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Abstract
Osteoporosis is a highly prevalent chronic disease in the US and worldwide. The most serious
consequence of this disorder is fractures, which have a serious negative impact on quality of life
and are often the trigger for accelerated deterioration, ultimately ending in death. Despite the
availability of effective preventive treatments, osteoporosis is frequently underdiagnosed and/or
undertreated, particularly among the elderly, who are also at greatest risk. In addition, the presence
of co-morbid medical conditions may be both a barrier to osteoporosis care and a risk factor for
falls; thus individuals with multiple co-morbid conditions may be a particularly high-risk group.

The management of osteoporosis involves improving bone health via adequate nutrition, calcium
and vitamin D supplements, and fall prevention strategies. Although these measures are important
in the management of all patients, most elderly patients are likely to need additional
pharmacological therapy to adequately reduce their fracture risk. Several pharmacological
treatments have been shown to significantly reduce the risk of fracture, including bisphosphonates
(e.g. alendronate, risedronate, ibandronate, zoledronic acid), denosumab, raloxifene, calcitonin and
teriparatide.

Despite recent advances in osteoporosis care, additional action is urgently needed to improve the
quality of life of osteoporotic patients in general and of elderly patients in particular, since fracture
outcomes are typically poorer in older than in younger patients. This article reviews the current
status of osteoporosis management, emphasizing the need to improve osteoporosis care, with a
particular focus on the US, by the use of quality- improvement measures and incentives, which
might result in an increased awareness and improved treatment for this debilitating disease.

1. The Burden of Osteoporosis
Osteoporosis is a chronic skeletal disease that causes reduced bone mass and deterioration of
the bone microarchitecture, resulting in an increased risk of fracture.[1] It has been estimated
that 10 million people in the US alone have osteoporosis, with almost 34 million more
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having low bone mass.[2] The elderly population accounts for most of the burden, with 70%
of all fractures sustained by those aged at least 65 years.[3] In 2005, more than 2 million
fractures in the US resulted from osteoporosis,[3] which exceeds the yearly incidence of
new-onset diabetes, coronary heart disease events, stroke, heart failure, breast cancer and
overall cancer cases (figure 1).[3-6]

2. Mortality and Morbidity Related to Osteoporotic Fractures
Fractures often result in devastating consequences. Approximately 24% of hip fracture
patients aged ≥50 years die during the year following their fracture, and 20% of those who
were ambulatory before a hip fracture event require subsequent long-term care.[2] A recent
study using a random 5% sample of US Medicare beneficiaries reported that the 5-year risk
of mortality following a hip fracture was 38% for those aged 65–74 years, 49% for those
aged 75–84 years, and 64% for those aged ≥85 years.[7] Among beneficiaries with a clinical
(i.e. symptomatic) vertebral fracture, the 5-year risk of mortality for the same age groups
was 29%, 36% and 50%, respectively. When co-morbidities such as stroke, diabetes and
dementia are taken into account, the risk of death after hip fracture increases much more
than for those without co-morbidities at ages >65 years. For example, patients aged >85
years with a hip fracture, without co-morbidities had a 57.4% risk of death, compared with
80.8% of those with dementia.[7]

Fracture outcomes among the elderly are typically poorer than in younger individuals and
have been linked with greater mortality, an increased requirement for long-term care, and
significant deterioration in health-related quality of life (HR-QOL), as well as an increase in
the utilization of healthcare resources.[8] Fractures of the hip, spine and distal forearm can
result in 7% of patients losing the ability to carry out the basic activities of daily living, such
as dressing or taking care of personal hygiene. A hip fracture can cause a patient to lose the
ability to walk and may result in placement in a long-term care facility. It has been estimated
that among women who were independent before a hip fracture, half of those who required
long-term care after a hip fracture remained in long-term care for a year after the fracture.
This also carries the increased risk of some individuals requiring permanent
institutionalization.[9]

The Short Form (SF)-36 has been used to measure HR-QOL in women aged 55–75 years
who have had hip or other types of fractures. After 2 years, SF-36 scores were significantly
lower for women with hip or vertebral fractures compared with age-matched controls,
whereas those with other types of fractures had more similar scores.[10]

In light of the high prevalence of osteoporosis among the elderly and the substantial impact
of hip and other fractures on quality of life and mortality, the need to identify osteoporosis at
a stage prior to fracture is compelling.

3. Osteoporosis: Screening, Diagnosis, and Treatment
Several effective treatments are currently available for osteoporosis. Timely screening,
diagnosis and management can reduce the debilitating consequences of the disease.

3.1 Screening and Diagnosis for the Elderly and Those with Co-Morbidities
The general definition of osteopenia established by the World Health Organization (WHO)
is a bone mineral density (BMD) level that is 1.0–2.5 standard deviations (SD) below the
mean, and osteoporosis is defined as a BMD level ≥2.5 SD below the mean.[1] While these
definitions are useful, the sensitivity of this approach is low, and BMD screening and a
diagnosis of osteoporosis are unlikely to detect more than 50% of patients experiencing a
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fracture. Although a low BMD is a strong predictor of the likelihood of fracture, factors
other than BMD play a role in fracture risk for those aged >60 years and those with co-
morbidities.[2] A 2-year study demonstrated that among women aged 60–79 years who
sustained fractures, approximately half did not have a BMD score indicative of
osteoporosis;[11] most had only osteopenia. To help identify those patients who would
benefit from therapy despite not being classified as having osteoporosis, the WHO has
recently developed the FRAX® fracture risk assessment tool. FRAX® weights the relative
influence of various clinical risk factors to quantify fracture risk, calculating the likelihood
of fracture occurring within a 10-year time frame.[2] It integrates femoral neck BMD with
clinical risk factors that are independent of BMD, such as age, sex, race/ethnicity, prior
fragility fracture, parental history of hip fracture, current smoking, long-term glucocorticoid
use, rheumatoid arthritis or other secondary causes of osteoporosis, and the consumption of
>3 alcoholic drinks per day. Although the algorithm can only be applied to treatment-naive
patients, it can be used to calculate fracture risk in the absence of BMD testing, using body
mass index as a surrogate.[2] Using FRAX® without BMD may be particularly helpful for
long-term care patients, or in settings where access to BMD testing is limited. The tool can
be used in both sexes and in any race, and gives the 10-year probability of hip fracture or
any major osteoporotic fracture. While the FRAX® tool provides an estimation of fracture
probability, it does not give an intervention threshold (i.e. the probability at which point
intervention is appropriate). Intervention thresholds for a US population are available from
the National Osteoporosis Foundation (NOF) and generally recommend prescription
treatment if the patient’s predicted 10-year risk of a major fracture (calculated by FRAX®)
is ≥20% or their hip fracture risk is ≥3%.[12] An important issue that is not addressed by
FRAX® is the increased risks for falls as people age.[13,14] Several factors such as poor
eyesight, decreased muscle strength and poor balance can contribute to increased falls in
those aged >65 years. Age-associated co-morbidities such as stroke, Parkinson’s disease,
dementia and vitamin D deficiency have also been shown to result in increased falls.
Furthermore, some medications that treat co-morbidities may also contribute to the risk of
falls, such as drugs that can cause postural hypotension. The Garvan model is another tool
that can be used to predict the risk of fractures and may be a valuable additional tool for use
in assessing the risk of fracture in geriatric patients.[15] The Garvan model is less
complicated than FRAX® with respect to patient history, but takes into account the history
and number of recent falls and the number of previous fractures the patient has experienced.
Compared with the Garvan model, the 10-year fracture risk may be underestimated using
FRAX®, especially in geriatric patients at greater risk of falls.

In addition to BMD testing where appropriate, NOF guidelines recommend that patients
should be screened for secondary causes of osteoporosis,[2] including lifestyle factors (e.g.
alcohol overuse, smoking, and calcium and vitamin D deficiency),[14,16] conditions and
diseases that cause or contribute to osteoporosis (e.g. hypogonadism, gastrointestinal
conditions and renal disease),[17-19] and concomitant use of medications with adverse
skeletal effects (e.g. cancer treatments, proton pump inhibitors, peroxisome proliferator-
activated receptor [PPAR]-γ activators and corticosteroids).[18-20] Where possible, these
factors should be addressed, for example, reversal of vitamin D deficiency, using diet or
supplementation with ergocalciferol 50 000 IU once or twice weekly for several months.

3.2 Management of Osteoporosis
The NOF released updated recommendations to clinicians on the monitoring and
management of osteoporosis, including pharmacological treatment guidelines that are
partially based on the US-adapted FRAX® tool (table I).[2] These guidelines are valuable for
establishing the best management strategies for osteoporosis, but they do not necessarily
take into account the complications associated with co-morbidities in those aged >65
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years.[21] In an analysis of Medicare beneficiaries in 1999, 48% of those aged ≥65 years had
≥3 co-morbid conditions, and 21% had ≥5 co-morbid conditions.[22] Some of the common
conditions found in those aged >65 years include diseases such as chronic obstructive
pulmonary disease, which requires medication such as glucocorticoids, which exacerbate
osteoporosis. Other conditions such as Parkinson’s disease may increase the risk of falls.
Unfortunately, guidelines that provide information on how to optimize overall health in the
presence of multiple medical conditions are not yet available, but the recent investment in
comparative effectiveness research may soon fill this gap.

While it should be remembered that only a minority of falls result in a fracture, most
osteoporotic fractures occur after a fall; thus, fall prevention measures can reduce fracture
risk.[2] A recent Cochrane review concluded that home safety interventions have
questionable effectiveness, but exercise interventions reduced the risk of falls in the
elderly.[23] Insufficiencies in dietary calcium and vitamin D are more pronounced in the
elderly and may lead to an increase in falls and fracture risk; treatment of such
insufficiencies is generally well tolerated in older patients although caution must be
exercised with those who may be prone to kidney stones or who have kidney disease. A
number of studies and meta-analyses have indicated that vitamin D supplementation can
result in a reduction in falls and fall-related fractures. In a meta-analysis of randomized
controlled trials, oral vitamin D with additional calcium demonstrated a significant 18%
reduction in hip fracture risk compared with no treatment.[24] Another meta-analysis of 45
trials examined vitamin D and calcium for the prevention of fractures in men and
postmenopausal women aged >65 years.[25] Results from this Cochrane analysis indicated
that although vitamin D alone is unlikely to prevent fractures, treatment with vitamin D with
calcium may reduce fractures in frail elderly residents in institutions. Other studies,
however, have failed to find that vitamin D supplementation results in a reduction in
falls.[26-31] In one randomized, open-label, secondary prevention trial conducted in 3314
women aged ≥70 years with one or more risk factors for hip fracture, for example, no
significant difference in clinical fracture rates at 2 years was found between patients
receiving daily oral supplementation with vitamin D (800 IU cholecalciferol) and calcium
(1000 mg calcium) compared with controls. [27] The odds ratio of a fall was 0.99 (95% CI
0.81, 1.20) at 6 months and 0.98 (95% CI 0.79, 1.20) at 12 months. In a randomized
controlled trial conducted in 3717 elderly care home residents (mainly women aged around
85 years), patients were randomized to a group receiving vitamin D supplementation
(equivalent to a daily dose of 1100 IU) or to a control group.[30] No significant difference
was found between the vitamin D and control groups; after 10 months, 64 (3.6%) of 1762
vitamin D-treated residents and 51 (2.6%) of 1955 residents in the control group had one or
more non-vertebral fractures, and 24 (1.3%) of the vitamin D-treated residents and 20
(1.0%) of the control-group residents had a hip fracture. A total of 44% of the vitamin D-
treated and 43% of control group patients had experienced a fall. A recently published
review of the literature from the past 15 years proposed that vitamin D had a beneficial
effect on postural adaptations (i.e. muscles and central nervous system) that might explain
the observation in some studies of a reduction in falls and bone fracture rates.[32] In general,
however, interpreting the findings of studies investigating calcium and vitamin D for falls
and fracture prevention is likely to be complicated by the heterogeneity of study
populations, treatment doses and formulations, baseline intake and compliance with
treatment.[33]

Given the importance of fall prevention in the elderly, studies have been conducted on
multifactorial risk assessment for falls.[34] By assessing risk, interventions can be
implemented to reduce the incidence of falls. In a meta-analysis of 19 studies that assessed
multifactorial fall prevention measures, it was shown that evidence of the effectiveness of
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multifactorial fall prevention programmes in primary-care, community-care or emergency-
care settings is limited, and further studies are required to show their effectiveness.

Aside from hormone therapy, which is probably less appropriate for geriatric patients, the
available pharmacological treatments for osteoporosis include antiresorptive agents that
reduce bone loss, anabolic agents that increase bone formation, and denosumab.
Antiresorptive agents that have been approved by the US Food and Drug Administration
(FDA) include bisphosphonates (alendronate, risedronate, ibandronate and zoledronic acid),
the oestrogen agonist/antagonist raloxifene, and calcitonin. Teriparatide [recombinant
human parathyroid hormone analogue (1–34)] is the only anabolic agent approved for the
treatment of osteoporosis.[2] Absolute risk reduction (ARR) at key skeletal sites for each of
the medications approved for osteoporosis treatment is summarized in table II.[35-48]

Efficacy and safety data for these agents are presented below. In addition, two trials with
strontium ranelate, which has not been approved by the US FDA, are included in the table.
Although the mechanism of action of strontium ranelate is not completely understood, it
may act by reducing bone resorption while maintaining bone formation.[14] In women aged
>80 years, strontium ranelate treatment has resulted in a significant reduction in vertebral
and non-vertebral fracture risk over 5 years and also showed cost benefits.[49] It should be
remembered, however, that ARR (like number needed to treat [NNT]) is dependent on the
severity of disease in recruited patients and is not necessarily a true reflection of drug
efficacy.

A newly approved treatment for osteoporosis is denosumab, which is a human monoclonal
antibody targeting the receptor activator of nuclear factor kappa-B ligand (RANKL), that is
a highly effective antiresorptive agent.[50] In phase II and III clinical trials, denosumab was
shown to be effective, with a safety profile that is similar to bisphosphonates, although long-
term safety data are not yet available. Denosumab treatment resulted in increases in BMD in
the total hip (0.6%), femoral neck (1.0%), greater trochanter (1.1%) and lumbar spine
(1.1%) compared with alendronate (p ≤ 0.0002).[51] In women aged 60–90 years with a
BMD T-score of −2.5 or less, denosumab reduced the risk of new vertebral fracture and hip
fracture compared with placebo by 68% (p < 0.001) and 40% (p = 0.04), respectively.[52]

Denosumab also reduced the risk of non-vertebral fracture by 20% compared with placebo
(p = 0.01). The long-term significance of this new treatment in those aged >75 years may
require additional analysis of efficacy and safety in this population.

Most trials evaluating the antifracture efficacy of anti-osteoporotic drugs are in
postmenopausal women aged <80 years.[8] Results for fracture incidence following 3 years
of osteoporosis treatment from several post hoc analyses of trials in older women are shown
in table III.[40,49,53-55] These findings indicate that osteoporotic agents can achieve
significant reductions in vertebral and non-vertebral fracture risk in women aged 70–100
years.[40,49,53-55]

Long-term adherence with osteoporosis drugs, similar to the situation with treatment for
many chronic conditions without obvious symptoms or benefits from treatment, is known to
be problematic. While the bisphosphonates, for example, have proven fracture reduction
efficacy, optimal treatment effects in individual patients (and cost effectiveness from a
public health perspective) are dependent on long-term patient adherence.[56] Approaches
such as extending oral dosing intervals and the development of intravenous rather than oral
administration have been explored in an effort to improve long-term adherence. Several
osteoporosis treatments can now be taken on a monthly basis, which may be helpful in
elderly patients who are likely to be receiving multiple daily medications for other chronic
conditions. Intravenous bisphosphonate formulations also provide alternative administration
options (3-monthly and yearly administration). While treatment decisions tend to be based
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primarily on antifracture efficacy, individual patient circumstances and preferences should
be taken into account when tailoring therapy to maximize adherence in individual patients,
particularly among the elderly, who may have additional limitations (e.g. memory disorders)
and be already taking multiple medications.

Cochrane reviews have assessed the efficacy of alendronate and risedronate for the
prevention of osteoporotic fractures in postmenopausal women and included women aged
50–90+ years.[57,58] In a review of 11 trials, alendronate treatment was associated with a
significant and clinically important reduction in the risks of vertebral (ARR 6%), non-
vertebral (ARR 2%), hip (ARR 1%) and wrist (ARR 2%) fractures among women with
BMD T-scores of −2 or less and/or at least one vertebral compression fracture.[57] In a
review of seven trials, risedronate treatment was found to result in a significant and
clinically important reduction in the risks of vertebral (ARR 5%), non-vertebral (ARR 2%)
and hip (ARR 1%) fractures in women with BMD T-scores of −2 or less and/or at least one
vertebral compression fracture.[58]

In addition to efficacy, a well established tolerability and long-term safety profile are
important in treatments for chronic diseases. Bisphosphonates are generally well tolerated,
although oral formulations are associated with gastrointestinal tract intolerance.
Unfortunately, the use of proton pump inhibitors to treat such symptoms may diminish the
effectiveness of the bisphosphonate.[59] Acute-phase reactions have been reported with
weekly and monthly oral and intravenous bisphosphonates in approximately 5% of patients,
although these symptoms usually resolve within a few days.[42,60] The long-term safety of
alendronate and risedronate has been established in studies with follow-up for up to 10 and 7
years of treatment, respectively.[61,62] As the mean age of the patients in the alendronate
study was 73 years and the mean age of the patients in the risedronate study was 69 years,
these safety results might not apply to the very elderly.[61,62] Safety data for ibandronate and
zoledronic acid have not been reported beyond 3 years in the peer-reviewed literature.[41,42]

Osteonecrosis of the jaw is a rare condition that has been associated with high-dose or long-
term bisphosphonate therapy, but has a low incidence when bisphosphonates are used in the
treatment of osteoporosis.[2] Another potential risk associated with long-term
bisphosphonate therapy is that of atypical fractures of long bones with no or very-low-
impact trauma.[63] Awareness of the possibility of atypical femoral fractures associated with
bisphosphonate use was initially raised by the publication of a number of case reports.[64-66]

These, in turn, generated concern that these agents might result in oversuppression of bone
turnover leading to impaired bone remodelling, accumulation of microdamage in bone and
increased skeletal fragility.[67-69] Findings from retrospective studies supported this
possibility,[70,71] although a register-based national cohort study found that the ratio of
classical to atypical fractures was identical in bisphosphonate-treated individuals and
matched, untreated controls.[72] The American Society for Bone and Mineral Research
(ASBMR) appointed a task force to address key questions related to this problem; this
multidisciplinary group reviewed the data and developed a case definition to help with
further identification and diagnosis.[73] It was concluded that, based on currently available
data and the widespread use of bisphosphonates, the incidence of bisphosphonate-associated
atypical femoral fractures appears to be very low, particularly compared with the number of
fractures that are prevented by this therapy. Furthermore, a causal association between these
agents and atypical fractures has not been established. It would appear, however, that risk
rises with increasing duration of exposure, and awareness of the problem should be
maintained and further research conducted. For patients who have experienced an atypical
fracture while receiving long-term bisphosphonate treatment, switching to teriparatide
treatment may be an alternative.[74]
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There have been a number of case reports of oesophageal cancer among patients receiving
oral bisphosphonate therapy, with a median time from use to diagnosis of 1–2 years.[75] In
contrast to these case reports, two analyses, one using data from European national registries
and the second from a US Medicare database, have not shown an increased risk of
oesophageal cancer among individuals who were receiving oral bisphosphonates compared
with those who were not.[76,77] In view of the conflicting findings from studies evaluating
this risk, the FDA issued a Drug Safety Communication in July 2011, announcing that it was
undertaking an ongoing safety review of bisphosphonates and the potential increased risk of
oesophageal cancer.[78] At this time, however, the FDA believes that the benefits of oral
bisphosphonate drugs in reducing the risk of serious fractures in people with osteoporosis
continue to outweigh their potential risks. The FDA’s review is ongoing and the Agency has
not concluded that patients taking oral bisphosphonate drugs have an increased risk of
oesophageal cancer.

Hypocalcaemia is at least a theoretical risk when patients are treated with
bisphosphonates[79] and could be related to vitamin D insufficiency; it has been suggested
that patients be pretreated with supplementary calcium and vitamin D before treatment with
bisphosphonates is initiated, especially for those at increased risk of vitamin D deficiency,
patients with chronic kidney disease, or those with Paget’s disease.[80] As with other
pharmacological therapies, treatment with bisphosphonates should be offered to patients in
whom the potential benefits of treatment outweigh the risks. However, in light of the
substantial risk of fracture for older patients with osteoporosis, the risk-to-benefit balance
will likely favour treatment.

Raloxifene has shown efficacy in the prevention and treatment of vertebral fractures in
postmenopausal women (ARR 3.5% following 3 years of follow-up), but has not
demonstrated efficacy in the reduction of non-vertebral fractures;[45] it is indicated for the
treatment and prevention of osteoporosis in postmenopausal women.[81] A total of 15.5% of
the patients in placebo-controlled clinical studies of raloxifene were aged ≥75 years; no
overall differences in safety or effectiveness were observed between these and younger
participants.[81] Tolerability and safety data for raloxifene have been reported for up to 8
years of treatment. A common adverse effect of raloxifene is an increased incidence of hot
flashes.[82] An increased risk of deep-vein thrombosis, pulmonary embolism and fatal stroke
has also been documented.[45,82] However, raloxifene has the extraskeletal benefit of
reducing the risk of invasive breast cancer, so the risk-to-benefit ratio of treatment should be
carefully considered for each patient.[83] Approximately 39% of the patients in the study by
Barrett-Connor et al.,[82] investigating the effects of raloxifene on cardiovascular events and
breast cancer, were aged ≥70 years, suggesting that these raloxifene safety data are
applicable to the older patient.

Calcitonin nasal spray has shown efficacy in the treatment of vertebral fractures (ARR 8%
following 5 years of follow-up), but has not demonstrated efficacy in reducing non-vertebral
fractures;[44] it is indicated for the treatment of postmenopausal osteoporosis in women
greater than 5 years post menopause.[84] Calcitonin nasal spray is well tolerated, with a
safety profile that has been established for up to 5 years of treatment; common adverse
effects include nasal irritation.[44] Although approximately a fifth of the patients in the long-
term calcitonin study were aged ≥75 years, there were no differences in safety reported for
those who were aged <75 years compared with those aged ≥75 years.

Teriparatide has shown efficacy in the treatment of both vertebral and non-vertebral
fractures (ARR 9% in vertebral and 3% in non-vertebral fractures following 1.8 years of
follow-up); its efficacy in the treatment of hip fractures remains unclear.[46] It is indicated
for the treatment of postmenopausal women at high risk for fracture.[85] A total of 75% of
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the women participating in clinical trials were aged ≥65 years and 23% were aged ≥75
years; no overall differences in safety or effectiveness were observed between the young and
older participants.[85] Teriparatide is well tolerated, although some patients experience leg
cramps and dizziness. Because of safety concerns regarding the development of
osteosarcoma in animal studies, teriparatide is only indicated for those at high risk of
fracture and for a maximum of 2 years. It is contraindicated in patients with a history of
radiation therapy of the skeleton, skeletal malignancy or hypercalcaemia.[2]

Osteoporosis treatments are sometimes costly, and this often represents a common barrier to
therapy. Alendronate is now available as a generic medication, which may assist in
attenuating the impact of cost. Additional generic bisphosphonates will likely become
available within the next few years. Reimbursement options associated with different
medication formulations (e.g. intravenous vs oral bisphosphonates) combined with
secondary medical insurance can also reduce out-of-pocket costs for many patients.

4. Osteoporosis and the Need to Improve Quality of Care: Benefits and
Risks of Pharmacological Therapy

Osteoporosis is asymptomatic until a fracture occurs and, therefore, may not receive the
clinical attention that other chronic diseases are likely to command. Although some
improvements have occurred in the quality of osteoporosis care, the disease remains largely
underdiagnosed and undertreated. A recent US study reported that the proportion of
individuals aged ≥65 years who had been assessed for BMD at any time over a 7-year period
was just 31% for Caucasian women, 15% for African-American women and <5% for
men.[83] Even among those who suffer a fracture, diagnosis is underutilized. Only 22% of
elderly patients who suffer a fracture receive BMD testing or pharmacological treatment in
the 6 months following the fracture, yet most of these fractures are attributable to
osteoporosis, and an osteoporotic fracture is a dominant risk factor for subsequent
fracture.[86]

The National Committee for Quality Assurance has developed a Health Plan Employer Data
and Information Set measure for osteoporosis. This can be used to compare health system
data on the number of women aged ≥67 years who suffered a fracture and received either
BMD testing or a prescription for osteoporosis treatment in the 6 months following
fracture.[86] In 2006, only 22% of all fractures led to BMD testing or pharmacological
treatment, and the proportion of patients tested or treated has not meaningfully increased in
more recent years. The NOF recommends that BMD testing should be done in women aged
≥65 years and in men aged ≥70 years. Testing should be done earlier if the patient has other
risk factors for osteoporosis or if they have had a fracture.[2]

Osteoporosis treatment rates have also been shown to be low in elderly patients referred to
receive home therapy for recent fracture, with only 35% of patients prescribed medications
or recommended over-the-counter supplements.[87] In addition, higher degrees of medical
co-morbidity appeared to be associated with a decrease in the likelihood of receiving
prescription medications.[87] Although osteoporosis prevalence and fracture risk are
significantly higher among elderly patients living in residential or nursing homes, diagnosis
and treatment in this population are inadequate. A study of residents in 34 nursing homes in
the US state of Maryland indicated that BMD values in these individuals were 15% lower
than those in others in the community; in female residents, the prevalence of osteoporosis
was 79%, rising to 86% in women aged ≥85 years.[88] Despite this prevalence, BMD testing
does not occur routinely in long-term care settings, and even when a diagnosis of
osteoporosis is established, a large proportion of patients are not treated.[86] Treatment of
osteoporosis in this population has been shown to be effective.[89] In a study of ambulatory
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female residents aged >65 years (mean age 78.5 years) with a T-score of −2.0 or less at the
posterior–anterior lumbar spine or total hip, significant increases in BMD at all sites
measured over a 24-month period were seen after treatment with alendronate compared with
placebo.[90] In this study, alendronate was well tolerated, with incidences of gastrointestinal
adverse effects that were similar in the treated and placebo groups. This study and others
suggest that treatment of patients with osteoporosis in long-term care facilities is
efficacious.[90] The barriers to providing osteoporosis care include multiple patient co-
morbidities, reimbursement issues, length of stay, regulatory oversight, wheelchair use,
cognitive impairment, depression and swallowing difficulties.[91] Cognitive impairment and
polypharmacy can create challenges for adherence to medications, especially in those
patients with multiple co-morbidities.[21]

Low treatment rates are not related to a lack of efficacy of available treatments. Compared
with therapies for other chronic diseases, osteoporosis medications have been shown to have
at least equivalent, if not better, effectiveness. Reductions in fracture risk with osteoporosis
therapies are in the range of 30–70% for vertebral fractures,[42,45] 20–53% for non-vertebral
fractures[46,57] and 26–53% for hip fractures.[57,58] In comparison, tamoxifen has been
reported to reduce breast cancer recurrence by 21–47%[92] and statins are associated with a
22–27% reduction in the incidence of cardiac events.[93] Two meta-analyses examined the
efficacy of alendronate and risedronate, respectively, in the prevention of osteoporotic
fractures in postmenopausal women aged 50–90+ years.[57,58] These analyses indicated that
there were no treatment differences associated with increasing age. Furthermore, in one
study of 7705 postmenopausal women aged 31–80 years (mean age 67 years), the reduction
in vertebral fracture risk associated with raloxifene treatment was similar in tertiles of
age.[45] As the event rates for fractures are higher in older people, the ARR with
osteoporosis medication often exceeds the ARR for other therapies. Coupled with the high
1-year mortality rate following osteoporosis fractures, which is typically much higher than
the 1-year mortality following a diagnosis of breast cancer or a heart attack, the case for
treating osteoporosis in elderly patients is compelling.

4.1 Treating Osteoporosis among Elderly Patients with Other Chronic Conditions:
Evaluating the Expected Benefits of Treatment

Although the consequences of a fracture in the elderly are often devastating, there may still
be reluctance on the part of the physician to prescribe osteoporosis medications, possibly
stemming from an expectation of a lack of treatment benefit for the older patient. The
elderly have competing medical co-morbidities with associated polypharmacy, and may be
assumed to have a short life expectancy that would obviate the need for osteoporosis
treatment late in life. It has been estimated that the average additional life span for a person
aged 75 years or 85 years in the US is 11.8 or 6.8 years, respectively.[94] Most drug
therapies for osteoporosis show significant decreases in vertebral fracture rates as early as 6
months to 1 year after initiation of treatment,[42,95,96] suggesting that for many patients, the
time to reach effective treatment is much shorter than the expected life span. Furthermore,
the magnitude of risk of a second fracture may be underestimated. A recent study of
Medicare beneficiaries evaluated the risk of a second fracture versus death in the 5 years
following a hip, clinical vertebral or wrist/forearm fracture.[7] In patients aged 74–84 years,
the risk of a second fracture following a hip fracture was 26%, compared with a mortality
risk of 49%; for clinical vertebral fractures, the risks were 39% and 36%, respectively. In
patients aged >85 years, the risk of mortality increased dramatically compared with the risk
of a second fracture; the risk of a second fracture after a hip fracture was 23% and the
mortality risk was 64%; for clinical vertebral fractures, the risks were 36% and 50%,
respectively.[7] Overall, although the 5-year mortality risk usually exceeded the risk of a
second fracture, the 5-year risk of a second fracture was considerable (13–43%) and
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generally fell into a range where patients are recommended to receive prescription
osteoporosis medications.[12] As a consequence of the effectiveness of treatments available
to prevent a second fracture, treatment is almost always cost effective, especially in those
aged >60 years.[11] Furthermore, the cost effectiveness of treating osteoporosis increases
with age.[14]

The benefit of preventive screening and treatment of chronic diseases in the elderly is less
clear than for other age groups, since the frail elderly and the very old have often been
excluded from clinical trials. For example, there is substantial disagreement about whether
chemotherapy is used appropriately in terminally ill, elderly patients, because of cost, test-
related morbidity, and effects on survival and quality of life.[97] Similarly, physicians in the
osteoporosis field have to make individualized patient management decisions on preventive
screening and treatment of the very old or the frail. Fortunately, data on the NNT to prevent
fracture are available, and compare favourably to many well accepted preventive treatments.
In a study by Curtis et al.,[7] the NNT to prevent a fracture for almost all demographic and
fracture groups are comparable to the NNT for accepted secondary prevention strategies,
such as aspirin after myocardial infarction (MI), statins after MI or β-blockers after MI.[98]

Specifically, for Caucasian women aged 75–84 years with a clinical vertebral fracture,
taking an oral bisphosphonate for 5 years, the NNT to prevent one additional subsequent
fracture is 7.7. The largest NNT was 45.6 for African-American men aged 75–84 years with
a hip fracture. In comparison, aspirin treatment after MI has been shown to have an NNT of
150, statins after MI have an NNT of 94, and β-blockers after MI have an NNT of 54.[98]

Indeed, these data support the proposition that individuals of any age or with any co-
morbidities should receive adequate screening and care to prevent fractures, unless there is a
very high expectation of mortality within 6–12 months. It should be remembered, however,
that NNT (like ARR) is dependent on the severity of disease in recruited patients and is not
necessarily a true reflection of drug efficacy.

Another dimension that can aid in the treatment decision is whether treatment improves
quality of life, especially for those who have suffered any kind of fracture. In a study of
quality-of-life improvement in patients treated with zoledronic acid, Adachi et al.[99] showed
that zoledronic acid treatment significantly improved HR-QOL, as assessed using the
EuroQol (EQ)-5D visual analogue scale (VAS), in patients with low-trauma hip fracture.
The mean change (± SE) from baseline in EQ-5D VAS score was greater for zoledronic acid
versus placebo in all patients (7.67 ± 0.56 vs 5.42 ± 0.56), but was greatest in patients with
clinical vertebral fractures (8.86 ± 4.91 vs −1.69 ± 3.42) compared with non-vertebral
fractures (5.03 ± 2.48 vs −1.07± 2.16).

4.2 Osteoporosis Quality-Improvement Measures and Incentives to Improve Quality of
Care

To address the suboptimal nature of osteoporosis care in the US, several quality-
improvement measures have been implemented at local and national levels, with variable
degrees of success. In 2005, the American Orthopaedic Association instigated a pilot
initiative for the prevention of secondary fractures.[100] This was a hospital-based, quality-
improvement approach aimed at preventing future fractures and improving physician and
patient education. Improvements occurred in the percentage of patients who received advice
about calcium and vitamin D supplementation, exercise, and fall prevention, but the
intervention did not increase the proportion of patients receiving BMD testing or prescribed
pharmacological therapy.[100] Another approach using electronic medical record reminders,
which give patient-specific advice to providers caring for post-fracture patients, resulted in
over half of patients receiving either BMD testing or osteoporosis treatment, compared with
6% in the control group.[101]
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The Physician Quality Reporting Initiative, authorized by the US 2006 Tax Relief and
Health Care Act, was established and implemented by the Centers for Medicare and
Medicaid Services. The scheme included a bonus payment for eligible professionals who
satisfactorily reported data on three or more of the chosen applicable quality measures,
which included 153 quality measures, of which six are relevant to osteoporosis (table
IV).[102]

Despite some federal initiatives to improve osteoporosis care, other federal actions have
created barriers. For example, the Centers for Medicare and Medicaid Services substantially
reduced reimbursement for non-facility (e.g. physician office setting) dual-energy x-ray
absorptiometry (DXA) scans to levels that are far below the cost of providing these
services.[103] Two-thirds of all DXA scans are currently performed in these settings, but
these recent reimbursement cuts will likely result in a discontinuation of services at some
centres, leading to increases in the travel distance required for DXA scans, limiting access to
BMD tests. This may result in even fewer patients being diagnosed and subsequently
treated.[103] This is unfortunate because DXA scans are the gold standard for diagnosing
osteoporosis and have been shown to be cost effective for identifying patients with
osteoporosis.[14] However, risk assessment using FRAX® with clinical risk factors (and
without BMD) may be useful if patients are unable to obtain tests in the current
reimbursement climate.

5. Conclusion
Osteoporosis imposes a high burden on the US and global population and because over two-
thirds of those affected are aged ≥65 years, the associated cost of osteoporosis for both
patients and society is expected to rise sharply over the coming years as the population
continues to age. Osteoporosis can be managed effectively by timely screening, patient
counselling and, in many cases, pharmacological treatment. Osteoporosis medications are
generally well tolerated and highly effective, offering real hope of dramatic risk reduction
for fracture and maintenance of functional independence. However, osteoporosis screening
and treatment fall far short of recommended care, and even geriatricians find it difficult to
adhere to the guidelines for treating osteoporosis, especially when co-morbid conditions are
present.[88] Improved knowledge of the comparative effectiveness of various treatments,
using well established metrics such as the NNT to prevent a future event, can help clinicians
and patients evaluate the relative benefits of treatment of numerous co-occurring conditions;
in many cases, osteoporosis treatment compares favourably with other well established and
more widely implemented treatments. Additional action is urgently required to improve and
maintain quality of life and functional independence for the burgeoning older population.
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Fig. 1.
Yearly incidence of common chronic diseases and osteoporotic fractures in the US. [3-6]
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Table I

National Osteoporosis Foundation major recommendations for the clinician (adapted with permission from the
National Osteoporosis Foundation,[2] Washington, DC 20036. All rights reserved)

Recommendations apply to postmenopausal women, and men aged ≥50 years

– Counsel on the risk of osteoporosis and related fractures

– Check for secondary causes of osteoporosis

– Advise on adequate intakes of calcium (≥1200 mg per day) and vitamin D (800 –1000 IU per day), including supplements if necessary

– Recommend regular weight-bearing and muscle-strengthening exercise to reduce the risk of falls and fractures

– Advise avoidance of tobacco smoking and excessive alcohol intake

– In women aged ≥65 years and men aged ≥70 years, recommend BMD testing

– In men aged 50–69 years and postmenopausal women, recommend BMD testing when there is concern based on the patient’s risk factor
profile

– Recommend BMD testing to patients who have suffered a fracture, to determine the degree of disease severity

– Initiate treatment in patients with hip or vertebral (clinical or morphometric) fractures

– Initiate treatment in patients with BMD T-scores of –2.5 or less at the femoral neck, total hip or spine by DXA, after appropriate evaluation

– Initiate treatment in postmenopausal women and men aged ≥50 years with low bone mass (T-score –1 to –2.5, osteopenia) at the femoral
neck, total hip or spine and a 10-year hip fracture probability of ≥3% or a 10-year major osteoporotic fracture probability of ≥20%, based on the
US-adapted FRAX® fracture risk assessment tool

– Current US FDA-approved pharmacological options for osteoporosis prevention and/or treatment are bisphosphonates (alendronate,
risedronate, ibandronate and zoledronic acid), calcitonin, oestrogens and/or hormone therapy, oestrogen agonist/antagonist (raloxifene) and
parathyroid hormone (teriparatide)

– BMD testing performed in DXA centres using accepted quality-assurance measures is appropriate for monitoring bone loss. For patients on
pharmacotherapy, BMD assessment is typically performed 2 years after initiating therapy and at 2-year intervals thereafter; however, more
frequent testing may be warranted in certain clinical situations

BMD = bone mineral density; DXA = dual-energy x-ray absorptiometry; FDA = Food and Drug Administration.
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Table III

Three-year, post hoc analyses of treatment benefits for women aged >70 years

Treatment Age (y) Fracture incidence (%) [treatment vs placebo] (ARR %) p-Value

Zoledronic acid[53] ≥75 Vertebral: 1.1 vs 3.7 (2.6) <0.001

Non-vertebral: 9.9 vs 13.7 (3.8) 0.002

Any: 10.8 vs 16.6 (5.8) <0.001

Risedronate[40,54] 70–79 Hip: 1.9 vs 3.2 (1.3) 0.009

≥80 Vertebral: 18.2 vs 24.6 (6.4) 0.003

Teriparatide[55] ≥75 Vertebral: 5.2 vs 15.1 (9.9) <0.05

Strontium ranelate[49] 80–100 Vertebral: 19.1 vs 26.5 (7.4) 0.013

Non-vertebral: 14.2 vs 19.7 (5.5) 0.011

ARR = absolute risk reduction.
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Table IV

The 2010 Physician Quality Reporting Initiative: osteoporosis-related measures[102]

Quality measure Key quality indicator

Communication with the physician
managing on-going care post-fracture

Percentage of patients aged ≥50 years treated for a hip, spine or distal radial fracture with
documentation of communication with the physician managing the patient’s ongoing care that a
fracture occurred and that the patient was or should be tested or treated for osteoporosis

Screening or therapy for women aged ≥65
years

Percentage of female patients aged ≥65 years who have a central DXA measurement ordered or
performed at least once since age 60 years, or pharmacological therapy prescribed within 12
months

Management following fracture Percentage of patients aged ≥50 years with fracture of the hip, spine or distal radius who had a
central DXA measurement ordered or performed, or pharmacological therapy prescribed

Pharmacological therapy Percentage of patients aged ≥50 years with a diagnosis of osteoporosis who were prescribed
pharmacological therapy within 12 months

Falls: risk assessment Percentage of patients aged ≥65 years with a history of falls who had a risk assessment for falls
completed within 12 months

Falls: plan of care Percentage of patients aged ≥65 years with a history of falls who had a plan of care for falls
documented within 12 months

DXA = dual-energy x-ray absorptiometry.
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