CONCISE REVIEW FOR CLINICIANS

Diagnosis, Screening, Prevention, and Treatment of Osteoporosis

KARrReN F. Mauck, MD, MSc, anDp BART L. CLARkE, MD

Osteoporosis is the most common bone disease in humans and
affects both men and women. The clinical and public health implica-
tions of the disease are substantial because of the mortality,
morbidity, and cost of medical care associated with osteoporotic
fractures. Osteoporosis is diagnosed on the basis of a low-impact or
fragility fracture or low bone mineral density, which was best
assessed by central dual-energy x-ray absorptiometry. Both non-
pharmacological therapy (calcium and vitamin D supplementation,
weight-bearing exercise, and fall prevention) and pharmacological
treatments (antiresorptive and anabolic agents) may be helpful in
the prevention and treatment of osteoporosis. Therefore, clinicians
need to be vigilant in instituting primary prevention measures for
those at high risk for osteoporosis and in instituting treatment for
patients diagnosed as having the disease either by screening or a
history of fracture. This article provides an overview of the diagno-
sis, screening, prevention, and treatment of osteoporosis.
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BMD = bone mineral density; DXA = dual-energy x-ray absorptiometry;
FDA = Food and Drug Administration; ICSI = Institute for Clinical
Systems Improvement; NOF = National Osteoporosis Foundation

steoporosis is the most common bone disease in

mans and affects both men and women, usually d
ing or beyond the seventh decade of life. Among U
women older than 50 years, 13% t018% meet current di
nostic criteria for osteoporosis, and an additional 37%
50% meet criteria for osteopenia. For men of the same 3
3% to 6% meet criteria for osteoporosis, and 28% to 47
meet criteria for osteopeni®steoporosis has clinical and
public health implications because of the mortality, mo
bidity, and cost of medical care associated with 0
teoporotic fractures. Elderly persons constitute the faste
growing age group in the world, and the annual number
osteoporotic fractures is predicted to increase considera
with the continued aging of this population in future dé
cades. In the United States, about 1.5 million fractures
attributed to osteoporosis each year. Of this total, appro

In addition, patients with osteoporosis-related fractures often
are not evaluated or treated for osteoporosis and sustain
additional fractures. Therefore, clinicians need to be vigilant
in instituting primary prevention measures for those at high
risk for osteoporosis and in instituting treatment for patients
diagnosed with the disease either by screening or a history of
fracture. This article provides an overview of the diagnosis,
screening, prevention, and treatment of osteoporosis.

DEFINITION

Osteoporosis is a chronic, progressive disease character-
ized by low bone mass, microarchitectural bone deteriora-
tion, and decreased bone strength that lead to increased
bone fragility and a consequent increase in fracture’ risk.
Osteoporosis may be classified as either primary or second-
ary. Primary osteoporosis is bone loss associated with the
aging process in both women and men and with the loss of
hu-gonadal @inction in men. In primary osteoporosis, the rate of
ur-activation of skeletal bone remodeling units is normal, but
S the filling of bone resorption pits is incomplete. Secondary
ag-osteoporosis is bone loss caused by a variety of chronic
to medical conditions, medications, and nutritional deficien-
gecies. In most types of secondary osteoporosis, the rate of
%activation of skeletal bone remodeling units is increased at
least initially, such that an increased proportion of the skel-
r- eton is undergoing remodeling at any one time. Some com-
s- mon secondary causes of osteoporosis and disease processes
st-associated with the disorder are outlined in Table 1.
of
bly
areBefore 1994, the diagnosis of osteoporosis required evi-
xi-dence of a fragility fracture. In 1994, the World Health

DIAGNOSIS

mately half are vertebral fractures and one fifth each areOrganization established operational definitions of os-

hip, wrist, and other fracturésAlthough therapy that can
reduce the risk of osteoporotic fractures is available, ¢
teoporosis often remains undiagnosed until a fracture occ

teoporosis and osteopenia in postmenopausal white women
s-based on bone mineral density (BMD) (Table 2) to help
ursresearchers and clinicians classify degrees of bone loss.
Expert opinion, based on literature review, suggests that the
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current World Health Organization definition of osteoporo-
sis in postmenopausal white women can be applied to men as
well.® In current clinical practice, osteoporosis is diagnosed
on the basis of either a health outcome (low-impact or fragil-
ity fracture) or an intermediate outcome (low BMD). A low-
impact fracture is one that occurs after a fall from standing
height or less; a fragility fracture occurs spontaneously or
with no trauma (cough, sneeze, sudden movement).
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DIAGNOSIS, SCREENING, PREVENTION, AND TREATMENT OF OSTEOPOROSIS

TABLE 1. Common Secondary Causes of Disease Processes
Associated With Osteoporosis*

TABLE 2. World Health Organization Definitions of Osteopenia
and Osteoporosis in White Women®*

Endocrine disorders

Cushing syndrome

Hypogonadism

Hyperthyroidism

Primary hyperparathyroidism

Rheumatologic disorders

Rheumatoid arthritis

Systemic lupus erythematosus

Ankylosing spondylitis

Juvenile polyarticular arthritis

Malignancy
Multiple myeloma
Pharmacotherapy

Glucocorticoid excess

L-thyroxine overreplacement

Anticonvulsants (phenytoin or phenobarbital)

Lithium, aluminum

Cytotoxic drugs, immunosuppressants (cyclosporine A, tacrolimus)

Heparin (long-term)

Drugs causing hypogonadism (aromatase inhibitors, methotrexate,
antimetabolite chemotherapy, depo-medroxyprogesterone acetate,
and gonadotropin-releasing hormone agonists such as buserelin,
leuprolide, and nafarelin)

Gastrointestinal disease

Chronic liver disease (especially primary biliary cirrhosis and primary
sclerosing cholangitis)

Inflammatory bowel disease (particularly Crohn disease)

Celiac disease

Gastric bypass or gastrectomy

Renal insufficiency or failure
Miscellaneous causes

Vitamin D deficiency of any cause

Alcohol abuse

Anorexia nervosa, malnutrition

Movement disorders (Parkinson disease)

Amyloidosis

Acquired immunodeficiency syndrome, human immunodeficiency virus

Chronic obstructive pulmonary disease

Cerebrovascular accident

Multiple sclerosis

Prolonged bed rest or wheelchair bound from any cause

*For a more extensive list of causes, see Annotation Appendix A of the
Institute for Clinical Systems Improvement guidelifies.

Although multiple technologies are available for mea-
surement of BMD, central dual-energy x-ray absorpti-
ometry (DXA) of the hip (femoral neck or total hip) is the
gold standard for diagnosing osteopenia or osteopdrosis.
However, many experts, including the International Soci-
ety for Clinical Densitometry, recommend using the lowest
central DXA T score of posteroanterior lumbar spine,
femoral neck, or total hip (or the 33% distal radius of the
nondominant forearm, if measured) to make the diagrosis.
Dual-energy x-ray absorptiometric measurements of BMD
at other sites (including the trochanter, Ward triangle, lat-

Normal Hip BMD >1.0 SD below the young adult
female reference meant (T score above —1.0)
Osteopenia Hip BMD between 1.0 and 2.5 SDs below the

young adult female reference meant
(T score between —1.0 and —2.5)
HiBMD =2.5 SDs below the young adult female
reference meant (T score at or below —2.5)
Hip BMD =2.5 SDs below the young adult female
reference meant in the presence of 1 or more
fragility fractures

Osteoporosis

Severe osteoporasi
or established
osteoporosis

*Based on hip bone mineral density (BMD) measurements assessed with
dual-energy x-ray absorptiometry.

TThe young adult female reference mean is determined with use of the
mean hip BMD from the National Health and Nutrition Examination
Survey reference database of women aged 20-29 years.

risk of fracture, but they are not recommended for use in
diagnosing osteoporosid.If DXA measurements at dif-
ferent sites are considerably disparate, most clinicians
would use the lowest BMD measurement.

Dual-energy x-ray absorptiometric measurement of
bone density is noninvasive, accurate, reproducible, and
predictive of short- and long-term fracture risk. The results
are reported as a density measurement in gfninraddi-
tion to T and Z scores. T scores represent the number of
SDs from the mean bone density values in normal sex-
matched young adults. The T score is used to make a
diagnosis of normal bone density, osteoporosis, or osteo-
penia in postmenopausal women and in men age 50 years
and older. Z scores represent the number of SDs from the
normal mean value for age- and sex-matched control sub-
jects. A Z score of —1.0 or lower (many experts suggest
using a Z score of —2.0 or lower) may suggest the presence
of a secondary cause of osteoporosis, although no defini-
tive data support this hypothesis. Z scores are used prefer-
entially to assess bone loss in premenopausal females and
in men younger than age 50 years. A Z score of —2.0 or
lower is defined as “below the expected range for age”; a Z
score above —2.0 is “within the expected range for &ge.”

ROLE OF SCREENING

Osteoporosis is a disease in which screening of asymptom-
atic individuals may be beneficial because it has a long
preclinical course before the onset of fracture and because
of the availability of both a reliable test to establish the
diagnosis and treatments that have been shown to reduce

eral lumbar spine, other forearm regions, heel, or total the risk of fractures. General consensus exists regarding
body) or with other technologies (calcaneal ultrasonogra- the recommendation that osteoporosis screening with

phy, peripheral DXA, quantitative computed tomography,

BMD measurements should be individualized, but how

single- or dual-photon radionuclide absorptiometry, or this individualized approach to screening should be
magnetic resonance imaging) may be useful for assessingachieved remains controversial.
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DIAGNOSIS, SCREENING, PREVENTION, AND TREATMENT OF OSTEOPOROSIS

TABLE 3. National Osteoporosis Foundation Recommendations
for Bone Mineral Density Measurements
in Postmenopausal White Women®*

All women=65 y, regardless of additional risk factors

All postmenopausal womet65 y who have 1 or more additional risk
factors (see below) for osteoporosis (other than being white,
postmenopausal, and female)

(Table 3). However, use of this guideline may result in
more frequent testing because the risk factors listed are so
common in this population. The US Preventive Services
Task Force has also made recommendations regarding os-
teoporosis screening in postmenopausal wéifiable 4).
These guidelines are conservative and formulated from

Postmenopausal women of any age who present with fractures (to confirmeVidence-based literature review. Unfortunately, they may

diagnosis and determine disease severity)

Major risk factors
Personal history of fracture as an adult
History of fragility fracture in a first-degree relative
Low body weight (<127 Ib)
Current smoking
Current or previous use of oral corticosteroid therapy for >3 mo

Additional risk factors
Impaired vision
Estrogen deficiency at an early age (<45 y)
Dementia
Poor health, frailty
Recent falls
Low calcium intake (lifelong)
Low physical activity
Alcohol in amounts of >2 drinks per day

not be useful clinically because they do not clearly address
which postmenopausal women who are younger than 65
years should be tested and do not recommend screening
any postmenopausal women younger than age 60 for any
reason, even though women between menopause and age
60 experience rapid early postmenopausal bone loss.
Although the NOF and US Preventive Services Task
Force guidelines provide recommendations for postmeno-
pausal women, they offer no recommendations for pre-
menopausal women or for men. The Institute for Clinical
Systems Improvement (ICSI) guidelines provide a reason-
able (evidence- and expert opinion—based) summary of
who should be screened according to pretest probability of

*Criteria recommended for white postmenopausal women do not necessarfracture based on risk factdr¥hese guidelines may help

ily apply to women of other races, to premenopausal women, or to men.

clinicians determine which patients should undergo BMD
testing. The ICSI guidelines incorporate the NOF recom-

Many national and organizational guidelines and sys- mendations in addition to recommendations for men and
tematic reviews have attempted to outline clinical criteria both premenopausal and postmenopausal women. Mea-
for screening individuals for osteoporosis. Disagreementsurement of BMD is recommended for patients at high risk
among the published guidelines reflects, at least in part,for future fractures, as outlined in Table 5.

variances in expert opinion and gaps in the available evi-
dence to support these recommendations. Most guidelines
recommend using risk factor assessment to help select

TABLE 5. ICSI Guidelines for BMD Testing
in High-Risk Individuals™

patients for bone density testing, but because of inadequaté&;
data, no consensus exists about which risk factors are most

important to consider. Several groups have suggested 2.

guidelines for BMD testing in postmenopausal women, the

population group for which the most evidence is available.
In the United States, a commonly accepted guideline is

that of the National Osteoporosis Foundation (NOF)

TABLE 4. Summary of US Preventive Services Task Force
Recommendations for Osteoporosis Screening
in Postmenopausal Women?®

All women=65y

Women=60 y who are at increased risk for osteoporotic fractures. Exact
risk factors are difficult to specify on the basis of available evidence.
Body weight <70 kg is the single best predictor. Current nonuse of
estrogen therapy is also predictive. Some evidence supports the use of
individual risk factors (smoking, family history, alcohol or caffeine use,
sedentary lifestyle, and low calcium and vitamin D intake) as a basis for
identifying high risk in women <65y

No studies have evaluated the optimal intervals for repeated screening. 10.

Because of limitations in the precision of testing, a minimum of 2y is

3.

4,
5. Postmenopausal women <65 y with at least 1 of the following

6.

7.
8.
9.

. Men or women with previous fragility fracture (spontaneous

fracture or fracture after a fall from standing height or less)

Men or women currently or previously treated with >3 mo of
glucocorticoid therapy at a dosage=6fmg/d of prednisone

Men or women with radiographic osteopenia or vertebral fracture
documented radiographically

All women >65y

additional risk factors
Low body weight (<127 Ib or BM£20)
Family history of fracture (any fracture in a first-degree relative
that occurred after age 45y)
Current smoker (>1 pack/d)
Not using HRT
Menopause before age 40 (surgical or natural)
Taking HRT for >10-15y
Men or women with a chronic disease known to be associated with
bone loss*
Premenopausal women with amenorrhea for >1y
Men with hypogonadism for >5y
Men or women with prolonged immobilization (bed rest or wheel
chair bound for >1 year)
Men or women who have received solid organ or allogenic bone
marrow transplants

generally needed to reliably detect a major change in bone density.
However, longer intervals may be adequate for repeated screening. The

*The most common causes are outlined in Table 1; for a more extensive

yield of screening is higher in older women. No data are available that
indicate the appropriate age at which to stop screening

664 Mayo Clin Proc.
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list, see Annotation Appendix A of the ICSI guidelitedMD = bone
mineral density; BMI = body mass index; HRT = hormone replacement
therapy; ICSI = Institute for Clinical Systems Improvement.
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DIAGNOSIS, SCREENING, PREVENTION, AND TREATMENT OF OSTEOPOROSIS

How often should screening BMD testing be repeated? nadism, glucocorticoid use, and alcoholism); among
The US Preventive Services Task Force addressed this issugerimenopausal women, more than 50% of cases are asso-
and reported no evidence for or against repeated scrégning.ciatedwith secondary causes (most commonly hypoestro-
However, estimations can be made based on the age-specifigenemiaglucocorticoid use, thyroid hormone excess, and
prevalence of osteoporosis and the precision of the boneanticonvulsantherapy). The prevalence of secondaoy-
density test used. In clinical practice, BMD is often mea- ditions is thought to be lower in postmenopausal women,
sured at 2- to 3-year intervals for recently postmenopausabut the actual proportiaa unknownt®
women because this age group has a higher rate of bone loss, General consensus exists among osteoporosis special-
at 5-year intervals for younger postmenopausal women aftelists that a minimum screening laboratory profile should be
the immediate postmenopausal bone loss has stabilized, andonsidered for all patients who are diagnosed as having
at 2- to 5-year intervals for older women. No data support anosteoporosis. However, no consensus exists regarding which
appropriate age at which to stop screening. tests should be done. Many experts have also suggested that

Clinical guidelines help guide practice but should not patients who have osteoporosis and a Z score of less than
replace clinical judgment and patient preferences. The final-1.0 (some suggest using a Z score of less than —2.0) should
decision about when and how often to perform BMD testing have more extensive laboratory screening for secondary
is ultimately at the discretion of the physician and the patient.causes of osteoporosis. A diagnosis of osteoporosis in men
should also prompt a thorough work-up for secondary causes
regardless of their Z score because about half will have an
identifiable cause for the bone loss. The ICSI guidelines
Among men, 30% to 60% of osteoporasises are associ- provide recommendations regarding laboratory testing in
ated with secondary causes (most commonly hypogo-patients with newlygliagnosed steoporosis(Table 6).

LABORATORY TESTING FOR SECONDARY CAUSES

TABLE 6. ICSI Guidelines for Laboratory Testing in Patients With Newly Diagnosed Osteoporosis**

Laboratory test Rationale
Z score above —1.0 (patients less likely to have secondary causes of osteoporosis)

Serum creatinine Renal failure is associated with secondary hyperparathyroidism

Liver function tests Intrinsic liver diseases and cholestatic disorders are associated with multifactorial
causes of increased risk of osteoporosis

Serum calcium Increased in patients with hyperparathyroidism and decreased in those with
malabsorption or vitamin D deficiency

Alkaline phosphatase Increased in patients with Paget disease of bone, prolonged immobilization, acute
fractures, and other bone diseases

Serum phosphorus Decreased in patients with osteomalacia

Thyroid studies (thyrotropin and thyroxine) Hyperthyroidism-associated bone loss

Sedimentation rate or C-reactive protein May indicate an inflammatory process or monoclonal gammopathy associated with
bone loss)

Complete blood cell count To evaluate for bone marrow malignancy, infiltrative processes (anemia, low WBC,
or low platelets), or malabsorption (anemia, microcytosis, or macrocytosis)

Urinary calcium excretion 24-hour urinary calcium excretion on a high calcium intake diet screens for

malabsorption and hypercalciuria—a correctable cause of bone loss; low 24-hour
urinary calcium excretion suggests vitamin D deficiency, osteomalacia, or
malabsorption due to small bowel disease such as celiac sprue

Serum 25-hydroxyvitamin D To identify vitamin D deficiency

Serum intact (whole-molecule) PTH Screening for hyperparathyroidism

Z score below —1.0 or premature osteoporotic fracture (patients at higher risk of having secondary causes of osteoporosis)
All the above tests plus the following
additional tests

Serum testosterone (total and free) Screening for hypogonadism in men; if abnormal, LH, FSH, and prolactin
measurements may be indicated to determine the cause of the hypogonadism
Serum estradiol Screening for hypogonadism in premenopausal or perimenopausal women; if

abnormal, LH, FSH, and prolactin measurements may be indicated to determine
the cause of the hypogonadism

Tissue transglutaminase antibodies If gluten enteropathy is suspected clinically

24-hour urinary free cortisol and overnight If hypercortisolemia is suspected
dexamethasone suppression test

Serum and urine protein electrophoresis If monoclonal gammopathy is suspected

with immunoelectrophoresis as indicated

*FSH = follicle-stimulating hormone; ICSI = Institute for Clinical Systems Improvement; LH = luteinizing hormone; PTH = jmadathy
hormone; WBC = white blood cell count.
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DIAGNOSIS, SCREENING, PREVENTION, AND TREATMENT OF OSTEOPOROSIS

The cost-effectiveness of testing for secondary causes of Calcium supplementation may prevent bone loss or
osteoporosis is unknown because cost-effectiveness analyeven mildlyincrease BMB?**and some data suggest that it
ses have yet to be performed. In a chart review study,may minimally reduce fracture riskHowever, for patients
Tannenbaum et ‘dlexamined this issue in perimenopausal with osteoporosis, calciusupplementatin shoutl be used
and postmenopausal women and found that a testing stratas an adjunct to other pharmacological interventions rather
egy consisting of 24-hour urinary calcium, serum calcium, than as monotherapy. The National Institutes of Health con-
and serum parathyroid hormone determinations in all sensus conference guideliffesuggest that women should
women and serum thyrotropin measurements in womenoptimize their elemental calcium intake to 1000 mg/d until
receiving thyroid replacement therapy would be sufficient menopause and increase it to 1500 mg/d thereafter. Men
to diagnose secondary causes of osteoporosis in 86% o$hould optimize their elemental calcium intake to 1000 mg/d
women; adding 25-hydroxyvitamin D would diagnose sec- until age 65, then increase it to 1500 mg/d.
ondary causes in up to 98%. However, this study was The preferred source of calcium is foods such as dairy
observational and small. More recently, in a secondary products. Some dietary sources of calcium include yogurt
analysis of data collected as part of the Fracture Interven-{400 mg per cup), milk (300 mg per cup), calcium-enriched
tion Trial that included 15,316 postmenopausal women, orange juice (300 mg per cup), cheese (150-180 mg/0z),
Jamal et &t reported that the prevalence of abnormal test and canned salmon with bones (180 mg per 3 0z). Calcium
results in postmenopausal women with and without os-supplements are an alternative means by which optimal
teoporosis was similar, with the exception of low thyrotro- calcium intake can be reached in those who cannot meet
pin. These authors concluded that routine laboratory testingthis need by diet alone. Numerous calcium supplements are
(other than thyrotropin measurements) in otherwise healthyavailable in a variety of salts that can be used to supplement
women with osteoporosis was not useful. dietary calcium intake. The most commonly used calcium

Clearly, more research is needed in this area, especiallysupplements are calcium carbonate or calcium citrate. Fac-
in premenopausal and perimenopausal women and in merors to consider in selecting an agent include absorption,
because the prevalence of secondary causes of osteoporosisnvenience, and cost. Calcium absorption is generally
in these groups is high. Until more cost-effectiveness datamaximal at individual doses of 500 mg of elemental cal-
are available, it is reasonable to follow the strategy outlinedcium. Calcium carbonate contains 40% elemental calcium,
in the ICSI guidelines (Table 6) for premenopausal or requires stomach acid for digestion and absorption, and is
perimenopausal women, for postmenopausal women withthe least expensive option. It should be taken with meals in
comorbidities, and for men. For otherwise healthy post- doses of no more than 500 mg of elemental calcium at a
menopausal women who have no clinical history or physi- time. Calcium citrate contains 21% elemental calcium,
cal examination finding suggestive of a secondary cause ofdoes not require stomach acid for digestion, and is more
osteoporosis, it may be reasonable to only obtain a serunbioavailable but is more expensive than calcium carbonate.
thyrotropin level. Calcium citrate can be taken with or without food in doses

Importantly, the aforementioned recommendations of no more than 500 mg of elemental calcium at a time.
should be used only to direct testing for individuals who are Calcium citrate is the preferred calcium supplement for
asymptomatic or do not have clinical evidence of second-patients who are hypochlorhydric or achlorhydric (includ-
ary osteoporosis on history and physical examination. If aing those taking gastric acid—inhibiting drugs) and for pa-
specific secondary cause of osteoporosis is suspected otients with a history of kidney stones. The most common
the basis of the history and physical examination findings, adverse effects of all calcium supplements are constipation,
further directed testing is indicated. bloating, and gas; however, these adverse effects may be
less frequent with calcium citrate. Patients taking medica-
tions whose absorption may be impaired by calcium (ie,
levothyroxine, fluoroquinolones, angiotensin-converting
enzyme inhibitors) should also be advised to avoid taking
CaLcium AND VITAMIN D calcium supplements within several hours of taking these
Calcium absorption normally decreases with advancing medications.
age. In addition, aging is associated with decreasing serum Vitamin D supplementation may prevent bone loss or
1,25-dihydroxyvitamin D levels, less sun exposure, and mildly increase BMD and modestly reduces vertebral and
reduced skin capacity for vitamin D production. Supple- nonvertebral fracture risk in vitamin D—deficient individu-
mentation of calcium and vitamin D should be considered als!>! A recent meta-analysis concluded that oral vitamin
in all elderly patients if dietary intake and sun exposure areD supplementation of 7@6 800 1U/d appears to reduce the
inadequate to meet recommended targets. risk of hip and nonvertebréilactures in ambulatory or

NONPHARMACOLOGICAL THERAPY FOR
PREVENTION AND TREATMENT OF BONE LOSS
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DIAGNOSIS, SCREENING, PREVENTION, AND TREATMENT OF OSTEOPOROSIS

institutionalized elderly persons, whereas a dose of 400 PHARMACOLOGICAL INTERVENTIONS FOR

IU/d was insufficient for fracturpreventiont® Sufficient PREVENTION AND TREATMENT OF BONE LOSS

vitamin D intake is necessary to maintain circulating se-

rum levels of 1,25-dihydroxyvitamin D adequate to Treatment thresholds for osteoporosis are not the same as
stimulate calcium absorption; therefore, a combination diagnostic thresholds, although some experts have recom-
supplement containing both calcium and vitamin D is mended that they should be. In the United States, most
preferred if dietary intake is inadequate. Dietary sourcesexperts agree on the treatment thresholds outlined by the
of vitamin D include vitamin D—fortified milk or orange NOF 2 which recommends that the following individuals
juice (400 IU per quart) and cereals (40-50 IU per serv- be considered for pharmacological intervention: (1) pa-
ing), egg yolks, saltwater fish, and liver. Some calcium tients with a BMD T score below -2.0, (2) patients with a
supplements and most multivitamin tablets also containBMD T score below —1.5 if additional risk factors are
vitamin D. An intake of 400 to 600 IU of vitamin D per present (previous fracture as an adult, history of fragility
day is recommended by the National Academy of Sci- fracture in a first-degree relative, body weight <57 kg,
ences for all adults older than age 50. The NOF recom-current smoking, use of oral corticosteroid therapy for >3
mends 800 IU/d for those at risk of deficiency, such as months), and (3) any patient with a previous vertebral or
elderly, chronically ill, housebound, or institutionalized hip fracture.

individuals. Pharmacological interventions with Food and Drug Ad-
ministration (FDA) approval for treatment of osteoporosis
WEIGHT-BEARING EXERCISE should be recommended first. These include the oral

Weight-bearing exercise appears to be effective in main-bisphosphonates (alendronate, risedronate, and ibandro-
taining or increasing bone density at the lumbar spine andnate), raloxifene, nasal calcitonin, and teriparatide. The
hip in postmenopausal women, but currently, no evidenceFDA has withdrawn approval of estrogen or hormone
suggests that it decreases fractdtedRecommendations  therapy for treatment of osteoporosis but has continued
include weight-bearing exercise in the form of walking, approval of their use for osteoporosis prevention in se-
mild- to moderate-impact aerobics, and resistance exerdected postmenopausal women.

cises as tolerated. Regular exercise also increases muscle The primary goal of pharmacological therapy in patients
mass and strength, improves balance and coordination, andvith osteoporosis is to reduce the risk of future fracture, not
has been shown to reduce the risk of falls by about 25% injust increase bone density. Currently, the pharmacological

frail elderly personst agents available for treatment of osteoporosis fall into 1 of
2 categories: antiresorptive agents or anabolic agents. All
FALL PREVENTION the currently available drugs except teriparatide are anti-

Randomized clinical trials have supported the value of resorptive agents. These agents reduce bone resorption
assessing risk factors for falls in elderly patients and mak-more than promote bone formation and thereby suppress
ing appropriate interventions for those at high ffsRisk bone turnover and loss, whereas anabolic agents stimulate
factors include visual impairment, cognitive impairment, bone formation more than reduce bone resorption. Table 7
poor balance or gait, neuromuscular and musculoskeletasummarizes the currently available FDA-approved medi-
disabilities, muscle weakness, postural hypotension, mul-cations for the prevention and/or treatment of osteoporosis.
tiple medications, and environmental hazards. Interven- No head-to-head clinical trials have compared the frac-
tions for modifiable risk factors should include physical ture efficacy of the antiresorptive agents, and only a few
therapy to improve strength and balance, gait aids if head-to-head clinical trials have compared the bone density
needed, prevention or treatment of hypotension, and avoid-effects of these agents. Most studies with fracture end
ance of medications that may potentially alter mental statuspoints have involved postmenopausal women. In short-
or gait stability. Elimination of environmental hazards in term clinical trials, alendronate increased BMD more than
the home is also helpful in preventing falls. This includes did raloxifene or calcitonin and produced a slightly greater
recommending shoes with nonskid soles, placing nonslipincrease than risedronate. Evidence from the current litera-
mats under area rugs, removing any nonessential throwture suggests that the antiresorptive therapies (including
rugs in the home or clutter on the floors, and installing grab bisphosphonates, raloxifene, calcitonin, and estrogen) re-
bars in the tub, shower, and toilet areas, sturdy stairwayduce vertebral fracture risk by 30% to 50%. Hip fracture
railings, and night-lights. In a recent meta-analysis, vitamin reduction has been shown consistently with only some of
D supplementation was reported to reduce the risk of fallsthe oral bisphosphonates (alendronate and risedronate) and
among ambulatory or institutionalized older individuals with hormone therap3?.However, because the efficacy of
with stable health by more than 26%. the oral bisphosphonates in reducing hip fracture risk has
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DIAGNOSIS, SCREENING, PREVENTION, AND TREATMENT OF OSTEOPOROSIS

TABLE 7. Agents Currently Approved by the Food and Drug Administration for Prevention and
Treatment of Osteoporosis

Drug/dose Cost* Indications
Alendronate
P: 5 mg/d; 35 mg/wk $72 P, T: Postmenopausal women with osteoporosis
T: 10 mg/d; 70 mg/wk T: Men with osteoporosis

Glucocorticoid-induced osteoporosis (women or men)
Risedronate
P, T: 5 mg/d; 35 mg/wk $71 P, T: Postmenopausal women with osteoporosis
Glucocorticoid-induced osteoporosis (women or men)

Ibandronate

P, T: 2.5 mg/d; 150 mg/mo $76 P, T: Postmenopausal women with osteoporosis
Raloxifene

P, T: 60 mg/d $85 P, T: Postmenopausal women with osteoporosis
Calcitonin nasal spray

T: 200 IU/d $93 T: Postmenopausal women with osteoporosis
Estrogen

P: Multiple formulations $32-$41 P: Postmenopausal women with osteoporosis
Teriparatide

T: 20ug/d injection $590 T: Postmenopausal women with osteoporosis

Men with primary or hypogonadal osteoporosis

*Approximate monthly cost from www.drugstore.com (accessed August 1, 2005). P = prevention; T =
treatment.

been shown in osteoporotic patients or subgroups of os-minutes with ibandronate) to reduce the potential for
teoporotic patients in these trials, many experts suggest thaesophageal injury. If symptoms of esophageal disease (dif-
oral bisphosphonates be considered as first-line therapy fofficult or painful swallowing, retrosternal pain, new or
patients with established osteoporosis (those with T scoresvorsening heartburn) or severe musculoskeletal pain de-

lower than —2.5 and prevalent vertebral fractures). velops, discontinuation may be appropriate. Rarely, pa-
tients may develop jaw osteonecrosis or eye inflammation
BisPHOSPHONATES with oral or intravenous bisphosphonates. However, if one

Bisphosphonates block bone resorption by inhibiting os- oral bisphosphonate is not tolerated, occasionally an alter-
teoclast activity and are currently the most potent oral native oral bisphosphonate is. Oral bisphosphonates are
antiresorptive agents available for prevention or treatmentcontraindicated in patients with hypocalcemia, hypersensi-
of osteoporosis. Only 3 bisphosphonates are currentlytivity to bisphosphonates, renal insufficiency (creatinine
FDA-approved for osteoporosis treatment and prevention:clearance <30-35 mL/min), or esophageal irritation or
alendronate, risedronate, and ibandronate. The recomstricture. Oral bisphosphonates should be used cautiously
mended doses and FDA indications for use are summarizedn patients who have difficulty swallowing or severe gas-
in Table 7. Intravenous bisphosphonates, including pam-troesophageal reflux and those who have undergone gastric
idronate and zoledronic acid, are not FDA-approved for bypass or are receiving long-term anticoagulant therapy.
prevention or treatment of osteoporosis but are occasion-
ally used off-label for patients who cannot tolerate oral RaLoxiFENE
bisphosphonates. Strong clinical trial evidence supports theRaloxifene is a selective estrogen receptor modulator that
use of alendronate, risedronate, and ibandronate for preis approved for both the prevention and the treatment of
venting fractures in women with postmenopausal os- postmenopausal osteoporosis at a dose of 60 mg/d. It has
teoporosis or osteopeni@’ These agents have been been shown to decrease vertebral fractures by about 50%,
shown to reduce vertebral and hip fractures by 50% to 60%but because of inadequately powered trials, no evidence is
in postmenopausal wométe? Clinical trial evidence also  currently available on hip fracture reducti#
supports the use of alendronate for preventing fractures in Raloxifene selectively interacts with estrogen receptors,
men with osteoporosfs. exerting an estrogen agonist effect in some areas (bone and
For all oral bisphosphonates, patients should be in-lipid metabolism) while acting as an estrogen antagonist in
structed to take each tablet with 6 to 8 ounces of plain waterothers (breast and uterus). Because of this selective effect
first thing in the morning and at least 30 minutes before on estrogen receptors, raloxifene potentially has the added
ingesting the first meal, beverage, or medication of the day.benefits of breast cancer risk reduction and cardiovascular
Patients should not recline for at least 30 minutes (60disease prevention, although this has not yet been shown
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definitively in clinical trials. Raloxifene decreases total and use (5-7 years) of combination hormone therapy in the
low-density lipoprotein cholesterol but has no effect on immediate postmenopausal years for the prevention of os-
high-density lipoprotein cholesterol. Common adverse ef- teoporosis (and often for the treatment of hot flashes) in
fects include increased risk of venous thromboembolism women who have no contraindications to its use.

and increased vasomotor symptoms. Raloxifene is con-

traindicated in patients with a history of venous throm- TEerIPARATIDE

boembolic events and should not be recommended forRecombinant human parathyroid hormone analogues are
premenopausal women or women concurrently using estropotent bone anabolic agents that increase bone turnover
gen replacement therapy. Although clinical trial evidence (formation more than resorption). Teriparatide is the first
suggests that raloxifene may reduce breast cancer risk, iteinabolic drug approved for treatment of osteoporosis. It is
use in breast cancer patients is not recommended at thiEDA-approved for the treatment of osteoporosis in post-

time. menopausal patients with severe bone loss who are at high
risk for fracturé” and for the treatment of hypogonadal or
CALCITONIN primary osteoporosis in men at high risk for fractihis

Salmon calcitonin nasal spray is FDA-approved for the drug increases bone density, thereby reducing vertebral
treatment of osteoporosis at a dose of 200 IU in alternatingfractures by 65% and nonvertebral fractures by 53%. The
nostrils each day. It inhibits bone resorption by osteoclasts,reduction in vertebral fracture risk continues for at least 18
thereby preventing bone loss and vertebral fractures, but itmonths after therapy is discontinudTeriparatide may

has not been shown to reduce nonvertebral or hip frac-potentially be used in combination or in sequence with
tures®*** This drug may also decrease the pain associatedantiresorptive agents but is not yet approved for such use
with acute or subacute vertebral fractures. There are nosee Combination Therapy section).

contraindications to calcitonin use other than hypersensi- Teriparatide is given as a once-daily 2§-subcutane-
tivity to the drug; common adverse effects include nasal ous injection for a maximum duration of 2 years. Adverse
symptoms and rhinitis in about 12% of patients. Because ofeffects include light-headedness, dizziness, nausea, arth-
the availability of other medications that have better effi- ralgias, leg cramps, and occasionally a postinjection in-
cacy in fracture reduction, calcitonin is not considered crease in serum calcium level. The risk of postinjection

first-line treatment for osteoporosis. hypercalcemia is insufficient to warrant monitoring of se-
rum calcium levels during treatment. A “black box warn-
EsTROGEN/HORMONE THERAPY ing” indicates that teriparatide produced an increased inci-

The role of hormone therapy in the prevention and treat- dence of osteosarcoma in rats and that it should not be used
ment of osteoporosis remains controversial. The US Na-in patients with a history of bone malignancy, Paget disease
tional Institutes of Health—funded Women'’s Health Initia- of bone, unexplained hypercalcemia, or skeletal radiation
tive trial showed that estrogen alo®@r in combination exposure or those younger than 18 years. Its use is best
with progesteroné, decreased bone turnover, bone loss, reserved for men or postmenopausal women with severe
and fractures. Combination hormone therapy is associatedone loss and preexisting osteoporotic fractures. Teripara-
with a mildly increased absolute risk of serious adversetide should also be considered for individuals at high risk
events, including coronary heart disease, stroke, venoudor fractures (T scores less than —3.5), even in the ab-
thromboembolism, and breast cariteestrogen therapy  sence of preexisting fracture. In addition, teriparatide is an
alone also has been shown to be associated with an inalternative for patients who are unable to tolerate oral
creased risk of stroke and venous thromboembolism butbisphosphonates.

does not appear to be associated with an increase in coro-

nary heart disease or invasive breast cafi¢erthe United COMBINATION THERAPY

States, hormone therapy is approved only for the preven-To date, no studies of combination therapy have had suffi-
tion, not treatment, of osteoporosis. The revised FDA cient power to assess its effects on fracture outcomes.
guidelines recommend that approved nonestrogen product$iowever, risedronate and alendronate, as well as calcito-
be considered for prevention of osteoporosis; however, ifnin, have been shown to have an additive effect of increas-
hormone therapy is used, it is recommended in doses as loving BMD when combined with hormone replacement
as possible for as short a time as possible. Neverthelesgherapy® Teriparatide used in combination with alendro-
some experts believe that estrogen therapy is still the first-nate has been reported to be less effective in increasing
line therapy for osteoporosis prevention in younger womenbone density than teriparatide alone in postmenopausal
with surgical menopause who have no contraindications towomerf! and in meri® Combination treatment with ralox-

its use. In addition, some experts advocate the short-ternifene and teriparatide may enhance the bone-forming ef-
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fects of teriparatide in postmenopausal worfiemd pre- such as patients taking corticosteroids or suppressive doses
vious treatment with raloxifene does not blunt the expectedof thyroid hormone, women in early menopause who are
teriparatide-induced BMD increases when these agents ar@ot taking hormone replacement therapy, and women who
used in sequencé.However, previous treatment with have recently stopped hormone replacement therapy. In
alendronate does prevent the expected teriparatide-induceduch patients, follow-up DXA may be indicated at an ear-
BMD increase, particularly in the first 6 montfi&or now, lier interval (6-12 months). Medicare provides coverage for
combination therapy is reserved for patients who have BMD evaluation with central DXA every 2 years to moni-
severe osteoporosis and should be initiated and monitoredor osteoporosis therapy or for screening of patients with
by a bone specialist. risk factors for osteoporosis and includes a provision for
BMD testing at an earlier interval when “medically neces-
sary.” Patients in whom bone density declines considerably
during therapy may require further evaluation. This decline
may be due to treatment failure, but other considerations
The need for routine follow-up BMD testing to monitor the include noncompliance, inadequate calcium or vitamin D
effect of pharmacological intervention is still controversial. intake, or a secondary cause of osteoporosis.
Serial measurements of BMD or markers of bone turnover  Biochemical markers of bone turnover have also been
are potentially useful methods to monitor response toadvocated for monitoring response to therapy. Many ex-
therapy. perts believe that the markers of bone turnover may offer
Specific evidence addressing the most efficient use ofadditional value in assessing the effectiveness of drug
BMD measurements for monitoring treatment is lacking. therapy because the effects of most osteoporosis therapies
Many experts have advocated a role for serial BMD mea- on bone markers are rapid (3-6 months) compared to BMD,
surements in monitoring the effects of therapy. If follow-up in which 1 to 2 years may be necessary to determine the
BMD testing is done, the results should be interpreted effect of treatment. Markers of bone turnover typically are
cautiously. Central DXA, although one of the most precise separated into those associated with bone formation vs
measurements used in medical practice, is still limited by those associated with bone resorption. Markers of bone
the calculated precision of the machine and the expertise oformation include bone alkaline phosphatase, osteocalcin,
the technician performing the test (coefficient of variation and the type | collagen propeptides. Markers of bone re-
is between 1% and 2%, depending on the machine). Fol-sorption include urinary calcium, tartrate-resistant acid
low-up BMD testing should be performed on the same phosphatase, bone sialoprotein, type | collagen cross-
machine, preferably by the same technologist, to achievelinked telopeptides, and pyridinium derivatives. Currently,
thelowest precision error and greatest accuracy in docu-however, the daily and seasonal fluctuations in these mark-
menting true change. An antiresorptive agent will gener- ers, in addition to intraindividual variation, have limited
ally affect trabecular bone (spine) earlier and to a greatertheir clinical use. Because no single marker is accurate
degree than cortical bone (hip). Therefore, considerableenough to reliably identify nonresponders to treatment and
improvement of BMD at the lumbar spine can be ex- further research is necessary to clarify which markers
pected earlier than at the hip. Lack of bone-density re- should be used and when, routine measurement of markers
sponse at the hip should not be interpreted as treatmenof bone turnover is not recommended for monitoring re-
failure if the repeat testing is done within 2 years. Sta- sponse to osteoporosis treatment at this time.
bility or an increase in BMD indicates successful therapy.
In normal circumstances, bone is lost from the lumbar
spine at a rate of approximatelyl% per year during late
postmenopause. With treatment, bone loss should be nota©steoporosis is an important growing public health con-
bly decreased. However, the DXA machine is not precise cern that is underrecognized, undertreated, and largely pre-
enough to detect such small differences in BMD after a ventable. Most patients at high risk for fractures do not
short interval. Therefore, a period of at least 2 years isreceive adequate evaluation or treatment for prevention of
usually needed to ensure that the change in BMD seen offuture fractures. More concerning is that most patients who
DXA is true change and not just due to random variations are diagnosed as having fragility or low-impact fractures
in measurement. In general, repeated BMD testing to moni-are not being evaluated or treated for osteoporosis. In fact, a
tor treatment in a patient with normal rates of bone loss isrecent review of the literature concluded that treatment rates
recommended after a period of 2 to 5 years. An exceptionfor osteoporosis were low across all populations, but men
to this strategy would be patients who are at high risk for and patients treated by generalists are at an especially high
accelerated bone loss (bone lost at a higher rate than usuat)sk of not receiving treatmeftMany factors likely contrib-

FOLLOW-UP TESTING AFTER
PHARMACOLOGICAL INTERVENTION

SUMMARY
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ute to these poor statistics and have not been well defined in 21. Taaffe DR, Duret C, Wheeler S, Marcus R. Once-weekly resistance

the literature. Intuitively, however, generalists have a ma-

exercise improves muscle strength and neuromuscular performance in older
adults.J Am Geriatr So0c1999;47:1208-1214.

jor role in educating patients about osteoporosis, assessing22. Rubenstein Lz, Robbins AS, Josephson KR, Schulman BL, Osterweil D.

their risk for the disease, facilitating screening, and admin-
istering treatment. This concise review provides a straight-

The value of assessing falls in an elderly population: a randomized clinical
trial. Ann Intern Med1990;113:308-316.
23. Bischoff-Ferrari HA, Dawson-Hughes B, Willett WC, et al. Effect of

forward and useful approach to these issues for practicingvitamin D on falls: a meta-analys3AMA. 2004;291:1999-2006.

clinicians.
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Questions About Osteoporosis

1.

672

Whichoneof the following statements regarding
calcium supplementation false?

a. Calcium absorption is limited to about 500 mg of
elemental calcium at a time
. A 500-mg tablet of calcium carbonate contains
500 mg of elemental calcium
After menopause, calcium intake should be at least
1500 mg of elemental calcium daily
. Calcium citrate is the preferred supplement for
patients who are taking acid suppression therapy
. Adequate calcium intake is a necessary adjunct to all
osteoporosis pharmacotherapy

In whichone of the following situations would BMD
testingnot be necessary?

a. All women older than 65 years
b. A 65-year-old man taking hormone therapy for
metastatic prostate cancer for the past 5 years
c. A 56-year-old moderately obese but otherwise
healthy recently postmenopausal (<5 years)
woman who is taking hormone replacement
therapy, is a nonsmoker, and has no personal or
family history of fracture
. A 38-year-old woman who received a kidney
transplant 3 years ago from a living related donor
e. A 45-year-old man with severe multiple sclerosis
who has been wheelchair-bound for the past 10
years

o

Whichoneof the following statements regarding BMD
testing isfalse?

a. T scores represent the number of SDs from normal
sex-matched young adult mean bone density values
b. Z scores represent the number of SDs from normal
mean bone density values for age- and sex-
matched control subjects
c. A Z score of —1.0 or lower may suggest the presence
of a secondary cause of osteoporosis
. A peripheral DXA T score of —2.5 or lower is
diagnostic of osteoporosis
. The central DXA T score at the femoral neck or hip

o

(0]

5.

treatment of osteoporosis lErommendedased on
the NOF guidelines?
a. A 75-year-old woman with a femoral neck T score of
—1.5 and no additional osteoporosis risk factors
b. All postmenopausal women with a T score of —1.5 or
lower, regardless of risk factors
c. A 45-year-old woman with an ankle fracture after a
skiing accident
d. A postmenopausal woman with a recent hip fracture
caused by a fall from standing height
e. A 68-year-old woman with “osteopenia” noted on a
recent x-ray of the hand

Whichoneof the following statements regarding the
currently available FDA-approved medications for
osteoporosis igue?

a. All available FDA-approved medications for
osteoporosis have equal antifracture efficacy

b. Combination therapy with alendronate and
teriparatide provides improvements in bone
density above and beyond what can be achieved
by teriparatide alone

c. Bisphosphonates have been shown to decrease the
incidence of vertebral fractures but not hip
fractures

d. Bisphosphonates are currently the most potent oral
antiresorptive agents available for the prevention
or treament of osteoporosis

e. Estrogen replacement therapy was recently shown to
have antifracture efficacy in the Women'’s Health
Initiative trial and therefore is now approved by the
FDA as an effective treatment for postmenopausal
osteoporosis

is the gold standard for diagnosing osteopenia or Correct answers:

osteoporosis
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