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Abstract Can osteoporosis disease management be cost
effective? To answer that question, we conducted an
extensive review of osteoporosis and fragility fracture
prevention literature in peer-reviewed scientific journals
and evidence-based guidelines from professional societies
and government health organizations. We explored different
strategies suggested by the literature to find how programs
can be structured to be cost effective and to decrease
fracture rates. We focused on ways to cost effectively
identify, risk stratify, treat, and then track patients at risk for
osteoporosis and fragility fractures. Studies have shown
that osteoporosis management can decrease the hip fracture
rate by 25% to 50% and be cost effective at the same time.
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Introduction

The problem of osteoporosis is now reaching epidemic
proportions with the rapidly aging population [1]. A huge
cost is associated with osteoporosis in terms of morbidity,
mortality, and the financial impact on society. The most
devastating complication of osteoporosis is a hip fracture.
According to the most recent statistics published in the 2004
Report of the Surgeon General’s Workshop on Osteoporosis
and Bone Health, of the 325,000 patients who sustain a hip

fracture each year in the United States, 24% end up in
nursing homes, 50% never reach their previous functional
capacity, and 25% die within the first year after the fracture.
The total cost of a hip fracture is estimated to be on average
$40,000 for both acute and chronic care [2••].

Although hip fractures account for the majority of the total
cost for fragility fractures, it is important to remember that
each year over 2million people in theUnited States experience
a fragility fracture secondary to osteoporosis, resulting in an
annual cost of $19 billion. The incidence of osteoporosis-
related fractures and costs in the United States are projected to
rapidly increase between now and the year 2025. A group
commonly overlooked in osteoporosis guidelines and in cost
analysis is men. Men account for more than 29% of fractures
and 25% of the annual cost of fragility fractures [3].

We will follow the normal chain of logic in osteoporosis
disease management. The first step is to identify the
population at risk for fragility fractures that need to be
screened with a dual-energy x-ray absorptiometry (DXA)
scan or other test. The second step is to risk stratify the
population with the results of the DXA and/or other clinical
risk factors (CRFs) to determine proper treatments. The
third step is to implement the treatment plan. The fourth
step is to determine a strategy that will keep the at-risk
patients on their treatments. The last step is to track the
patients to assess the effectiveness of the program in
keeping the patients on treatment and in decreasing the
number of expected fragility fractures and the overall cost
of osteoporosis disease management.

We systematically address every step in this logical
sequence to find the most cost-effective ways to prevent
osteoporosis and fragility fractures from occurring. We start
the process by setting goals and understand what tools we
have available to help make the diagnosis of osteoporosis
and determine who is appropriate for treatment.
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Goal

The goal is to decrease the rate of hip and other fragility
fractures while being cost effective. Can this goal be
achieved and if so how? Hip and other fragility fractures
have been shown to decrease in programs that aggressively
target osteoporosis. These programs have also shown that
the savings from fracture prevention is greater than the cost
of diagnosis and treatment of osteoporosis in these
populations [4, 5].

Both these studies have shown that the greatest reduction in
hip fractures and cost savings occur in patients over the age of
75 years old, but cost savings can even occur in the 65- to 75-
year age groups. The two studies demonstrated that modifi-
cation of the health care environment may be more effective
than interventions targeting the busy provider. Both programs
are in closed health systems that implemented osteoporosis
disease management programs that provided clinical practice
guidelines, physician and allied health care provider educa-
tion, and used a systematic approach to order DXA testing and
then get appropriate treatment for those patients who needed
treatment. Over a 5-year period, the Geisinger program led to
a decrease in the incidence of hip fractures among the clinic’s
patients and an overall reduction of nearly $8 million in health
care costs compared with the estimated costs if no intervention
had been undertaken [5].

The populations at Geisinger and Kaiser are not the only
groups that have demonstrated a decrease in hip fracture
rate over the past 10 or more years. There is now good
evidence that a 20% decrease in the US hip fracture rate
occurred between 1993 and 2003 [6].

Similarly, in Canada, it was seen over the 21-year period
of the study that age-adjusted hip fracture rates decreased
by 31.8% in female (from 118.6 to 80.9 hip fractures per
100,000 person-years) and by 25.0% in male patients (from
68.2 to 51.1 hip fractures per 100,000 person-years) [7•].
The decrease in the hip fracture rate may be related to the
increase in diagnosis and treatment of osteoporosis in
regions such as Ontario, Canada [8]. European counties are
also seeing a decline in hip fracture rates [9].

What steps can be taken to target and treat the at-risk
patients to see a decrease in the hip fracture rate? The first
step starts with correctly identifying the population at risk
for hip and other fragility fractures.

Identify Your Population

The ability to identify the population at risk is seriously
limited by our lack of an integrated health care delivery
program in the United States. A review of quality measures
that show how well we identify our population at risk for
osteoporosis shows we are doing a poor job. They

concluded there are large care gaps in patients at high
osteoporosis risk and in the delivery of optimal osteoporo-
sis management [10•]. A concerning fact may be that the
elderly—the group that experiences the highest number of
hip fractures—are also experiencing the largest care gap in
osteoporosis disease management. This care gap in the
elderly may reflect attitudes from patients and clinicians
that osteoporosis management is of low priority in the
elderly [11•]. A total of 27% of eligible women between 66
and 70 years of age received DXA testing compared with
only 16% of women 81 to 85 years of age and 9.7% of
women between 86 and 90 years of age [12].

When systematic case-finding strategies are imple-
mented, the rate of DXA screening can more than triple
and the rate of patients treated can be as many as 96%
[13•]. Even when a fragility fracture has occurred and
concrete local protocols are in place, we continue to see
large care gaps in the management of osteoporosis [14•].

It is hard to be cost effective if you do not systematically
identify your population at risk. Better systems are needed
to prevent care gaps for osteoporosis management [15•].
Health care organizations that used administrative databases
to identify all at-risk patients have an advantage over less
organized programs that rely on case finding without this
systematic approach [16].

Risk Stratify

Currently, multiple screening guidelines are available to
risk stratify populations to determine who need DXA scans
and treatment. Even though differences exist between these
guidelines, most recommend routine DXA screening in
women to begin around 65 years of age. For those
guidelines that address osteoporosis screening in men, most
start routine screening around 70 years of age. These
recommendations reflect the increase in the prevalence of
low bone mass with age in both sexes [17-19].

If the goal is to identify all patients at risk for fragility
fractures, using only a DXA scan to identify your at-risk
population is not sufficient. Only 44% of all nonvertebral
fractures occurred in women with a T-score below ≤ 2.5; in
men, this percentage was even lower (21%). There is a clear
need for the development of more sensitive risk assessment
tools, using not only DXA scans, but also other clinical
predictors of fractures [20].

The World Health Organization (WHO) developed a
fracture risk algorithm (FRAX), an algorithm to calculate a
10-year absolute hip and other fragility fracture score. This
algorithm uses multiple risk factors including age, gender,
race, body mass index (BMI), history of prior fractures,
paternal history of hip fracture, steroid use, presence of
secondary osteoporosis, presence of rheumatoid arthritis,
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current smoking, and drinking history. A risk score can be
calculated with or without the T-score from DXA screening.
The FRAX algorithm was combined with an updated
economic analysis to evaluate existing National Osteoporosis
Foundation (NOF) guidance for osteoporosis prevention and
treatment [21••].

In the analysis by Dawson-Hughes et al. [21••], in
Caucasian women of average risk the 10-year hip fracture
probability is estimated at 2% at 65 years of age but
exceeds the 3% cost-effectiveness threshold at older ages.
Average-risk women of other races did not have 10-year hip
fracture probabilities exceeding 3% until they were over
80 years of age, and comparable men not until 75 years of
age. Treatment would appear cost effective in high-risk
subsets of these populations. These findings are quite
sensitive to different assumptions about drug costs, a major
determinant of treatment cost effectiveness. The updated
NOF economic analysis estimated drug costs at $600 per
year in anticipation of generic bisphosphonate; however, if
the drug cost were further reduced from $600 to $300, then
the level of 10-year hip fracture risk that is cost effective to
treat falls to 1.4% [21••]. Further reduction in the cost of
treatment would lower the cost-effective thresholds to even
lower levels.

The FRAX tool was designed for postmenopausal
women and men between 40 and 90 years of age. FRAX
is available on the Internet and in paper form. The current
US FRAX tool has been updated, as it was found that the
US FRAX tool was overestimating the hip fracture rates by
16%, with the greatest reductions observed among those
below 65 years of age [22••]. How this change in the US
FRAX system will affect the cost analysis of treatment
remains to be determined.

FRAX can be used to classify patients into one of three
categories: 1) Patients at very low risk who do not need a
DXA or any further workup. 2) Patients who would benefit
from being started on treatment without any need for a
DXA scan as part of their workup. 3) Patients who would
benefit from additional information from the DXA prior to
determining a risk score to see if they require treatment.
The screening and case-finding strategies using only DXA
scans are specific (they identify high-risk patients) but lack
sensitivity (they miss many who will experience fractures).
Kanis et al. [23•] demonstrated that case finding can be
enhanced by the FRAX CRFs, which provide information
on fracture risk over and above that provided by results
from a DXA scan.

Even without FRAX or a DXA scan, a fragility fracture
in the elderly is accepted as evidence of osteoporosis. The
National Institute of Clinical Excellence (NICE) recom-
mends osteoporosis treatment in all patients with fragility
fractures over 75 years of age without a DXA scan, and
after a DXA scan in younger patients [24].

Tools to Calculate Treatment Thresholds Based
on Absolute Fracture Risk

Tosteson et al. [25••] used a Markov-cohort model to
determine the FRAX cost-effective threshold in the United
States by using the following assumptions: 1) $600 per year
drug cost for 5 years; 2) a 35% fracture reduction in the hip
fracture rate; and 3) $60,000 per quality-adjusted life-year
gained was observed for treatment relative to no intervention.
They found the cost-effective thresholds for the 10-year
absolute risk of hip fracture to be 3% and a 10-year absolute
risk of major osteoporotic fracture to be 20% using FRAX
[25••]. These thresholds were used in the new NOF
Guideline that uses FRAX.

The osteoporosis guidelines from NICE and others
mentioned earlier has raised some controversy. A major
concern has been that despite a sixfold reduction in the
price of alendronate, the estimates of cost effectiveness
have barely changed. This has been achieved by alteration
of some of the model assumptions, in the absence of new
evidence, so that the cost effectiveness of alendronate has
remained unchanged despite its fall in price. Furthermore,
these changes to the model have had a negative impact on
the cost effectiveness of the other treatments under
consideration [26•].

There are now several cost-analysis papers that have
made similar assumptions on the cost of treatment. These
include recent studies using Markov modeling [27, 28] and
the Geisinger cost-analysis study that placed the cost of
treatment at $500 (US 2003) per year and the cost of a
DXA scan at $100 (US 2003). In the Geisinger study, the
majority of the savings came from the decrease in hip
fracture incidence. Significant separation in the cost curves
began in the third year and became quite apparent by the
fifth year. Net savings were achieved in the 65- to 75-year
age group (US $3.1 million) and 75+ year (US $7.2
million) age group over the 5- year study period. However,
the 55- to 65-year age group experienced a net loss of US
$2.4 million above expected expenses, not unexpected
given the low hip fracture rate in this age group [5].

There is no right or wrong methodologic approach, and
the approach used is dependent on the socioeconomic
setting. In the United States, for example, screening of men
and women (at the ages of 70 and 65 years, respectively)
with a DXA scan is recommended. In the United Kingdom,
DXA tests are reserved for individuals with CRFs for
fracture. In addition, intervention costs are much lower in
the United Kingdom than in the United States. An
intervention threshold based on cost utility alone in the
United Kingdom would permit intervention in many
individuals in whom this was considered clinically inap-
propriate, and many more than would be deemed eligible in
the United States. Because intervention thresholds are in
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part based on cost effectiveness, and in part on clinical
considerations, the examples above are not necessarily
applicable to other countries, in which the willingness to pay
and/or the costs of osteoporosis or intervention may differ.

Like the NOF Osteoporosis Guideline, the UK National
Osteoporosis Guideline also recommends using FRAX with
assessment and treatment thresholds in the absence of a
DXA test and with DXA tests to compute fracture
probability for men and women. Both guidelines recommend
generic alendronate as the first-line treatment in the majority
of cases [29•].

Since 2005, Canada has used a simplified risk assess-
ment tool based on sex, age, DXA, and two CRFs, prior
fracture, and systemic corticosteroid. Basal 10-year fracture
risk from age and minimum T-score (lumbar spine, femur
neck, trochanter, total hip) was categorized as low (< 10%),
moderate (10% to 20%), or high (> 20%). This simplified
system for estimating 10-year absolute fracture risk does
not require any detailed calculations or access to a
computer. All data required to use the system can be
summarized on a pocket-sized laminated card. They were
unable to compare their simplified fracture risk assessment
and the FRAX tool. Whether there is incremental benefit
with the additional CRFs of the FRAX system is currently
unclear and warrants future study [30•].

Hopefully, a comparison analysis with the Canadian and
FRAX tools will happen soon because the ease of use and
interpretation of the Canadian risk calculator has several
advantages over the more complex FRAX risk calculator.
For risk assessment to be cost effective we need simple
tools that will be consistently used. The NOF and others
have chosen the FRAX tool, but that tool will continue to
undergo improvements as it becomes more widely accepted
into clinical practice and eventually incorporated directly
into DXA reports.

Treatment

It is estimated that at least 72% of US white women ≥
65 years of age and 93% of those ≥ 75 years of age would
be recommended for drug treatment. Application of the new
NOF Guidelines would result in recommending a very large
proportion of white women in the United States for
pharmacologic treatment of osteoporosis [31•]. For men,
DXA screening followed by bisphosphonate therapy for
those with osteoporosis may be cost effective for men
65 years of age or older with a self-reported prior clinical
fracture [32].

For nonwhite patients, future fracture risk is lower in than
white women and men who present with a prior fracture.
However, if they have at least low bone mass (T-score, -2.0)
and one or more risk factors (eg, smoking and alcohol use),
their absolute hip fracture probability is elevated beyond the
treatment threshold, although still less than that of postmen-
opausal white women [21••].

The population at the highest risk for hip fractures is the
elderly patients who are over 75 years of age (Fig. 1,
Tables 1 and 2). Treatment has been found to work well in
the older age population. Although all patients should be
carefully evaluated and screened prior to treatment for
vitamin D levels, renal function, and calcium level, this
should be done especially in the elderly [33].

Bisphosphonate therapy has also been shown to be
considerably more cost effective in patients with low BMI.

Fig. 1 Kaiser Permanente Southern California (KPSC) hip fracture
(Fx) rates in 2008 by age groups versus expected hip Fx rate based on
US average hip Fx Rate

Table 1 Kaiser SCAL hip Fx rates in 2008 versus expected hip Fx rates based on US average hip Fx rates

Age groups, y Patients in 2008, n SCAL hip Fxs in 2008, n US average hip Fx rates, % SCAL expected hip Fxs Reduction over US, %

60–64 179,157 71 0.086 154 54.01

65–69 121,127 97 0.163 197 50.84

70–74 92,364 159 0.310 287 44.55

75–79 67,801 279 0.626 425 34.30

80–84 44,646 341 1.205 538 36.59

85+ 34,493 577 2.304 795 27.38

Total 539,588 1,524 – 2,395 36.38

Fx fracture, SCAL Southern California, US United States

52 Curr Osteoporos Rep (2010) 8:49–55



This was related to the inverse relationship between BMI
and risk of fracture and to the higher prevalence of other
CRFs in patients with low BMI [34].

Cost-effective analysis of osteoporosis treatment options
may provide an estimate of the appropriate intervention
thresholds for populations, but the choice of thresholds for
individual patients is also dependent on their own risk/
benefit balance. It should be noted that guidelines relying
only on cost-effective models do not reflect many of the
individual-level factors and are sometimes in direct contra-
diction to the clinical demands of society. Guidelines for
prevention of osteoporotic fractures need to consider
population-specific and individual-specific factors. The
goal is to achieve “individualized intervention thresholds”
that will better direct clinicians in using individual care
plans to bring maximum benefit to the patients and the
society [35•].

The switch to generic alendronate may have a huge
impact on the cost model for many organizations and many
countries. Even prior to generic alendronate, the cost
effectiveness of alendronate in osteoporosis management
was discussed [5, 26•, 36]. The cost savings are now
considerably higher after the significant cost drop in generic
alendronate. This allows a change in the cost model that
can support additional patients to receive treatment who
were previously above the threshold of cost [2••]. The cost
savings then can drive a shift in case finding. The
thresholds for screening now can also shift to a lower age
level based on the decrease in cost of treatment. A business
case could even be made for giving generic alendronate to
all individuals who have no medical contraindications
above a certain cutoff age in which the cost of treatment
is lower than the total cost of managing hip and other
fragility fractures in that subpopulation. Thus far, no
organization or country has yet to make the recommenda-
tion to routinely treat all of its patients above a certain age
threshold. However, in the United Kingdom, a recommen-
dation is in place to treat with generic alendronate without
the need for further workup if a woman is 75 years of age
or older and has a prior fragility fracture, and if the
responsible clinician considers a DXA scan to be clinically
inappropriate or unfeasible [24].

Track

Increased risks of fragility fractures were found in patients
with low medication compliance. Use of bisphosphonates
was associated with fracture risk reductions after 6 to
12 months of treatment, but only 58% of the patients were
treated for at least 1 year. Improvement in long-term
persistence of bisphosphonate treatment may be important
to reduce the impact of osteoporosis-related fractures [37].

The potentially important drivers of cost effectiveness
include reduced drug effectiveness due to poor compliance,
offset time, fracture risk, anti-fracture drug effect, and drug
price. Optimal adherence was associated with fewer
osteoporotic fractures, and the impact was more evident
among those with prior fractures [38].

Improve

An example of a systems approach to osteoporosis disease
management is the use of frequent reports to identify which
patients require treatment and getting that list of patients to
primary care providers or care managers. The ideal solution
would be a real-time program that prevents care gaps from
occurring. An example of a common care gap is the lack of
coordination after a fracture has occurred. In a randomized
controlled trial conducted in hip fracture survivors, it was
demonstrated that the use of a hospital-based osteoporosis
case manager could lead to a 51% rate of bisphosphonate
treatment within 6 months of fracture (vs 22% for controls;
P<0.001) and result in 67% of patients receiving guideline-
concordant appropriate care (vs 26% for controls; P<0.001)
[39]. Creative ideas like this may assist in decreasing care
gaps.

Conclusions

It has been shown that osteoporosis disease management
can be cost effective and decrease the hip fracture rate at the
same time. Effective tools and treatments are now available
to assist the clinician to help identify and risk stratify
patients at risk for a fragility fracture. We now have FRAX

Age groups, y Kaiser hip Fx rate, % US average hip Fx rates, %

60–64 0.040 0.086

65–69 0.080 0.163

70–74 0.172 0.310

75–79 0.411 0.626

80–84 0.764 1.205

85+ 1.673 2.304

Total – –

Table 2 Kaiser SCAL hip Fx
rates in 2008 versus expected
hip Fx rates based on US
average hip Fx rates

Fx fracture, SCAL Southern
California, US United States
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that drastically improves the ability to risk assess patients to
assist us in determining who needs screening and who
needs treatment. The NOF and others have recommended
the routine use of the FRAX tool in their guidelines. It is
important to develop a systematic approach to identify the
population at risk that needs screening to help eliminate
care gaps in osteoporosis disease management. Better
systems must be put in place so that no patient falls
through the cracks by not having their osteoporosis
diagnosed and treated.
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