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During the last decade, the prevention and manage-
ment of osteoporosis have emerged as major clini-
cal challenges for physicians, health care profes-
sionals, and patients.  As the number of individuals
reaching old age continues to swell, the impact of
this “silent disease” will be far from silent.  The
disease is osteoporosis, the complication is frac-
ture.  Both men and women can suffer from osteo-
porosis.  However, the majority of affected peo-
ple—80%—are women.  Therefore, this article
focuses on the prevention and management of
osteoporosis in women. 

Morbidity and mortality associated with hip
and vertebral fractures have an overwhelming
impact on individual health needs as well as the
demands placed on the health care system.
Currently, in the United States an estimated 30
million women >50 years have or are at risk for
osteoporosis (1).  At least 90% of all hip and

spine fractures among elderly women can be
attributed to osteoporosis (2).  Of women who
suffer a hip fracture, about half will spend some
time in a nursing home, only one third will regain
their prefracture level of function, which includes
walking independently and performing basic
activities of daily living, and an estimated 20%
will die in the following year as an indirect conse-
quence of the fracture (3,4).  Vertebral fracture is
associated with an increased risk of a subsequent
fragility fracture and increases in back pain, dis-
ability, and physical deformity (5).  Direct expen-
ditures for osteoporotic fractures have increased
from an estimated $5 billion in 1985 to more than
$17 billion per year in 2001 (6,7).

IDENTIFYING PERSONS AT RISK
Osteoporosis is defined as “a systemic skeletal dis-
ease characterized by low bone mass and microar-
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chitectural deterioration of bone tissue, with a con-
sequent increase in bone fragility and a susceptibil-
ity to fracture.” (8)  Bone density and bone struc-
ture determine the strength of bone tissue and cor-
relate highly with load-bearing capacity and frac-
ture risk.  In fact, measurement of bone mineral
density (BMD) is a more accurate predictor of
fracture than hypercholesterolemia is at predict-
ing myocardial infarction (9).  In addition to
BMD, other risk factors such as female sex, ad-
vanced age, personal history of fracture as an adult,
history of fracture in a first-degree relative, low
body weight (<127 lb), current cigarette smoking,
estrogen deficiency, alcoholism, and inadequate
physical activity, contribute to an individual’s frac-
ture risk (10).  While low BMD, identified most
commonly through dual-energy x-ray absorptiome-
try screening, is an important risk factor, identifica-
tion of other potentially contributing factors is also
important to determine those persons at highest risk
of fracture and those who may be candidates for
treatment.

Women have several factors that place them
at greater risk than men for osteoporosis and frac-
ture risk.  Women achieve a lower peak bone mass
at middle age as a result of their smaller skeletal
structure.  Additionally, women experience a point
of accelerated bone loss at the time of menopause
where up to 20% of their mass could be lost over a

period of 5 years.  Men, however, tend to show a
gradual decline in mass over the years without any
point of accelerated losses. 

PREVENTION
Osteoporosis, especially with early intervention, is
a preventable disease, and it is possible that in the
next century we will come to regard this disease
historically much like rickets.  However, in striving
to eliminate the disease, the question of what we
are trying to accomplish arises.  What should the
goal of prevention be?  Is the goal simply to pre-
vent any amount of bone loss, or to prevent devel-
opment of the disease osteoporosis, or to prevent
fracture?

The concept of bone loss is a universal phe-
nomenon with aging.  Skeletal growth and the
majority of bone mass are achieved during the first
2 decades of life with a peak in bone density occur-
ring around the age of 30.  Between the ages of 30
and menopause, bone mass remains relatively sta-
ble (11).  At menopause women have a period of 5
or more years during which there is an accelerated
rate of bone loss.  Some women will lose up to 5%
of their bone mass per year during this time.  In
postmenopausal women who are taking estrogen
therapy this accelerated rate of loss does not usual-
ly occur until the estrogen is stopped.  With sus-
pension of estrogen, bone will be lost at a rate sim-
ilar to that seen at the time of natural menopause.
After this period of rapid decline, the rate of bone
loss tends to slow but continues indefinitely as long
as a woman lives.  If bone loss tends to be very
slow then lifestyle changes might be enough to
maintain an adequate bone mass.  However, if the
rate of decline is rapid, lifestyle changes may not
be enough.  Even with supplemental calcium and
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exercise, for many women bone loss cannot be
effectively halted without other therapeutic
interventions (12).

Both the prevention and treatment of osteo-
porosis require interventions, earlier rather than
later, that are safe, effective, and affordable.  Op-
timal prevention and treatment call for the modifi-
cation of those risk factors that are modifiable:
maintaining a healthy lifestyle that includes a
healthy diet with sufficient calcium and vitamin D;
exercise to develop good muscle tone to help avoid
falls and potential injury; not smoking cigarettes;
and drinking alcohol in moderation.  Pharmaco-
logic interventions that include prescription med-
ications to reduce fractures should be part of a
comprehensive patient management program in
high-risk individuals.  For patients who already
have established disease, medications indicated for
treatment should be used. 

PHARMACOLOGIC THERAPY
Osteoporosis medications are approved for either
prevention or treatment of the disease.  A few med-
ications have received approval for use in either sit-
uation.  Targeting individuals who could ultimately
benefit from pharmacologic treatments requires
objective measures. BMD testing has become well
established as the gold standard for the diagnosis of
osteoporosis.  According to the World Health
Organization, bone density in postmenopausal
women is characterized as normal, osteopenic (low
BMD), or osteoporotic. Osteopenia exists if an
individual has a BMD score between –1 and –2.5
SD below that of a “young normal” adult.

Osteoporosis exists if an individual has a BMD
score that is 2.5 SD or lower (T-score at or below
–2.5).  Women in this group who have already
experienced one or more fractures are deemed to
have severe or “established” osteoporosis (13).

The goal of prevention and treatment is to
prevent fractures.  Women who have normal or low
BMD are targeted for prevention measures, and
women with established osteoporosis are targeted
for treatment.  When recommendations are made, it
is important to recognize that while BMD has the
strongest relation to fracture, many fractures occur
in women who have normal or low BMD but have
other risk factors.

The possibility of fracture increases when
low bone density is combined with other factors,
but the exact interaction of these factors is unclear
(14).  Because aspects of bone structure are not
reflected in BMD, previous fracture significantly
increases the risk for other fractures, even in
patients with similar BMD measurements.  A study
conducted by Lindsay (15) demonstrates that
women who develop a vertebral fracture are at sub-
stantial risk for additional fracture within the next
year (Figure 1).

Pharmacologic interventions increase bone
mass either by decreasing bone resorption, with a
secondary gain in bone mass, or by a direct anabol-
ic effect.  Preferably they also increase bone
strength and quality.  Drugs that specifically act on
bone by decreasing resorption are the bisphospho-
nates, calcitonin, estrogen, and selective estrogen
receptor modulators (SERMs).  Parathyroid hor-
mone (PTH) has become the first FDA-approved
skeletal anabolic agent for bone. 

Drugs currently approved for the prevention
of osteoporosis fall into 2 general categories: drugs
that are considered bone-specific, which include the
bisphosphonates, alendronate and risedronate, and
drugs that have therapeutic effects in other medical
conditions as well as in osteoporosis, including hor-
mone therapy (HT), whose primary indication is the
treatment of menopausal symptoms, and the SERM
raloxifene, which appears in preliminary tests to
substantially reduce the risk of estrogen receptor–
positive breast cancer in clinical trials conducted
with osteoporotic women (16).  The bisphospho-
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nates and raloxifene are approved for treatment as
well as prevention of osteoporosis.

Bisphosphonates
Bisphosphonates act by blocking osteoclast action
and thus prevent resorption during the remodeling
cycle of bone turnover.  The bisphosphonates ris-
edronate and alendronate are effective agents for
reducing vertebral and nonvertebral fracture risk.
In large, randomized, controlled trials, alendronate
showed consistent increases in BMD irrespective
of the severity of the underlying bone density lev-
els, and reduced both vertebral and nonvertebral
fractures (17,18).  Among women with osteoporo-
sis, symptomatic vertebral fractures were de-
creased by 44% over 4 years and clinical fractures
were reduced by 36% (17).  Risedronate similarly
reduced the incidence of vertebral fractures by
41% over 3 years (19) and was effective in reduc-
ing hip fracture by 40% in elderly women who had
low BMD but not in women who had risk factors
alone (20).

Calcitonin
Calcitonin is an endogenous inhibitor of bone
resorption that acts by suppressing osteoclasts.
Several studies on the effectiveness of calcitonin
have shown positive effects in increasing BMD in

postmenopausal women; however, the effect on frac-
ture reduction has been less predictable in clinical
trials.  In one study of postmenopausal women who
used calcitonin daily, new vertebral fractures were
decreased by 33% compared with placebo though
only a small increase was noted in BMD (21).

Estrogen
For many years, HT had been the sole FDA-
approved pharmacologic therapy for the prevention
and treatment of osteoporosis.  Later, labeling
changes moved the FDA indication to prevention
only, based on information from observational
studies.  The recent report from the Women’s
Health Initiative (WHI) study on HT provides the
first large-scale, randomized controlled trial for the
use of estrogen in preventing osteoporosis.  Results
from the study showed that HT reduced hip and
vertebral fractures by 34% with an overall reduc-
tion in fracture risk of 24% (22).  This finding is of
particular note since the women in the WHI trial
were not selected for either their baseline bone
density or their risk factors for osteoporosis.  In
addition, their average body mass index (BMI 28.5
kg/m2) bordered on obesity and, in fact, 34% of
WHI participants were obese (BMI >30 kg/m2)
(23).  Given the very strong antiosteoporosis and
fracture effects of obesity, the marked fracture
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Figure 1. Preventing the first fracture is critical.  Reprinted with permission from Lindsay et al (15).
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reduction in the WHI becomes even more impres-
sive (Figure 2).  However, other findings from the
study regarding the absence of benefits for cardio-
vascular events and the increased risk of breast can-
cer limit the indications for the use of HT.  The
evidence suggests that HT should be limited to
menopausal or postmenopausal women who are at
highest risk for the prevention of osteoporosis and
should not be considered as a form of treatment for
osteoporosis.

Selective Estrogen Receptor Modulators
Raloxifene is a SERM that has estrogen agonistic
effects on bone and estrogen antagonistic effects on
breast and endometrial tissue.  This selective action
appears to provide the benefits of estrogen therapy
on BMD without the increased risks for breast or
endometrial cancers.  Results of the Multiple
Outcomes of Raloxifene Evaluation (MORE) Study
showed that raloxifene treatment in older women
reduced the incidence of new vertebral fractures to
half of those experienced in the placebo group.
However, there was no effect seen in the reduction
of nonvertebral fractures (24).

Parathyroid Hormone
Parathyroid hormone is a new approach to osteo-
porosis therapy.  PTH increases bone formation, an
effect reflected as an increase in markers of bone
turnover such as osteocalcin and bone resorption
markers such as N-telopeptide cross-links.  Early
studies of PTH effects have shown a 65% decrease

in vertebral fractures and a 53% decrease in non-
vertebral fractures.  Additionally, a marked increase
in bone mass was evident in <2 years after treat-
ment was initiated (25). 

MANAGING MEDICAL TREATMENT
Regardless of BMD, all patients should be follow-
ing the guidelines for nonmedical prevention tech-
niques, such as taking calcium and vitamin D sup-
plements, eating healthy diets, exercising regularly,
eliminating smoking, and drinking alcohol in mod-
eration.  However, determining a cost-effective
approach for the prevention and treatment of osteo-
porosis and fracture and establishing guidelines for
initiating medical treatments are much more diffi-
cult tasks that need to include more than BMD
measurement.  In theory, calculating a patient’s risk
should involve entering a person’s age and the
BMD and multiplying this by a person’s other risk
factors, including lifestyle, risk of falls, and the

Figure 2. Women’s Health Initiative: fracture outcomes.  HRT = hormone replacement therapy.  Reprinted with
permission from Rossouw et al (23).

HRT Placebo % Risk∆ Fractures

Hip*

Vertebral 

Others†

Total

  44 (0.10) 

  41 (0.09) 

579 (1.31) 

650 (1.47)

  62 (0.15) 

  60 (0.15) 

701 (0.70) 

788 (1.91)

–34 

–34 

–23

–24

  –5 

  –6 

–39 

–44

*Excess number of cases/10,000 patient years. †Others = other osteoporotic fractures, excluding 
fractures of the chest/sternum, skull/face, fingers, toes, and cervical vertebra.

K E Y  P O I N T

After initial analysis of the data, the NORA

study made clear that physicians are not ade-

quately identifying women who have low bone

mass and thus a higher risk of fractures.



Copyrig
ht ©

 Excerpta M
edica, In

c, 2
004

Not f
or C

ommercial 

Distri
butio

n

direction of a fall, to get a global number that
would determine whether a particular patient would
benefit from medical intervention.  However, at the
current time an accurate model that takes each of
these factors into account does not exist.  In addi-
tion, data on risks for vertebral fractures differ from
that for hip and other nonvertebral fractures.  Also,
little information exists for men and non-white
women. 

In an effort to gain information on women at
risk for osteoporosis and fracture, a nationwide
study, the National Osteoporosis Risk Assessment
(NORA) Program, was initiated.  The study
enrolled >200,000 women into a comprehensive
osteoporosis education and risk-assessment pro-
gram.  This initiative created a longitudinal, obser-
vational database of postmenopausal women with-
out prior diagnosis of low bone mass who were
recruited from practices of primary care physicians.
Data on the women recorded the incidence of
osteopenia, osteoporosis, and fractures and provid-
ed information on risk factors.  After initial analy-
sis of the data, one fact that the NORA study made
clear was that physicians and other health care
providers are not adequately identifying women
who have low bone mass and thus a higher risk of
future fractures.  The study found that almost half
of the postmenopausal women enrolled had low
bone mass; 7% of the participants were found to
have osteoporosis and nearly 40% had osteopenia.
During the 1-year follow-up period, the rate of
bone fracture was 4 times higher for women with
osteoporosis and twice as high for women with low
bone mass compared to women with normal bone
density (26).

The NORA study reinforces the need to initi-
ate medical treatment for those women who
already have established osteoporosis.  However, it
is less clear as to what the recommendations should
be for women who have decreased bone mass
(osteopenia) but who are not yet osteoporotic.  If
recommendations were made that all the patients in
this group should begin treatment, many women
who are at risk for fracture would be captured.  At
the same time, many women would also receive
treatment unnecessarily as the NORA data suggest
that nearly half the total population of women have

either osteoporosis or osteopenia.  The cost of
treating this many patients is simply too high a
price for the economy to support and is unneces-
sary as many patients will never fracture.  Still this
group of women cannot go untreated.  In the
NORA study, the fact that such a large number of
participants, 40%, were osteopenic, meant that
more than 50% of all fractures occurred in this
group even though they were at a lower risk than
women in the osteoporosis group.

In an effort to establish more specific guide-
lines for treatment, research has focused on finding
other clinical risk factors, independent of BMD,
that contribute to fracture risk.  The National
Osteoporosis Foundation has created a list of clini-
cal factors considered to be of primary importance
for risk: personal history of fracture after age 40;
history of fracture of hip, wrist, or spine in a first-
degree relative; body weight = 127 lb (57.8 kg);
current cigarette smoking (27).  Other risk factors
that have been identified by large prospective stud-
ies include white or Asian race, older age, female
sex, frequent falls, impaired eyesight, frailty, estro-
gen deficiency, inadequate calcium intake, alco-
holism, cognitive impairment, and inadequate phys-
ical activity/exercise (14, 28–30).  This list of
“other” factors is long and imprecise and helps
demonstrate the need for the development of risk
stratification algorithms that can better predict risk
of future fractures in women with osteopenia.

Taken together, the BMD and clinical risk
factors can be used to approximate a treatment
action threshold for a patient.  There are no
absolute guidelines that establish when treatment
would be appropriate and the clinician must use
discretion in determining which patients would
benefit from treatment.

CONCLUSIONS
Patients with low bone mass, which include those
with osteoporosis or osteopenia, are at increased
risk of fracture.  For older patients, sustaining a
fracture can have substantial consequences on the
individual’s quality of life and health.  Medications
capable of preventing bone loss and preserving bone
integrity are available and have been shown to
effectively reduce the risk of fracture.  While exer-
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cise, calcium, and vitamin D can help keep bones
healthy, these therapies alone may not be enough to
prevent fracture if bone density is already reduced.
BMD measurements provide the best diagnostic tool
for predicting fracture risk.  However, despite the
availability of this testing, patients are not receiving
adequate screening.  Proper assessment of bone den-
sity along with assessment of other personal risk
factors is essential for determining those patients
who would benefit from prevention and treatment
strategies.  Most important, however, is that physi-
cians should treat the patient and not the T-score.
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