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tional activity.
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Statement of Educational Need

This activity is designed to respond to the needs
of endocrinologists and other physicians who
treat patients with osteoporosis, by updating
their knowledge of the epidemiology, diagnosis,
and treatment of the disease, with an emphasis
on the bisphosphonates, which are the most
potent available drugs for the treatment of
osteoporosis.

Educational Objectives

After reading this monograph, listening to
the audio CD, and completing the post-test,
the participant should be able to:

� Describe the epidemiology and impact of 
osteoporosis

� Describe available diagnostic guidelines and
techniques

� Better understand the modes of action and
relative effectiveness of the various agents
used to treat osteoporosis

� Choose the appropriate treatment 
modalities for patients newly diagnosed
with osteoporosis

Statement of Educational Method

The educational information is presented in 
a 12-page monograph and an accompanying
25-minute audio CD.

Statement of Evaluation Instrument

A 12-question multiple-choice post-test is used
as the evaluation instrument.  An activity evalu-
ation questionnaire will be completed by each
participant. 

Statement of Intended, or Target, Audience

This activity is intended for, but not limited to:
endocrinologists and other physicians who care
for patients with osteoporosis.

Instructions

To earn 1 hour of category 1 credit, listen to the
accompanying CD and read the material in this
monograph carefully. Complete the activity
evaluation and answer the post-test questions
on the accompanying questionnaire.  Send the
questionnaire in the enclosed envelope to:
OCME REGISTRAR, P.O. Box 980048,
Richmond, VA 23298-0048.  ATTN: OSTEO
PROGRAM. Your credit certificate will be
returned. Participation is confidential.
Estimated program completion time: 1 hour.
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Epidemiology and impact
Osteoporosis is a disease characterized by a reduction in the quantity of bone tissue and

a deterioration of the structure or microarchitecture of bone tissue, both of which produce

bone fragility and an increase in the risk of fractures throughout the body.

Osteoporosis is very common; it currently affects 4-6 million postmenopausal Caucasian

women.1 Approximately half of all Caucasian women will experience an osteoporotic

fracture during their lifetimes.  In the United States, there are approximately 1.5 million

osteoporotic fractures every year.2 Of these, 250,000 are hip fractures, which carry a

24% mortality risk within the first year.3 About one in six Caucasian women will fracture

her hip.4-7 Half of those who suffer hip fractures are unable to walk without assistance2

and about 8% require long-term nursing care.8 Only 10-15% will return to full,

independent activity.

Osteoporosis presents an enormous burden to the healthcare system.  The cost of the dis-

ease and its associated fractures is estimated to be $14 billion annually.  Hip fractures

incur the greatest expenditures.  Initial hospital care costs an average of $7,000 and the

average cost for the first year post-fracture is $21,000.  In 1995, hip-fracture treatment

costs totalled $8.68 billion.9

Vertebral fractures are associated with an increase in mortality that is directly related to the

number of fractures as documented on x-ray.  Vertebral fractures also have major physical

consequences, including loss of height, changes in posture, chronic back pain, difficulty

breathing and the so-called Dowager’s hump.  People with fractures in the lumbar region may

experience changes in the abdominal anatomy, abdominal pain, constipation, reduction in

appetite, and a feeling of fullness and distension.  These changes can have a major negative

impact on a patient’s quality of life.10-12 The cumulative burdens of pain, disability, reduced

quality of life, and cost represent a serious public health problem.

Risk Factors
During childhood, bone is gained in a relatively linear fashion.  At puberty there is a major

acceleration in bone acquisition, with a dramatic increase in bone mineral density (BMD).

This increase in BMD represents an increase in the dimensions of bone rather than a change

in the density of existing bone matrix.  In females, the bone acquisition process is nearly com-

plete by age 17; in males by age 20.  Maximum BMD is achieved around age 28.

Genetic factors are largely responsible for determining the level of peak bone mass.

Nutritional factors (e.g., calcium intake), exercise patterns, age of menarche, regularity of

menstrual function, and exposure to alcohol and tobacco also affect peak bone mass.  At

the time of menopause, all women lose bone.  This bone loss is accelerated in the first five

years after menopause but continues through the rest of life.  Several factors can increase 

The cost of osteoporosis and its

associated fractures is estimated

to be $14 billion annually.



or decrease the rate of bone loss at this stage of life, including exercise, calcium and vita-

min D intake, and smoking.  A variety of diseases, such as inflammatory bowel disease,

multiple myeloma, lupus, and rheumatoid arthritis, can contribute to bone loss.  Certain

medications, such as glucocorticoids and excessive amounts of thyroid hormone, can also

increase bone loss. 

Compared with men, women are at higher risk for osteoporosis because of a lower peak

bone mass, smaller skeletal size, and the accelerated bone loss that occurs after menopause.

Among women, the incidence of osteoporotic fractures is higher in Caucasians than in

African-Americans, while women of Hispanic descent have an intermediate risk.  There is

greater variability within each race, however, than there is among races.

Men have a lower risk for osteoporotic fractures, but the lifetime risk is still substantial ––

25% for a 60-year-old man.  As with women, the risk of hip fracture rises exponentially with

aging, but the age at which this increase begins is typically five to 10 years later in men. 

Diagnosis
The diagnosis of osteoporosis requires the assessment of risk factors, measurement of bone

mineral density, documentation of fractures, and an evaluation of potential secondary causes

of bone loss. The National Osteoporosis Foundation (NOF) recommends that all post-

menopausal women age 65 or older have a bone mineral density test regardless of any other

risk factors or therapies being used at the time (Table 1).  The Foundation also recommends

that postmenopausal women under the age of 65 who have one or more additional risk

factors for osteoporosis, including secondary causes, should undergo a bone mineral

density test. The most important of these risk factors include a history of fractures

occurring with minimal trauma, a positive family history of osteoporotic fractures (especially

a maternal history of hip fracture), current smoking, being very thin, and frequent falls.  In

the future, it is likely that recommendations for testing will be broadened to include all

postmenopausal women, regardless of the presence or absence of risk factors.

� Advise all patients to obtain an adequate 
intake of dietary calcium (at least 1,200 mg/day,
including supplements if necessary) and 
vitamin D (400-800 IU/day for patients at risk 
of deficiency).

� Recommend regular exercise and avoidance of
tobacco and excess alcohol.

� Suggest initiating therapy to reduce fracture risk
in women with BMD T-scores < -2 if no additional
risk factors and in women with BMD T-scores 
< -1.5 if other risk factors are present.  

Table 1.
Recommendations of 

the National Osteoporosis
Foundation

� Urge every postmenopausal woman to consider
her risk of osteoporosis. Osteoporosis is a silent
risk factor, just as hypertension is for stroke.

� Ensure that the issue of skeletal health is
addressed and recorded at every office visit.

� All postmenopausal women with fractures
should be evaluated for osteoporosis, including
bone mineral density (BMD) measurements.

� Recommend BMD testing for all women aged 65 
and older or for postmenopausal women below
age 65 with one or more additional risk factors.

3

O S T E O P O R O S I S : T H E  E R A  O F  T H E  B I S P H O S P H O N AT E S  -  PA RT  I



Bone mass accounts for approximately 80% of bone strength; it is the single strongest

predictor of osteoporotic fractures.  Current bone density measurements employ a variety

of techniques that are fast, safe, and accurate.  These techniques include single- or dual-energy

x-ray absorptiometry (DXA), computerized tomography (QCT), and ultrasound.  Densitometers

are classified by the skeletal regions they measure; either central (spine and/or hip) or

peripheral (forearm, tibia, wrist, finger, or heel).  The preferred technique is the hip DXA test,

which is the best for predicting hip fracture risk.

In addition to bone density testing, biochemical markers of bone turnover can be useful in

predicting fracture risk and also for monitoring osteoporosis therapy.  Bone is constantly being

remodeled by a cyclic process, during which osteoclasts absorb packets of old bone tissue and

osteoblasts produce new bone matrix. Bone loss occurs when the amount of old bone

resorbed exceeds the production of new bone.  The rate of bone formation and resorption can

be assessed biochemically in two ways: by measuring the enzymatic activity of bone cells or

by measuring the breakdown products of bone matrix.  The most commonly used indicators

of bone formation are bone specific alkaline phosphatase and osteocalcin. During bone

resorption, pyridinolines and metabolized fragments of type 1 collagen are excreted into the

urine; these can also be analyzed through laboratory assays.  Biochemical markers reflect rates

of bone remodeling, a dynamic state, but cannot confirm the presence or absence of

osteoporosis and cannot substitute for bone density testing.  However, elevated levels of these

markers may be associated with an increase in the risk of fractures; they may be most useful

in risk prediction when bone density tests show an intermediate level and a treatment

decision isn’t clearly indicated.

Biochemical markers can be very useful in monitoring response to antiresorptive therapy.

Reductions in biochemical markers of bone formation and resorption of 40-60% can be seen

within three to six months of therapy, particularly with bisphosphonates and estrogen, while 12

to 24 months are usually required to evaluate treatment response through bone densitometry. 

Treatment
Risk factor reduction

The first area to be considered in the management of osteoporosis is the reduction in risk

factors. These may include eliminating smoking and alcohol abuse and reducing the risk of

falls.  The next step in risk reduction is optimizing nutritional status.  Total daily calcium

intake, from both diet and supplements, should be 1200-1500 mg.  (The American diet

typically provides 600 mg/day of calcium.)  A daily intake of 400 IU of vitamin D (or up to

800 units in those over 65), will help maintain an optimal skeletal status.  The management

of osteoporosis should also include an exercise regimen.  The exact prescription to be followed

is not known, but it should include some weight-bearing, aerobic exercise program, such as

running, calisthenics, dancing, stair climbing, or racquet sports.  The goal is to strengthen the

large muscle groups, with concentration on the back, shoulder, and hip musculature.  In

addition to helping maintain bone mass, exercise helps maintain muscle mass, which

improves coordination and balance, thus reducing the risk of falling and fractures.
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While not everyone needs medical therapy, women who have experienced fractures or have

T-scores < -2.5 should receive medical therapy.  Current NOF guidelines recommend that

anyone with a T-score of –2 or below, or with a T-score of –1.5 or below and additional risk

factors, should receive medical therapy.

Currently approved medications for osteoporosis management include estrogen replacement

therapy, raloxifene, calcitonin, alendronate, and risedronate.  Parathyroid hormone may receive

FDA approval in late 2002 or 2003.  

Estrogen

A large body of clinical trial data has shown that estrogen produces beneficial effects on bone

mass in both early and late postmenopausal women and in women who have osteoporosis.

Most of the data supporting the antifracture effects of estrogen comes from epidemiological

evidence rather than clinical trials.  A recent meta-analysis by Torgerson et al, which

examined 22 studies, showed that the relative risk of nonvertebral fractures was reduced by

27% in estrogen-treated women compared with placebo-treated women.13 This effect was

most significant in women who were under 60 years of age or who started estrogen before the

age of 60.  The Heart and Estrogen/Progestin Replacement Study (HERS) is sometimes cited

to strengthen the case against estrogen replacement as an effective treatment for osteoporosis.14

This study, which used conjugated estrogens plus medroxyprogesterone, showed no beneficial

effect of estrogen on hip or other fractures.  By contrast, results from the aborted Women’s

Health Initiative (WHI) trial indicate that hormone replacement therapy (HRT) reduced the

risk of hip fracture by 33% and all fractures by 24%, despite the fact that this group was

not at particularly high risk for osteoporosis.15

Many patients refuse to consider estrogen therapy because of a fear of breast cancer.

Observational studies suggest that there is an increased risk of breast cancer after long-term

estrogen use.  Results from the WHI trial confirm that HRT results in an increased risk of

breast cancer of about 25%, even within the first five years of therapy.15 This translates into

eight additional cases per 10,000 women per year.  These results, which received extensive

publicity in the lay as well as the professional press, suggest that HRT, particularly the

Prempro™ formulation, can no longer be routinely recommended for long-term therapy.

SERMs

The selective estradiol receptor modulators (SERMs) produce some of estrogen’s multisys-

temic effects, but do not increase the risk of breast cancer.  In fact, the SERMs studied to date,

tamoxifen and raloxifene, appear to reduce the risk of breast cancer.  Only raloxifene is cur-

rently approved for the prevention and treatment of osteoporosis.  In the Multiple Outcomes

of Raloxifene Evaluation (MORE) trial, raloxifene was shown to produce modest effects on

bone density and to produce reductions in bone turnover markers.16 Raloxifene reduces the 
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risk of vertebral fractures, although there are no data confirming that it reduces nonvertebral

fractures.  Other major effects of raloxifene to emerge from the MORE trial include significant

reductions in the incidence of breast cancer and cardiovascular and cerebrovascular disease.

Tamoxifen has been used as an adjuvant therapy for breast cancer for several decades and is

now used for breast cancer prevention.  Tamoxifen is not suitable as a substitute for estrogen

in the prevention or treatment of osteoporosis, since it produces estrogenic effects on the

uterus, including endometrial hyperplasia and endometrial cancer.  It also has undesirable

anti-estrogenic effects on the brain, resulting in hot flashes. 

Calcitonin

Calcitonin is a 32-amino acid, single-chain peptide secretory product of neuro-endocrine

C-cells located in the human thyroid gland.  Calcitonin is a potent inhibitor of osteoclast

function.  There are two approved dosage forms, injectable (which is rarely used and is associ-

ated with nausea, vomiting, and flushing) and a nasal spray.  After administration of calcitonin,

there is a rapid decrease in bone resorption and hypocalcemia.  However, good evidence of

antifracture efficacy is difficult to find.  Evidence from the Prevent Recurrence of Osteoporosis

Fractures (PROOF) study of nasal calcitonin is compromised by the fact that only 378 women

completed the study out of 1255 enrolled.17 In this study, a 400-unit dose of calcitonin nasal

spray did not produce a significant reduction in vertebral fractures.  Clearly, calcitonin produces

a much weaker effect on bone than other agents for osteoporosis management.

Bisphosphonates

Bisphosphonates are synthetic compounds that were initially developed for industrial use, to

inhibit the growth of crystals.  They were soon discovered to have a number of biological

effects, including the ability to inhibit osteoclast-mediated bone resorption.  The magnitude

of this effect depends on a number of factors, including inherent drug potency, dose, route of

administration, and rate of bone turnover.  

Alendronate is the most potent drug currently available for the treatment of osteoporosis.

The agent was studied in the Fracture Intervention Trial (FIT), a very large, randomized,

controlled trial that included 6,459 participants and several years of observation (Table 2).18

All of the enrolled women had low hip bone mineral density scores  (T-scores < -1.6).  Women

were randomized to receive either 5 mg/day of alendronate or placebo.  On the basis of new

data indicating improved efficacy on bone mass, the dose was increased to 10 mg after two

years.  The dropout rate was less than 4%.  The women who received alendronate achieved

substantial increases in bone mineral density (mean, 7%-9% at the spine and 5%-8% at the

hip compared to placebo).  Alendronate was also shown in this trial to reduce the risk of hip

fracture by 56% by year four in women who had osteoporosis but no prior vertebral fractures.

The incidence of new vertebral fractures was reduced by 50%.18 Meta-analyses of all of the

clinical trials of alendronate showed consistent reductions in hip-fracture risk of approxi-

mately 50%, as well as significant reductions in the risk of vertebral and wrist fractures.19
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A long-term trial of alendronate showed that spinal bone density continues to increase over

time and that bone density increases at other sites are maintained.  In addition, discontinuation

of alendronate does not appear to be associated with the accelerated bone loss seen in women

who discontinue estrogen.20

In over 17,000 patients studied, alendronate has been found to be generally safe and well

tolerated.  In the FIT study, there were no significant differences between alendronate and

placebo in the incidence of adverse effects.18

Two-year data have shown that once-weekly administration of alendronate 70 mg produces

bone density and turnover effects identical to those seen with daily 10-mg doses; this is

now the recommended dose.  The bisphosphonates must be taken on an empty stomach,

first thing in the morning with water only and cannot be followed by any food or drink for

at least 30 minutes.

Predefined pooled analysis of VFA and CFA results
(compared to placebo):

� Hip fractures reduced by 56% in osteoporotic
women without prior vertebral fracture

� New hip fractures reduced by 63% within
18 months22

Table 2.
Fracture Intervention Trial

(FIT) of alendronate18 VFA results (compared to placebo):

� New radiographic vertebral fractures reduced by 47%

� Multiple vertebral fractures reduced by 90%

� Symptomatic vertebral fractures reduced by 55%

� Hip fractures reduced by 51%18,21

Two treatment arms: Vertebral Fracture Arm (VFA) and Clinical Fracture Arm (CFA)
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Risedronate is also approved for the prevention and treatment of osteoporosis.  Risedronate

produces moderate effects on bone mass in both the spine and hip and reduces the risk

of fracture throughout the skeleton.  The fracture data with this agent derive from three

studies; two assessing vertebral fracture and all nonvertebral fractures and one looking

primarily at hip fracture. In the two Vertebral Efficacy with Risedronate Therapy (VERT)

studies, risedronate reduced the risk of vertebral fractures by approximately 40% at three

years (Table 3).23,24 Benefits became apparent early, after 12 months, and were sustained

for at least five years. Risedronate hip fracture data come from the Hip Intervention

Program (HIP) study of over 9,000 women.25 This study included two patient groups; the

first were women aged 70-79 who had severe osteoporosis (T-scores < -4 or T-scores < -3

with additional risk factors).  In this group, there was a reduction in the incidence of hip

fracture of approximately 40% by the third year (pooled data from patients receiving 2.5

mg/day and 5 mg/day).  However, in the other group enrolled in the HIP study, women

over 80 who had risk factors but no proven osteoporosis, there was no statistically significant

reduction in hip fractures.  This result is surprising and there have been a number of pos-

sible explanations.  The group tested may simply have been unusually healthy, which
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suggests that bone mineral density testing is an important predictor of the efficacy of osteo-

porosis therapy.  In addition to the conflicting data from the HIP study, the VERT studies showed

no effect on the occurrence of hip fractures.  Although hip fracture was not a primary endpoint,

the results are remarkable and possibly due to the high dropout rates seen in these studies.

HIP study results:

� Hip fractures reduced by approximately 40% in
women aged 70-79 who had severe osteoporosis

� No reduction in hip fractures in women over 80
with risk factors but no proven osteoporosis

Table 3.
Vertebral Fracture (VERT) and
Hip Intervention Program (HIP)
studies of risedronate23-25

VERT results:

� Radiographic vertebral fractures reduced by
41-49% over three years in osteoporotic women

� Nonvertebral fractures reduced by 33-39%
over three years

� No significant reduction in hip fractures
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Recombinant parathyroid hormone (PTH)

Parathyroid hormone is a principal regulator of calcium homeostasis and works through

a mechanism completely different from that of estrogen, SERMs, calcitonin, or bisphosphonates.

PTH is a bone-formation stimulating agent.  It not only increases bone mass, but also

seems to restore bone architecture by filling in cavities and cancellous bone caused by the

bone loss process.  PTH can cause large increases in bone mass both when given alone and

when combined with antiresorptive agents.  Clinical trials are now underway assessing the

effectiveness of PTH in combination with bisphosphonates or raloxifene.  PTH may receive

FDA approval in late 2002 or 2003.

The largest study of PTH included 1,637 women with low BMD and an average of 2.3

fractures at baseline.26 They were randomized to receive either placebo or either 20 or 40

µg/day of PTH.  Median follow-up was 21 months.  After a median treatment period of 18

months, PTH was shown to have a potent effect on fracture occurrence, with a reduction

of 65% to 69% in the incidence of vertebral fractures and a reduction of 35% to 45% in

all nonvertebral fractures.  This trial reinforced findings from earlier studies, which showed

PTH to be a safe and effective therapy for enhancing bone mineral density.  Back pain,

nausea, and headache were the most common side effects; these occurred infrequently

and were dose-dependent.  Fewer than 5% had sustained increases in serum calcium above

the normal range.  

PTH will doubtless prove to be a valuable addition to the armamentarium, as a single

agent or in combination with antiresorptive therapy.  It is likely that antiresorptive agents

will be required to maintain the bone mass and bone architecture benefits induced by

PTH.  It is possible that the anti-fracture benefits of PTH and antiresorptive therapy will

be additive.  Animal studies combining PTH with estrogen or a bisphosphonate have had

promising results, producing increases in bone mass, connectivity, and strength.
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Summary
In summary, clinicians are fortunate today in having a variety of effective antiresorptive
therapies that reduce the risk of vertebral fractures.  The bisphosphonates also reduce the
risk of nonvertebral fractures, including hip fractures.  These drugs can dramatically
reduce the disability, the quality of life changes, and the mortality associated with osteoporotic
fractures. However, much remains to be done in the area of diagnosis.  Only one in three
women with vertebral fractures has been diagnosed.11 Osteoporosis can be treated at any
stage, but for optimal treatment, it is important that we identify women with osteoporosis
prior to the occurrence of the first fracture.

Case 1

A 52-year-old woman, approximately nine months from her last menstrual period complains

of hot flashes, night sweats and irritability.  She asks for a bone density test because her

mother had very stooped posture from a very young age.  The BMD score in the spine is

determined to be –2.2.  This woman is clearly a very good candidate for estrogen or hormone

replacement therapy.

She has no specific contraindications for hormone replacement therapy and has substantial
menopausal symptoms.  This is a major indication for the use of estrogens.  Her bone density
is in the osteopenic, or low bone mass range, and she requires therapy for prevention of
bone loss because of this as well as her family history of presumed osteoporosis.  The ques-
tion will be how long estrogen should be used in this woman.  We can no longer routinely
consider hormone replacement therapy as a treatment for the rest of a person’s life. 

Case 2

A 56-year-old woman recently developed back pain and acknowledged to her doctor that
she had had approximately a one or perhaps slightly more than a one-inch height loss.
Her x-ray did not show any clear abnormalities but there is a possibility of  mild or mini-
mum wedging of one vertebra. Her doctor suggested a bone density test.  The BMD score
in the spine was –2.3 and in the hip was –1.5.  Her mother was recently diagnosed with
breast cancer.  This 56-year-old woman is a classic case of a woman with early osteo-
porosis of the spine on x-ray.  It is important that physicians review x-rays with radiolo-
gists, because sometimes mild wedging on x-ray may not be reported in a typical x-ray
report.  However, this may be an early sign of vertebral osteoporosis.  Her bone density T-score
is also nearly in the osteoporotic range of -2.5 or below and with the x-ray evidence as well
as the low bone density score, she is certainly a good candidate for treatment of osteo-
porosis whether or not her back pain was really related to this wedging. Because her
mother was recently diagnosed with breast cancer, she is probably not a good candidate
for hormone replacement therapy.  She is an excellent candidate for raloxifene, which not only
reduces risk of vertebral fractures but may also reduce the risk of breast cancer in the future.
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Case 3

A 62-year-old woman sees a new internist.  She is well, but is going for a routine general
physical exam and the new internist performs a comprehensive medical interview.  She tells
the doctor that she had a wrist fracture at age 54 after a fall when she slipped on a patch
of ice on her driveway.  The physician orders a bone density test which shows her T-score
in the hip to be –2.3.  The T-score in the spine is –2.  However, there is an apparent artifact
overlying at least one of the vertebrae.  This is a classic case where the hip T-score should
be used to determine the need for medical therapy in combination with the clinical history.
This woman has a bone density nearly in the osteoporotic range and she also had an osteo-
porosis-related fracture of the wrist.  The T-score in the spine should not be used to dissuade
therapy, since it probably involves artifact and because the hip BMD is probably the
preferential test in women of her age group or perhaps in all postmenopausal women.
Therapy, in addition to general nutrition and exercise should be considered here and the
treatment of choice is probably a bisphosphonate.  This woman is not having any menopausal
symptoms, so starting estrogens at this point in time after menopause would therefore not
be the treatment of choice.  And because she already had a wrist fracture and a low bone
density in the hip, she is showing that she is at risk for nonvertebral fractures.  The only drugs
that clearly reduce nonvertebral fractures are the bisphosphonates, so she was started on
alendronate 70 mg once weekly because that is the easiest and most practical regimen
currently available for osteoporosis treatment.

References

1. Looker AC, Orwoll ES, Johnston CC Jr, et al. Prevalence of low femoral bone density in older U.S. adults from NHANES III.
J Bone Miner Res. 1997;12(11):1769-1771.  2. Riggs BL, Melton LJ III. The worldwide problem of osteoporosis: insights afforded by
epidemiology. Bone. 1995;17(Suppl 5):505S-511S.  3. Ray NF, Chan JK, Thamer M, et al. Medical expenditures for the treatment of
osteoporotic fractures in the United States in 1995: report from the National Osteoporosis Foundation. J Bone Miner Res.
1997;12(1):24-35.  4. Cooper C. The crippling consequences of fractures and their impact on quality of life. Am J Med.
1997;103(2A):12S-17S.  5. Lauritzen J, Lund B. Risk of hip fracture after osteoporosis fractures. 451 women with fracture of lumbar
spine, olecranon, knee or ankle. Acta Orthop Scand. 1993;64(3):297-300.  6. Cummings S, Black DM, Rubin SM. Lifetime risks of
hip, Colles’, or vertebral fracture and coronary heart disease among white postmenopausal women. Arch Intern Med. 1989;149(11):2445-
2448.  7. Kanis JA, Delmas P, Burckhardt P, et al. Guidelines for diagnosis and management of osteoporosis. The European Foundation
for Osteoporosis and Bone Disease. Osteoporosis Int. 1997;7(4):390-406.  8. Chrischilles EA, Butler CD, Davis CS, et al. A model of
lifetime osteoporosis impact. Arch Intern Med. 1991;151(10):2026-2032.  9. Johnell O. The socioeconomic burden of fractures:
today and in the 21st century. Am J Med. 1997;103(2A):20S-25S.  10. Ross PD. Clinical consequences of vertebral fractures. Am J Med.
1997;103(2A):30S-42S.  11. Gold DT. The clinical impact of vertebral fractures: quality of life in women with osteoporosis. Bone.
1996;18(Suppl 3):185S-189S.  12. Cook DJ, Guyatt GH, Adachi JD, et al. Quality of life issues in women with vertebral fractures
due to osteoporosis. Arthritis Rheum. 1993;36(6):750-756.  13. Torgerson DJ, Bell-Syer SE. Hormone replacement therapy and prevention
of nonvertebral fractures: a meta-analysis of randomized trials. JAMA. 2001;285(22):2891-2897.  14. Grady D, Herrington D, Bittner
V, et al. Cardiovascular disease outcomes during 6.8 years of hormone therapy: Heart and Estrogen/progestin Replacement Study
follow-up (HERS II). JAMA. 2002;288(1):49-57.  15. Lacey JV Jr, Mink PJ, Lubin JH, et al. Menopausal hormone replacement therapy
and risk of ovarian cancer. JAMA. 2002;288(3):334-341.  16. Ettinger B, Black DM, Mitlak BH, et al. Reduction of vertebral fracture
risk in postmenopausal women with osteoporosis treated with raloxifene: results from a 3-year randomized clinical trial. Multiple
Outcomes of Raloxifene Evaluation (MORE) Investigators. JAMA. 1999;282(7):637-645.  17. Chesnut CH III, Silverman S, Andriano
K, et al. A randomized trial of nasal spray salmon calcitonin in postmenopausal women with established osteoporosis: the prevent
recurrence of osteoporotic fractures study. PROOF Study Group. Am J Med. 2000;109(4):267-276.  18. Black DM, Thompson DE,
Bauer DC. Fracture risk reduction with alendronate in women with osteoporosis: the Fracture Intervention Trial. FIT Research
Group. J Clin Endocrinol Metab. 2000;85(11):4118-4124.  19. Karpf DB, Shapiro DR, Seeman E, et al. Prevention of nonvertebral
fractures by alendronate. A meta-analysis. Alendronate Osteoporosis Treatment Study Groups. JAMA. 1997;277(14):1159-1164.
20. Tonino RP, Meunier PJ, Emkey R, et al. Skeletal benefits of alendronate: 7-year treatment of postmenopausal osteoporotic women.
Phase III Osteoporosis Treatment Study Group. J Clin Endocrinol Metab. 2000;85 (9):3109-3115.  21. Cummings SR, Black DM,
Thompson DE, et al. Effect of alendronate on risk of fracture in women with low bone density but without vertebral fractures: results
from the Fracture Intervention Trial. JAMA. 1998;280(24):2077-2082.  22. Black DM, Cummings SR, Karpf DB, et al. Randomised
trial of effect of alendronate on risk of fracture in women with existing vertebral fractures. Fracture Intervention Trial Research
Group. Lancet. 1996;348(9041):1535-1541.  23. Harris ST, Watts NB, Genant HK, et al. Effects of risedronate treatment on ver-
tebral and nonvertebral fractures in women with postmenopausal osteoporosis: a randomized controlled trial. Vertebral Efficacy
with Risedronate Therapy (VERT) Study Group. JAMA. 1999;282(14):1344-1352.  24. Reginster J, Minne HW, Sorensen OH, et
al. Randomized trial of the effects of risedronate on vertebral fractures in women with established postmenopausal osteoporosis.
Vertebral Efficacy with Risedronate Therapy (VERT) Study Group. Osteoporosis Int. 2000;11(1):83-91.  25. McClung MR,
Guesens P, Miller PD, et al. Effect of risedronate on the risk of hip fracture in elderly women. Hip Intervention Program Study
Group. N Engl J Med. 2001;344(5):333-340.  26. Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of parathyroid hormone (1-
34) on fractures and bone mineral density in postmenopausal women with osteoporosis. N Engl J Med. 2001;344(19):1434-1441.

The only drugs that clearly

reduce nonvertebral fractures

are the bisphosphonates.
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Post-Test Questions
(8 correct answers are required for credit)

1. What is the mortality incidence in the
first year following a hip fracture?

A. 10%

B. 24%

C. 36%

2. What percentage of women who suffer
a hip fracture will fully recover?

A. 10-15%

B. 20-25%

C. 50%

3. At what approximate age is maximum
bone mineral density achieved?

A. 17

B. 20

C. 28

4. Which of the following can contribute
to bone loss?

A. Multiple myeloma

B. Smoking

C. Excessive amount of thyroid
hormone

D. All of the above

E. A. and B. above

5. What is the lifetime risk for osteo-
porotic fractures in men?

A. 15%

B. 25%

C. 45%

6. The National Osteoporosis Foundation
recommends that all women age 65 or
older have a bone mineral density test
regardless of the presence of risk factors
for osteoporosis.

A. True

B. False

7. Bone mass accounts for what percent-
age of actual bone strength?

A. 50%

B. 65%

C. 80%

8. To reduce the risk of osteoporosis,
what is the total daily recommended
intake of calcium?

A. 600 mg

B. 800-1000 mg

C. 1200-1500 mg

9. According to the results of the WHI
study, what was the reduction in risk
of hip fracture associated with estrogen?

A. 33%

B. 43%

C. 50%

10. In the pooled analysis of the vertebral

fracture arm and clinical fracture arm

results from the FIT trial, what was the

percent reduction in hip fractures in

osteoporotic women without prior verte-

bral fracture who received alendronate?

A. 25%

B. 37%

C. 56%

11. In the HIP study, what was the reduction

in risk of hip fracture associated with

risedronate in women aged 70-79?

A. 25%

B. 40%

C. 50%

12. In the HIP study, what was the reduction

in risk of hip fracture associated with

risedronate in women aged 80 and older?

A. 25%

B. 40%

C. There was no significant reduction
in hip fractures in this age group.
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