analysis is expensive and not useful in clinical settings. The widespread
use of simple noninvasive bone densitometry has resulted in significant improvement in
the early detection of osteoporosis. Dual-energy x-ray absorptiometry (DEXA) is a precise way of measuring BMD. The radiation risk of DEXA is extremely low (10% of the
radiation of a chest radiograph). Assessment of BMD using radiographs of the hand and
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ultrasound attenuation are methods that are less expensive
than DEXA and might be used to screen patients, but their
clinical role, and whether these methods will replace DEXA,
remains uncertain. Heel ultrasound can be used as a screening
test for osteoporosis, but up to 10% of patients will have false
“normal” results, in spite of having significant osteoporosis.
Because degenerative changes in the lumbar spine or
calcification of the aorta may result in false elevations of
BMD in elderly patients, it is more reasonable to assess the
BMD of the proximal femur. In younger individuals, however, measurement of the BMD of the lumbar spine is
more accurate and preferable. Studies of cost-effectiveness
need to be carried out to determine whether a single site or
2 sites should be measured.
A BMD measurement is useful if it will alter the clinical
decision-making process. Determination of BMD in
women at menopause provides the primary care physician
and the patient with useful information about whether
treatment is needed.
Once a baseline level of BMD is obtained, the physician
must decide whether future BMD tests will be helpful. The
Osteoporosis Society of Canada recommends a follow-up
measurement of BMD in 2–3 years, but this recommendation
can be tailored to the individual patient. A repeated test will
provide reassurance that treatment has been effective. Local
guidelines may limit the frequency of repeated BMD testing.

In the future
Markers of bone formation and resorption might be useful
in addition to BMD measurement in determining response to
treatment. Current clinical urinary markers are not accurate,
but if sensitive serum markers become clinically available in
the next few years, these will need to be evaluated.

Defining osteoporosis
The World Health Organization (WHO) categorizes bone
loss as osteopenia, osteoporosis or severe osteoporosis.7 Current BMD is compared with a patient’s theoretical peak BMD.

BMD between 1 and 2.5 standard deviations (SDs) below the
peak value is defined as osteopenia. A density that is more than
2.5 SDs below the peak value confirms the diagnosis of osteoporosis; severe osteoporosis includes the presence of a clinical
fracture. It is important to recognize that the WHO classification was primarily designed to assign patients to categories for
clinical trials. In clinical practice, this strict criterion is less useful, because the physician often wishes to initiate treatment for
a patient before the presence of osteoporosis is confirmed.

Treatment
Dietary calcium and vitamin D
Dietary calcium intake or calcium supplements should
be recommended for all women and men, both young and
old. Clinical studies have shown that calcium can reduce
bone loss by up to 0.5% per year compared with placebo.
In addition, most clinical trials of osteoporosis treatments
use calcium and vitamin D in the placebo control group,
and such studies often show no bone loss or even slight improvement in BMD over 3 years.9
Common calcium supplements include calcium carbonate
and calcium citrate. Calcium carbonate is an effective and inexpensive form of calcium supplement that is readily available
(e.g., 1 Tums tablet contains 200 mg calcium compared with
300 mg in a 250-mL glass of skim milk or whole milk). Patients with previous renal calculi should avoid excess calcium
supplements and should consider calcium citrate if necessary.
Studies have revealed decreased levels of vitamin D in
elderly people, providing a further reason to suggest that
patients take vitamin D (800 IU/d).
A European study that considered levels of calcium and
vitamin D in elderly nursing-home patients found that providing calcium citrate (1200 mg calcium) and vitamin D
(800 IU) daily resulted in a reduction in hip fractures of up
to 50%.10 These studies have resulted in the recommendation that all patients should have a good dietary calcium intake and should take vitamin D supplements (Table 2).

Lifestyle factors
Table 1: Important risk factors for bone fractures and
osteoporosis
•
•
•
•
•
•
•
•
•
•
•
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Advanced age
Female sex
Being white or of Asian origin
Thin build
Premature menopause
Family history of osteoporosis
Low dietary intake of calcium
Smoking
Heavy alcohol intake
Endocrine problems (gonadal failure, hyperthyroidism
and hyperparathyroidism)
Corticosteroid use
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Women who smoke should be encouraged to stop.
Smoking results in earlier menopause and significant bone
loss in women. In addition, postmenopausal women who are
smokers benefit less from oral conjugated estrogens in terms
of maintaining BMD.11 If estrogen is required, smokers
might be candidates for oral or transdermal estradiol.
Heavy alcohol intake is another significant risk factor for
osteoporosis. In men, this is one of the most common reasons for the development of osteoporosis and bone fractures. To minimize the adverse effect on bones, alcohol
should be limited to 1–2 drinks daily.
Weight-bearing activity reduces bone loss and improves
bone strength.12 People who exercise regularly have greater
muscle bulk and are less likely to fall, resulting in a de-

Osteoporosis

creased number of fractures of the proximal femur and the
upper extremities. Weight-bearing exercises include walking, dancing, climbing stairs and performing a low-impact
exercise program. Using small ankle or wrist weights can
further augment BMD in weight-bearing exercise regimes.
Patients should be encouraged to walk briskly for 1 hour, 3
times a week. Nonweight-bearing activities can be useful in
improving cardiopulmonary fitness but are less helpful in
maximizing benefit to bone.
Patients with established fractures who undertake physiotherapy and strengthening exercises will further improve their
muscle strength and reduce pain associated with fractures.
Patients with significant osteoporosis should be cautioned to
avoid active forward flexion of the thoracolumbar spine, because this can result in anterior wedging of vertebrae. Patients
should be advised to flex at the hips and knees rather than
bending forward to pick up objects from the floor (Table 2).

Approved treatments for osteoporosis
Currently, there are 4 approved treatments for postmenopausal osteoporosis: estrogen replacement therapy
(ERT), selective estrogen receptor modulators (SERMs), calcitonin and bisphosphonates (Table 2). Traditionally, ERT
has been the treatment of choice, but over the last 5 years
large studies of the other treatment options, particularly bisphosphonates and SERMs, have demonstrated a reduction in
the number of fractures, whereas there are no large, prospective studies that show that ERT reduces fractures.
Hormone replacement therapy

ERT during menopause relieves menopausal symptoms
and prevents osteoporosis.13–16 Estrogen inhibits osteoclasts
and slows bone loss and will actually increase bone quantity
in the first few years following cessation of normal ovarian
function.12 Estrogen can be provided orally, intramuscularly
or transdermally. Estrogens and their esters are easily absorbed through the skin, the mucous membranes and the
gastrointestinal tract. Oral estrogens, including conjugated
equine estrogens, estrone sulfate and micronized estradiol17β, are the most widely prescribed drugs for the treatment

of postmenopausal osteoporosis (Table 3). Transdermal estrogen is effective in treating bone loss but may be less beneficial than oral estrogens regarding lipid metabolism.
Although ERT treatment to alleviate menopausal symptoms can be tapered off over months or a few years,17 longterm treatment is required to inhibit bone loss. If prevention
of bone loss is to be maintained, estrogen can be continued
well past the traditional 10-year period that used to be recommended. Estrogen also influences lipoprotein metabolism,
which results in decreased low-density lipoprotein (LDL)
cholesterol and increased high-density lipoprotein (HDL)
cholesterol. This improvement in lipoprotein profile may result in significant protection against cardiovascular disease.
Observational studies have shown significant reduction rates
in myocardial infarctions and decreased mortality from cardiovascular disease, in addition to overall reductions in total
mortality, for postmenopausal women. However, a recent
randomized trial of estrogen plus progestin for secondary
prevention of coronary heart disease in postmenopausal
women (HERS trial) did not show this benefit.15 In the first
year of the study, there was an increased risk of coronary
heart disease. This study demonstrates that large clinical randomized controlled trials (RCTs) with cardiovascular end
points (myocardial infarct and stroke) are needed. Large
prospective trials are underway, but the results will not be
available for a few years.
The risks of using ERT include the increased risk of endometrial cancer (when ERT is not accompanied by progesterone), frequent vaginal bleeding and the potential for
thrombosis in some individuals. Although the association
between ERT and breast cancer is controversial, crosssectional studies support an association between estrogen
and breast cancer with a risk ratio of approximately 1.25,
that is, a 25% increased risk of breast cancer.18 The relative
risk is higher in individuals with first-degree relatives who
have a history of breast cancer. Primary care physicians
must discuss the potential benefits and risks of using ERT.
If ERT is to be initiated, physicians must be confident that
patients are well versed in breast self-examination and undergo screening mammography as recommended by local
guidelines.
Oral conjugated estrogens can be started at a dose of
0.3–0.625 mg daily to prevent osteoporosis, but the dose

Table 2: Preventing and treating osteoporosis
Diet
Dietary calcium/vitamin D
Lifestyle factors
Cessation of smoking
Reduction of alcohol intake
Weight-bearing exercise
Approved treatments for osteoporosis
Estrogen replacement therapy
Selective estrogen receptor modulators
Calcitonin
Bisphosphonates

Table 3: Selected drugs used in hormone replacement therapy
Generic name of drug (brand name)
Conjugated estrogen (Premarin)
Estropipate (Ogen)
Estradiol (Estrace, Estraderm patch)
Ethinyl estradiol (Estinyl)
Medroxyprogesterone acetate (Provera)
Micronized progesterone (Prometrium)
Estradiol, norethindrone acetate
(Estracomb, Estalis)
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Recommended dose
0.625–1.25 mg/d
0.625–1.25 mg/d
1–2 mg/d, patch 2/wk
0.02–0.05 mg/d
2.5–5 mg/d continuous or
10 mg/d for 10 d/mo
100–200 mg/d
Patch 2/wk
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can be increased up to 1.25 mg daily for patients with severe osteoporosis.
Progesterone should be considered for all patients who
have started ERT and who have not had a hysterectomy.
Progesterone minimally diminishes the favourable effect of
estrogens on the lipoprotein profile, however, it also significantly reduces the increased risk of endometrial cancer associated with ERT. Unopposed estrogens should be given
to women who have had a hysterectomy and, therefore,
have no risk of developing endometrial hyperplasia.
Progesterone can be given in a cyclic fashion, resulting in
monthly menstruation, but physicians are increasingly recommending lower doses of continuous progesterone. ConKey points
•

•

•

•

•

•

•

•

•

•

•

•
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The ability to diagnose osteoporosis, based on risk factors, 10–20 years before fractures occur has given the
primary care physician the leading role in the prevention and treatment of this condition.
Primary care physicians can encourage patients to
make lifestyle changes and can provide medical intervention before irreversible bone loss occurs.
Although the quality of bone in osteoporosis is normal,
the net balance between bone formation and resorption
is negative; a rapid decline in bone mass occurs in
women during their early postmenopausal years.
The widespread use of simple, noninvasive bone densitometry has resulted in significant improvement in the
early detection of osteoporosis.
Treatment of osteoporosis includes lifestyle changes, such
as taking more exercise, increasing calcium and vitamin D
intake, giving up smoking and reducing alcohol intake.
Medical treatments include estrogen replacement therapy, selective estrogen receptor modulators, calcitonin
and bisphosphonates.
Estrogen slows bone loss and will actually increase
bone quantity in the first few years following cessation
of normal ovarian function.
Although estrogen improves the lipoprotein profile and
may result in protection against cardiovascular disease,
recent studies have not supported this conclusion.
Estrogen replacement therapy may increase the risk of
endometrial cancer (when it is not accompanied by
progesterone), vaginal bleeding and the potential for
thrombosis in some individuals; the association between estrogen replacement therapy and breast cancer
remains controversial.
Selective estrogen receptor modulators, although acting
as estrogen antagonists, have been shown to increase
bone mineral density.
Calcitonin directly inhibits osteoclasts and can slow
bone loss; a disadvantage of calcitonin is that it cannot
be taken orally.
Bisphosphonates are currently the most potent treatment for osteoporosis based on bone mineral density
and fracture studies.
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tinuous use of progesterone is effective in inhibiting endometrial proliferation and reducing endometrial cancer; however,
it will occasionally cause breakthrough bleeding. Like estrogen, progesterone can be given orally, transdermally or by injection. Common oral progesterones include medroxyprogesterone, norethindrone and micronized progesterone.
SERMs

SERMs are available as an alternative to estrogen for the
prevention and treatment of osteoporosis. These drugs
were developed when it was observed in clinical trials for
the treatment of breast cancer that tamoxifen increased
BMD.19 Despite the fact that tamoxifen is a partial estrogen
agonist and thereby acts as an estrogen antagonist, tamoxifen had beneficial effects on bone.20 Raloxifene, which was
developed to treat osteoporosis, is similar to tamoxifen, but
it appears to have different effects on tissues possessing estrogen receptors. As a result, raloxifene has beneficial effects on bone as well as endometrial and breast tissue.21,22
A clinical trial (the MORE trial) has demonstrated a
2%–3% increase in BMD of the lumbar spine and hip over
2–3 years with raloxifene and an approximately 50% reduction in vertebral fractures.21 In addition, raloxifene inhibits
endometrial proliferation and thereby eliminates the need
for progesterone. Raloxifene has beneficial effects similar to
estrogen in reducing LDL-cholesterol and increasing
HDL-cholesterol, but to a slightly lower degree. It further
decreases fibrinogen levels, and high fibrinogen levels are a
known independent risk factor for cardiovascular disease.
Three-year clinical data for 7705 postmenopausal
women who took either raloxifene or placebo showed 13
cases of breast cancer in 5129 women assigned to raloxifene
and 27 cases in 2576 women assigned to placebo. Raloxifene decreased the risk of estrogen receptor–positive breast
cancer by 90%.22
Calcitonin

Calcitonin is probably the least potent of the available
treatments for osteoporosis. Calcitonin is a 32-amino-acid
peptide that directly inhibits osteoclasts and can slow bone
loss. There is a similarity between the receptor on osteoclasts for calcitonin and the parathyroid hormone receptor
on osteoblasts.23 Calcitonins are presently ineffective orally,
because they are broken down by aminopeptidases and proteases in the gastrointestinal tract. Injectable calcitonin is
well absorbed, but the route of administration is often inconvenient. Although intranasal calcitonin, 200 IU/d, is
widely used and has wide patient acceptance, it is not as
well absorbed as injectable calcitonin. It has been reported
that in RCTs intranasal calcitonin improved BMD by
1%–2% at 2 years.23 A prospective study of the use of
salmon calcitonin, 200 IU/d, in the form of a nasal spray in
postmenopausal women with osteoporosis (PROOF study)
over 5 years demonstrated statistically significant vertebral
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fracture reduction.24 However, a further arm of the study
using a salmon calcitonin nasal spray, 400 IU/d, showed a
positive trend but did not meet statistical significance. The
results of this study have been discussed widely.
Daily doses of 50–100 IU of injectable calcitonin result in
higher blood levels, have analgesic properties in addition to
an anti–bone absorption effect and can be recommended for
patients with severe pain who have had recent vertebral compression fractures.25,26 Marine calcitonins (salmon or eel) are
often used because they are many times more potent than human forms. Minor adverse effects of calcitonin include flushing and gastrointestinal symptoms (nausea, vomiting, diarrhea). Potential new oral formulations are being studied and,
if effective, should significantly increase patient compliance.

1609 postmenopausal women under the age of 60 years, alendronate, 5 mg/d, administered orally was as well tolerated
and as effective as hormone replacement therapy (estrogen
and progesterone) in preventing bone loss at the spine.30
Clinical studies with risedronate in North America and
Europe show very similar improvement in BMD and reduction in vertebral fractures over 3 years.31 Analysis at
1 year showed the bone fracture reduction effect to be
early. A study of risedronate that was designed to look at
hip fractures showed significant fracture reduction in highrisk groups with established osteoporosis.
Studies of bisphosphonates such as alendronate suggest
that they can be given once weekly to improve convenience.

Treatment for Mrs. C

Bisphosphonates

Bisphosphonates are currently the most potent treatments for osteoporosis based on BMD and fracture studies.
Bisphosphonates are analogues of pyrophosphate but have
a carbon atom in place of oxygen. Their phosphate-carbonphosphate structure allows for many variations in the side
chains on the carbon atom. Small changes in the structure
of the side chains result in significant physicochemical, biologic and therapeutic differences.
Bisphosphonates have a strong affinity for calcium pyrophosphate and act exclusively in bone tissue. Unlike calcitonin, which has an immediate effect on osteoclasts, bisphosphonates take 48 hours to block resorption. Different
bisphosphonates have significantly different antiresorptive
potency: for example, the relative strengths of etidronate,
clodronate, pamidronate, alendronate and risedronate are
1, 10, 100, 1000 and 5000 respectively.
Oral bisphosphonates are poorly absorbed (at most
1%–10% of a given dose). Physicians should remind patients that bisphosphonates should never be taken with calcium supplements, food or milk products because they significantly inhibit absorption.
Large prospective RCT treatment studies27–31 of osteoporosis with 3 bisphosphonates (etidronate, alendronate and
risedronate) have demonstrated increased BMD of 4%–8%
over the first 3 years of treatment and at least 50% fewer
vertebral fractures. There is some concern that etidronate
can cause osteomalacia if given continuously, and it is recommended that it be administered intermittently with periods of several weeks to 3 months without the medication.
Other bisphosphonates, such as alendronate and risedronate, do not have this effect on bone osteoblasts and can
be given continuously (Table 4). Etidronate has not been as
well studied for osteoporosis and, although it is used in
Canada, it has not been approved in the United States.
Clinical studies with alendronate have shown a significant 8% improvement in BMD at 3 years and a 50% reduction in the rate of single fractures.28,29 Up to a 90% reduction
in the rate of 2 or more spinal fractures has also been
demonstrated with alendronate. In a prevention study in

Mrs. C’s physician orders laboratory blood tests including a complete blood count, measurement of calcium, alkaline phosphatase and creatinine levels, serum protein electrophoresis and measurement of thyroid-stimulating
hormone. The physician and Mrs. C agree that a BMD determination is not going to make a difference (at least in
the short term) to the choice of treatment, but they decide
that Mrs. C should have a follow-up BMD determination.
Mrs. C is keen to take advantage of as many treatment
options as possible. She plans to take calcium carbonate
(1000 mg elemental calcium) and vitamin D 800 IU/d (2
multivitamins) and has decided to stop smoking. She plans
to start a daily walking program over the next few months.
After some discussion, she also plans to take a conjugated
estrogen, starting at 0.625 mg/d and increasing to 1.25 mg/d
if she can tolerate it. Her physician advises her against taking
progesterone because she has had a hysterectomy. She is going to consider taking raloxifene, 60 mg/d, especially if she
has any breast tenderness. There is some discussion about
her taking a bisphosphonate concurrently. She and her
physician agree that if she does not tolerate estrogen, she will
start taking a bisphosphonate (alendronate 10 mg/d orally or
risedronate 5 mg/d orally) or a SERM (raloxifene 60 mg/d).
The physician also suggests that if Mrs. C’s pain is not
controlled by analgesics, she should begin taking calcitonin
(50–100 IU/d subcutaneously). Her daughter has agreed to
give the injections if needed. Calcitonin has been shown to
be effective in 2 studies at reducing pain if given subcutaneously. Large studies need to be carried out to measure the
effectiveness of intranasal salmon calcitonin in reducing pain.
Table 4: Selected bisphosphonates used in the treatment of
osteoporosis
Generic name of drug (brand name)
*Etidronate (Didronel, Didrocal)
Alendronate (Fosamax)
Risedronate (Actonel)

Recommended dose
400 mg/d orally for 2 wk
every 12–15 wk
10 mg/d orally
5 mg/d orally

*Not approved for treatment in the United States.
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