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Abbreviations:

AACE = American Association of Clinical
Endocrinologists; BEL = “best evidence” level; BMD
= bone mineral density; DXA = dual-energy x-ray
absorptiometry; EL = evidence level; FDA = US
Food and Drug Administration; GI = gastrointestinal;
ISCD = International Society for Clinical Densitometry;
LSC = least significant change; 25(OH)D =
25-hydroxyvitamin D; ONJ = osteonecrosis of the
jaw; OPG = osteoprotegerin; PA = posteroanterior;
PTH = parathyroid hormone; R = recommendation;
RANK = receptor activator of nuclear factor-kf3;
RANKL = RANK ligand; SD = standard deviation;
WHI = Women’s Health Initiative; WHO = World
Health Organization

1. INTRODUCTION

Osteoporosis is a growing major public health prob-
lem with impact that crosses medical, social, and eco-
nomic lines. These guidelines have been developed by
the American Association of Clinical Endocrinologists
(AACE) with hopes of reducing the risk of osteoporosis-
related fractures and thereby improving the quality of
life for people with osteoporosis. The guidelines use the
best evidence, taking into consideration the economic
impact of the disease and the need for efficient and effec-
tive evaluation and treatment of postmenopausal women
with osteoporosis. The intent is to provide evidence-based
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information about the diagnosis, evaluation, and treatment
of postmenopausal osteoporosis for endocrinologists, phy-
sicians in general, regulatory bodies, health-related organi-
zations, and interested laypersons.

2. METHODS FOR DEVELOPMENT OF AACE
CLINICAL PRACTICE GUIDELINES FOR
POSTMENOPAUSAL OSTEOPOROSIS

Evidence was obtained through MEDLINE searches
and other designated reference sources. Expert opinion
was used to evaluate the available literature and to grade
references relative to evidence level (EL) (Table 1), based
on the ratings of 1 through 4 from the 2010 AACE protocol
for standardized production of clinical practice guidelines
(1). In addition, recommendations were graded A through
D, in accordance with methods established by AACE in
2004 (Table 2) (2). Information pertaining to cost-effec-
tiveness was included when available.

3. EXECUTIVE SUMMARY OF
RECOMMENDATIONS

Each recommendation is labeled “R” in this summary.

3.1. What Measures Can Be Taken to Prevent Bone
Loss?

¢ RI1. Maintain adequate calcium intake; use calcium
supplements, if needed, to meet minimal required
intake (Grade A; “best evidence” level or BEL 1).

Table 1
2010 American Association of Clinical Endocrinologists
Criteria for Rating of Published Evidence®

Numerical descriptor
(evidence level)

Semantic descriptor
(reference methods)

1 Meta-analysis of randomized controlled trials

—

AW W LW W NN NN

Single case reports

Randomized controlled trial

Meta-analysis of nonrandomized prospective or case-controlled trials
Nonrandomized controlled trial

Prospective cohort study

Retrospective case-control study

Cross-sectional study
Surveillance study (registries, surveys, epidemiologic study)
Consecutive case series

No evidence (theory, opinion, consensus, or review)

4 1 = strong evidence; 2 = intermediate evidence; 3 = weak evidence; 4 = no evidence.

From Mechanick et al (1).
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Table 2
American Association of Clinical Endocrinologists
Criteria for Grading of Recommendations
Recommendation
grade Description
A Homogeneous evidence from multiple well-designed randomized controlled trials with
sufficient statistical power
Homogeneous evidence from multiple well-designed cohort controlled trials with
sufficient statistical power
=1 conclusive level 1 publications demonstrating benefit >> risk
B Evidence from at least 1 large well-designed clinical trial, cohort or case-controlled
analytic study, or meta-analysis
No conclusive level 1 publication; =1 conclusive level 2 publications demonstrating
benefit >> risk
C Evidence based on clinical experience, descriptive studies, or expert consensus opinion
No conclusive level 1 or 2 publications; =1 conclusive level 3 publications
demonstrating benefit >> risk
No conclusive risk at all and no conclusive benefit demonstrated by evidence
D Not rated

No conclusive level 1, 2, or 3 publication demonstrating benefit >> risk
Conclusive level 1,2, or 3 publication demonstrating risk >> benefit

From Mechanick et al (2).

R2. Maintain adequate vitamin D intake; supplement
vitamin D, if needed, to maintain serum levels of
25-hydroxyvitamin D [25(OH)D] between 30 and 60
ng/mL (Grade A; BEL 1).

R3. Limit alcohol intake to no more than 2 servings
per day (Grade B; BEL 2).

R4. Limit caffeine intake (Grade C; BEL 3).

RS. Avoid or stop smoking (Grade B; BEL 2).

R6. Maintain an active lifestyle, including weight-
bearing exercises for at least 30 minutes daily (Grade
B; BEL 2).

3.2. What Nonpharmacologic Measures Can Be

Recommended for Treatment of Osteoporosis?

All the foregoing measures plus the following:

R7. Maintain adequate protein intake (Grade B; BEL
3).

R8. Use proper body mechanics (Grade B; BEL 1).
R9. Consider the use of hip protectors in individuals
with a high risk of falling (Grade B; BEL 1).

R10. Take measures to reduce the risk of falling
(Grade B; BEL 2).

R11. Consider referral for physical therapy and occu-
pational therapy (Grade B; BEL 1).

3.3. Who Needs to Be Screened for Osteoporosis?

R12. Women 65 years old or older (Grade B; BEL 2).

R13. Younger postmenopausal women at increased
risk of fracture, based on a list of risk factors (see sec-
tion 4.5) (Grade C; BEL 2).

3.4. How Is Osteoporosis Diagnosed?

R14. Use a central dual-energy x-ray absorptiometry
(DXA) measurement (Grade B; BEL 3).

R15. In the absence of fracture, osteoporosis is defined
as a T-score of 2.5 or below in the spine (anteroposte-
rior), femoral neck, or total hip (Grade B; BEL 2).
R16. Osteoporosis is defined as the presence of a
fracture of the hip or spine (see section 4.4.2) (in the
absence of other bone conditions) (Grade B; BEL 3).

3.5. How Is Osteoporosis Evaluated?

R17. Evaluate for secondary osteoporosis (Grade B;
BEL 2).

R18. Evaluate for prevalent vertebral fractures (see
section 4.7.1) (Grade B; BEL 2).

3.6. Who Needs Pharmacologic Therapy?

R19. Those patients with a history of a fracture of the
hip or spine (Grade A; BEL 1).

R20. Patients without a history of fractures but with a
T-score of —2.5 or lower (Grade A; BEL 1).

R21. Patients with a T-score between -1.0 and -2.5
if FRAX (see section 4.5) major osteoporotic fracture
probability is =20% or hip fracture probability is =23%
(Grade A; BEL 2).
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3.7. What Drugs Can Be Used to Treat Osteoporosis?
Use drugs with proven antifracture efficacy:

e R22. Use alendronate, risedronate, zoledronic acid,
and denosumab as the first line of therapy (Grade A;
BEL1).

¢ R23. Use ibandronate as a second-line agent (Grade
A; BEL1).

¢ R24. Use raloxifene as a second- or third-line agent
(Grade A; BEL 1).

¢ R25. Use calcitonin as the last line of therapy (Grade
C; BEL 2).

¢ R26. Use teriparatide for patients with very high frac-
ture risk or patients in whom bisphosphonate therapy
has failed (Grade A; BEL 1).

* R27. Advise against the use of combination therapy
(Grade B; BEL 2).

3.8. How Is Treatment Monitored?

* R28. Obtain a baseline DXA, and repeat DXA every
1 to 2 years until findings are stable. Continue with
follow-up DXA every 2 years or at a less frequent
interval (Grade B; BEL 2).

e R29. Monitor changes in spine or total hip bone min-
eral density (BMD) (Grade C; BEL 2).

e R30. Follow-up of patients should be in the same
facility, with the same machine, and, if possible, with
the same technologist (Grade B; BEL 2).

e R31. Bone turnover markers may be used at baseline
to identify patients with high bone turnover and can be
used to follow the response to therapy (Grade C; BEL
2).

3.9. What Is Successful Treatment of Osteoporosis?

e R32.BMD is stable or increasing, and no fractures are
present (Grade B; BEL 2).

e R33. For patients taking antiresorptive agents, bone
turnover markers at or below the median value for
premenopausal women are achieved (see section 4.9)
(Grade B; BEL 2).

*  R34. One fracture is not necessarily evidence of fail-
ure. Consider alternative therapy or reassessment for
secondary causes of bone loss for patients who have
recurrent fractures while receiving therapy (Grade B;
BEL 2).

3.10. How Long Should Patients Be Treated?

e R35. For treatment with bisphosphonates, if osteopo-
rosis is mild, consider a “drug holiday” after 4 to 5
years of stability. If fracture risk is high, consider a
drug holiday of 1 to 2 years after 10 years of treatment
(Grade B; BEL 1).

e R36. Follow BMD and bone turnover markers during
a drug holiday period, and reinitiate therapy if bone
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density declines substantially, bone turnover markers
increase, or a fracture occurs (Grade C; BEL 3).

3.11. When Should Patients Be Referred to Clinical
Endocrinologists?

* R37. When a patient with normal BMD sustains a
fracture without major trauma (Grade C; BEL 4).

e R38. When recurrent fractures or continued bone loss
occurs in a patient receiving therapy without obvious
treatable causes of bone loss (Grade C; BEL 4).

¢  R39. When osteoporosis is unexpectedly severe or has
unusual features (Grade C; BEL 4).

e R40. When a patient has a condition that complicates
management (for example, renal failure, hyperpara-
thyroidism, or malabsorption) (Grade C; BEL 4).

4. EVIDENCE-BASED DISCUSSION OF
RECOMMENDATIONS

4.1. Definition of Postmenopausal Osteoporosis

Postmenopausal osteoporosis is defined as “a (silent)
skeletal disorder characterized by compromised bone
strength predisposing to an increased risk of fracture. Bone
strength reflects the integration of 2 main features: bone
density and bone quality” (3). Although the idea of “bone
quality” is conceptually useful (4 [EL 4], 5 [EL 4]), except
for bone turnover markers, methods are not currently avail-
able for the clinical assessment of other properties of bone
that determine bone strength. Thus, for now and the near
future, measurement of bone density remains the primary
technique for the prefracture diagnosis of osteoporosis and
for monitoring treatment.

In 1994, a Working Group of the World Health
Organization (WHO) established an operational definition
of postmenopausal osteoporosis based on BMD expressed
as a T-score (Table 3) (4 [EL 4]). The T-score compares an
individual’s BMD with the mean value for young normal
persons and expresses the difference as a standard devia-
tion (SD) score.

Although the WHO criteria were not intended to serve
as references for treatment decisions, they are often used
for this purpose. The WHO criteria are also useful for mak-
ing public health and health policy decisions. In addition,
the WHO criteria are commonly accepted as standards for
research purposes in terms of criteria for inclusion in clini-
cal trials.

4.2. Background of Postmenopausal Osteoporosis
Osteoporosis is a well-defined and growing public
health problem. More than 10 million Americans have
osteoporosis, and more than 34 million others have low
bone mass (6 [EL 4]) and are therefore at increased risk for
developing osteoporosis and for fracturing. About 80% of
these subjects are women, most of them postmenopausal.
At age 50 years, the lifetime risk of developing fractures
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Table 3
World Health Organization Criteria for
Classification of Osteopenia and Osteoporosis

Copyright © 2010 AACE

Category T-score
Normal -1.0 or above
Low bone mass (osteopenia)? Between -1.0 and -2.5
Osteoporosis -2.5 or below

2 Fracture rates within this category vary widely. The category of
“osteopenia’ is useful for epidemiology studies and clinical research
but is problematic when applied to individual patients and must be
combined with clinical information to make treatment decisions.

is about 39% for white women and 13% for white men (7
[EL 3]). Although white women are most often affected,
women of all races and all ethnic origins are at risk for
osteoporosis and fracture. Although osteoporosis can also
develop in men and younger women, these guidelines are
limited to postmenopausal women.

By age 60 years, half of the white women in the United
States have osteopenia (Ilow bone mass) or osteoporosis (8
[EL 3]). Low BMD at the femoral neck (T-score of 2.5 or
below) is found in 21% of postmenopausal white women,
16% of postmenopausal Mexican American women, and
10% of postmenopausal African American women (8
[EL 3]). The mean femoral neck T-score for 75-year-old
women is -2.5 (9 [EL 3]). More than 20% of postmeno-
pausal women have prevalent vertebral fractures (10 [EL
3D).

In 2005, 2 million fractures were attributed to osteo-
porosis (Fig. 1) (11 [EL 3]). Of these, 71% occurred in
women. The direct cost was approximately $17 billion,
94% of which was attributable to fractures at nonvertebral
sites (Fig. 2); 57% was spent on inpatient care, 30% was
spent on long-term care, and 13% was spent on outpatient
care (11 [EL 3]). This figure does not include lost produc-
tivity, unpaid caregiver time, transportation, and social

services. Many more women have osteoporotic fractures
(1.4 million) (11 [EL 3]) than new strokes (373,000) (12
[EL 3]), heart attacks (345,000) (12 [EL 3]), or invasive
breast cancer (213,000) (13 [EL 3]) combined, according
to recent statistics (2004 to 2006) (Fig. 3).

Among all osteoporotic fractures, hip fractures are
the most serious. The mortality during the first year after
hip fracture is more than 30% for men and about 17% for
women (14 [EL 2]). More than half of hip fracture survi-
vors will require skilled care away from their homes, and
many will have some degree of permanent disability (15
[EL 2]). Vertebral and forearm fractures are also associated
with a major socioeconomic impact. Vertebral fractures
cause about 70,000 hospital admissions annually (16 [EL
3]) and generate more than 66,000 office visits (17 [EL
3]). Chronic pain and deformity are common, and surgical
intervention is sometimes required (7 [EL 3]). Fractures of
the forearm generate about 530,000 office visits annually
(17 [EL 3]) and also often result in substantial disability
(18 [EL 3])).

By the year 2050, the number of people beyond age
65 years in the United States will increase from 32 mil-
lion to 69 million, and more than 15 million people will
exceed 85 years of age (11 [EL 3]). The incidence of hip

2 million fractures in 2005 Other 33%

Humerus
Clavicle
Hands/fingers
Patella
Tibiaffibula

73% were at nonvertebral sites

29% occurred in men
14% occurred in nonwhites Vi

Vertebra 27%

Direct cost was $16.9 billion in 2005

94% of cost was for nonvertebral sites

57% was spent on inpatient care
30% was spent on long-term care
13% was spent on outpatient care

Hip 72%

Fig. 1. Fractures attributable to osteoporosis in the United States
in 2005. Distribution by skeletal site is shown. Adapted from
Burge et al (11).

Fig. 2. Cost of osteoporosis-related fractures in the United States
in 2005. The primary site of involvement was the hip, and the
preponderance of cost was for inpatient care. Adapted from Burge
et al (11).
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Fig. 3. Comparative incidences of osteoporosis-related fractures, new strokes, heart attacks,
and invasive breast cancer in women in the United States, based on recent statistics (2004 to
2006). Data from Burge et al (11), Rosamond et al (American Heart Association Statistics
Committee and Stroke Statistics Subcommittee) (12), and American Cancer Society (13).

and spine fractures increases with advancing age. From
2005 to 2025, investigators estimate that the number of
osteoporosis-related fractures will increase from 2 million
to 3 million, and the associated cost will increase from $17
billion to $25 billion (11 [EL 3]).

Early efforts to address osteoporosis and resulting
fractures focused primarily on diagnosis, evaluation, and
treatment, strategies that resulted in several major accom-
plishments. Important risk factors and secondary causes
of osteoporosis were identified, and diagnosis and case
finding were improved when Medicare abandoned its pro-
hibition against osteoporosis screening in the late 1990s.
Bisphosphonate therapy was shown to reduce fracture
incidence and to have a salutary effect on bone loss. More
recently, the availability of an anabolic treatment (teripara-
tide) has added to the therapeutic armamentarium.

Despite progress on several fronts, there is still
room for improvement. Age-adjusted rates for hip frac-
ture declined between 1980 and 2006, by 1.4% per year
in women and 0.06% per year in men (19 [EL 3]). This
decline seems even more significant in that the rate of fatal
falls among elderly white women during the same period
increased from 20.3 to 32.8 per 100,000 population—an
increase of 61.6% (20 [EL 3]).

The reasons for these changes are not clear, but
authors have speculated that the increase in falls was due
to an increase in life expectancy (from 75.5 years in 1993
to 77.6 years in 2003) (20 [EL 3]) and therefore an increase
in the susceptible population. They have further suggested
that the dramatic decline in hip fracture admissions among
white women is related, at least in part, to effective screen-
ing and therapy (20 [EL 3]). Similar decreases in fracture

risk have been reported in Canada (21 [EL 3]), Finland (22
[EL 3]), Sweden, Australia, and Switzerland (23 [EL 3], 24
[EL 2], 25 [EL 3]).

Despite these advances, less than a third of the cases of
osteoporosis have been diagnosed (26 [EL 2]), and only a
seventh of the American women with osteoporosis receive
treatment (27 [EL 3]).

4.3. Pathogenesis and Pathophysiology of

Postmenopausal Osteoporosis

Low bone mass and skeletal fragility in adults may be
the result of low peak bone mass in early adulthood, exces-
sive bone loss in later life, or both.

The skeleton is constantly changing throughout life.
During childhood and adolescence, it changes in size,
shape, and constituents by a process known as model-
ing. Change in shape and size is complete with epiphy-
seal closure at the end of puberty, followed by a period of
consolidation for 5 to 10 years (depending on the skeletal
site) until peak adult bone mass is attained, which usually
occurs in the late teens or early 20s (28 [EL 2], 29 [EL 3]).

Approximately 70% to 80% of peak bone mass is
genetically determined. Several genetic markers have
been identified (30 [EL 2], 31 [EL 4], 32 [EL 3], 33 [EL
2]). Many nongenetic factors contribute, including nutri-
tion (for example, calcium, phosphate, protein, and vita-
min D), load-bearing activity, and hormones involved in
growth and puberty. In addition, certain genetic diseases,
such as osteogenesis imperfecta, result in low peak adult
bone mass and abnormal bone quality, but discussion of
these uncommon disorders is outside the scope of these
guidelines.
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Once peak adult bone mass has been reached, a process
called skeletal remodeling takes over, in which old bone
is replaced by new bone. Remodeling is governed by the
actions of osteoclasts that resorb old bone and osteoblasts
that produce new bone. Much is known about the recruit-
ment and activity of these cells, including the involvement
of systemic hormones and local cytokines. Recently, the
receptor activator of nuclear factor-kf3 (RANK), its ligand
RANKL, and a decoy receptor, osteoprotegerin (OPG),
have emerged as major local regulators of bone remodel-
ing (34 [EL 4]). RANKL, synthesized by osteoblasts and
stromal cells and present in the bone microenvironment,
binds to RANK, expressed in osteoclast progenitor cells in
the bone marrow, and promotes osteoclastogenesis. OPG is
also synthesized by osteoblasts and stromal cells and serves
as a decoy receptor for RANKL, preventing the binding
of RANKL to RANK. Regulation of osteoclast activity
depends, at least in part, on the balance between RANKL
and OPG. The relative amount of these 2 molecules is
governed, in turn, by systemic hormones (for example,
estrogen), local factors (such as interleukin-6 and tumor
necrosis factor), and perhaps other factors as well. The trig-
gering mechanisms that stimulate the cascade of activities
that lead to remodeling of site-specific quantities of bone
are not known. It is well documented, however, that this
bone remodeling process is in balance (that is, the rate of
bone formation equals the rate of bone resorption) through
at least the fifth decade of life in healthy individuals. Up
to this age, there is generally little net loss or gain of bone.
Wnt signaling is an important pathway that influences
osteoblastic bone formation. It is complex and involved
in many physiologic systems beyond just the skeleton. A
detailed description of this pathway is beyond the scope
of these guidelines, but the key components that have thus
far been most studied with respect to skeletal physiology
include the frizzled family of G protein-coupled receptor
proteins, low-density lipoprotein receptor-related protein 5
encoded by the LRP5 gene and associated with high bone
mass in affected families, cathepsin K, Dikkopf-related
protein 1, and sclerostin.

In women, the hormonal changes that occur through-
out perimenopause and the immediate postmenopausal
years stimulate RANKL production (both directly and
indirectly), leading to accelerated bone loss. Most data
suggest that the bone turnover rate (and bone loss) acceler-
ates 3 to 5 years before the last menstrual period and slows
again 3 to 5 years after the last menstrual period. With the
accelerated bone turnover rate, bone balance is disturbed
because there is greater net loss than gain in each of the
bone remodeling units that are activated. The mean rate of
bone loss during this period is about 1% per year, or about
10% during the menopausal transition.

Copyright © 2010 AACE

In contrast to menopause-associated bone loss, age-
related bone loss begins in the sixth decade of life in men
and women and proceeds at a slower rate, about 0.5% per
year. Although age-related bone loss involves the same
imbalance in the bone remodeling unit as occurs in the
menopause-related bone loss, the initiating process is not
as clear.

In conjunction with loss of bone mass due to meno-
pause or aging, there are also changes in bone quality. The
somewhat nebulous concept of bone quality includes dis-
ruption of the microarchitectural elements of cancellous
(trabecular) bone, expansion of the periosteal envelope and
trabecularization of the endocortex (that is, cortical thin-
ning), decrease in the degree of mineralization of individ-
ual skeletal elements, and likely other as yet unknown fac-
tors (5 [EL 4]). Newer technologies for monitoring these
architectural changes are being introduced into the research
arena but are not yet generally available. Additionally,
although therapies that slow the bone remodeling pro-
cess (antiresorptive drugs, also called anticatabolic drugs)
appear to have a limited effect on cortical bone, anabolic
therapies seem to minimize and possibly reverse these
adverse effects of aging on the cortical envelope. As is
the case with trabecular microarchitecture, techniques for
monitoring these changes longitudinally are still limited to
the realm of research. Nonetheless, the importance of this
abnormality in cortical bone has been well established in
cross-sectional studies.

Many factors, including nutrition, vitamin D, exercise,
smoking, and the presence of other diseases and medica-
tions (Table 4), can influence the rate of bone loss and
the risk of fractures in individuals. Nutrition is important
during aging as well as during bone growth. In particular,
vitamin D deficiency, whether isolated or associated with
more generalized undernutrition, has reached almost epi-
demic proportions throughout the world. Although severe
vitamin D deficiency impairs mineralization of the skel-
eton, even mild to moderate vitamin D deficiency reduces
calcium absorption and can lead to parathyroid hormone
(PTH)-mediated increases in bone resorption. Vitamin D
deficiency also causes impairment of muscle strength and
balance, leading to an increased risk of falling.

Most osteoporosis-related fractures are the result of
falls, which probably have as important a role in the patho-
genesis of osteoporosis-related fractures as many of the
pathways already discussed. Risk factors for falls are sum-
marized in Table 5. A fragility fracture is defined as a frac-
ture that results from trauma less than or equal to that from
a fall from a standing height and almost always indicates
decreased skeletal strength. There is increasing evidence
that patients who have low bone mass are also at increased
risk for fracture after more extensive trauma (35 [EL 2]).
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Table 4
Some Factors That May Accelerate Bone Loss

Endocrine disorders
Hyperthyroidism
Hypopituitarism
Hypogonadism
Cushing disease
Primary hyperparathyroidism

Gastrointestinal disorders
Celiac disease
Short bowel syndrome

Hematologic disorders
Multiple myeloma
Systemic mastocytosis

Renal disorders
Chronic renal failure
Idiopathic hypercalciuria

Neuromuscular disorders
Muscular dystrophy
Paraplegia, quadriplegia
Proximal myopathy

Medications
Corticosteroids
Proton pump inhibitors
Antiepilepsy drugs
Medroxyprogesterone acetate (Depo-Provera)
Selective serotonin reuptake inhibitors
Thiazolidinediones
Thyroxine in supraphysiologic doses
Excess vitamin A
Aromatase inhibitors
Androgen deprivation therapy

Nutritional deficiencies
Calcium
Vitamin D
Protein

4 4. Clinical Features and Complications of
Postmenopausal Osteoporosis

44.1. Low Bone Mass

Low bone mass—as assessed clinically by measure-
ments showing low BMD—is a major characteristic of
postmenopausal osteoporosis. A strong inverse relation-
ship exists between BMD and risk of fracture. Therefore,
low BMD is a major indicator of fracture risk in women
without fractures, although it is important to realize that
individual patients may sustain fractures at different BMD
levels and that factors other than bone density influence
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Table 5
Some Factors That Increase Risk
of Falling and Fracture

Neurologic disorders
Parkinson disease
Proximal myopathy
Peripheral neuropathy
Prior stroke
Dementia
Impaired gait or balance (or both)
Autonomic dysfunction with orthostatic hypotension

Impaired vision

Impaired hearing

Frailty and deconditioning
Sarcopenia

Medications
Sedatives and hypnotics
Antihypertensive agents
Narcotic analgesics

Environmental factors
Poor lighting
Stairs
Slippery floors
Wet, icy, or uneven pavement
Uneven roadways
Electric or telephone cords
Pets—small or large
Throw rugs
Positioning in a wet or dry bathtub

fracture risk (Table 5). Low BMD and bone loss are not
associated with symptoms before occurrence of a fracture.

4.4.2. Fracture

Fracture is the single most important manifestation
of postmenopausal osteoporosis. Osteoporosis-associated
fractures may occur in any bone but are most likely to
occur at sites of low BMD and are usually precipitated by
a fall or injury. Vertebral compression fractures, however,
may occur during routine daily activities, without a spe-
cific fall or injury. In clinical practice, it may be difficult or
impossible to reconstruct the mechanical force applied to
bone in a particular fall.

Hip fractures are the most serious complication of
osteoporosis. Half of the patients who could walk indepen-
dently previously are unable to do so 1 year after a hip frac-
ture. Women with hip fracture have an increased mortal-
ity of 12% to 20% during the subsequent 2 years, whereas
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Table 7
Potential Complications of Vertebral Fractures

Table 6
Important Complications of Fractures
Pain
Deformity
Disability

Physical deconditioning attributable to inactivity
Changes in self-image

men with hip fracture have an increased mortality of
approximately twice that. More than 50% of the survivors
are unable to return to independent living; many require
long-term nursing home care (36 [EL 4]). Important sec-
ondary complications of fractures are itemized in Table 6.
Potential complications as well as physical manifestations
of vertebral fractures are listed in Table 7 (37 [EL 3]).

4.5. Risk Factors for Postmenopausal Osteoporosis

For years, it has been quite clear that measurement
of bone density is a good assessment technique but not
enough. Clinical risk factors can be used to assess fracture
risk, with or without bone density results. In February 2008,
a tool called FRAX was released by WHO (38 [EL 4]) and
is available online at www.shef.ac.uk/FRAX. FRAX is the
best effort to date to incorporate risk factors into determi-
nation of fracture risk and is more effective in conjunction
with BMD than without. Important risk factors —risks that
are amenable to intervention—can be determined easily.
FRAX can be used for men as well as women and is vali-
dated globally, with output and utility of results adaptable
to individual populations or regional/national standards,
but there are also major limitations (39 [EL 4], 40 [EL 4]).

4.5.1. Risk Factors for Low Bone Mass

Age and body weight (or body mass index) correlate
with BMD in older adults. Algorithms that incorporate
these indices are available to predict BMD but are not suf-
ficiently sensitive for diagnosis or exclusion of osteopo-
rosis (41 [EL 4]). Only BMD measurements can identify
patients who have low bone mass. BMD testing is the best
way to identify patients at risk for fracture before the first
fracture occurs, but the use of BMD can be enhanced by
the addition of information about clinical risk factors.

4.5.2. Risk Factors for Fractures

Assessment of risk factors for fractures may be useful
for identifying individuals at high risk of fractures, height-
ening clinical awareness of osteoporosis, and developing
strategies for treatment of osteoporosis and prevention of
fracture.

Loss of height

Increased occiput-to-wall distance
Decreased rib-to-pelvis distance
Kyphosis (dowager’s hump)

Crowding of internal organs (especially
gastrointestinal and pulmonary)

Back pain (acute and chronic)

Prolonged disability

Poor self-image, social isolation, depression
Increased mortality

No single risk factor is sufficient for predicting total
fracture risk. Only by assessing a combination of risk fac-
tors can reliable estimates of fracture risk be made (42 [EL
2]). Important risk factors for osteoporosis-related frac-
tures are outlined in Table 8.

A low-trauma fracture as an adult (45 years of age or
older) is associated with a 1.8-fold increased risk of sub-
sequent fracture (range, 1.6 to 1.9), after adjustment for
BMD (43 [EL 2]). A prior vertebral fracture is associated
with a 4-fold to 5-fold increased risk of subsequent fracture
(44 [EL 4]).

For every SD decrease in age-adjusted BMD, overall
fracture risk increases by about 2-fold (range, 1.6-fold to
2.6-fold) (45-47 [EL 2]). Hip BMD predicts hip fracture
better than does BMD at other sites (relative risk = 2.6/
SD), but reduced bone density at any skeletal site predicts
potential fracture not only at that site but also at other sites.
The risk of most fragility fractures increases progressively
with advancing age. The relationship between BMD and
fracture risk is significantly affected by age. For any given
BMD value, older adults are at higher risk of fracture than
are younger adults, as shown in Figure 4 (48 [EL 1]). Many
other factors have been found to correlate with an increased
risk of fracture. Although the strength of these individual
associations with fracture risk is small, they may be impor-
tant in individual patients.

Because many patients with osteoporosis have coex-
isting causes of bone loss (Table 9), the fracture risk profile
must consider secondary osteoporosis (see section 4.8).

4.5.3. Risk of Falling

Falls magnify the risk of fractures due to other fac-
tors and are the proximate cause of most fractures in older
adults (49 [EL 2]). Factors that increase the risk of falls and
fractures are shown in Table 5.
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Table 8
Selected Risk Factors for
Osteoporosis-Related Fractures

Prior low-trauma fracture as an adult
Advanced age
Low bone mineral density

Low body weight or low body mass index (not
significant if adjusted for bone mineral density)
Family history of osteoporosis

Use of corticosteroids
Cigarette smoking
Excessive alcohol consumption

Secondary osteoporosis (for example,
rheumatoid arthritis)

4.6. Lifestyle and Nonpharmacologic Measures for

Bone Health

A “bone healthy” lifestyle (adequate dietary calcium
and vitamin D, exercise, avoidance of tobacco, and so
forth) is important for everyone —babies, children, teenag-
ers, young adults, and patients with osteoporosis. Patients
with osteoporosis may also benefit from physical therapy
and other nonpharmacologic measures to strengthen bones
and reduce fracture risk. Goals include the following:

* Optimize skeletal development and maximize peak
bone mass at skeletal maturity

¢ Prevent age-related and secondary causes of bone loss

¢ Preserve the structural integrity of the skeleton

¢ Prevent fractures

4.6.1. Good General Nutrition

In addition to ensuring adequacy of calcium and vita-
min D, a balanced diet throughout life is important for
bone health. Among young adults, anorexia nervosa and
intense aerobic exercise have been associated with delayed
menarche and delayed or lower peak bone mass (50 [EL
4]). This outcome may also prevail among adults who are
consuming restrictive diets for weight loss or who have
surgically induced weight loss. Adequate protein intake
(the recommended daily protein dietary allowance in the
United States is 0.8 g/kg) helps minimize bone loss among
patients who have sustained hip fractures (51 [EL 4]). In
one study, patients with hip fracture who received supple-
mental protein had shorter hospital stays and better func-
tional recovery (52 [EL 1]).

4.6.2. Calcium
Adequate calcium intake is a fundamental aspect of
any osteoporosis prevention or treatment program and a
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Fig. 4. Ten-year probability of symptomatic osteoporotic frac-
ture in adults 50 to 80 years old. The horizontal axis displays
bone mineral density shown as T-scores. Adapted from Kanis et
al (48).

lifestyle issue for healthy bones at any age (Grade A; BEL
1). The recommended daily calcium intake for various
populations is outlined in Table 10 (53). For women 50
years old or older, the recommended daily calcium intake
is 1,200 mg. This represents the total calcium intake (diet
plus calcium supplements, if applicable). When dietary
intake is insufficient, calcium supplementation may be
needed. Although many of the effects of increasing cal-
cium intake on the developing skeleton are incompletely
understood, it is well recognized that supplemental cal-
cium increases bone mass in physically active children and
adolescents (54-58 [EL 1-2]).

Examining a dietary history to assess calcium intake
is important. The average calcium intake for adults is
about half of what is recommended, with a median of
approximately 600 mg/d in comparison with the goal of
1,200 mg daily (59 [EL 3]). Patients with insufficient
dietary calcium intake should either change their diet or
receive calcium supplements. Numerous calcium supple-
ments are available. Calcium carbonate is generally the
least expensive and necessitates use of the fewest tablets.
Calcium carbonate, however, may cause gastrointestinal
(GI) complaints (constipation and bloating) and, in the
absence of secretion of gastric acid, must be taken with
meals for adequate absorption. (All calcium preparations
are generally better absorbed when taken with food.)
Calcium citrate is often more expensive than calcium car-
bonate and necessitates the use of more tablets to achieve
the desired dose; however, its absorption is not dependent
on gastric acid, and it may be less likely to cause GI com-
plaints. For optimal absorption, the amount of calcium
should not exceed 500 to 600 mg per dose, irrespective of
the calcium preparation. For patients requiring more than
600 mg of calcium supplement daily, the dose should be
divided.
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Table 9

Some Causes of Secondary Osteoporosis in Adults?
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Nutritional/ Disorders of
Endocrine or gastrointestinal collagen
metabolic causes conditions Drugs metabolism Other
Acromegaly Alcoholism Antiepileptics” Ehlers-Danlos syndrome AIDS/HIV

Diabetes mellitus

Type 1

Type 2
Growth hormone deficiency
Hypercortisolism
Hyperparathyroidism
Hyperthyroidism
Hypogonadism
Hypophosphatasia
Porphyria

Pregnancy

Anorexia nervosa
Calcium deficiency
Chronic liver disease
Malabsorption syndromes/
malnutrition (including
celiac disease, Crohn
disease, and gastric
resection or bypass)
Total parenteral nutrition

Vitamin D deficiency

Aromatase inhibitors
Chemotherapy/
immunosuppressants
Depo-Provera
Glucocorticoids
Gonadotropin-releasing
hormone agonists
Heparin
Lithium
Proton pump inhibitors
Selective serotonin
reuptake inhibitors
Thiazolidinediones
Thyroid hormone (in
supraphysiologic
doses)

Warfarin

Homocystinuria due to
cystathionine deficiency
Marfan syndrome

Osteogenesis imperfecta

Ankylosing spondylitis
Chronic obstructive
pulmonary disease
Gaucher disease
Hemophilia
Hypercalciuria
Immobilization
Major depression
Myeloma and some
cancers
Organ transplantation
Renal insufficiency/
failure
Renal tubular acidosis
Rheumatoid arthritis
Systemic mastocytosis

Thalassemia

2 AIDS = acquired immunodeficiency syndrome; HIV = human immunodeficiency virus.
b Phenobarbital, phenytoin, primidone, valproate, and carbamazepine have been associated with low bone mass.

Calcium requirements increase among older persons;
thus, the elderly population is particularly susceptible to
calcium deficiency. Factors that lead to calcium deficiency
include decreased intestinal absorption of both calcium and
vitamin D and renal insufficiency that leads to decreased
activation of vitamin D. Patients with GI malabsorption,
those who are taking high-dose glucocorticoids, those who
have diminished gastric acid production (for example, with
a history of gastric bypass, with pernicious anemia, or
with use of proton pump inhibitors), those receiving anti-
epilepsy drugs, and even those with asymptomatic celiac
disease are particularly predisposed to calcium and vita-
min D deficiency. Consideration should be given to labora-
tory assessment of adequacy of calcium and vitamin D in
patients who are candidates for pharmacologic therapy.

Calcium supplementation has been shown to increase
BMD slightly, but no scientific evidence supports its abil-
ity to reduce fracture risk, independent of vitamin D. The
lack of evidence of an independent effect of calcium on
fracture risk reduction is likely due, in part, to problems
with study design and patient compliance (60-63 [EL 1]).
A large study raised concerns about the risk of nephrolithi-
asis from calcium supplementation (62 [EL 1]); however,
hypercalciuria may worsen with calcium supplementation,

and participants in the study were not evaluated for renal
calcium wasting. Moreover, the absolute risk of kidney
stones was small (2.5% in the calcium-supplemented
group versus 2.1% in the control group). In addition, in
these study subjects, the mean total calcium intake from
diet and supplements was higher than currently recom-
mended. Generally, healthy persons should not require
more than 1,000 mg of calcium supplements daily. Patients
with a history of nephrolithiasis should be evaluated for the
cause of renal stone formation or hypercalciuria before a
decision is made about calcium supplementation.

4.6.3. Vitamin D

It is important to ensure sufficiency of vitamin D
among children and adults to prevent osteoporosis (Grade
A; BEL 1). Most “healthy” adults have serum 25(OH)D
levels that are lower than desirable (64 [EL 2]). Vitamin
D is not widely available in natural food sources. It is pri-
marily found in fish oils (including cod liver oil), forti-
fied milk, cereals, and breads. Vitamin D is produced in
the skin by exposure to sunlight that is not blocked by
sunblock agents, but not in northern or southern latitudes
during winter. The National Academy of Sciences recom-
mends 400 IU of vitamin D per day for normal adults 51
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Table 10
Recommended Dietary Allowance
for Calcium

Recommended
dietary allowance
Age Sex (mg/d)
0-6 mo M+F 200
6-12 mo M+F 260
1-3y M+F 700
4-8y M+F 1,000
9-18y M+F 1,300
19-50 y M+F 1,000
51-70 y M 1,000
51-70 y F 1,200
Tl+y M+F 1,200

From Ross et al (53). Reproduced with permission.

to 70 years old and 600 IU/d for those above 70 years old.
Many experts now believe that these recommendations
are too low (65 [EL 4]). For adults 50 years old or older,
the National Osteoporosis Foundation recommends 800 to
1,000 IU of vitamin D per day, but many experts recom-
mend more—1,000 to 2,000 IU per day (see http://www.
aace.com/alert/alert11302010.php) [4,000 IU per day is
the “safe upper limit” (53)] —and some patients require
considerably more supplementation to achieve desirable
levels. Home-bound individuals with limited mobility,
patients who have intestinal malabsorption, or those who
are receiving long-term anticonvulsant or glucocorticoid
therapy are particularly at risk for vitamin D deficiency.
The currently accepted minimal level for 25(OH)D ade-
quacy is 30 to 32 ng/mL, on the basis of a growing body of
evidence indicating that secondary hyperparathyroidism
is increasingly common as 25(OH)D levels decline below
30 ng/mL (60 [EL 1]) and that fractional calcium absorp-
tion improves with vitamin D supplementation in patients
with levels below 30 ng/mL but not in patients with levels
above 30 ng/mL. A reasonable upper limit, based on levels
in sun-exposed healthy young adults, is 60 ng/mL (66 [EL
3D.

A meta-analysis of studies in postmenopausal women
found a significant reduction in hip and nonvertebral frac-
tures with vitamin D supplementation at doses of 700 to 800
1U/d or more (67 [EL 2]). The Women’s Health Initiative
(WHI) study showed a small but significant increase in hip
BMD (1%) in the group of patients who received 1,000 mg
of calcium and 400 IU of vitamin D per day (62 [EL 1]). In
addition to the skeletal effects of vitamin D, studies have
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also shown improvement in muscle strength, balance, and
risk of falling (68-70 [EL 2]) as well as improvement in
survival (71 [EL 2]).

Vitamin D supplements are available as ergocalciferol
(vitamin D,) and cholecalciferol (vitamin D,) in strengths
up to 50,000 TU per tablet. With daily dosing, vitamin
D, and D, appear to be equally potent (72 [EL 1]), but
with intermittent (weekly or monthly) dosing, vitamin D,
appears to be about 3 times more potent than vitamin D, (73
[EL 2]). Blood levels of 25(OH)D provide the best index
of vitamin D stores. A desirable range is between 30 and
60 ng/mL, although levels up to 100 ng/mL are unlikely
to result in vitamin D toxicity. Many people require vita-
min D supplements of 2,000 IU per day or more to achieve
desirable levels. (Cholecalciferol, 1,000 IU daily, will raise
blood levels, on average, by approximately 10 ng/mL.)

4.6.4. Other Dietary Supplements

Patients frequently inquire about the need for mag-
nesium supplementation. No randomized controlled study
has been done to show that the intake of magnesium
decreases fracture risk or increases BMD. One study
showed that adding 789 to 826 mg of magnesium per day
did not increase the rates of calcium absorption (74 [EL
1]). Individuals who are at risk for hypomagnesemia (for
example, those who have GI malabsorption or chronic liver
disease [alcoholics]), however, may benefit from magne-
sium supplementation. Magnesium may help prevent
constipation, which is sometimes associated with calcium
supplementation.

Excessive intake of vitamin A (more than 10,000 IU
daily) should be avoided because this has been shown to
have detrimental effects on bone (75 [EL 4]). In contrast,
published data have shown that vitamin K (1 mg/d) may
reduce bone turnover and bone loss in postmenopausal
women (76 [EL 1]). Further studies need to confirm this
finding before this strategy can be part of the standard rec-
ommendations for prevention of osteoporosis.

“Natural” estrogens (isoflavones) are promoted to pre-
vent bone loss. No conclusive data, however, support the
use of these agents for increasing bone density or decreas-
ing fracture risk (77 [EL 1], 78 [EL 1], 79 [EL 2]).

4.6.5. Alcohol

Excessive intake of alcohol should be avoided because
investigators have proved that alcohol has detrimental
effects on fracture risk (Grade B; BEL 2) (80 [EL 2]).
The mechanisms are multifactorial and include predisposi-
tion to falls, calcium deficiency, and chronic liver disease.
Chronic liver disease, in turn, predisposes to vitamin D
deficiency. Postmenopausal women at risk for osteoporosis
should be advised against consuming more than 7 drinks/
wk, with 1 drink equivalent to 120 mL of wine, 30 mL of
liquor, or 260 mL of beer.
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Table 11
Some Measures for Prevention of Falls

Anchor rugs

Minimize clutter

Remove loose wires

Use nonskid mats

Install handrails in bathrooms, halls, and long stairways
Light hallways, stairwells, and entrances

Encourage patient to wear sturdy, low-heeled shoes

Recommend hip protectors for patients who are
predisposed to falling

4.6.6. Caffeine

Patients should be advised to limit their caffeine intake
to less than 1 to 2 servings (8 to 12 ounces in each serving)
of caffeinated drinks per day (Grade C; BEL 3). Several
observational studies have shown an association between
consumption of caffeinated beverages and fractures
(81 [EL 3], 82 [EL 3]). Caffeine intake leads to a slight
decrease in intestinal calcium absorption and an increase
in urinary calcium excretion, suggesting that a moderate
intake of caffeine would not be harmful to bone health. The
most important effect of caffeinated beverages is that, by
replacing milk in the diet, they contribute to overall inad-
equate calcium intake in the United States.

4.6.7. Smoking

Cigarette smoking is a risk factor that has been vali-
dated by multiple studies to increase osteoporotic fracture
risk and thus should be avoided (Grade B; BEL 2). The
exact mechanism is unclear but may be related to increased
metabolism of endogenous estrogen or direct effects of
cadmium on bone metabolism. No prospective studies
have been done to determine whether smoking cessation
reduces fracture risk, but a meta-analysis showed a higher
risk of fractures in current smokers than in previous smok-
ers (83 [EL 2]). Smokers should be advised on smoking
cessation.

4.6.8. Exercise

Regular weight-bearing exercise (for example,
walking for 30 to 40 minutes per session), and back and
posture exercises for a few minutes on most days of the
week (see http://www.nof.org/aboutosteoporosis/preven
tion/exercise) should be advocated throughout life (Grade
B; BEL 2). Children and young adults who are active
reach a higher peak bone mass than those who are not. In
studies of young women, muscle strength appeared to cor-
relate with BMD (84 [EL 2], 85 [EL 1]). Studies involving
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early postmenopausal women have shown that strength
training leads to small yet significant changes in BMD.
A meta-analysis of 16 trials and 699 subjects showed a
2% improvement in lumbar spine BMD in the group that
exercised in comparison with the group that did not (86
[EL 2]). Among elderly patients, these exercises help slow
bone loss attributable to disuse, improve balance, increase
muscle strength, and ultimately reduce the risk of falls (87
[EL 2], 88 [EL 2]). These outcomes may be as important
as—or even more important than—the effects of exercise
on BMD.

Patients with severe osteoporosis should avoid engag-
ing in motions such as forward flexion exercises, using
heavy weights, or even performing side-bending exercises
because pushing, pulling, lifting, and bending exert com-
pressive forces on the spine that may lead to fracture. An
initial visit with a physical therapist may help clarify what
exercises are safe and unsafe to do.

4.6.9. Prevention of Falls

Falls are the precipitating cause of the majority of
osteoporotic fractures, and an effective osteoporosis treat-
ment regimen must include a program for fall prevention
(Grade B; BEL 2). All patients should be counseled on fall
prevention. Some measures that can be taken to avoid falls
at home are outlined in Table 11. Particularly predisposed
are persons who are older, are frail, have had a stroke,
or are taking medications that decrease mental alertness.
Although several interventions have been shown to reduce
the risk of falling, none has been shown to reduce the risk
of fractures, although it is logical that they would.

Hip protectors do not reduce the risk of falling.
Intuitively, hip protectors should reduce the risk of frac-
ture. Positive results have been seen in some trials, but not
in all, and compliance is poor (89-94 [EL 1-3]). Hip pro-
tectors may be considered for patients who have sustained
a prior hip fracture, for slender or frail patients who have
fallen in the past, and for patients who have major risk fac-
tors for falling because of postural hypotension or diffi-
culty with balance, whether they have osteoporosis or not
(Grade B; BEL 1).

Elderly patients with severe kyphosis, back discom-
fort, and gait instability could benefit from physical and
occupational therapy referral. A treatment plan that focuses
on weight-bearing exercises, back strengthening and bal-
ance training, and selective use of orthotics could help
reduce discomfort, prevent falls and fractures, and improve
quality of life (95 [EL 1]). Lifestyle issues that could help
prevent osteoporosis are summarized in Table 12.

4.7. Evaluation for Risk Factors for

Postmenopausal Osteoporosis

Because the risk for osteoporosis-related fractures
rises steeply in women beyond age 50 years, all post-
menopausal women should undergo clinical assessment
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to identify risk factors for osteoporosis and fractures. This
assessment should include the measures outlined in Table
13.

4.7.1. Spine Imaging

Vertebral fracture is the most common osteoporotic
fracture and indicates a high risk for future fractures,
even in patients whose bone density does not meet the
-2.5 T-score threshold for the densitometric diagnosis
of osteoporosis. Knowledge of vertebral fractures, there-
fore, may change an individual patient’s diagnostic clas-
sification, estimated risk of future fractures, and clinical
management. Most vertebral fractures, however, remain
undetected unless specifically sought by radiologic or den-
sitometric techniques (96 [EL 4]).

Table 13

Table 12
Recommendations
Regarding Lifestyle Issues

Ensure adequate intake of calcium throughout life
Ensure adequacy of vitamin D intake

Consume a balanced diet

Regularly perform weight-bearing exercises
Avoid use of tobacco

Limit alcohol consumption

Take measures to avoid falls

Consider use of hip protectors

Measures for Risk Assessment in Postmenopausal Women?

*Medical history and physical examination to identify:

Prior fracture without major trauma (other than fingers, toes, skull) after age 50 y

Clinical risk factors for osteoporosis
Age =65y
Low body weight (<57.6 kg [127 Ib])
Family history of osteoporosis or fractures
Smoking
Early menopause

Excessive alcohol intake (3 or more drinks daily)

Secondary osteoporosis (see Table 9)
Height loss or kyphosis
Risk factors for falling

Patient’s reliability, understanding, and willingness to accept interventions

e[ ateral spine imaging with x-ray studies or vertebral fracture assessment in patients with unexplained

height loss, kyphosis, or suspected spine fractures (Grade B; BEL 2)

*Bone mineral density measurements in those at increased risk for osteoporosis and fractures and willing

to consider pharmacologic treatment if low bone mass is documented:

All women 65 y of age or older (Grade B; BEL 2)

Younger postmenopausal women

With a history of fracture(s) without major trauma (Grade B; BEL 2)
Starting or taking long-term systemic glucocorticoid therapy (Grade C; BEL 2)

With radiographic osteopenia (Grade C; BEL 3)

With clinical risk factors for osteoporosis (low body weight, cigarette smoking, family history of

spine or hip fractures, early menopause, or secondary osteoporosis) (Grade C; BEL 3)

*In women who are candidates for pharmacologic therapy, laboratory evaluation to identify coexisting
conditions that may contribute to bone loss or interfere with therapy (or both) (Grade C; BEL 3)

a2 BEL = “best evidence” level.
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In patients with unexplained height loss, thoracic and
lumbar spine radiography or vertebral fracture assessment
by DXA is indicated if knowledge of vertebral fractures
would alter clinical management (Grade B; BEL 2).
Although height loss may occur for reasons other than
vertebral fracture (97 [EL 2]), there is evidence to support
radiography for measured height loss >2 cm (>0.8 inch)
(98 [EL 2]) or historical height loss (loss from patient’s
recalled maximal height) >4 to 6 cm (>1.5 to 2.4 inches)
(99 [EL 2]). Although these thresholds of height loss have
>90% specificity, the sensitivity for detecting prevalent
vertebral fractures is low. Other indications for vertebral
imaging include kyphosis and systemic glucocorticoid
therapy, both of which are associated with increased ver-
tebral fracture risk. Radiographic studies are also indicated
for the evaluation of acute back pain suggestive of com-
pression fracture. The sensitivity and reliability of standard
radiography to assess BMD are poor, and in the absence of
vertebral fractures, this technique cannot be used to diag-
nose 0steoporosis.

4.7.2. BMD Measurement

In women who are at risk for postmenopausal osteo-
porosis, there are several potential uses of BMD measure-
ments, as shown in Table 14.

4.7.2.1. Measurement techniques

DXA of the lumbar spine and proximal femur (hip)
provides accurate and reproducible BMD measurements at
important sites of osteoporosis-associated fracture (Grade
B; BEL 1). Optimally, both hips should be measured dur-
ing the initial visit to prevent misclassification that may
result if only one hip is measured and to have a baseline for
both hips in case a fracture or replacement occurs in one
hip. These central sites are also more likely than periph-
eral sites to show a response to treatment and are preferred
for baseline and serial measurements. The most reliable
comparative results are obtained when the same instru-
ment and, ideally, the same technologist are used for serial
measurements.

For BMD measurement, several other techniques are
available, including quantitative computed tomography for
measurement of both central and peripheral sites, quanti-
tative ultrasonometry, radiographic absorptiometry, and
single-energy x-ray absorptiometry. Of note, the diagnostic
criteria established by WHO and recommended by AACE
apply only to central DXA measurements (specifically,
lumbar spine, femoral neck, and total hip) and to DXA of
the 1/3 (33%) radius site. Thus, other technologies cannot
be used to diagnose osteoporosis but may be used to assess
fracture risk.

4.7.2.2. Bone density reports
Bone density results are reported as grams of min-
eral per square centimeter of projected bone area but are
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Table 14
Bone Mineral Density Measurements:
Potential Uses in Postmenopausal Women

Screening for osteoporosis

Establishing the severity of osteoporosis or bone loss
in patients with suspected osteoporosis (for example,
patients with fractures or radiographic evidence of
osteopenia)

Determining fracture risk—especially when combined
with other risk factors for fractures (see Table 8)

Identifying candidates for pharmacologic intervention

Assessing changes in bone mass over time in treated
and untreated patients

Enhancing acceptance of, and perhaps adherence with,
treatment

Assessing skeletal consequences of diseases, conditions,
or medications known to cause bone loss

also expressed as T-scores and Z-scores. The T-score rep-
resents the number of SDs from the normal young adult
mean values, whereas the Z-score represents the number
of SDs from the normal mean value for age-, race-, and
sex-matched control subjects. Only T-scores are used for
diagnosis. Low Z-scores may suggest a secondary cause of
osteoporosis, but normal Z-scores do not rule out the pos-
sibility of underlying disorders.

4.7.2.3. Measurement sites

Diagnostic criteria, therapeutic studies, cost analyses,
and cost-effectiveness data have been based primarily on
DXA measurements of the total hip, femoral neck, or total
lumbar spine (or some combination of these sites), which
are the preferred measurement sites (Grade B; BEL 3).
Use of other subregions within the proximal femur or of
an individual vertebra has not been validated and is not
recommended.

Peripheral measurements can identify patients at
increased risk for fracture; however, the WHO criteria
for the densitometric diagnosis of low BMD (osteopenia)
and osteoporosis do not apply to T-scores from peripheral
devices. Currently, work is under way to define the appro-
priate diagnostic thresholds for peripheral measurement
devices. In the interim, peripheral measurements should be
limited to the assessment of fracture risk.

4.7.2.4. Role in diagnosis and clinical decision making
A clinical diagnosis of osteoporosis and decision to
initiate pharmacologic therapy can be made without BMD
testing in postmenopausal women who have fragility frac-
tures of the hip or spine. Nevertheless, BMD measurement
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is useful in these patients to quantify fracture risk and
to establish a baseline for monitoring the response to
treatment.

For women without prior fractures (in the absence of
major trauma), BMD is the single predictor of future frac-
ture risk (for every 1-SD decrease in age-adjusted BMD,
the relative risk of fracture increases 1.6-fold to 2.6-fold)
(47 [EL 2]). The relationship between bone density and
fracture risk, however, is a continuum, without a clear
“fracture threshold.” WHO has defined T-score criteria
for the classification of osteoporosis and low bone mass
(osteopenia) (Table 3) on the basis of DXA measurements
(Grade C; BEL 2). These criteria are useful for classifica-
tion and risk stratification in individual patients, epidemio-
logic studies, and therapeutic trial design, but they are not
intended as treatment thresholds. Although there is good
evidence that the risk for fractures is sufficiently high in
most postmenopausal women with osteoporosis (T-scores
<-2.5) to merit pharmacologic intervention, cost-effec-
tive management of women with osteopenia (T-scores
between —1.0 and -2.5) is less clear-cut. Although their
overall rate of fractures is lower than that of patients with
osteoporosis, more than 50% of fragility fractures occur
in these patients with low bone mass. In order to identify
those patients who are most likely to sustain a fracture,
BMD results must be used in combination with other clin-
ical risk factors for osteoporosis-related fractures (Table
8) for accurate assessment of fracture risk and appropriate
treatment decisions. The FRAX tool integrates the contri-
bution of BMD and other clinical risk factors and calcu-
lates an individual patient’s absolute probability of frac-
ture during a period of 10 years. It is now recommended
that treatment decisions include consideration of fracture
probability.
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4.7.2.5. Indications

BMD testing is useful for screening people at high risk
for osteoporosis (for example, postmenopausal women),
for disease management in patients with hyperparathyroid-
ism and other disorders or those taking medications (such
as glucocorticoids) associated with bone loss (Table 4),
if evidence of bone loss would result in modification of
therapy, and for monitoring of pharmacologic therapy with
bone-active agents. A list of indications for BMD testing is
shown in Table 15.

The cost-effectiveness of BMD testing and its ben-
efits to society are controversial (100 [EL 1]). Clinicians,
politicians, patients, industry, and third-party payers all
have different perspectives on the indications for and tim-
ing of BMD measurements. The current recommendations
are intended to outline reasonable use of this technology
within the context of the endocrine specialty practice.
Because universal BMD testing is not cost-effective,
AACE recommendations for screening include women 65
years of age or older (Grade B; BEL 3) and younger post-
menopausal women at increased risk based on fracture
risk analysis (Grade C; BEL 2). Indications for screen-
ing men for osteoporosis are outside the scope of these
guidelines.

4.8. Medical Evaluation for

Postmenopausal Osteoporosis

A comprehensive medical evaluation is indicated in
all women with postmenopausal osteoporosis to identify
coexisting medical conditions that cause or contribute to
bone loss (Grade B; BEL 2). Some of these disorders may
be asymptomatic and require laboratory testing for detec-
tion. Some causes of osteoporosis in adults are summarized
in Table 9.

Table 15
Indications for Bone Mineral Density Testing

All women 65 y of age or older

All postmenopausal women

With a history of fracture(s) without major trauma after age 40 to 45 y
With osteopenia identified radiographically
Starting or taking long-term systemic glucocorticoid therapy (=3 mo)

Other perimenopausal or postmenopausal women with risk factors for
osteoporosis if willing to consider pharmacologic interventions
Low body weight (<127 Ib or body mass index <20 kg/m?)
Ever use of long-term systemic glucocorticoid therapy (=3 mo)
Family history of osteoporotic fracture

Early menopause
Current smoking

Excessive consumption of alcohol

Secondary osteoporosis (see Table 9)
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Because of the high prevalence of secondary osteopo-
rosis, even in apparently healthy postmenopausal women,
some laboratory testing should be considered for all women
with osteoporosis. In a retrospective study, the laboratory
tests itemized in Table 16 were found to detect more than
90% of disorders in postmenopausal women with osteo-
porosis who were otherwise asymptomatic (101 [EL 2],
102 [EL 4]). If the medical history, physical findings, or
laboratory test results suggest the presence of secondary
osteoporosis, additional laboratory evaluation is warranted
and may include (but is not limited to) the tests listed in
Table 17.

4.9. Biochemical Markers of Bone Turnover

Biochemical markers of bone turnover provide a
dynamic assessment of skeletal activity and are useful
modalities for skeletal assessment. Although they cannot
be used to diagnose osteoporosis, elevated levels have been
shown to predict more rapid rates of bone loss in groups of
patients (103 [EL 1]) and to be associated with increased
fracture risk independent of BMD at menopause and in
elderly women (104 [EL 2]). In addition, these markers
respond quickly to therapeutic intervention, and changes
in markers have been associated with bone response to
therapy and fracture risk reduction (105 [EL 1]). Their
use in clinical practice, however, is limited by high in vivo
and assay variability (resorption markers), poor predictive
ability in individual patients, and lack of evidence-based
thresholds for clinical decision making.

Nevertheless, biochemical markers of bone turnover
may be useful in certain situations, including for assess-
ment of fracture risk in elderly patients when the finding of
elevated levels would influence the decision to begin phar-
macotherapy, as an early indicator of therapeutic response
to anabolic or antiresorptive therapy or in the laboratory
evaluation of patients losing BMD despite antiresorptive
therapy, and for assessment of medication compliance,
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drug absorption, or therapeutic efficacy (Grade C; BEL
1.

4.10. Treatment of Osteoporosis
4.10.1. Goals of Treatment

The therapeutic goals in patients with osteoporosis are
as follows:

e To prevent fractures by improving bone strength and
reducing the risk of falling and injury

e To relieve symptoms of fractures and skeletal
deformity

* To maximize physical function

Achieving these goals depends on commitment to
therapy from the patient and the health-care provider
and the potential for the chosen therapy to yield results.
Measures to achieve these goals are shown in Table 18.

4.10.2. Candidates for Pharmacologic Treatment

AACE has endorsed the 2008 National Osteoporosis
Foundation Clinician’s Guide to Prevention and Treatment
of Osteoporosis (106 [EL 4]). The Guide recommends
pharmacologic treatment for postmenopausal women with
the following:

*  Ahip or spine fracture (either clinical spine fracture or
radiographic fracture) (Grade A; BEL 1)

* AT-score of -2.5 or below at the spine, femoral neck,
or total hip (Grade A; BEL 1)

* A T-score between —1.0 and -2.5 at high 10-year risk
of fracture with use of the US-adapted FRAX tool
provided by WHO at www.shef.ac.uk/FRAX, where
treatment is considered cost-effective if the 10-year
risk is 3% or more for hip fracture or 20% or more
for “major” osteoporosis-related fracture (humerus,

Table 16
Laboratory Tests to Consider in Screening
for Secondary Osteoporosis

Complete blood cell count

Serum chemistry, including calcium, phosphorus, total protein,
albumin, liver enzymes, alkaline phosphatase, creatinine, and

electrolytes

Urinalysis (24-h collection) for calcium, sodium, and creatinine
excretion (to identify calcium malabsorption or hypercalciuria)

Serum 25-hydroxyvitamin D
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Table 17
Tests for Secondary Osteoporosis
to Be Considered If There Is Clinical Suspicion

Serum thyrotropin

Erythrocyte sedimentation rate

Serum parathyroid hormone concentration for possible primary or secondary hyperparathyroidism

Tissue transglutaminase antibodies for suspected celiac disease

Urinary free cortisol or other tests for suspected adrenal hypersecretion

Acid-base studies

Serum tryptase, urine N-methylhistamine, or other tests for mastocytosis

Serum protein electrophoresis and free kappa and lambda light chains for suspected myeloma

Bone marrow aspiration and biopsy to look for marrow-based diseases

Undecalcified iliac crest bone biopsy with double tetracycline labeling

Recommended for patients with bone disease and renal failure to establish the correct

diagnosis and direct management

May be helpful in the assessment of patients with the following:

Suspected osteomalacia or mastocytosis when laboratory test results are inconclusive

Fracture without major trauma despite normal or high bone density

Vitamin D-resistant osteomalacia and similar disorders to assess response to treatment

Unusual features that suggest a rare metabolic bone disease

forearm, hip, or clinical vertebral fracture) (Grade A;
BEL 2). FRAX has been described more completely
earlier (see section 4.5).

4.11. Pharmacologic Agents for Treatment
of Osteoporosis
AACE and the American College of Endocrinology
recommend the following pharmacologic agents when
pharmacotherapy is indicated:

e First priority: agents approved by the US Food and
Drug Administration (FDA) for the prevention or
treatment (or both) of osteoporosis

e Second priority: agents not approved by the FDA but
for which level 1 or level 2 evidence for efficacy and
safety is available. These agents may be appropriate
for patients who are unable to take approved agents or
who have complex and extenuating medical problems
that preclude the effective use of approved agents.

The manufacturer’s prescribing information should be
consulted for risks and benefits of any medication that is
prescribed.

Adherence and persistence are poor for osteoporosis
therapies (107 [EL 2], 108 [EL 1]), as is the case for other
“silent” conditions such as hypertension and hyperlip-
idemia. Special efforts should be made to explain to the

patient about the need for therapy and the expectations, as
well as to schedule periodic follow-up to ensure that the
medication is still being used correctly and appropriately.

Agents approved by the FDA for prevention or treat-
ment of osteoporosis are shown in Table 19. They include
(in alphabetical order) bisphosphonates (alendronate,
ibandronate, risedronate, and zoledronic acid), calcito-
nin, denosumab, estrogen, raloxifene, and teriparatide. All
these drugs act by reducing bone resorption, except for
teriparatide, which has anabolic effects on bone. Because
changes in intermediate end points, such as BMD and bone
turnover markers, do not correlate strongly with fracture
risk reduction, agents should be chosen on the basis of their
proven efficacy in reducing fracture risk.

Level 1 evidence for efficacy in reducing the risk
of new vertebral fractures is available for all the agents
approved for treatment of osteoporosis (alendronate, iban-
dronate, risedronate, zoledronic acid, calcitonin, deno-
sumab, raloxifene, and teriparatide). Prospective trials have
demonstrated the effectiveness of alendronate, risedronate,
zoledronic acid, denosumab, and teriparatide in reducing
the risk of nonvertebral fractures (EL 1); only alendronate,
risedronate, zoledronic acid, and denosumab have been
shown to reduce the risk of hip fractures in prospective
controlled osteoporosis trials (EL 1). AACE recommends
alendronate, risedronate, zoledronic acid, or denosumab
as first-line agents (Grade A; BEL 1), ibandronate as a
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second-line agent (Grade A; BEL 1), raloxifene as a sec-
ond- or third-line agent (Grade A; BEL 1), and calcitonin
as the last-line agent (Grade C; BEL 2). Teriparatide has
been shown to reduce the risk of vertebral and nonvertebral
fractures. It is recommended for patients with very high
fracture risk or those in whom bisphosphonate therapy
has been ineffective (Grade A; BEL 1). The evidence for
fracture risk reduction at categorical sites is summarized in
Table 20.

4.12. Bisphosphonates

Bisphosphonates are the most widely used drugs for
treatment of osteoporosis. Orally administered bisphos-
phonates must be taken after a prolonged fast (usually the
first thing in the morning) and washed down with a full
glass of water, not just a sip (to minimize the chance that
the tablet will stick in the esophagus). Nothing other than
water should be taken for 30 minutes (for alendronate and
risedronate) or 60 minutes (for ibandronate). Under ideal
conditions, the absorption of orally administered bisphos-
phonates is less than 1%. Taking any bisphosphonate in
conjunction with food, any beverage other than plain
water, or certain other medications or ingesting it within 2
hours after a meal may substantially reduce or abolish the
absorption of the drug.

Contraindications to bisphosphonate therapy include
hypersensitivity or hypocalcemia. Bisphosphonates should
be used with caution, if at all, in patients with reduced
kidney function (glomerular filtration rate below 30 mL/
min for risedronate and ibandronate or below 35 mL/min
for alendronate and zoledronate) (109). There is some evi-
dence that alendronate and risedronate are safe and effec-
tive in patients with moderate reduction of renal function
(107 [EL 2], 108 [EL 1]).

Orally administered bisphosphonates should be used
with caution in patients with active upper GI disease,
inability to follow the dosing regimen for oral use (that is,

Copyright © 2010 AACE

inability to remain upright for 30 to 60 minutes), or pres-
ence of anatomic or functional esophageal abnormalities
that might delay transit of the tablet (for example, achalasia
or stricture).

Intravenous administration of nitrogen-containing
bisphosphonates, such as ibandronate and zoledronate,
causes acute phase reactions in up to 30% to 40% of
patients receiving their first dose (110 [EL 3]). These reac-
tions are characterized by fever and muscle aches lasting
several days. Acetaminophen given at the time of treatment
may reduce the likelihood of these reactions and can also
be given to treat the symptoms.

Although rapid administration of nitrogen-containing
bisphosphonates may interfere with kidney function (111-
113 [EL 3]), this adverse effect has not been observed with
intravenously administered ibandronate or zoledronic acid
given to patients with normal renal function in accordance
with appropriate dosing instructions (114 [EL 3]).

Some patients treated with an orally or intravenously
administered bisphosphonate experience bone, joint, or
muscle complaints that may be severe (115 [EL 3]) but
that usually resolve when use of the drug is discontinued.
Osteonecrosis of the jaw (ONJ) has been associated rarely
with bisphosphonate therapy for osteoporosis (116-118
[EL 4]); risk factors include dental pathologic conditions,
invasive dental procedures, or poor dental hygiene.

Another rare event that may be associated with alen-
dronate is a subtrochanteric fracture (119 [EL 1], 120 [EL
2]). Occasionally, such fractures are described as “chalk
stick” because of their radiologic appearance. They occur
after minimal or no trauma. Sometimes the patient com-
plains of leg pain preceding the event. A sclerotic appear-
ance to the subtrochanteric region may be seen radiologi-
cally. It has been claimed that these patients may have very
low bone turnover, although this point has not been rigor-
ously substantiated. Whether a direct etiologic relationship
exists between ONJ or these femoral fractures and the use

Table 18
Measures for Decreasing the Risk of Osteoporosis
and Fractures in High-Risk Women

Identify and treat women with osteoporosis-related fractures, and consider
pharmacologic therapy for women with low bone mass

Identify and treat sensory defects, neurologic disease, and arthritis, which

can contribute to frequency of falls

Adjust dosage of drugs with sedative effects, which could slow reflexes or
decrease coordination and impair patient’s ability to break impact of a fall

Recommend appropriate lifestyle changes, including smoking cessation,
increased weight-bearing activities, and dietary improvements

Minimize risk of falls and injuries with gait and balance training
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of bisphosphonates is not clear (121 [EL 4], 122 [EL 3]).
Evidence for atypical femoral shaft fractures has recently
been reviewed by a task force of the American Society for
Bone and Mineral Research (123).

The possible association between orally administered
bisphosphonates and esophageal cancer has been explored.
One study suggested no increased risk (124 [EL 2]), and
one suggested that risk was increased with long-term use
but small in absolute terms—from 1 case per 1,000 in
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untreated subjects to 2 cases per 1,000 with bisphosphonate
use of 5 years or more (125 [EL 2]).

Atrial fibrillation as a serious adverse event was noted
in the zoledronic acid Pivotal Fracture Trial (126 [EL 1])
but was not seen in other trials of zoledronic acid or other
bisphosphonates and is thought by the FDA to be a chance
finding (see http://www.fda.gov/Drugs/DrugSafety/Post
marketDrugSafetyInformationforPatientsandProviders/
ucml101551.htm).

Table 19
Drugs Approved by the US Food and Drug Administration
for Prevention and Treatment of Osteoporosis®

Postmenopausal Glucocorticoid-induced
osteoporosis osteoporosis
Drug Prevention Treatment Prevention Treatment In men
Estrogen (multiple Multiple regimens
formulations)
Calcitonin (Miacalcin, 200 IU intranasally
Fortical) once daily,
or 100 IU SQ qod
Denosumab (Prolia) 60 mg SQ every 6
mo
Raloxifene (Evista) 60 mg PO daily 60 mg PO daily
Ibandronate (Boniva) 2.5 mg PO daily 2.5 mg PO daily
150 mg PO monthly 150 mg PO monthly
3 mg IV every 3 mo
Alendronate (Fosamax) 5 mg PO daily 10 mg PO daily 5 mg PO daily? 10 mg PO
35 mg PO weekly 70 mg PO weekly® 10 mg PO daily® daily
70 mg + D¢ 70 mg PO
weekly
Risedronate (Actonel) 5 mg PO daily 5 mg PO daily 5 mg PO daily 5 mg PO daily 35 mg PO
35 mg PO weekly 35 mg PO weekly weekly
150 mg PO monthly 150 mg PO 150 mg PO
monthly monthly
Zoledronic acid (Reclast) SmglVevery2ndy 5 mglV once 5 mg IV once 5 mg IV once SmglV
yearly yearly yearly once
yearly
Teriparatide (Forteo) 20 ug SQ daily 20 ug SQ daily 20 ug SQ
daily

2 Please review the package inserts for specific prescribing information. IV = intravenously; PO = orally; qod = every other day;

SQ = subcutaneously.

b Fosamax 70 mg is available as both a tablet and a unit dose liquid. Alendronate (generic Fosamax) is available.
¢ Fosamax Plus D is a tablet containing 70 mg of alendronate and 2,800 IU or 5,600 IU of vitamin D for weekly

administration.

4 The approved dosage of alendronate for treatment of glucocorticoid-induced osteoporosis in men and in estrogen-replete

women is 5 mg daily.

¢ The approved dosage of alendronate for treatment of glucocorticoid-induced osteoporosis in estrogen-deficient women is 10

mg daily.
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4.12.1. Alendronate
4.12.1.1. Role in clinical practice

Alendronate is approved by the FDA for prevention
and treatment of postmenopausal osteoporosis, treatment
of glucocorticoid-induced osteoporosis, and treatment of
osteoporosis in men.

4.12.1.2. Available forms and recommended dosing

Initially, 10 mg daily of alendronate was approved for
treatment of postmenopausal osteoporosis, and 5 mg daily
was approved for prevention of bone loss in recently meno-
pausal women. Subsequently, 70 mg weekly of alendronate
was approved for treatment of postmenopausal osteopo-
rosis, and 35 mg weekly was approved for prevention of
bone loss. Alendronate 5 mg daily is the approved dosage
for treatment of corticosteroid-induced osteoporosis in
men and estrogen-replete women, and 10 mg daily is the
approved dosage for treatment of corticosteroid-induced
osteoporosis in estrogen-deficient women. Alendronate
dosages of 10 mg daily and 70 mg weekly are approved for
treatment of osteoporosis in men (127).

Alendronate is supplied in 5-mg and 10-mg tablets
for daily administration and as 35-mg and 70-mg tablets,
as 70-mg liquid unit dose, and as Fosamax Plus D (70 mg
of alendronate plus 2,800 IU or 5,600 IU of vitamin D), all
for once-weekly oral administration. Alendronate is also
now available in generic tablets for both daily and weekly
dosing. Many physicians are unsure about the tolerabil-
ity and efficacy of generic alendronate, but to the time of
this writing, there have been no publications to alleviate or
address these concerns for generic preparations available
in the US.

4.12.1.3. Efficacy
Alendronate has been shown to reduce the risk of frac-
tures of the spine (128 [EL 1], 129 [EL 1]), hip (128[EL
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1]), and nonvertebral sites (130 [EL 2], 131 [EL 1]) in
women with postmenopausal osteoporosis. Alendronate
increases BMD at the spine and hip and prevents bone
loss at the forearm (128 [EL 1], 129 [EL 1], 132 [EL 1]).
Studies of up to 10 years’ duration suggest continued effi-
cacy (133 [EL 4], 134 [EL 1]).

4.12.1.4. Side effects

Studies of up to 13 years’ duration indicate a good
safety profile. In clinical trials, adverse events with alen-
dronate did not differ from those with placebo (119 [EL 1],
121 [EL 4]). In clinical practice, however, upper GI symp-
toms such as heartburn, indigestion, substernal discomfort,
and pain with swallowing may occur, and rare instances
of esophageal erosion, ulceration, or bleeding have been
described (122 [EL 3], 135 [EL 3], 136 [EL 3]). Most
GI side effects are mild, but serious problems are seen in
approximately 1 of 10,000 alendronate users (137 [EL 2]),
often attributable to errors in patient selection or dosing.
Weekly dosing is at least as well tolerated as daily dos-
ing (138 [EL 1]) and may actually be better tolerated. If
GI side effects occur, alendronate should be discontinued
until symptoms are resolved, after which a bisphosphonate
rechallenge could be considered with either alendronate or
another orally administered bisphosphonate.

4.12.1.5. Duration of treatment

Alendronate has been studied in trials of up to 10
years’ duration (133 [EL 4], 134 [EL 1]). Efficacy and
safety beyond 10 years have not yet been established,
but observational tracking is now up to 13 years. When
alendronate is discontinued, no acceleration of bone loss
relative to placebo has been noted, although slow but sig-
nificant bone loss at the hip has been reported (135 [EL
3]). There is some suggestion that, after 4 to 5 years of
therapy (and longer for those with severe osteoporosis), a

Table 20
Summary of Evidence for Fracture Risk Reduction

Fracture risk reduction

Drug Vertebral Nonvertebral Hip
Calcitonin (Miacalcin, Fortical) Yes No effect demonstrated?® No effect demonstrated?®
Raloxifene (Evista) Yes No effect demonstrated?® No effect demonstrated?®
Ibandronate (Boniva) Yes No effect demonstrated?® No effect demonstrated?®
Alendronate (Fosamax) Yes Yes Yes
Risedronate (Actonel) Yes Yes Yes
Zoledronic acid (Reclast) Yes Yes Yes
Denosumab (Prolia) Yes Yes Yes
Teriparatide (Forteo) Yes Yes No effect demonstrated?®

2 The lack of demonstrable effect at these sites should be considered in the context that the studies may not have been

adequately powered.
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drug holiday of 1 or 2 years could be offered without sub-
stantial loss of antifracture efficacy (134 [EL 1], 139 [EL
4]) (Grade B; BEL 1).

The concept of the drug holiday is based on persistent
effects without active drug administration for a year or lon-
ger and the idea that some of the aforementioned adverse
events may be related to bone turnover. When use of alen-
dronate is discontinued for a year, bone turnover markers
typically increase to about 25% to 30% higher than their
values at the time the drug was stopped. When bone loss
ensues, resumption of drug therapy is recommended.

Alendronate is also subject to class effect warnings
discussed in section 4.12.

4.12.2. Risedronate
4.12.2.1. Role in clinical practice

Risedronate is approved by the FDA for prevention
and treatment of postmenopausal osteoporosis, preven-
tion and treatment of glucocorticoid-induced osteoporosis

in men and women, and treatment of osteoporosis in men
(140).

4.12.2.2. Available forms and recommended dosing
Risedronate was initially approved as a 5-mg daily
dose for prevention of bone loss in recently menopausal
women, treatment of postmenopausal osteoporosis, and
prevention and treatment of corticosteroid-induced osteo-
porosis in men and women. Risedronate in doses of 35
mg once weekly and 150 mg once monthly is approved
for treatment of postmenopausal osteoporosis. Risedronate
is supplied as 5-, 35-, and 150-mg tablets and as Actonel
with calcium, which consists of a blister pack containing
1 Actonel 35-mg tablet for weekly administration plus 6
calcium tablets to be taken daily (on the other days of the
week) (140). The 75-mg tablets have been discontinued in
the United States but may be available in other markets.

4.12.2.3. Efficacy

Risedronate has been shown to reduce the risk of frac-
tures of the spine (141 [EL 1], 142 [EL 1]), hip (143 [EL
1]), and nonvertebral sites (141 [EL 1]) in women with
postmenopausal osteoporosis. Risedronate increases BMD
at the spine and hip and prevents bone loss at the forearm
(141 [EL 1],143 [EL 1]). Studies of up to 7 years’ duration
suggest continued efficacy (144 [EL 1], 145 [EL 2]).

4.12.2 4. Side effects

Studies of up to 9 years’ duration indicate a good safety
profile (145 [EL 2]). In clinical trials, adverse events with
risedronate did not differ from those with placebo (141-
143 [EL 1]). Side effects are generally mild and primarily
affect the upper GI system. If GI side effects occur, risedro-
nate should be discontinued until symptoms are resolved,
after which a rechallenge with risedronate or other bisphos-
phonate should be considered.
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Risedronate is also subject to class effect warnings
discussed in section 4.12.

4.12.2.5. Duration of treatment

Risedronate has been studied in trials of up to 7 years’
duration (145 [EL 2]). Efficacy and safety beyond 7 years
have not yet been established, although clinical experience
now extends to 9 years. When risedronate is discontinued,
no acceleration of bone loss relative to placebo has been
noted, although slow bone loss may occur (145 [EL 2],
146 [EL 1]). There is some suggestion that, after 3 years
of therapy, a drug holiday of up to 1 year can be offered
without significant loss of antifracture efficacy (146 [EL
1]). After 1 year of discontinuation, bone turnover mark-
ers essentially returned to baseline pretreatment levels (146
[EL 1]). Resuming risedronate therapy after 1 year is gen-
erally recommended (139 [EL 4]).

4.12.3. Ibandronate
4.12.3.1. Role in clinical practice

Ibandronate is approved by the FDA for prevention
and treatment of postmenopausal osteoporosis (147).

4.12.3.2. Available forms and recommended dosing

Ibandronate 2.5 mg daily is the approved dose for pre-
vention of bone loss in recently menopausal women and
treatment of postmenopausal osteoporosis. Ibandronate
150 mg once monthly is also approved for prevention and
treatment of postmenopausal osteoporosis, and ibandronate
3 mg given intravenously every third month is approved
for treatment of postmenopausal osteoporosis (147).

Ibandronate is supplied as 2.5-mg and 150-mg tablets
and as a 3-mg sterile solution for intravenous administra-
tion (147). Intravenous administration of ibandronate is by
injection given during 15 to 30 seconds (147).

4.12.3.3. Efficacy

Ibandronate has been shown to reduce the risk of frac-
tures of the spine in women with postmenopausal osteopo-
rosis (148 [EL 1]). It has not been shown to reduce nonver-
tebral or hip fractures in prospective analysis. Ibandronate
increases BMD at the spine and hip and prevents bone loss
at the forearm (148 [EL 1], 149 [EL 1]).

4.12.34. Side effects

Studies of up to 3 years’ duration indicate a good
safety profile (148 [EL 1]). In clinical trials, adverse events
with ibandronate did not differ from those with placebo
(148 [EL 1]). Side effects are generally mild and primarily
affect the upper GI system. As with the other bisphospho-
nates, upper GI side effects can occur with use of ibandro-
nate. If they do occur, ibandronate should be discontinued
until symptoms are resolved, after which a rechallenge
should be considered.
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Ibandronate is also subject to class effect warnings
discussed in section 4.12.

4.12.3.5. Duration of treatment

Ibandronate has been studied in trials of up to 3 years’
duration (148 [EL 1]). Efficacy and safety beyond 3 years
have not yet been established. No published studies have
addressed the discontinuation of ibandronate therapy.

4.12 4. Zoledronic Acid
4.12.4.1. Role in clinical practice

Zoledronic acid is approved by the FDA for preven-
tion and treatment of postmenopausal osteoporosis, for
men with osteoporosis, for patients after surgical repair of
hip fracture, and for prevention and treatment of glucocor-
ticoid-induced osteoporosis (150).

4.12.4.2. Available forms and recommended dosing

The approved dosage of zoledronic acid (Reclast)
for all indications is 5 mg given by intravenous infusion
during a 15-minute period once yearly. It is important to
distinguish this indication for zoledronic acid for osteopo-
rosis from another dosing regimen of the same drug (that
is, Zometa, 4 mg administered intravenously each month)
for patients with skeletal complications of malignancy. The
branded product for osteoporosis is Reclast; the branded
product for patients with a malignant condition is Zometa.
Reclast and Zometa should not be used in the same patient.

Zoledronic acid is administered intravenously as a
5-mg infusion over a minimum of 15 minutes. For treat-
ment of postmenopausal osteoporosis and osteoporosis
in men as well as prevention and treatment of glucocor-
ticoid-induced osteoporosis, it is given once yearly. For
prevention of postmenopausal osteoporosis, the 5-mg dose
is given once every 24 months. Before administration,
patients should be appropriately hydrated, especially those
receiving diuretic therapy. Serum calcium and creatinine
concentrations should be monitored before administration
of each dose (151 [EL 1]).

4.12.4.3. Efficacy

Zoledronic acid has been shown to reduce the risk of
spine, nonvertebral, and hip fractures in women with post-
menopausal osteoporosis (150), to reduce the rate of new
clinical fractures in patients treated after surgical repair
of hip fracture, and to reduce mortality in these patients.
Zoledronic acid increases BMD at the spine and hip and
prevents bone loss in men, postmenopausal women, and
patients treated with glucocorticoids (126 [EL 1], 152 [EL
1D).

4.12.44. Side effects

Intravenous administration of zoledronic acid can
cause acute phase reactions in up to 30% of patients
receiving their first dose (126 [EL 1]). Subsequent doses
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or administration in patients who have previously been
treated with alendronate is associated with a much smaller
incidence (less than 2%) (151 [EL 1]). These reactions are
characterized by fever and muscle aches lasting several
days. Acetaminophen given at the time of treatment may
reduce the likelihood of this reaction, and it can also be
given to treat the symptoms.

With zoledronic acid, most of the published litera-
ture has associated ONJ with the much higher dose that
is used in patients with a malignant condition (132 [EL
1], 134 [EL 1], 153 [EL 1]). No published information
suggests that ONJ is more common with intravenously
administered zoledronic acid in the dose used to treat
osteoporosis in comparison with orally administered
bisphosphonates.

Zoledronic acid is also subject to class effect warnings
discussed in section 4.12.

4.12.4.5. Duration of treatment

Zoledronic acid has been studied in trials of up to 3
years’ duration (126 [EL 1]). Studies of efficacy and safety
through 6 years have been completed but are not yet pub-
lished. No published studies have addressed the discontin-
uation of zoledronic acid therapy.

4.13. Raloxifene
4.13.1. Role in Clinical Practice

Raloxifene is approved by the FDA for prevention and
treatment of postmenopausal osteoporosis as well as for
the reduction of risk of breast cancer in women with post-
menopausal osteoporosis or at high risk of breast cancer
(154).

4.13.2. Available Forms and Recommended Dosing

The approved dosage of raloxifene for all indications
is 60 mg daily. It can be taken at any time of day, without
regard for meals. Raloxifene is supplied as a 60-mg tablet
(154).

4.13.3. Contraindications

Raloxifene is contraindicated in women of childbear-
ing potential, those who have had venous thromboembolic
disease, or those who are known to be hypersensitive to
any component of raloxifene tablets (154).

4.13 4. Efficacy

Raloxifene has been shown to reduce the risk of frac-
tures of the spine in women with postmenopausal osteo-
porosis (155 [EL 1]). Nonvertebral or hip fracture efficacy
has not been demonstrated. It increases BMD in the spine
and hip (153 [EL 1], 155 [EL 1]). Studies of up to 4 years’
duration (156 [EL 1]) suggest continued efficacy.

4.13.5. Extraskeletal Effects
In studies in postmenopausal women, raloxifene
reduced total cholesterol and low-density lipoprotein
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cholesterol fractions, but it had no apparent effect on high-
density lipoprotein cholesterol (153 [EL 1], 155 [EL 1]).
A large placebo-controlled study of raloxifene showed no
beneficial or adverse cardiovascular effects or cerebro-
vascular events (that is, a neutral effect), but there was an
overall increase in fatal strokes (157 [EL 1]).

In an osteoporosis trial with raloxifene, a significant
reduction in breast cancer was seen (155 [EL 1]). This find-
ing was confirmed in a larger trial of women at high risk
of breast cancer (158 [EL 1]). Of note, raloxifene is not
indicated for the treatment of invasive breast cancer, for
reduction of the risk of recurrence of breast cancer, or for
reduction of the risk of noninvasive breast cancer.

4.13.6. Side Effects

Raloxifene is associated with an approximate three-
fold increase in occurrence of venous thromboembolic
diseases (similar to estrogen), although the absolute risk
is low (157 [EL 1]). Other side effects include menopausal
symptoms (for example, hot flashes and night sweats) and
leg cramps (154).

4.13.7. Duration of Treatment

Efficacy has been determined for up to 4 years (156
[EL 1]), and safety has been determined for up to 8§ years
(159 [EL 1]). When use of raloxifene is stopped, the skel-
etal benefits appear to be lost fairly quickly (during the fol-
lowing 1 or 2 years).

4.14. Teriparatide
4.14.1. Role in Clinical Practice

Teriparatide —recombinant human PTH(1-34)—is
approved by the FDA for treatment of women with post-
menopausal osteoporosis who are at high risk of fracture
or who have failed or been intolerant of previous osteopo-
rosis therapy and to increase bone mass in men with idio-
pathic or hypogonadal osteoporosis who are at high risk of
fracture or who have failed or been intolerant of previous
osteoporosis therapy (160). Teriparatide is also approved
for treatment of men and women with glucocorticoid-
induced osteoporosis. It is prudent to measure the serum
calcium, PTH, and 25(OH)D levels before treatment with
teriparatide.

4.14.2. Available Forms and Recommended Dosing

The approved dosage of teriparatide is 20 ug once
daily injected subcutaneously. Teriparatide is dispensed
in a glass cartridge that is preassembled into a disposable
multiple-dose pen syringe device designed to provide 28
doses (160).

4.14.3. Efficacy

Teriparatide has been shown to reduce the risk of ver-
tebral and nonvertebral fractures in women with postmeno-
pausal osteoporosis (161 [EL 1]). Teriparatide increases
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BMD in the spine dramatically but has little effect on BMD
in the hip or forearm (161 [EL 1]). Patients who lose BMD
in the hip with teriparatide treatment are still protected
against vertebral fracture (162 [EL 2]).

4.14 4. Contraindications

Teriparatide has a “black box” warning because of
the occurrence of osteosarcomas in rats treated with very
high doses of teriparatide (3 to 58 times higher than the
human equivalent dose) starting at 2 weeks of age and
continued for their lifetimes (approximately 75 human-
year equivalents) (163 [EL 1]). Subsequent studies in the
same strain of rats showed no development of malignant
bone tumors with use of doses of teriparatide up to 3
times higher than the human equivalent dose (164 [EL
1]). Because teriparatide caused an increased incidence of
osteosarcomas in rats, it is contraindicated in patients at
increased risk of osteosarcoma (those with Paget disease
of bone, open epiphyses, a history of irradiation involv-
ing the skeleton, or an unexplained elevation of alkaline
phosphatase level of skeletal origin) (160). The inci-
dence of osteosarcomas in women 50 years old or older
is approximately 1 in 250,000. The actual incidence of
osteosarcoma in users of teriparatide is unknown; there
are rare reports, consistent with the background incidence
(165 [EL 4], 166 [EL 3]). Teriparatide should also not
be administered to patients with primary or any form of
secondary untreated or unresolved hyperparathyroidism
(160).

4.14.5. Side Effects

Side effects of teriparatide have been mild and tran-
sient and include nausea, orthostatic hypotension (which
usually does not necessitate discontinuation of the drug,
occurs in association with the first few doses, and responds
to assumption of a recumbent posture), and leg cramps.
Hypercalcemia, usually mild, asymptomatic, and transient,
has been observed but is not common (160).

4.14.6. Duration of Treatment

Efficacy and safety of teriparatide have been assessed
for a period of 2 years and are currently unknown there-
after. Treatment with teriparatide is not recommended to
exceed 2 years (160). When use of teriparatide is stopped,
bone density declines quickly during the following year,
although fracture reduction may persist for 1 or 2 years
(167 [EL 2]). Use of alendronate after teriparatide therapy
prevents this loss and in some cases will be associated with
a further increase in BMD (168 [EL 1]).

4.15. Calcitonin
4.15.1. Role in Clinical Practice

Injectable and nasal spray salmon calcitonin are
approved by the FDA for treatment of postmenopausal
osteoporosis (169,170).
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4.15.2. Available F orms and Recommended Dosing

The approved dosage of injectable calcitonin for
treatment of postmenopausal osteoporosis is 100 IU daily
given subcutaneously or intramuscularly. The approved
dose of nasal spray calcitonin is 200 IU (1 spray) daily.
Injectable salmon calcitonin is available in a sterile
solution. Intranasally administered calcitonin is avail-
able in a spray bottle that delivers 200 IU per spray
(169,170).

4.15.3. Contraindications

The main contraindication to use of calcitonin is
hypersensitivity (169,170). For patients with suspected
sensitivity to the drug, skin testing is recommended before
treatment.

4.154. Efficacy

There are no published studies with injectable calci-
tonin that show antifracture efficacy. Nasal spray salmon
calcitonin (200 IU daily) has been shown to reduce the risk
of new vertebral fractures in women with postmenopausal
osteoporosis, but neither a lower dose (100 IU daily) nor
a higher dose (400 IU daily) was effective (171 [EL 1]).
Nonvertebral and hip fracture efficacy has not been dem-
onstrated. Calcitonin produces a minimal increase in BMD
in the spine in women >5 years after onset of menopause
but does not increase BMD at sites other than the spine
(171 [EL 1]).

4.15.5. Side Effects

Studies of up to 5 years’ duration indicate a good safety
profile (171 [EL 1]). Common side effects of parenterally
administered calcitonin include nausea, local inflammatory
reactions at the injection site, and vasomotor symptoms
including sweating and flushing. The most common side
effect of nasally administered calcitonin is nasal discom-
fort, including rhinitis, irritation of the nasal mucosa, and
occasional epistaxis. Use of calcitonin with either route of
administration is well tolerated (169,170).

4.15.6. Duration of Treatment

The optimal duration of treatment with calcitonin is
unknown. Safety and efficacy data are available through 5
years (171 [EL 1]). When use of calcitonin is stopped, the
skeletal benefits are lost fairly quickly (during the subse-
quent 1 or 2 years).

4.16. Denosumab
4.16.1. Role in Clinical Practice

Denosumab is a fully human monoclonal antibody
against RANKL that reduces the amount of RANKL in
the bone microenvironment, reduces the differentiation of
precursor cells into mature osteoclasts, and decreases the
function and survival of activated osteoclasts. Denosumab
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is approved by the FDA for treatment of postmenopausal
women at high risk of fracture, defined as having a history
of osteoporotic fracture or multiple risk factors for fracture,
or patients who have failed or are intolerant of other avail-
able osteoporosis therapy.

4.16.2. Available F orms and Recommended Dosing

The approved dosage of denosumab is 60 mg by sub-
cutaneous injection given once every 6 months. It is avail-
able in prefilled syringes or single-dose vials.

4.16.3. Efficacy

Denosumab has been shown to reduce the risk of frac-
tures of the spine, hip, and nonvertebral sites (172 [EL 1])
in women with postmenopausal osteoporosis. Denosumab
increases BMD at the spine, hip, and forearm (172 [EL
1]). Studies of up to 3 years’ duration suggest continued
efficacy (172 [EL 1]).

4.16.4. Side Effects

Studies of up to 6 years’ duration indicate a good
safety profile (172-174 [EL 1]). Hypocalcemia must be
corrected before initiation of therapy. Serious infections,
including skin infections, may occur. Patients should be
advised to seek prompt medical attention if signs or symp-
toms of infection, including cellulitis, develop. Dermatitis,
rashes, and eczema have been reported; consider discontin-
uing the use of denosumab if severe symptoms develop. In
patients treated with denosumab, ONJ has been reported.
Suppression of bone turnover of uncertain clinical signifi-
cance has been demonstrated.

4.16.5. Duration of Treatment

Denosumab has been studied in trials of up to 6 years’
duration (174 [EL 1]). Efficacy and safety beyond 6 years
have not yet been established, but clinical trials are likely
to be extended through 10 years. When treatment with
denosumab was stopped after 2 years, BMD decreased to
baseline values and bone turnover markers increased to
values above baseline by 12 months after discontinuation
(174 [EL 1]).

4.17. Estrogen and Menopausal Hormone Therapy
4.17.1. Role in Clinical Practice

Although once considered the “treatment of choice”
for postmenopausal osteoporosis, estrogen was never
specifically approved for treatment of osteoporosis. It is
approved by the FDA for prevention of postmenopausal
osteoporosis with the added caveat, “when prescribing
solely for the prevention of postmenopausal osteoporosis,
therapy should only be considered for women at significant
risk of osteoporosis and for whom non-estrogen medica-
tions are not considered to be appropriate” (175).
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4.17.2. Available F orms and Recommended Dosing

Several different formulations of estrogen are avail-
able (for example, estradiol, conjugated equine estrogens,
esterified estrogens) for administration by oral and trans-
dermal routes. The optimal dose and route of administra-
tion for skeletal effects are not known. When estrogen is
prescribed for a patient who still has her uterus, a progestin
should also be used, either daily or cyclically, to protect
against endometrial stimulation.

4.17.3. Efficacy

Conjugated equine estrogen (0.625 mg daily), with or
without medroxyprogesterone acetate, has been shown to
reduce the risk of fractures of the spine, hip, and nonverte-
bral sites in postmenopausal women (176 [EL 1], 177 [EL
1]). Estrogen increases BMD in the spine, hip, and forearm
(178-180 [EL 1]).

4.17 4. Extraskeletal Effects

There has been considerable controversy regarding the
extraskeletal effects of estrogen, particularly with regard
to cardiovascular disease and breast cancer. The WHI trial
of combination estrogen plus progestin therapy suggested
an increased risk of thromboembolic, cerebrovascular, and
cardiovascular events, as well as breast cancer, although
the risk-to-benefit ratio was close to neutral (181 [EL 1]).
In the WHI estrogen-only trial, there was no increased risk
of cardiovascular events or breast cancer but no overall
benefit either (182 [EL 1]).

4.17.5. Side Effects

In women with an intact uterus, unopposed estrogen
therapy is associated with an increased risk of endometrial
hyperplasia and carcinoma. When appropriate dosages of
progestin are used along with estrogen, this added risk is
eliminated. When estrogen therapy is initiated, particularly
continuous estrogen-progestin regimens, irregular vaginal
bleeding can occur in women with an intact uterus. Vaginal
spotting may diminish with time. Estrogen increases the
risk of cholelithiasis twofold. Fluid retention, mastalgia,
abdominal pain, and headache may occur but may be
ameliorated with use of a lower dose. There is an approxi-
mate 3-fold increased risk of venous thromboembolism in
women who use estrogen in comparison with nonusers.
The absolute risk is small (approximately 3 in 1,000 to 3 in
10,000). In some women with sensitivity, estrogen therapy
can be associated with dramatic increases in serum triglyc-
eride levels.

4.17.6. Contraindications
The following are contraindications to estrogen or
combination estrogen-progestin therapy (175):

*  Known or suspected pregnancy
¢ Known or suspected cancer of the breast
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¢ Known or suspected estrogen-dependent neoplasm

¢  Undiagnosed abnormal genital bleeding

e Active thrombophlebitis or thromboembolic disorders
or a history of thromboembolic disease

¢ Hypersensitivity to the hormones

4.17.7. Duration of Treatment

The main indication for the use of estrogen is for relief
of menopausal symptoms. When given for this indication,
estrogen should be administered in the lowest dose nec-
essary to relieve symptoms and for the shortest duration
possible. When use of estrogen is stopped, the antifracture
benefits are lost fairly quickly (during the subsequent 1 or
2 years). Bone density may decrease as much as 5% during
the first year after discontinuation of estrogen therapy (183
[EL 1]).

4.18. Concomitant Use of Therapeutic Agents

There are no studies showing that combination treat-
ment with 2 or more osteoporosis drugs has a greater
effect on fracture reduction than treatment with a single
agent (184 [EL 4]). Modest additive effects on BMD and
bone turnover have been observed with combinations of 2
antiresorptive agents. The combined use of an antiresorp-
tive drug and teriparatide or PTH may alter the BMD and
bone turnover response, depending on which antiresorptive
agent is used (185 [EL 1]). Combination therapy substan-
tially increases the cost and probably increases the potential
for side effects. Until the effect of combination therapy on
fracture risk is better understood, however, AACE does not
recommend concomitant use of these agents for prevention
or treatment of postmenopausal osteoporosis (Grade B;
BEL 2).

4.19. Sequential Use of Therapeutic Agents

Sequential use of therapeutic interventions can be con-
sidered in the context of the 2 major classes of drugs that
are available—the antiresorptive and the anabolic agents.
In patients who are being considered for anabolic therapy
after antiresorptive treatment, experimental support exists
for the idea that the more potent the antiresorptive agent
in suppressing bone turnover, the more sluggish the initial
response to anabolic therapy (186 [EL 1], 187). The ratio-
nale for using an antiresorptive agent after anabolic therapy
is based, in part, on the limited period that anabolic therapy
with teriparatide is used and, in part, on observations that
if antiresorptive therapy is not used after treatment with
teriparatide is discontinued, bone loss is rapid (170).

4.20. Nonapproved Therapies

Etidronate and pamidronate are bisphosphonates that
are available in the United States for specific indications
but are not approved for prevention or treatment of osteo-
porosis. Because they are available, these agents can be
used “off label” for patients with osteoporosis.
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Etidronate is approved in the United States for treat-
ment of Paget disease of bone (188). It has antifracture
efficacy in women with postmenopausal osteoporosis
(186 [EL 1]) and is approved for treatment of osteopo-
rosis in several countries but not in the United States. It
is an alternative for patients who have GI intolerance of
approved orally administered bisphosphonates and who
are not candidates for intravenous bisphosphonate treat-
ment. Etidronate for osteoporosis is given in an intermit-
tent cyclic regimen, 400 mg daily for 14 days, with cycles
repeated every 3 months (186 [EL 1]). Because it is not
a nitrogen-containing bisphosphonate, etidronate does not
irritate the esophageal mucosa.

Pamidronate is approved in the United States for treat-
ment of Paget disease of bone and treatment of skeletal
complications of malignant disease (187). Given by intra-
venous infusion, it may be useful for patients who cannot
tolerate orally administered bisphosphonates or who may
not absorb orally taken bisphosphonates because of GI
disease. It has been shown to increase bone density in the
spine and hip (EL 2), but there is no evidence for antifrac-
ture efficacy. A typical treatment schedule for pamidronate
is a loading dose of 90 mg followed by 30 mg every third
month (189 [EL 2]) given by intravenous infusion in dex-
trose or saline during a 2-hour period.

Agents not available in the United States but used
in some countries include strontium ranelate, clodronate,
tibolone, and the full-length molecule of PTH(1-84).

4.21. BMD and Fracture Assessment for
Monitoring Skeletal Status

BMD testing may be done to determine whether or
when to initiate treatment or to monitor the response to
treatment. In untreated patients, the frequency of testing
depends on the results of the initial test (for example, how
close the patient is to an intervention threshold) and the
likelihood of clinically significant bone loss. Age-related
bone loss, which begins in the fifth decade of life, occurs at
the rate of 0.5% to 1.0% per year (190 [EL 2]). Menopause-
related bone loss, which begins 3 to 5 years before the last
menstrual period and continues for 3 to 5 years afterward,
occurs at the rate of 1% to 2% per year (191 [EL 2]). Rapid
bone loss (3% to 5% in a year) may occur with the initia-
tion of glucocorticoid therapy (192 [EL 4]) or after discon-
tinuing postmenopausal estrogen therapy. A “Bone Loss
Calculator” is available through the International Society
for Clinical Densitometry (ISCD) (www.iscd.org). One SD
is about 10% of the young adult mean; thus, loss of 10%
(which typically takes 10 to 20 years of age-related bone
loss or 5 to 10 years of menopause-related bone loss) will
result in a decrease of about 1 T-score unit. The baseline
result is also important. “Normal” and “osteopenia” are
ranges, not points. Someone who has normal BMD with
a T-score of +1.0 can afford to lose more bone than some-
one else who has normal BMD with a T-score of -0.9. For
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patients receiving treatment or approaching an intervention
threshold, retesting every 1 to 2 years is often appropriate.
For those who have borderline low results of BMD, retest-
ing every 3 to 5 years is usually sufficient. Patients who are
comfortably above an intervention threshold may not need
to undergo reassessment for 5 or 10 years, or ever, unless
there is some new indication.

Among patients receiving treatment, the goal of moni-
toring is to identify those who have substantial bone loss
at clinically relevant sites: the posteroanterior (PA) spine
or the hip (total hip or femoral neck). Stable or increas-
ing BMD at these sites indicates a satisfactory response to
treatment (193 [EL 4]). If BMD decreases considerably,
patients should undergo assessment for noncompliance,
secondary osteoporosis, or use of new medications that
might cause bone loss.

To determine whether a difference in BMD is real
or simply within the inherent variability of the measure-
ment, testing facilities must calculate the “least significant
change” (LSC) for relevant measurement sites to ascertain
the magnitude of difference that represents a real change.
This is determined by using a facility’s regular technolo-
gist, patients, and device (194 [EL 4], 195 [EL 4]). The
ISCD has established guidelines for determining the num-
ber of patients and repetitive scans needed to calculate the
LSC (30 patients in duplicate or 15 patients in triplicate)
(194 [EL 4], 195 [EL 4]). The LSC is usually set at the
95% confidence limit for the change. The manufacturer’s
LSC should not be used because it does not account for
differences in actual patients who will be tested and the
performance and skill of the technologist. If serial stud-
ies show a difference in BMD that exceeds the LSC, the
probability that the difference is real is greater than 95%.
Small changes, within the bounds of the LSC, should not
be reported.

In addition to knowing the LSC, it is important to
compare “apples with apples.” Differences in regions of
interest, local structural change, or artifacts may result in
a “change” that does not reflect actual progression of bone
loss or response to osteoporosis treatment. Before accep-
tance of a report of significant bone loss, the images and
numeric results of the studies should be reviewed to assess
comparability.

Changes in BMD are usually small (0.5% to 2.0% per
year) and often close to the precision error of the measure-
ment (1.0% to 1.2% for the PA spine and 0.8% to 1.7%
for the total hip). The definition of a “nonresponder” to
therapy is complex, and the proportion of nonresponders
for different therapies will vary depending on the defini-
tion. Furthermore, studies have shown that the change in
BMD accounts for less than 20% of the fracture risk reduc-
tion after antiresorptive therapy (196 [EL 4], 197 [EL 1]).
Finally, although it has been suggested that monitoring
might improve patient compliance, nonadherence to ther-
apy usually occurs early (after 6 to 7 months), before the
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second BMD measurement would be performed (198 [EL
3D.

Ideally, monitoring should occur at the same facility
and with use of the same machine as for the previous DXA,
and if possible, it should be performed by the same tech-
nologist and should involve the same regions of interest
for both the spine and the hip (Grade B; BEL 2). The 1/3
(33%) radius site is also acceptable. Other peripheral sites
(for example, heel, finger, and tibia) cannot be used for
monitoring. Most third-party payers and some Medicare
carriers cover BMD testing repeated yearly; all Medicare
carriers cover testing every 2 years. AACE recommends
a repeated DXA at 1 to 2 years after initiation of therapy
until bone density is stable. This testing pattern can be con-
tinued at every 2-year interval and reduced with evidence
of persistent BMD stability (Grade B; BEL 2). Because
sites rich in trabecular bone, such as the PA spine, are more
metabolically active and likely to respond to therapy, an
appreciable change is likely to occur earlier at the spine
than at the hip.

Treatment failure may be defined as a substantial
decrease in BMD or, alternatively, the occurrence of a
fracture (Grade B; BEL 2). Some of the treated patients
in clinical trials showed bone loss or sustained fractures
(or both). It may be, however, that all patients benefit from
treatment (if they lose bone with treatment, they may have
lost more without it; if they sustain a fracture despite treat-
ment, they may have had a fracture sooner or had multiple
fractures without it) (193 [EL 4]). Nevertheless, it is rea-
sonable that a patient with considerable bone loss or a new
fragility fracture undergo assessment for compliance with
medication, secondary causes of bone loss, or the addition
of new medications or diseases that can cause bone loss
(Grade B; BEL 2).

The skeletal status can also be examined by assess-
ing the development or progression of asymptomatic ver-
tebral fractures. This can be done by lateral radiography
of the thoracic and lumbar spine. Alternatively, vertebral
fracture assessment, a technique that can assess vertebral
fractures with DXA technology, can often be done at the
same time as DXA (199 [EL 2], 200 [EL 3], 201 [EL 2]).
Both historical height loss and prospective height loss have
been associated with a new vertebral fracture (98 [EL 2],
99 [EL 2]). The ISCD recommends screening for vertebral
fractures in older patients with historical height loss >1.6
inches (>4 cm) in women and >2 .4 inches (>6 cm) in men,
prospective height loss of 0.8 inch (2 cm) in women and
1.2 inches (3 cm) in men, or a self-reported nonvertebral
fracture (202 [EL 4]).

Limited published data are available on the use of bio-
chemical markers of bone turnover for follow-up in individ-
ual patients. Clinical trials have shown that early changes
in bone turnover markers are associated with long-term
changes in bone density in women taking antiresorptive
(203 [EL 1]) or anabolic (204 [EL 1]) drugs. Significant
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reductions in bone turnover markers have also been associ-
ated with fracture reduction (197 [EL 1]). Antiresorptive
therapy is likely effective if bone turnover markers are
at or below the median value for premenopausal women
(Grade B; BEL 2). Use of a resorption marker, such as a
fasting, second-voided urinary N-telopeptide cross-linked
collagen type 1 or a fasting morning serum C-telopeptide
value, may be helpful in the evaluation of a nonresponder
who has bone loss or fractures while receiving therapy or
the identification of patients who have high bone turnover.
An elevated level associated with high bone turnover in
patients receiving therapy could represent poor compliance
or the need for evaluation of a secondary cause of bone loss
(Grade C; BEL 2).

4.22. Surgical Treatment of Osteoporotic Fractures

Fracture care is usually provided by orthopedic sur-
geons and is unlikely to be influenced by nonorthopedists.
For vertebral fractures, vertebroplasty and kyphoplasty are
in the purview of radiologists and neurosurgeons. These
procedures are indicated for relief of pain; kyphoplasty
has been suggested to provide at least partial reversal of
the vertebral deformity. Two recently published compre-
hensive reviews discussed these treatments (205 [EL 4],
206 [EL 4]). Two sham-controlled studies concluded that
vertebroplasty was without benefits (207 [EL 1], 208 [EL
1]), and a controlled study suggested that kyphoplasty was
beneficial in restoring vertebral height (209 [EL 2]). Both
procedures have been suggested to increase the risk of ver-
tebral fractures in the adjacent vertebrae. Because of limi-
tations to the published studies, the role for these surgical
procedures is still uncertain.
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