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NONVERTEBRAL FRACTURE PREVENTION, TREATMENT,
AND MANAGEMENT: Critical Review of the Data

INTRODUCTION

Nonvertebral fractures are one of the most serious consequences of 0steoporosis,
a disease of aging that disproportionately affects women. An estimated 75 million
people in Europe, Japan, and the United States have osteoporosis, causing more
than 2.3 million fractures annually in the United States and Europe alone." In
2002, an astounding 1 in 5 postmenopausal white women in the United States
were calculated to have osteoporosis, and more than 1 in 2 were calculated to
be at risk, having evidence of low bone density at the hip.? An even more
disturbing projection is that half of all white women in the United States will
experience a fracture related to osteoporosis at some time in their lives.?
Statistics on the impact of osteoporosis and fractures due to osteoporosis are
limited in African Americans and other minorities.> However, fractures due to
osteoporosis are underdiagnosed and undertreated in all populations.* Bone loss
increases with age in both genders, and the greater risk of osteoporosis among
women is, in part, the result of longer life expectancy. As men live longer, the
gender difference is expected to diminish. Currently, 1 in 5 individuals with
osteoporosis is male, and 1 in 4 men >50 years of age will have a fracture due
to this condition in his lifetime.* Additionally, the existing disparities in prevalence
from country to country are expected to equalize as life expectancy improves
worldwide.

Although the term “nonvertebral fracture” lacks a common definition among
clinical trial reports, in a general sense it refers to any fracture not involving the
spinal column. Nonvertebral fractures are more common than fractures of the
vertebrae—an estimated 850,000 nonvertebral compared with 700,000

EDUCATIONAL OBJECTIVES

Upon completion of this program, the participant should be
able to:

e Describe the impact of nonvertebral fracture on morbidity,
mortality, economics, and quality of life

e |dentify factors that put a patient at risk for nonvertebral
fracture

o Assess the nonpharmacologic and pharmacologic
management approaches to the prevention and treatment of
nonvertebral fracture

e (Critically review the currently available clinical trial data with
respect to efficacy and nonvertebral fracture risk reduction,
focusing on antiresorptive therapy

vertebral fractures occur annually in the United States. Nonvertebral fractures
include more than 300,000 hip and 250,000 wrist fractures, in addition to
300,000 fractures at other nonvertebral sites.?

Hip fractures are the most debilitating and costly to treat.” Only 40% of individuals
with hip fractures fully recover their prefracture degree of independence.? Hip
fractures are the leading cause of admission to long-term care facilities and may
be required for as many as 1 in 4 hip-fracture patients.2 In addition, hip fractures
are associated with increased risk of death.?

Identifying elderly individuals at greatest risk of fractures is critical to reduce the
impact of osteoporosis on personal and public health. Bone mineral density (BMD)
is widely used to assess fracture risk." However, increasing evidence suggests
that bone density is only one component of bone strength.” Whereas BMD
measures a single, albeit important, component of risk, previous fractures are a
hallmark of osteoporosis, associated with at least a doubling of the risk for
subsequent fractures.8

Implementation of practical and effective approaches for reducing the risk of
fractures in the elderly requires a multidisciplinary effort among healthcare
providers. This effort has been limited by the difficulty of integrating clinical trial
data into clinical practice. The effects of nonpharmacologic, nutritional, and
pharmacologic approaches on surrogate markers of fracture have not always
reliably predicted clinical outcomes. The effects of pharmacologic interventions
on fracture risk have been directly evaluated in several large clinical trials.”'8
Although the Hip Intervention Prevention (HIP) trial evaluated hip fracture rate as
a primary end point,™ no trial has evaluated nonvertebral sites in aggregate as
such. As a result, statistically evaluable data from individual trials are limited.
Moreover, comparisons among trials are complicated by differing definitions of
nonvertebral fracture. In some, but not all trials, fractures at a limited number of
nonvertebral sites were tracked, whereas, in others, all reported fractures were
included in subsequent analysis. Additionally, some investigators defined fractures
due to osteoporosis as those that would not have occurred in a healthy person
with normal BMD.”-18

A recent meta-analysis has addressed this gap and has shown that some
pharmacologic interventions can achieve statistically significant reductions in
nonvertebral fracture risks (Figure 1, page 2). Efficacy was demonstrated in
populations with relatively low incidence of nonvertebral fractures in the placebo
group, suggesting that treatment benefit was not related to severity of
osteoporosis.?

This Clinical Courier® will discuss the importance of reducing the medical,
economic, and societal impact of nonvertebral fractures. Efficacy data for
antiresorptive therapy will be critically evaluated.
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FIGURE 1
NONVERTEBRAL ANTIFRACTURE EFFICACY
BY PLACEBO INCIDENCE?®
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EPIDEMIOLOGY OF FRACTURES

Incidence of Nonvertebral Fractures

Nonvertebral fractures occur more frequently in women, and the incidence is
strongly correlated with increasing age (Figure 2). In a 5-year prospective cohort
study of low-trauma fractures due to osteoporosis, the overall incidence in
1000 person-years was 29.5 for women and 14.4 for men.2° The incidence of
all nonvertebral fractures increased with age in both men and women.? In North
America, the risk of hip, spine, or forearm fracture is 40% for white women at
the age of 50 years and 13% for white men." Statistics for the incidence and
impact of fractures due to osteoporosis in other racial and ethnic groups are
limited.

Proximal femur

Hip fractures are generally the most serious fracture resulting from osteoporosis.
They are usually painful and require hospitalization and rehabilitative care."?
Thromboembolism and infections are associated with increased morbidity and
mortality in patients with hip fracture.-22 In the United States, the lifetime risks
for hip fracture in a 50-year-old Caucasian woman and man are 17.5% and
6.0%, respectively." Each year, approximately 3% of white women aged 85 years
or older will fracture a hip.! The annual global incidence of hip fractures is
projected to be 3 million by 2025.1

Distal forearm

Distal forearm fractures occur approximately 4 times more frequently in women
than in men and are the most common fracture occurring in perimenopausal
women.2324 The lifetime risks for forearm fracture in a 50-year-old Caucasian
woman and man in the United States are 16.0% and 2.5%, respectively." The

——

rate of wrist fracture begins to increase in women at about age 40 years, and,
for reasons that are not well understood, in some countries the rate plateaus at
age 65 years.! Because most wrist fractures result from falls, changing patterns
of falling with advancing age may explain the plateau.’

Other fractures

The risks for proximal humeral, pelvic, and proximal tibial fractures also rise
steeply with age and are higher in women than in men.2® Similar patterns have
been observed for fractures of the distal femur, rib, clavicle, and scapula.?®

IMPACT OF NONVERTEBRAL FRACTURES
Mortality

Hip fracture has been shown to reduce life expectancy significantly, with the
greatest effect in the first few months following the fracture. In the United States,
the remaining life expectancy of a community-dwelling 80-year-old patient who
has had a hip fracture has been shown to be reduced by about 25%
(1.8 years).?> In a prospective study involving 7512 ambulatory women aged
75 years or older, after adjusting for age and baseline health status, women with
hip fracture were more than twice as likely to die during the approximately 4-year
follow-up period.? The risk of death was greatest in the first 6 months but
persisted for at least 3 years. Most post-hip-fracture deaths were caused by
comorbidities such as cardiovascular disease or stroke, rather than as a direct
result of the hip fracture.?8 These findings suggest that hip fracture is a harbinger
of, or precipitates, accelerated progression of comorbidities.

Fracture-related mortality has been shown to be consistently greater for men
than for women.?”-?9 A Finnish study found that mortality in the first 4 months
after hip fracture was almost twice as great for men as for women (15.5% vs
7.9%, respectively).?8 In a case-controlled study of the effects of hip fracture in
elderly community-dwelling people, Fransen et al found that men with hip
fracture were 7.2 times more likely to have died at 2 years than were controls
without hip fracture who were matched for age, gender, and baseline health
status.?® The risk for women was only increased by a factor of 1.3 over 2 years.??

FIGURE 2

PERCENTAGE OF POPULATION SUSTAINING LOW-TRAUMA
FRACTURES BY AGE AND GENDER
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Reprinted from Center JR et al. Lancet. 1999;353:878-882 with permission from Elsevier.
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Morbidity

A proportion of increased mortality after hip fractures may be related to the
significant reduction in mobility that frequently occurs. After 1 year, between
20% and 60% of patients with hip fracture have not regained prior ambulatory
status. Less than one half of patients are able to perform daily activities as
independently as before the fracture.3® In a cohort of 103 individuals older than
65 years, after 1 year, the percentage of individuals who were able to
independently take food and use the bathroom decreased from 95% and 90.3%,
respectively, to 85.5% and 76.4%.3" These limitations, particularly the lack of
ambulation, can worsen existing cardiovascular disease and may contribute to
early death.

Long-term care is needed for individuals who have limited mobility and those
who have become dependent on others for activities of daily living. As would be
expected based on increased dependence, many patients are confined to long-
term care facilities after hip fracture.2 Among men and women over the age of
50 years who were admitted to a university hospital for treatment of hip fracture,
16.0% and 14.3%, respectively, required lifelong care in a residential facility
4 months after their fracture admission.? In addition, nearly half of all patients
with forearm fractures report unsatisfactory functional outcomes at 6 months."

Cost of Nonvertebral Fractures

Nonvertebral fractures exact significant costs to both individuals and society. As
would be expected for a disease of the elderly, a large proportion of fracture
costs is paid by Medicaid and Medicare. In a 1999 report, Medicaid covered
almost one fourth of fracture costs and Medicare paid nearly half.32 In an analysis
of healthcare expenditures for patients enrolled in US healthcare plans between
1997 and 2001, patients with osteoporosis who experienced any fracture
incurred more than twice the overall healthcare expenditures than did those with
osteoporosis without fracture ($15,942 vs $6476, respectively).3

A US analysis of economic data in 1997 estimated the lifetime costs for all hip
fractures to be more than $20 billion not including lost productivity.?> The average
lifetime cost for individual patients was calculated to be $81,300 in 2001 dollars,
with 44% related to long-term care facilities. The cost of initial hospitalization
was estimated to be $8900 in 2001 dollars. Of those lifetime costs, 33% were
incurred in the first 6 months.2

The economic impact described in the 2004 Surgeon General’s Report on Bone
Health and Osteoporosis is even greater but shows a similar pattern of how the
dollars were spent. The Surgeon General reported that the estimated annual cost
to the US health system for all fractures ranged from $12.2 to $17.9 billion in
2002.%2 Hip fractures accounted for the largest proportion (63% or $11.3 billion)
of medical care costs.32 Hospital care represented 50% of total direct costs, and
nursing home care was responsible for another large portion. The cost of initial
treatment of hip fracture in 2002 was estimated to be between $30,000 and
$43,000.32 Although patients with other nonvertebral fractures do not incur the
same high costs per fracture, the total direct costs are well into the billions of
dollars in the United States. Moreover, indirect costs due to reduced productivity
from disability or premature death are estimated to represent 26% of total
fracture costs and 12% of hip-fracture costs.3?

RISK ASSESSMENT FOR NONVERTEBRAL
FRACTURES

Historically, in part for practical reasons, assessment of fracture risk has been
tied to BMD. Although BMD s strongly correlated with nonvertebral fracture risk
in people over the age of 55 years, a large proportion of nonvertebral fractures
occeur in individuals whose BMD is too high to fit the definition of osteoporosis
and may even fall within the “normal” range.3* In addition, treatment-related
changes in BMD may be inadequate to explain the degree of reduction in
nonvertebral fractures.®® These observations emphasize the complexity of factors
that determine bone strength.

A number of clinical risk factors have been identified that contribute to fracture
risk independent of BMD (Table 1). These factors, including age, history of prior

——

fragility fracture, parental hip fracture, cigarette smoking, use of corticosteroids,
excessive alcohol consumption, and rheumatoid arthritis, may result in different
assessments of fracture risk for individuals with the same BMD. Accurate risk
assessment must, therefore, integrate these additional factors into clinical
decision making.

The purpose of risk assessment is to identify patients for whom treatment
benefits will outweigh adverse effects and will be cost-effective. Several validated
screening tools have been developed to identify those individuals at risk of
fracture. The Simple Calculated Osteoporosis Risk Estimation (SCORE),®
Osteoporosis Risk Assessment Instrument (ORAI),%” Osteoporosis Self-
assessment Test (OST),38 and FRACTURE Index3® have demonstrated good
sensitivity and moderate specificity. However, these tools are not widely used in
clinical practice.

Prompted by the need to integrate multiple factors into the predictive models,
investigators and clinicians have begun developing new tools that will combine
BMD with other clinical risk factors and project that risk over an individual’s life
expectancy. Because hip fracture is the most disabling and costly fracture
associated with osteoporosis, Kanis et al have suggested that an intervention
threshold be based on a 10-year probability of hip fracture, using an integrated
algorithm. 40

Risk Factors Independent of BMD
Age

Age is a major risk factor for osteoporosis-related fractures for several reasons.
Primary among them is the progressive and substantial loss of bone that begins
around the age of 50 years in women and 65 years in men." During this process,
the bone cortex becomes thinner, cortical bone becomes more porous, and
trabeculae are destroyed.” The result is changes in the microarchitecture and a
decrease in BMD that can reduce bone strength." In addition, age is a predictor
of risk independent of BMD, presumably, in part, as a consequence of frailty and
falling.

Sex

Female sex is a major risk factor. In the United States, the lifetime risk of hip
fractures for women over the age of 50 years is approximately 3 times that of
men of comparable age.2* In men and women with osteoporosis, the lifetime
risk of fracture for women over 50 years of age is more than twice that of men.2
The greater risk of bone loss and other components of osteoporosis in white
women compared with that in white men in many parts of the world is undoubtedly

TABLE 1
RISK FACTORS FOR OSTEOPOROSIS-RELATED FRACTURES
Female sex Primary or secondary
Age amenorrhea
Asian or Caucasian race Primary and secondary

hypogonadism in men
Low BMD ot

: Previous fragility fracture
High bone turnover

: : Glucocorticoid therapy
Poor visual acuity
: Family history of hip fracture
Neuromuscular disorders
: : Low body weight
Excessive alcohol consumption
: o Cigarette smoking
Low dietary calcium intake
Prolonged immaobilization
Premature menopause
Vitamin D deficiency

BMD = bone mineral density.
Adapted from Kanis JA. Lancet. 2002;359:1929-1936 with permission from Elsevier.
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the result of a complex association of factors. On average, women do not achieve
the same magnitude of peak bone mass as do men, and age-related bone loss
begins earlier in women as a result of the menopausal decline in estrogen levels.
In addition, women live longer than men do.! As a result of these 3 factors, a
greater proportion of an average white woman’s life occurs when bone loss
predisposes to fracture.

Previous fracture

The risk of additional fractures increases approximately 2 times in both men and
women who have had a fracture as adults and is independent of BMD.6 The
strong correlation between previous and subsequent fractures may reflect
defects in bone microarchitecture not captured by BMD that decrease bone
strength, or increases in nonskeletal factors such as propensity to falls.6 The
relationship between fracture risk and prior fracture at specific sites was
determined by meta-analysis (Table 2). Although recurrent breaks at the same
site are more probable than at other sites, any previous fracture increases the
risk of a subsequent fracture at another site. For example, women who have
sustained a forearm fracture are at more than 3-times greater risk of a second
forearm break. At the same time, their risk of a hip fracture increases 2 times,
compared with women who have no history of previous fracture. Studies in
children and adolescents have primarily focused on the relationship between
calcium intake and skeletal health. However, researchers theorize that children
with low BMD values may be at an increased risk for fractures and
osteoporosis. 4142

TABLE 2

META-ANALYSIS OF THE RISK OF FRACTURE IN WOMEN
WITH PRIOR FRACTURE AT THE SITES SHOWN COMPARED
WITH WOMEN WHO HAVE NO PRIOR FRACTURE

Risk of Subsequent Fracture

Site of Prior

Fracture Hip Spine Forearm
Hip 2.3 25 NA
Spine 2.3 4.4 1.4
Forearm 1.9 1.7 3

NA = no studies available.
Klotzbuecher CM et al. J Bone Miner Res. 2000;15:721-739.

——

Other risk factors

Other important risk factors for fractures due to osteoporosis include premature
menopause or chemical castration as treatment for prostate cancer.* The use
of aromatase inhibitors as adjuvant therapy for breast cancer may accelerate
bone loss as well.*6 Long-term glucocorticoid therapy is a well-established cause
of osteoporosis. The mechanism by which glucocorticoids induce bone loss
appears to include impact of underlying disease, steroid-related changes in
gonadal sex hormone production, as well as calcium absorption and excretion.*”
Genetic determinants of bone architecture and peak bone mass are thought to
contribute to the risk associated with a family history of fractures due to
osteoporosis. Smoking and excessive alcohol intake are modifiable risk factors
for fracture.’

PRIMARY AND SECONDARY PREVENTION

Primary and secondary prevention of nonvertebral and vertebral fractures require
a multifactorial approach that may appear daunting in light of the enormous
number of trials evaluating nonpharmacologic, dietary, and pharmacologic
therapies. To establish practical approaches for reducing the risk of nonvertebral
fractures in the elderly, only those trials that measure fracture risk directly are
truly informative. Surrogate markers including BMD and markers of bone turnover
have not reliably predicted clinical benefit. Moreover, efforts to define
osteoporosis-related fractures as only those occurring from low trauma may
underestimate the incidence of fracture in the elderly, because osteoporosis
increases the likelihood of any fracture.’23.24

Nonpharmacologic Approaches
Reducing the risk of falls

Hip fractures result from a fall in about 90% of cases.2* A range of approaches
to reduce the risk of falling is shown in Table 3. The National Osteoporosis
Foundation recommends that all patients should undertake regular weight-
bearing, muscle-strengthening, and balance-training exercises to reduce the risk
of falls and fractures.*® The risk of falling can be reduced further by evaluating
and correcting vision, hearing, and neurologic problems, reviewing prescription
medications for the potential to affect balance and stability, and improving safety
in the home.

Increased propensity to fall

In addition to physiologic changes in bone that accompany aging, elderly people
may be more likely to fall because of poor visual acuity, neuromuscular disorders,
and certain medications.

Vitamin D deficiency

Nutritional deficiencies in the elderly result from a combination of insufficient
dietary intake and reduced capacity to regulate calcium homeostasis, and these
factors also contribute to bone loss and fracture risk. Vitamin D deficiency can
result from poor nutrition, inadequate exposure to sunlight, and reduced capacity
of the skin to produce vitamin D. The resulting increase in parathyroid hormone
concentration is associated with increased bone turnover and bone 10ss.

Calcium intake

Currently, average calcium intake falls substantially below recommended levels
across both sexes and different ethnic groups, and calcium intake declines
substantially with age.*® Calcium insufficiency due to low intake and reduced
absorption often translates into an accelerated rate of age-related bone loss in
older individuals. It has also been demonstrated that the risk for hip fracture is
inversely correlated with calcium intake in elderly men and women.*4

TABLE 3
REDUCING THE INCIDENCE OF FALLS

e |dentify high-risk activities

e Reduce use of antidepressants

e Decrease doses of diuretics

e Avoid hyponatremia

e Avoid over-the-counter sleep and allergy medicines
e |Vlanage postural hypotension

e \Manage gait and balance disorders; use gait aids
if necessary

e |mprove muscle strength; increase physical activity
e |mprove coordination
e |mprove back strength; prevent hyperkyphosis

e Emphasize proper intake of vitamin D

Adapted from Sinaki M. Curr Osteoporos Rep. 2004;2:131-137 with permission from
Current Medicine publication.

——


creo



SAPOl1b

6/6/06 1:52 PM Page 7

Protective measures

Hip protectors have been suggested to reduce fracture risk in patients who do
fall. More data are needed to reach a definitive conclusion regarding the use of
hip protectors in high-risk individuals.*®

Nutrition

Various nutritional deficiencies are strongly correlated with increased fracture
risk in elderly patients. In contrast, studies investigating supplementation with
1 or a small number of nutrients have yielded inconsistent results. The
inconsistency may reflect the complexity of bone metabolism and the need for
lifelong balanced nutrition. A healthy diet is essential to any approach to fracture
risk reduction. Insufficient intake of calcium and protein is associated with
increased bone loss." Daily intake of 1 g/kg dietary protein is recommended for
elderly men and women." Dietary habits that are associated with low dietary
intake of calcium and vitamin D may correlate with fracture risk. Caffeinated
beverages are known to increase urinary excretion of calcium. However, a
subsequent compensatory reduction in calciuria later in the day may equalize
the effect on calcium, suggesting that any correlation between caffeine
consumption, at least in the form of carbonated beverages, is related to the
substitution of these drinks for calcium-containing beverages.®® Trace amounts
of aluminum, boron, fluoride, manganese, and zinc also are thought to be
important for bone health.” However, the Recommended Daily Allowance of many
of these components has not been established.

Patients should be advised to eat a balanced diet containing milk, yogurt,
cheese, and calcium-fortified products to achieve a calcium intake of 1200 to
1500 mg/d, including supplements if necessary.*® A recent report from the
Women’s Health Initiative (WHI) has raised questions about current recommen-
dations for the use of calcium and vitamin D.5' The study results suggested that
use of these supplements offered only limited protection against broken bones.
Specifically, among healthy, postmenopausal women, calcium with vitamin D
supplementation resulted in a small but significant improvement in hip bone
density. Although use of these supplements did not significantly reduce hip
fracture, in an analysis of the subgroups, researchers found that women who
were most compliant taking the supplements experienced a significant 29%
decrease in hip fracture and women 60 years of age or older had a significant
21% reduction in broken hips. Researchers suggested a number of factors that
could account for the limited benefits provided by the supplementation trial,
including higher doses of vitamin D (trial participants received 1000 mg/d of
calcium and 400 1U/d of vitamin D), benefit may only exist for women who took
supplements exactly as prescribed, and fewer hip fractures among the popula-
tion studied than anticipated.5' Leading researchers, however, still support the
use of calcium and vitamin D but suggest that the use of these supplements
alone may not be adequate for protection against osteoporosis.

Dietary sources of vitamin D include cereals, egg yolks, salt-water fish, and
fortified dairy products. A range of 400 to 800 IU/d of vitamin D8 is currently the
recommended range most often quoted; however, a recently reported meta-
analysis suggests that doses less than 700 to 800 IU/d are ineffective in
preventing fractures.5? In a Cochrane Review, pooled data for vitamin D plus
calcium showed significant reductions in the incidence of hip fractures and new
nonvertebral fractures.5 Another study of patients over the age of 65 years also
showed significant reductions in the incidence of nonvertebral fractures with
daily vitamin D (700 IU cholecalciferol) and calcium (500 mg) supplementation.>*
The benefit in reduced numbers was evident by 6 months and continued
throughout the 3-year follow-up. Low vitamin D levels have also been shown to
correlate with inferior physical activity level, gait speed, and balance—factors
that increase the risk of falls.5

Other vitamin deficiencies are associated with lower BMD, although data
regarding fracture risk reduction are scant. Low levels of plasma vitamin B12
have been associated with increased loss of BMD at the hip.%%7 In another study,
low folate intake, but not vitamin B12 intake, was independently associated with
decreased BMD.58 Deficiencies of vitamin K (phylloquinone and menaquinone)
cause reductions in BMD and increased risk of hip fractures.® In 2 trials, high
vitamin K intake was associated with reduced risk of fractures.

——

Pharmacologic Approaches

A major goal of therapy is to decrease fractures by increasing bone strength via
decreased bone remodeling. The ideal agent would achieve this goal while still
allowing adequate repair of microdamage. A number of antiresorptive agents
have been evaluated for efficacy in reducing nonvertebral fractures in the elderly.
Studies with 2 bisphosphonates, alendronate and risedronate, have provided the
strongest evidence of efficacy to date (Table 4).1913.14

Bisphosphonates

As bone ages, defects in the microarchitecture may accrue. Bone remodeling is
an ongoing process of osteoclastic removal of aged bone and osteoblastic
replacement with new healthy bone. Once osteoblasts have elaborated the
proteinaceous osteoid, mineralization occurs in 2 steps. Between 50% and 60%
of mineral content is laid down during the slow secondary mineralization phase.®
Bisphosphonates act on this secondary mineralization phase. By decreasing
osteoclast activity and by stimulating the normal process of osteoclast cell death,
resorption of bone is reduced and more mineralization can occur.®

The antifracture efficacy of antiresorptive therapies is only partially explained by
increases in BMD. The observations that decreases in markers of bone turnover
significantly correlate with fracture risk reduction in bisphosphonate treatment
suggest that effects on bone resorption may also play an important role.5!.62
Moreover, in a recent post hoc analysis of combined data from 3 pivotal fracture
end point studies, changes in BMD did not predict the degree of reduction in
nonvertebral fractures in individuals treated with risedronate.3

Alendronate

In the Fosamax International trial study (FOSIT), the cumulative incidence of
nonvertebral fractures after 1 year was 2.4% in the alendronate 10-mg/d group
compared with 4.4% in the placebo group (P=.021).”

In the Fracture Intervention Trial (FIT)-Vertebral Fracture Arm (VFA) of
2027 postmenopausal women with a history of vertebral fracture and low
femoral neck BMD, the incidence of any nonvertebral fracture, a secondary end
point, was reduced by a nonsignificant 20% with alendronate (5 mg for 24
months and increased to 10 mg for the remainder of the trial) compared with
placebo (Figure 3, page 6).° Significant reductions were seen in hip fractures
(51%) and wrist fractures (48%).°

TABLE 4
EFFECTS OF THERAPY ON HIP AND OTHER
NONVERTEBRAL FRACTURES?2:13-15.18,70

Nonvertebral Fractures Hip Fractures

Significant Reduction  Significant Reduction
Agent in Fracture Risk in Fracture Risk
Calcitonin X X
Raloxifene X X
Ibandronate X X
Alendronate v v
Risedronate v v
Teriparatide v X
X indicates that there is no evidence of an effect.
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FIGURE 3

EFFECT OF ALENDRONATE TREATMENT ON ANY NEW
NONVERTEBRAL FRACTURE IN WOMEN WITH (FIT-VFA) OR
WITHOUT (FIT-CFA) PRIOR VERTEBRAL FRACTURE®1°

FIT-VFA FIT-CFA

n n
=3 Placebo 1005 2218
20 - B Alendronate 1022 2214
RR, 0.8 (95% Cl, 0.63-1.01); P=.063
s 154 RR, 0.88 (95% Cl, 0.74-1.04); P=.13
Py 147%] 20% 12%
3 4 13.3%
[}
] 11.8%
F 104
=
=
=
g 5
o
=
0
FIT-VFA FIT-CFA
3 Years 4 Years

FIT = Fracture Intervention Trial; VFA = Vertebral Fracture Arm; CFA = Clinical Fracture Arm;
RR = relative risk; Cl = confidence interval.

In the FIT-Clinical Fracture Arm (CFA), alendronate reduced the incidence of
nonvertebral fracture by a nonsignificant 12% of 4432 women with low BMD
but no history of vertebral fracture.'® However, in this post hoc analysis it was
noted that alendronate significantly decreased the incidence of any clinical
fracture by 36% in women with baseline osteoporosis at the femoral neck.°

Using data from the FIT-VFA and FIT-CFA trials in women with osteoporosis, those
with vertebral fracture or T-score <—2.5 were pooled to determine a secondary
end point assessment of antifracture efficacy with alendronate.!" Analysis of the
pooled data determined that the relative risks for all fracture classes were
significantly lower with alendronate treatment. The relative risks (RR) of any
nonvertebral fracture and of those nonvertebral fractures deemed to be due to
osteoporosis were 0.73 (95% confidence interval [Cl], 0.61-0.87; P<.001) and
0.64 (95% Cl, 0.51-0.80; P=.002), respectively.!" Results were confirmed by
meta-analysis.®®

Risedronate

Risedronate has been demonstrated to reduce nonvertebral fracture risk in
prevention trials. In the Vertebral Efficacy with Risedronate Therapy (VERT)-
Multinational study of 1226 women with at least 2 prevalent vertebral fractures,
compared with placebo, a 5.0-mg daily oral dose of risedronate over 3 years
resulted in a nonsignificant 33% decrease in nonvertebral fractures (P=.06).1?
In the parallel VERT-North America trial involving 2458 women with prior vertebral
fracture, compared with placebo, risedronate 5 mg/d reduced the cumulative
incidence of nonvertebral fractures by 39% (P=.02) (Figure 4).'3

The HIP study evaluated the incidence of hip fracture as a primary end point in
2 groups of elderly women with osteoporosis. One group was aged 70 to
79 years and had osteoporosis as determined by a nominal BMD T-score at the
femoral neck of <—4 or T-score <—3 with at least 1 nonskeletal risk factor for
hip fracture (eg, poor gait or propensity to fall).'* Recalculation of T-scores using
National Health and Nutrition Examination Survey (NHANES) Il data yielded
mean T-scores of —2.9 and —2.7 in the 2 groups of women aged 70-79 years,
respectively. The second group comprised woman >80 years of age who had
at least 1 risk factor for hip fracture (eg, difficulty standing from sitting, poor
tandem gait, fall-related injury within 1 year, psychomotor score <5 on Clifton

——

Modified Gibson Spiral Maze test of hand-eye coordination) or low BMD.
Patients were randomized to receive either risedronate 2.5 mg/d or 5.0 mg/d
or placebo. However, for analysis, data were combined for the 2 risedronate
treatment groups. '

In the 70- to 79-year-old group with documented osteoporosis, risedronate
treatment reduced the risk of hip fracture by 40% (P=.009) compared with
placebo.™ A post hoc analysis of these data showed that the incidence of hip
fracture was reduced by 60% (P=.003) with risedronate in women with
osteoporosis who had prior vertebral fracture. In women >80 years old, 58% of
whom were selected primarily on the basis of risk factors, the risk of hip fracture
was not significantly different with risedronate than with placebo (4.1% vs
5.1%, respectively; P=.35). For the combined groups, the risk of any
nonvertebral fracture, a secondary end point, was reduced by 20% (P=.03),
which was similar to the risk reduction in women with confirmed osteoporosis. '
Analysis of pooled data from 4 large, randomized, double-blind, placebo-
controlled, phase 3 studies involving a total of 1172 women with osteoporosis
indicated that risedronate significantly reduced the incidence of nonvertebral
fractures within 6 months compared with placebo.t* After 1 year, nonverte-
bral fracture incidence was reduced by 74% compared with control (P=.001),
and, after 3 years, the incidence was reduced by 59% (P=.002).

Of note, in a recent post hoc analysis by Watts et al, the incidence of fracture was
equally low in patients treated with risedronate regardless of whether their BMD
increased or decreased.® These results suggest that the effects of risedronate
on BMD incompletely explain the resulting fracture risk reduction.

Ibandronate

In a single large trial, ibandronate 2.5 mg daily or intermittently (between-dose
interval >2 months) delivered a similar cumulative exposure, and nonvertebral
fracture rates were not significantly different from those with placebo.'s Post hoc
analysis suggested that daily ibandronate therapy reduced nonvertebral fractures
by 69% (P=.012) in a high-risk population (femoral neck BMD T-score <—3.0),
but the difference was not significant for intermittent oral ibandronate. More data
are needed to establish the level of benefit with ibandronate in the treatment
and prevention of nonvertebral fractures.

FIGURE 4

EFFECTS OF RISEDRONATE TREATMENT ON
NONVERTEBRAL FRACTURES IN WOMEN WITH PRIOR
VERTEBRAL FRACTURE'®

20 1

3 Placebo (n=820)
H Risedronate (n=1638)*

—
o
1

RR, 0.6 (95% Cl, 0.39-0.94); P=.02
[

8.4% 39%
'

Subjects With New Fractures (%)

Nonvertebral Fractures
3 Years

*817 received 2.5 mg/d risedronate and 821 received 5.0 mg/d risedronate.
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Hormone therapy and selective estrogen
receptor modulators

Estrogen

Although beneficial effects of estrogen on vertebral and nonvertebral fractures
were demonstrated in the WHI, the overall balance of risks and benefits is not
favorable. Although estrogen appears to be beneficial in the prevention of
osteoporosis, it is neither indicated nor recommended for treatment of
osteoporosis. 6

Raloxifene

Raloxifene is the only selective estrogen receptor modulator indicated for
treatment of osteoporosis. This agent has not been associated with the increased
risk of cardiovascular events or breast cancer observed with hormone therapy.6°
Moreover, although this agent is not indicated for prevention of breast cancer,
raloxifene appears to afford some protection. 8566

The placebo-controlled Multiple Outcomes of Raloxifene Evaluation (MORE) trial
involving 7705 postmenopausal women with osteoporosis evaluated the effects
of raloxifene 60 mg/d, the Food and Drug Administration (FDA)-approved dose,
or 120 mg/d on fracture risk.8 Compared with placebo, raloxifene 60-mg/d
treatment reduced the risk of new vertebral fractures by 30%, with up to
36 months of follow-up. However, no effect on the risk of nonvertebral fractures
was observed (RR, 0.9; 95% Cl, 0.8-1.1, for both raloxifene groups combined).
In this study, the risk of thromboembolic events was increased 3 times with
raloxifene.®

The skeletal effects of raloxifene have been evaluated in an extension of the
MORE trial, the Continuing Outcomes Relevant to Evista (CORE) trial.6” The CORE
trial was designed to assess the effects of raloxifene on breast cancer for an
additional 4 years beyond the 4-year MORE osteoporosis treatment trial. Women
who received placebo during the MORE trial continued on placebo, and those
who had taken raloxifene continued on raloxifene 60 mg/d regardless of MORE
trial dose. As a secondary end point, new nonvertebral fractures were analyzed
as time to first event in 4011 women. The incidence of at least 1 new
nonvertebral fracture was similar in the placebo (22.9%) and raloxifene (22.8%)
groups. Although CORE had limitations for fracture risk assessment, raloxifene
therapy had no effect on nonvertebral fracture risk after 8 years of therapy. In
contrast, BMD increases with active therapy were maintained over 7 years.5”

Other hormonal therapies

leriparatide

Parathyroid hormone modulates calcium and phosphate metabolism, with
actions on bone and kidney, and stimulates new bone production. Teriparatide
is the amino-terminal peptide of human parathyroid hormone (hPTH[1-34]). This
peptide increases osteoblastic activity faster than osteoclastic activity, resulting
in a net bone-forming effect.®

In a randomized, placebo-controlled study, 1637 postmenopausal women with
at least 1 mild or 2 moderate vertebral fractures were followed for approximately
20 months.'® Compared with placebo, the risk of any nonvertebral fracture was
reduced by 35% with subcutaneous injections of teriparatide 20 g daily. Data
were further analyzed for “fragility” fractures, defined as those fractures resulting
from trauma considered insufficient to cause fracture in normal bone. Compared
with placebo, the relative risk of nonvertebral fragility fracture with teriparatide
20 ug daily was 0.47 (95% Cl, 0.25-0.88) (Figure 5). The study was stopped
early because of safety concerns raised by increased rates of osteosarcoma with
long-term high-dose treatment in rats.'®

Intact Parathyroid Hormone (iPTH[1-84])

Parathyroid hormone treatment for osteoporosis is limited to <2 years. A recent
study found that a regimen of intact parathyroid hormone (iPTH[1-84]) for 1 year
followed by alendronate for 1 year resulted in significant increases in BMD in
the hip and radius compared with 1 year of teriparatide followed by 1 year of
placebo.® These findings suggest that antiresorptive therapy can be beneficial

——

FIGURE 5

EFFECTS OF TERIPARATIDE ON NONVERTEBRAL FRACTURE
IN WOMEN WITH PRIOR VERTEBRAL FRACTURE'®

RR, 0.47 (95% Cl, 0.25-0.88)*

1

6-
. 6% =3 Placebo (n=544)
X I Teriparatide 20 pug (n=541)
8
E
g 50%
[V
=
5]
=
s
= 2
n
£ NSt
[<F)
= 0.7%
=
7 0.2%

0

Nonvertebral Fragility
Fractures

Hip Fractures

19 Months

*Pvalue not reported.
*Incidence is too low for statistical analysis.

in patients after termination of iPTH(1-84) therapy. No data regarding fracture risk
have been reported.®

Calcitonin

At the FDA-approved daily doses of 200 IU and 400 IU, calcitonin has not been
associated with significant reductions in nonvertebral fracture risk.”

ONGOING PATIENT MANAGEMENT
AND ASSESSMENT

Regular monitoring of BMD by central dual x-ray absorptiometry every 1 or
2 years can be used to evaluate the response of individual patients to fracture-
risk management.“8 However, BMD may not be entirely predictive of treatment
efficacy, as demonstrated by Watts et al.®> Markers of bone turnover, typically
bone alkaline phosphatase and procollagen propeptides of type 1 collagen (CTX
and NTX), may be useful in supplementing BMD measurements. Unfortunately,
more research is needed to establish if markers such as urinary levels of CTX
and NTX are clinically useful as early indicators of response to antiresorptive
therapies. Moreover, treatment plans should be reevaluated as new products
become available.

CONCLUSIONS

Nonvertebral fractures in the elderly are common and exact a significant toll in
morbidity, mortality, and treatment costs. Although data assessing a variety of
approaches to preventing osteoporosis and fractures in the elderly abound,
reaching clinically meaningful conclusions is difficult, in large part because of
study designs that fail to measure effects on fracture risk directly or that have
limited power to detect differences in nonvertebral fracture rates. Balanced
nutrition and physical activity are critical to bone health throughout life. In patients
who require pharmacologic therapy, the strongest data support the use of
risedronate, alendronate, or teriparatide for preventing and treating nonvertebral
fractures.
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CME Credit Information and Posttest Assessment

Nonvertebral Fracture Prevention, Treatment, and Management: To complete this activity and receive credit, the participant should:
Critical Review of the Data is a self-study newsletter designed for o Read the educational objectives
clinicians who manage/treat patients with osteoporosis. Continuing medical Read and review the newsletter
education credit will be awarded to physicians who successfully complete . .
this activity. Participation should take approximately 1.5 hours. * Complete the posttest and evaluation form and mail it to:
The University of Cincinnati

Office of CME
PO Box 670567
Cincinnati, OH 45267-0567

This activity has been planned and implemented in accordance with the
Essential Areas and Policies of the ACCME through the joint sponsorship of
The University of Cincinnati College of Medicine and IMED Communica-
tions. The University of Cincinnati College of Medicine is accredited by the
ACCME to sponsor continuing medical education for physicians.

Or fax to: 513-558-1708

Or submit via the Web at: http://webcentral.uc.edu/cme/

Participants must receive a score of 70% or better to receive credit.

The University of Cincinnati College of Medicine designates this Be sure to submit the posttest and evaluation form on or before May 31, 2007. After that date, the

educational activity for a maximum of 1.5 AMA PRA Category 1 Credit(s/™.
Physicians should only claim credit commensurate with the extent of their

participation in the activity.

activity will no longer be designated for credit.
A CME certificate will be mailed within 4 to 6 weeks. It is recommended that participants keep a copy

of their completed materials until they receive their certificate.

Posttest Assessment (Please record your answers in the space provided)

1. All of the following statements are true
about nonvertebral fractures EXCEPT.

b. No significant effect on the risk of
vertebral fractures

Program Evaluation
Please circle the letter that best reflects your opinion of the statements below, using the following scale:

a. Strongly disagree  b. Disagree c. Agree d. Strongly agree  e. Does not apply
a. The incidence in the United States is c. A significant effect on the risk of i
estimated to be greater than the nonvertebral fractures 1. The program objectives were fully met. a b c d e
incidence of vertebral fractures. 2. The quality of the educational process (method of a b c d e

b. Nonvertebral fractures are less likely
to cause disability than are vertebral
fractures.

~N

d. A significant effect on the risk of wrist
fractures

In patients who have 1 fracture as an
adult, the risk of a subsequent fracture

presentation and information provided) was
satisfactory and appropriate.

3. The educational activity has enhanced my professional effectiveness and improved my ability to:

c. Nonverteb(al fractures oceur more increases: a. Treat/manage patients a b [4 d e
frequently in women than in men. 2. 8 times b. Communicate with patients a b c d e
d. Nonvertebral fractures frequently are . ’ .
associated with osteoporosis in older b. 6 times ¢. Manage my medical practice a b ¢ d e
adults. c. 4 times 4. The information presented was without promotional a b c d e
2. One hypothesis to explain why the incidence d. 2 times or commercial bias.
of wrist fractures increases in patients in 8. Combined data from 3 pivotal fracture—end- 5. The program level was appropriate. a b ¢ d e
their 40s and plateaus once they reach age point studies showed that; 6. |intend to change my clinical practice as a result of the a b c d e

65 is that wrist fracture:

a. Incidence parallels age-related bone loss

b. Occurs more often in men, and men have
a shorter life expectancy than women

¢. Occurs more often in women, and women
have a longer life expectancy than men

d. Results from falling and patterns of falling
change as people age

3. Among men and women over the age of

50 years who were admitted to a hospital for

treatment of hip fracture, approximately how

many required lifelong care in a residential

a. Changes in BMD accurately predicted the
degree of reduction in nonvertebral
fractures in individuals treated with
risedronate

b. Changes in BMD did not predict the
degree of reduction in nonvertebral
fractures in individuals treated with
risedronate

c. Changes in BMD accurately predicted the
degree of reduction in nonvertebral
fractures in individuals treated with
alendronate

information presented in this CME program.
Please explain:

7. Suggestions regarding this material, or recommendations for future presentations:

facutty after 4 months? d. Changes in BMD did not predict the -
: Posttest Answers Expiration Date: May 31, 2007
a.5% t0 10% degree of reduction in nonvertebral P vl
b.10% to 20% fractures in individuals treated with 1. 2. 3. 4. 5.
alendronate
c. 20% to 30% _ ) 6. 7. 8. 9. 10.
d. 30% to 40% 9. In the Fosamax International trial study
4. Which of the following clinical risk factors ‘E\Z%S;Tlghg?g;]g?ée;j Owrgg /le:ggsl?eg?:-t ment Registration Form
have been identified as contributing to o o .
fracture risk independent of BMD? a. A significant reduction in the cumulative
) ) . incidence of nonvertebral fractures at the :
Name (Please print) Degree
a'ﬁg?énhtlaslt(r)]% (f)rfar():?lj)rre fragility fracture, and end of 1 year (4.4% vs 2.4%; P=.021) (I print) g
b. Smoking and excessive alcohol b. A nonsignificant 20% reduction in
' consumption nonvertebral fracture Specialty
" - . No significant difference in nonvertebral
. Rheumatoid arthritis and use of ¢
oo s anguse o fractures (4.4% vs 3.4%; P=.21)
d. All of the above d. A significant reduction in vertebral Address
' fractures, but not nonvertebral fractures
5. Which of the following nutritional . o
supplements have been shown to reduce the 10+ In 1 trial of 2458 women with prior City State ZIP Code
risk of nonvertebral fractures? vertebral fracture, compared with placebo,
a. 400 IU vitamin D alone rlseQronate 5 mg/d: o -
b. Vitamin D and calcium in combination a. Did not reduce the cumulative incidence Email
' of nonvertebral fractures
e E:Vrsraas;éjsconsumpt\on of carbonated b. Reduced the cumulative incidence of Ph =
o nonvertebral fractures by a nonsignificant one ax
o nereased wiann 812 20% Actual time spent on the activity (up to 1.5 hours)
ual ti ivity (U .5 hours):
6. Increased folate ¢. Reduced the cumulative incidence of . P v
6. In the MORE trial, raloxifene treatment had: vertebral fractures by 39% (P=.02) I verify that | have
a. No significant effect on the risk of d. Reduced the cumulative incidence of completed this CME activity.
nonvertebral fractures nonvertebral fractures by 39% (P=.02) Signature Date
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