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Osteoporosis, as defined by the National Osteoporosis Foundation, is
a disease that is characterized by low bone mass and structural deterioration
of bone tissue, which leads to bone fragility and an increased susceptibility
to fractures [1]. Aging is only one factor that contributes to the development
of osteoporosis. Genetics, suboptimal nutrition, deficiency of calcium and
vitamin D, lifestyle, smoking, decrease in sex hormone production, and
medications also contribute to skeletal fragility.

In the United States, more than 10 million individuals have osteoporo-
sis and more than 34 million have low bone mass or osteopenia of the hip
[2]. It has been estimated that 1.5 million individuals suffer a bone disease–
related fracture each year [3]. Osteoporosis is responsible for more than
700,000 vertebral fractures and more than 300,000 hip fractures every
year [3,4]. Women who are older than the age of 50 years have a 50%
chance of suffering a fracture; men of the same age have a 25% risk.
Those who have a hip fracture have a 10% to 20% mortality in the first
year, and less than 50% regain their prefracture level of mobility and in-
dependence [2]. Mortality within 90 days of osteoporotic fractures in indi-
viduals who are older than 65 years is substantially higher than predicted;
for some fractures, the risk for early death increases by nearly sevenfold
[5]. Osteoporotic fractures are a frequent and important cause of disability
and medical costs worldwide. Fortunately, osteoporotic fractures are
preventable.

Guidelines for the prevention, screening, diagnosis, and management of
osteoporosis have been established by the US Preventive Services Task
Force (USPSTF), the National Osteoporosis Foundation, Surgeon General,
American College of Obstetrician and Gynecologists, American Association
of Clinical Endocrinologists, and the Osteoporosis Society of Canada.
Although some are consistent and similar, others are not.
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Prevention

Exercise is an important component of any osteoporosis prevention pro-
gram. All types of physical activity can contribute to bone health. Activities
that are weight bearing or involve impact are most useful for increasing or
maintaining bone mass [2]. Recent small studies found that the use of vibrat-
ing platforms increased bone mineral density (BMD) and slowed bone loss
[2]. A systematic review of randomized trials shows that impact and nonim-
pact exercises have a positive effect at the lumbar spine in pre- and postmen-
opausal women. Impact exercise probably has a positive effect at the
femoral neck. More studies are required to determine the optimal intensity
and type of exercise [6]. Throughout life, men and women should be encour-
aged to participate in exercise, particularly in weight-bearing exercises,
which include impact as a component. A review of eight trials found that
exercise programs showed a trend toward prevention of bone loss in the
lumbar spine with impact and nonimpact exercise [6].

Calcium

Calcium supplementation has a small, positive effect on bone density.
The data show a trend toward reduction in vertebral fractures, but do not
address, in a meaningful way, the possible effect of calcium on reducing
the incidence of nonvertebral fractures [7]. Hip fractures are related strongly
to low BMD, cost more to repair, and cause more disability than does any
other type of osteoporotic fracture [8]. A study by Dawson-Hughes and col-
leagues [9] concluded that healthy older postmenopausal women with a daily
calcium intake of less than 400 mg can reduce bone loss significantly by in-
creasing their calcium intake to 800 mg per day. They also showed that sup-
plementation with calcium citrate maleate was more effective than was
supplementation with calcium carbonate at the doses used in the study.

Vitamin D

Vitamin D decreases vertebral fractures and may decrease nonvertebral
fractures. A meta-analyses of the efficacy of vitamin D treatment in prevent-
ing osteoporosis in postmenopausal women showed that it reduced the inci-
dence of vertebral fractures [relative risk (RR), 0.63; 95% CI, 0.45–0.88;
P ! .01], and showed a trend toward reduced incidence of nonvertebral
fractures [RR, 0.77; 95% CI, 0.57–1.04; P ¼ .09] [10]. The use of standard
or hydroxylated vitamin D has not been studied well. In a study of 3270
healthy ambulatory women with a mean age of 84 � 6 years, 1634 received
800 IU/d of vitamin D3 along with 1200 mg of elemental calcium, and 1632
received double placebo. The bone density of the proximal femur increased
2.7% in the group that received vitamin D and decreased 4.6% in the group
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that received placebo (P ! .001). The number of hip fractures was 43%
lower (P ! .043) and the total number of nonvertebral fractures was
32% lower (P ! .015) in the group that took vitamin D plus calcium [11].

Randomized controlled trials indicate that supplemental calcium and vi-
tamin D reduce the risk for hip fractures and other nonvertebral fractures in
elderly women [4]. Table 1 outlines the current recommended amounts of
calcium and vitamin D in the diet.

Screening

Risk factors

The USPSTF recommends that women aged 65 years and older be
screened routinely for osteoporosis, although the USPSTF does not define
‘‘routinely.’’ This screening should begin at age 60 years for women who
are at increased risk for osteoporotic fractures [2]. To estimate the benefits
of routine screening for women in different age groups, the USPSTF used
estimates from recent studies to project the number of fractures that would
be prevented over 5 years from a hypothetic cohort of 10,000 postmeno-
pausal women [12]. For women 65 to 69 years of age, the numbers needed
to screen were 731 to prevent one hip fracture and 248 to prevent one ver-
tebral fracture in 5 years [13]. For women with low bone density, the num-
ber needed to screen was 88 to prevent one hip fracture and 30 to prevent
one vertebral fracture. The number needed to screen became more favorable
as age advanced [14]. In addition, it found three clinical risk factors that
consistently predicted increased risk for fracture: advanced age, low weight
or body mass index, and nonuse of hormone replacement therapy (HRT).
The presence of any of the three risk factors increased the risk for fracture
by 70% (RR, 1.7) [13,14].

The USPSTF makes no recommendation for or against routine osteopo-
rosis screening in postmenopausal women who are younger than 60 years or

Table 1

Recommended daily dosages of calcium and vitamin D

Age group

Calcium

(mg/d) [SOR]

Vitamin D

(IU/d) [SOR]

Prepubertal children (ages 4–8 y) 800 [B] No data

Adolescents (ages 9–18 y) 1300 [B] No data

Women (ages 19–50 y) 1000 [A] 400 [D]

Women over 50 y 1500 [A] 800 [A]

Pregnant or lactating women (R18 y) 1000 [A] 400 [D]

Men (ages 19–50 y) 1000 [C] 400 [D]

Men over 50 y 1500 [C] 800 [A]

Abbreviation: SOR, strength of recommendation.

Data from Whiting SJ, Calvo MS. Dietary recommendations for vitamin D: a critical need

for functional end points to establish an estimated average requirement. J Nutr 2005;135:304–9.
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in women who are aged 60 to 64 years who are not at increased risk for os-
teoporotic fractures [2]. No study has evaluated the effect of screening in re-
ducing fractures in this younger population [4,13]. Although several studies
have tested screening tools, the Osteoporosis Society of Canada recom-
mends targeted case finding strategies for those at increased risk, using at
least one major or two minor risk factors (Box 1), along with BMD mea-
surement with central dual-energy x-ray absorptiometry (DEXA) at age
65 years [13].

Low bone BMD along with the major risk factors of previous fragility
fracture, age, and family history of osteoporosis stand out as predictors of
fracture related to osteoporosis. Clinically, a fragility fracture may be de-
fined as one that occurs as a result of minimal trauma, such as a fall from
a standing height or less, or no identifiable trauma [15]. These risk factors

Box 1. Risk factors for osteoporosis

Major risk factors
Age older than 65 years
Vertebral compression fracture
Fragility fracture after age 40
Family history of osteoporotic fracture
Systemic glucocorticoid therapy of longer than 3 months
Malabsorption syndrome
Primary hyperparathyroidism
Propensity to fall
Osteopenia apparent on radiograph
Hypogonadism
Early menopause before age 45

Minor risk factors
Rheumatoid arthritis
Low dietary calcium intake
Chronic anticonvulsant therapy
History of clinical hyperthyroidism
Smoking
Excessive alcohol intake
Excessive caffeine intake
Weight less than 57 kg
Chronic heparin therapy
Weight loss greater than 10% of weight at age 25

Data from Brown JP, Josse RG. 2002 Clinical practice guidelines for the diag-
nosis and management of osteoporosis in Canada. CMAJ 2002;167:S1–34.
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have a cumulative effect such that, for example, if a person has a low BMD
in addition to a fragility fracture or is older than 65 years of age and has
a BMD in the range associated with osteoporosis, he or she should be con-
sidered to be at high risk for fracture and a candidate for therapy.

A meta-analysis of 29 published cross-sectional studies of smoking and
bone density indicated that postmenopausal bone loss was greater in current
smokers than in nonsmokers [4]. Other studies found that the risk for hip
fracture was higher for thinner smokers than for normal or overweight
smokers [4]. Alcohol use is an inconsistent predictor of bone mass and frac-
tures [4]. Caffeine intake is associated inconsistently with low bone density
and fractures [4]. Another reasonable recommendation is to screen postmen-
opausal women who are younger than 65 years who have low weight (or
body mass index) or who have never used HRT [16].

People who receive 7.5 mg of prednisone daily for more than 3 months
should be assessed for initiation of a bone-sparing therapy. People who
receive more than 2.5 mg of prednisone daily should be regarded as being
at increased risk for fragility fracture and require further assessment, with
at least BMD measurement [15].

Dual-energy x-ray absorptiometry scanning

DEXA is the technical standard for measuring BMD because it measures
at important sites of osteopathic fractures, has high precision and accuracy,
is inexpensive, and has modest radiation exposure [17]. Typically, measure-
ment of BMD is taken at two locations, spine and hip, and reported as a T-
score and a Z-score. The T-score is the difference between an individual’s
BMD and the mean BMD for a reference population. It is expressed in stan-
dard deviation units. A score of 0 indicates a BMD equal to the mean,
a score of þ1 indicates one standard deviation above the mean, and a score
of �1 is one standard deviation below the mean. Osteoporosis is defined as
a T score that is less than �2.5 [16]. The Z-score is used to compare an in-
dividual with others in the same age group [16]. Measuring BMD remains
the single best predictor of fracture risk available [2]. Central (hip and spine)
DEXA is the most accurate tool for evaluating BMD in clinical settings [15].
Access to BMD measurement should not be limited by decision tools based
on clinical risk factors [15].

Screening frequency

Optimal screening frequency has not been studied, but the USPSTF sug-
gests a frequency of not more than every 2 years for older women or every 5
years for younger postmenopausal women [14]. For younger individuals
who initially were screened based upon risk factors but who have normal
BMD values, repeat testing every 5 to 10 years may be helpful [14]. Those
who have a borderline low BMD or may lose bone rapidly (eg, exposure
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to high doses of glucocorticoids) require repeat screening in 2 to 3 years [15].
DEXA is useful in monitoring patients who are on medical therapy for os-
teoporosis [15]. Patients should be rescanned using central DEXA scanning
2 years after initiating medication therapy.

Ultrasound

Quantitative ultrasound may assist in the diagnosis of osteoporosis, but is
not useful for monitoring. Sound waves that are used to assess bone mass do
not emit radiation. It can measure bone density in a variety of peripheral
sites. Most devices use a formula to calculate a bone density equivalent
and are not sufficiently precise for follow-up or monitoring [15].

Treatment

The National Osteoporosis Foundation recommends starting pharmaco-
logic intervention for those patients who are determined to be at increased
risk for an osteoporotic-related fracture: patients with a T-score of �2.0 or
lower by hip DEXA with no risk factors, those with a T-score of �1.5 or
lower and one or more risk factors, or those with a previous hip or verte-
bral fracture [1]. Antiresorptives or anabolic agents can be used. Antire-
sorptives include HRT, bisphosphonates, calcitonin, and selective
estrogen receptor modulator. The only anabolic agent available is teripara-
tide. There is convincing, patient-oriented evidence for nonvertebral frac-
ture reduction for only two agents: risedronate (Actonel) and alendronate
(Fosamax) [18].

Bisphosphonates

The bisphosphonates are a first-line preventive therapy in postmeno-
pausal women with low bone density, and first-line treatment for postmen-
opausal women who have osteoporosis, especially those with pre-existing
vertebral fractures [15]. For weekly dosing regimens, once-weekly alendro-
nate is slightly better than is once-weekly risedronate in increasing the
bone density in the trochanter and spine [19]. Bisphosphonates also are
the first-line therapy for prevention of glucocorticoid-induced osteoporosis
and for the treatment of glucocorticoid-induced osteoporosis in patients
who require prolonged glucocorticoid therapy [15]. Bisphosphonates also
are indicated as first-line treatment for men who have low bone mass or os-
teoporosis [15].

In premenopausal women who have osteopenia or osteoporosis, the use
of bisphosphonates has not been examined, and is not recommended in the
absence of an identified secondary cause of osteoporosis [15]. Table 2 out-
lines the important uses of the bisphosphonates in the treatment of
osteoporosis.
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Calcitonin

Nasal or parenteral calcitonin is a first-line treatment for pain associated
with acute vertebral fractures [15]. It is considered as a second-line treatment
for postmenopausal women who have osteoporosis [15]. Nasal calcitonin
was shown to increase BMD and reduce lumbar spine fractures by 36%,
but has not been shown to reduce hip fractures [20].

Hormone replacement therapy

HRT is a first-line preventive therapy in postmenopausal women with
low bone density [15]; however, when used only for the prevention of post-
menopausal osteoporosis, the risks of HRT may outweigh the benefits.
HRT is a first-line preventive therapy for women who experience meno-
pause before age 45 [15]. It is a second-line treatment for postmenopausal
women who have osteoporosis [15]. With prolonged use of HRT taken
only for the treatment of postmenopausal osteoporosis, the substantial risks
for cardiovascular disease, stroke, and invasive breast cancer may lead to an
unfavorable risk-benefit ratio [17]. It should be administered for the shortest
period at the lowest possible dose.

Raloxifene

Raloxifene (Evista) is a selective estrogen receptor modulator that is de-
signed to provide the benefits of estrogen on BMD with a lower risk for
breast cancer, endometrial cancer, and cardiovascular disease [20]. Raloxi-
fene is a first-line therapy in the prevention of further bone loss in postmen-
opausal women with low bone density, and a first-line treatment for
osteoporosis in postmenopausal women [15]. Raloxifene was shown to in-
crease BMD and reduce the risk for vertebral fractures, but there is no ev-
idence that it reduces nonvertebral fractures [20]. The adverse effects that are

Table 2

Bisphosphonates in the treatment of osteoporosis

Strength of recommendation

Condition Alendronate Risedronate Etidronate

Preventive therapy in postmenopausal

women with low bone density

A A No data

Treatment of postmenopausal women

who have osteoporosis

A A B

Preventive therapy for glucocorticoid-induced

osteoporosis

A A B

Treatment of glucocorticoid-induced

osteoporosis

A A B

Treatment for men with low bone mass A No data B

Data from Brown JP, Josse RG. 2002 Clinical practice guidelines for the diagnosis and man-

agement of osteoporosis in Canada. CMAJ 2002;167:S1–34.
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associated with raloxifene include venous thromboembolic disease, pulmo-
nary embolism, and hot flashes [20].

Teriparatide

Teriparatide (Forteo) is a once-daily, subcutaneously administered ana-
bolic agent that stimulates osteoblastic bone formation at trabecular and
cortical sites [16]. It is approved for treatment of osteoporosis in postmen-
opausal women who are at high risk for fracture or for whom other thera-
pies have failed. In conjunction with adequate calcium and vitamin D, it
produces increases in bone mass of 10% to 15% per year [5,16]. It also re-
duces all vertebral fractures by approximately 67% and nonvertebral frac-
ture rates by approximately 50%.

Parathyroid hormone

Parathyroid hormone (PTH) is tolerated well, although some patients ex-
perience leg cramps and dizziness. Because PTH caused an increase in the in-
cidence of osteosarcoma in rats, patients with an increased risk for
osteosarcoma (eg, patients who have Paget’s disease of bone, previous radia-
tion therapy of the skeleton, bone metastases, hypercalcemia, or a history of
skeletal malignancy) should not receive PTH therapy. The safety and efficacy
of PTH have not been demonstrated beyond 2 years of treatment [20,21].

Table 3 summarizes the options for the screening, prevention, and treat-
ment of osteoporosis.

Table 3

Summary of recommendations for the screening, prevention and treatment of osteoporosis

Recommendation

Strength of

recommendation

Treatment should be initiated to reduce fracture risk in postmenopausal

women who have experienced a fragility or low-impact fracture. [1,15]

A

Treatment should be instituted in those postmenopausal women with

BMD T scores less than �2 by central DEXA in the absence of risk

factors and in women with T scores less than �1.5 in the presence of

one or more risk factors. [1,15]

A

First-line pharmacologic options determined by the FDA to be safe and

effective for osteoporosis prevention should be used. [1,15]

A

First-line pharmacologic options determined by the FDA to be safe and

effective for osteoporosis treatment should be used. [1,14]

A

Women should be counseled about the following preventive

measures: adequate calcium, vitamin D, exercise, smoking cessation,

moderate alcohol intake, and fall prevention strategies. [1,15]

B

BMD testing should be recommended to all postmenopausal

women 65 y Lears of age or older. [1,2,12]

B

BMD testing should be recommended for postmenopausal women

younger than 65 years of age who have one or more risk factors

for osteoporosis. [1,2,12]

B
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