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Abstract

Introduction Older patients with fragility fractures are not
commonly tested or treated for osteoporosis. Compared to
usual care, a previously reported intervention led to 30%
absolute increases in osteoporosis treatment within 6 months
of wrist fracture. Our objective was to examine longer-term
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outcomes, reproducibility, and cost-effectiveness of this
intervention.

Methods We conducted an extended analysis of a non-
randomized controlled trial with blinded ascertainment of
outcomes that compared a multifaceted intervention to
usual care controls. Patients >50 years with a wrist fracture
treated in two Emergency Departments in the province of
Alberta, Canada were included; those already treated for
osteoporosis were excluded. Overall, 102 patients partici-
pated in this study (55 intervention and 47 controls; median
age: 66 years; 78% were women). The interventions
consisted of faxed physician reminders that contained
osteoporosis treatment guidelines endorsed by opinion
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leaders and patient counseling. Controls received usual
care; at 6-months post-fracture, when the original trial was
completed, all controls were crossed-over to intervention.
The main outcomes were rates of osteoporosis testing and
treatment within 6 months (original study) and 1 year
(delayed intervention) of fracture, and 1-year persistence
with treatments started. From the perspective of the health-
care payer, the cost-effectiveness (using a Markov decision-
analytic model) of the intervention was compared with
usual care over a lifetime horizon.

Results Overall, 40% of the intervention patients (vs. 10% of
the controls) started treatment within 6 months post-fracture,
and 82% (95%CI: 67-96%) had persisted with it at 1-year
post-fracture. Delaying the intervention to controls for 6 months
still led to equivalent rates of bone mineral density (BMD)
testing (64 vs. 60% in the original study; p=0.72) and
osteoporosis treatment (43 vs. 40%; p=0.77) as previously
reported. Compared with usual care, the intervention strategy
was dominant — per patient, it led to a $13 Canadian
(U.S. $9) cost savings and a gain 0of 0.012 quality-adjusted life
years. Base-case results were most sensitive to assumptions
about treatment cost; for example, a 50% increase in the price
of osteoporosis medication led to an incremental cost-
effectiveness ratio of $24,250 Canadian (U.S. $17,218) per
quality-adjusted life year gained.

Conclusions A pragmatic intervention directed at patients
and physicians led to substantial improvements in osteopo-
rosis treatment, even when delivered 6-months post-
fracture. From the healthcare payer’s perspective, the
intervention appears to have led to both cost-savings and
gains in life expectancy.

Keywords Cost-effectiveness - Fragility fractures -
Interventions - Outcomes - Quality improvement - Trials

Osteoporosis is a chronic and progressive condition that
leads to decreased bone mass and skeletal fragility; in turn,
this leads to fractures, disability, pain, deformity, and even
death [1-6]. It is a common condition, with about 25% of
all women and 12% of all men over the age of 50 years
affected [1—4]. The annual cost of treating osteoporosis and
its sequelae has been estimated at 13.8 billion dollars in the
USA, compared with 7.5 billion dollars for heart failure or
6.2 billion dollars for asthma [3]. Unless effective preven-
tive strategies are implemented, the rate of osteoporotic
fractures is expected to double over the next 15 years [5].
One useful preventive strategy is to identify people with
typical osteoporosis-related fractures (e.g., of the wrist,
spine, or hip, often referred to as fragility fractures) and
target them for intervention, because this population is at
high risk of subsequent fracture and derives the greatest
absolute benefit from treatment [3—6]. “Best practice,” that
is clinical practice consistent with the evidence and expert
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consensus, would be to identify older adults with a fragility
fracture, determine those at risk for more fractures, and
institute preventive measures. Based on our current data, a
reasonable strategy would be to measure their bone mineral
density (BMD) and treat those with low bone mass. There
is, however, a care gap between best practice and day-to-
day usual care. For example, most studies report rates of
less than 10-20% for testing and treatment of osteoporosis
in the 6-12 months following a fracture of the wrist [3-9].

We previously reported the results of a controlled trial of
a pragmatic osteoporosis quality improvement intervention
directed at older patients with a fracture of the wrist and
their primary care physicians [5]. The intervention con-
sisted of physician reminders, local opinion leader endorsed
treatment guidelines, and patient education. Compared with
usual care, this intervention led to a 45% absolute increase
in BMD testing (p value <0.001) and a 30% increase in
osteoporosis treatment (p value=0.002) within 6 months of
fracture [5]. Despite these promising results, three questions
are asked (but rarely answered) of this and most other
quality improvement strategies tested in one-off interven-
tion studies [10, 11]: (1) Did patients continue treatment
after the study was finished (“persistence”); (2) Can the
results be replicated in different patients (“reproducibility”);
(3) Is the intervention worthwhile compared to usual care
(“cost-effectiveness™)? To answer these questions, we
extended our study results to include a follow-up of all
patients up to 1 year, provided the intervention to all control
patients at the end of the study proper (6 months post-
fracture), and conducted a cost-effectiveness analysis from
the perspective of the healthcare payer that would eventu-
ally need to make the policy decision to adopt our
intervention on a wider scale [11].

Methods
Description of the original study

The main study has been described in detail and
published [5]. Briefly, we conducted a nonrandomized
controlled trial with blinded ascertainment of outcomes
that compared our intervention to usual care. The study
was conducted at two Emergency Departments in Capital
Health (Edmonton, Alberta), the largest integrated health
service delivery organization in Canada, with a population
of approximately one million people cared for by
approximately 1000 primary care physicians. The study
took place from January 2001 through September 2002.
Overall, 102 consecutive patients 50 years of age or older
presenting to the Emergency Department with a fracture of
the wrist were included (Table 1); we excluded those
already treated for osteoporosis. Rather than randomiza-
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tion, we allocated patients to intervention (n=55) or
control (n=47) using a monthly “on-off” time series,
whereby allocation to experimental arms was based on
month of fracture and site of treatment. Outcomes were
collected, in an independent and blinded fashion, 6 months
after study entry. At the end of the original study, all
controls received the intervention, and all study patients
had outcomes re-collected 6 months later (i.e., 1 year post-
fracture).

Outcomes

The primary study outcome was starting an osteoporosis-
indicated prescription medication (bisphosphonates, ralox-
ifene, calcitonin, or hormone therapy) within 6 months of
fracture. It was measured by patient self-report and
confirmed by pharmacy dispensing records; there was a
100% agreement between the two data sources [5]. The
main secondary outcome was receipt of a BMD test.
Outcomes were collected at 6 months (original study) and
1 year (extension study), without knowledge of allocation

Table 1 Baseline characteristics of 102 intervention and control
patients with a fragility fracture of the wrist

Baseline characteristics Intervention Controls
(n=55)" (n=47)*
Socio-demographic
Age, median years (range) 66 (50-96) 66 (50-88)
Female 42 [76] 38 [81]
Less than high school education 22 [40] 19 [40]
Lives alone 24 [44] 16 [34]
Health status (SF-12)°
Mental component, mean (SD) 50.8 (12.0) 52.4 (10.6)
Physical component, mean (SD) 33.3(7.2) 33.1 (6.0)
Comorbidities
Heart disease 8 [15] 9 [19]
Hypertension 17 [31] 14 [30]
Peptic ulcer disease 3 [5] 49]
Osteoarthritis 23 [42] 16 [34]
Depression 8 [15] 5 [11]
Median number (range) 2 (0-8) 2 (0-7)
Osteoporosis risk factors
Post-menopausal female 39 [71] 35 [74]
Current smoking 11 [20] 6 [13]
No daily milk products 12 [22] 13 [28]
2 or more daily alcoholic drinks 4 (7] 3 [6]
Thyroid disease 10 [18] 9 [19]
Previous fracture as an adult 34 [62] 37 [79]
Osteoporosis treatments
Prescription medications 0 0
Calcium supplements 17 [31] 16 [34]
Vitamin-D supplements 11 [20] 12 [26]

2 The percentage is presented in square brackets
°SF-12, Medical Outcomes Study Short Form 12

status. We had 100% follow-up for medications and BMD
tests, and 75% of patients completed all 3-, 6-, and 12-
month telephone follow-up visits and surveys. All patients
were analyzed according to the experimental groups to
which they were first assigned.

Cost-effectiveness analysis

We hypothesized that our intervention would be cost
effective when compared with usual care. Our trial provided
data about the population at risk, effects of the intervention,
rates of osteoporosis testing and treatment across experi-
mental arms, 1-year persistence with treatment, and health
resource use related to wrist fracture. We used a deterministic
decision analysis model incorporating Markov processes
[12—14] to simulate the osteoporosis experience of a cohort
of 100 women with wrist fractures similar to those in our
trial but followed over the rest of their lifetime. Cost
effectiveness was analyzed by estimating incremental cost-
effectiveness ratios based on quality-adjusted life years
(QALYs) gained [12-14]. Costs were reported from the
healthcare payer perspective, acknowledging that Cana-
dians have universal healthcare coverage that includes
prescription medications for this age group. All decisions
and assumptions related to model inputs (described below)
reflected a generally conservative approach — that is, to err
on the side of not accepting the study hypothesis.

Figure 1 illustrates the six unique osteoporosis-related
diagnosis and treatment pathways into which patients could be
grouped. The proportion of patients within each group (see
Appendix 1) was calculated by multiplying the probabilities
along each pathway, and the probabilities for the initial
distribution of patients were from our trial. A Markov process,
through which costs and outcomes were modeled, was
associated with each of these groups [12—14]. There were
three unique Markov processes differentiated by their transi-
tion probabilities (Fig. 1): low bone mass patients receiving
osteoporosis treatment (M1), low bone mass patients not
receiving treatment (M2), and normal bone mass (M3).

The structure of the Markov process, shown in Fig. 2,
was adapted from previous work by Johnell and colleagues
[12] and incorporates six health states. The model simulates
the movement of a cohort of 100 women, from age 66 until
100 years or death, whichever occurs first. All patients
begin in the well state at home, following their fragility
fracture of the wrist. Once per annual cycle, a proportion of
the cohort moves to one of the other five states, in
accordance with pre-specified transition probabilities.
These probabilities were derived from fracture rates specific
to the type of fracture incurred, presence of low bone mass,
age-specific death rates and, for patients receiving osteo-
porosis treatment, fracture type-specific reductions in the
risk of future fractures.
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Fig. 1 Decision tree of the model with Markov processes. Probabil-
ities associated with the intervention and control arms of the study are
denoted by p; and p,., respectively. BMD Bone mineral density, LBM
low bone mass, NBM normal bone mass, Rx treatment with
alendronate. M1, M2, and M3 refer to the individual Markov
processes; also see Methods and Fig. 2

We made a number of broad simplifying assumptions.
Because of the absolute paucity of data related to osteoporosis
treatments and outcomes for men (22% of our study cohort),
our models included only women. Wrist fracture patients were
considered to have low bone mass (based on measurements of
either osteopenic or osteoporotic BMD derived from our trial)
or normal bone mass. Alendronate was considered to be the
medication prescribed to all patients receiving treatment
because in our original study, only one patient who was treated
for osteoporosis received any other treatment (this patient

Fig. 2 Structure of the Markov
process (adapted from Johnell
and colleagues [12]). There are
potential transitions from each
health state to the Death state
that are not shown in the figure
for purposes of clarity

inhaled calcitonin); everyone else was prescribed 70 mg per
week of alendronate. In addition, it was assumed that once a
patient had a hip fracture, no additional wrist or spine fractures
occurred, although repeat hip fractures were permitted. Last,
only the Death state was defined as “absorbing.”

Model inputs

Fracture rates

Fracture rates were type-specific and assumed to be
constant with respect to age. Each type-specific fracture
rate was estimated by multiplying U.S. general population
rates by the relative risk of recurrent fracture. For example,
the annual rate of 0.68% for hip fracture following wrist
fracture (Appendix 2) was calculated as the product of
0.36% (annual rate of hip fracture in the U.S. population)
and 1.9 (relative risk of hip fracture, given a prior wrist
fracture). We used published U.S. population type-specific
annual fracture rates [12] and relative risk estimates from a
systematic review and meta-analysis [15]. Fracture rates for
low bone mass patients not treated for osteoporosis are
presented in Appendix 2. Because the risk of a second and
subsequent hip fracture is much higher than that for the first
hip fracture, we used actual fracture rates reported in a large
Canadian cohort study [16]. We could not find re-fracture
rates for patients with normal bone mass, and so considered
them to have the same rates as low bone mass patients
taking alendronate.

Reductions in fracture risk with treatment

Estimates of a reduction in fracture risk with alendronate
were obtained from a series of systematic reviews conducted
by Cranney et al. [17]. Alendronate was associated with a
49% relative reduction in the risk of hip and spine fractures,
and a 48% reduction for wrist fractures [17]. Risk reduction
was assumed to be constant with respect to age. In the base
case analysis, alendronate treatment was for a 5-year
duration. In the first year of treatment, the beneficial effect
of alendronate was assumed to be 50% of the full achievable
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benefit. However, a further residual positive effect of
alendronate treatment was also assumed to occur for an
additional 5 years following discontinuation [18, 19]. This
residual beneficial effect was assumed to decline at a
linear rate over the S5-year “set time” following the
discontinuation of treatment [18, 19]. In our study, overall
l-year persistence with osteoporosis treatment was about
80% (see Results); we assumed this would continue to be the
case for the next 4 years. It was also assumed that the 20% of
patients who discontinued treatment did so in the first year
and that they received no fracture reduction benefits
whatsoever.

Costs

All costs were expressed in constant 2004 Canadian
dollars. In the base case analysis, all costs and outcomes
were discounted at a rate of 3% per annum after the first
year [14]. The one-time cost of the intervention [identifying
eligible patients and producing and delivering physician
and patient materials (6 min of clerical time=$2.84 per
patient), patient counseling (4 min of nursing time=$4.41
per patient), and facility overhead (33%=$2.39)] was based
on time-motion studies performed for ten study patients and
amounted to $9.64 (rounded to $10 in all calculations). It
should be noted, however, that the time, expertise, and
influence of our opinion leaders was provided to us at no
cost and thus not included as part of the “intervention” costs.
Based on the totality of the opinion leader literature, we
believe that such would be the case in any setting attempting
to harness their local opinion leaders to improve the quality of
care [20]. The one-time cost of providing a BMD test with a
physician visit was $199 [21].

— Costs of osteoporosis treatment: As mentioned above,
one patient did receive calcitonin, but all others received
alendronate at 70 mg per week. For clarity and
consistency, we assumed for the cost-effectiveness anal-
ysis that all patients would receive alendronate for the
duration of treatment. The provincial drug plan covers the
generic form of alendronate for elderly persons who have
had a fragility fracture [22]. Total annual cost of medica-
tion and one annual physician visit related to osteoxpo-
rosis were estimated at $573 per patient [21, 22]. As have
others, we assumed alendronate would generate only
trivial direct medical costs related to side-effects [14].
Patients who discontinued treatment in the first year
were assumed to incur the full treatment costs for that
year.

—  Costs of subsequent fractures: Table 2 summarizes esti-
mated annual costs for the health states related to treat-
ment of subsequent hip, spine, or wrist fractures. Cost
estimates were based on data relating to use of health
services and unit values obtained from regional [23] or

Table 2 Cost assumptions

Cost elements for each of the six health states Cost ($)*

Prior costs
Quality improvement intervention cost® 10
Bone mineral density test® 199

1. Well State 0

2. Hip Fracture State
Acute hospital, including physician fees (16 days) 18,596
— all patients
Sub-acute rehabilitation (30 days) — 48% of patients 16,800
Home care (20 hours) — 48% of patients 800
Long-term care with physician fees (349 days) 54,194
— 20% of patients

3. Vertebral Fracture State
Acute hospital with physician fees (15 days) 12,094
— 10% of patients
Physician care (2 visits + x-ray) — 90% of patients 262
Outpatient rehabilitation (7 visits) — all patients 210

4. Wrist Fracture State
Emergency visit including x-ray + physician 1,012
fees —all patients
Physician care (2 visits + x-ray) — all patients 139
Outpatient rehabilitation (7 visits) — all patients 210

5. Well-Post Hip Fracture State
Long-term care, including physician fees 58,613
(365 days) — 20% of patients

6. Death State 0

Alendronate treatment 573

# Average cost of all patients receiving each service, per model cycle
(1 year). These costs are expressed in constant 2004 Canadian dollars
(multiply by 0.71 to convert to U.S. dollars or by 0.63 to convert
to Euros)
® One-time cost for all patients in the intervention group

€ One-time cost for patients, in either study group, who receive initial
BMD test

national [24] databases. Fees for all physician services
were obtained from the Alberta fee schedule [21].

— We assumed the hip fracture state would require
surgical fixation and a 16-day hospital stay, based on
Canadian hospitalization records [24]. A case-mix
method was used to estimate inpatient hospital costs,
based on relative resource weights and the Alberta
average cost per weighted case [23, 24]. Orthopedic
surgeon and internist costs were based on one visit
each per day. It was assumed that 80% of the patients
were discharged home after hip fracture and 20% to
long-term care facilities; costs of long-term care were
based on standard Alberta per diem [23].

— We only considered clinically symptomatic spine
fractures in our analyses, although it is known that
“silent” fractures contribute to morbidity and mortality
[1-4]. Only 10% of patients with a symptomatic
fracture of the spine were assumed to require inpatient
care. Hospital costs were estimated in similar manner as
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hip fractures, with daily internist visits for an average
stay of 15 days [24]. Following discharge, nine follow-
up physician visits and one spinal radiograph were
assumed. The 90% of spine fracture patients not
hospitalized had two physician visits and one spinal
radiograph. Patients received seven visits of outpatient
rehabilitation.

— In our study cohort, all patients experiencing a wrist
fracture presented to an Emergency Department for
treatment, and in general had one closed fracture
reduction procedure, two physician follow-up visits,
and one follow-up wrist radiograph. Patients with a
wrist fracture received seven outpatient rehabilitation
visits.

Mortality rates

Patients were assumed to have the same risk of death as the
general population, except in the year following a hip
fracture. The 1995-1997 provincial life tables were the
source of age-specific death rates for the general source
population [25]. Age-specific rates of death for the first
year following hip fracture were obtained from previous
estimates used by Johnell and colleagues [12]; aggregated,
these rates are very similar to those previously published
from our health region [26].

Health-related quality of life

The age-specific quality of life weights for each health state
that we used had also been previously estimated and
published by Johnell and colleagues [12] and are shown in
Appendix 3. The state with the lowest weight, other than
Death, is Hip Fracture. Conversely, the Well state (following
the original wrist fracture) has the highest quality of life.

Sensitivity analyses

Conventional one-way deterministic sensitivity analyses
were conducted to evaluate the robustness of the model
with respect to the following key parameters: intervention
costs ($20 and $50, rather than $10 in the base case); the
rate of treatment persistence (50%, rather than 80%), the
risk of re-fracture for patients with normal bone mass (50%
of the base case rather than equal to the rate of those who
have low bone mass and were treated with alendronate),
osteoporosis treatment costs (increased by 50% over the
base case costs of alendronate), the duration of osteoporosis
treatment (10 years, rather than 5 years), and the discount
rate for costs and outcomes (0 and 5%, rather than 3% in
the base case). We also considered a “worst-case” and
“best-case” multi-way sensitivity analysis that varied
intervention costs, treatment costs, and treatment duration
simultaneously.

@ Springer

Results

The study patients were elderly (median age: 66 years;
range: 50-96 years) and 78% were women. By design,
none were taking osteoporosis treatment at study entry,
although 70% reported a fracture before their study-
qualifying wrist fracture. Other baseline characteristics of
intervention and control patients are presented in Table 1.
Of note, of the 67 patients that had a BMD measured
during the study, 20 (30%) had normal bone mass.

Persistence with osteoporosis treatment

Of the 22 intervention patients that started osteoporosis
treatment within 6 months of fracture in the original study,
18 [82%, 95% confidence intervals (95%CI): 67-96%]
were still filling their prescriptions at 1 year post-fracture;
all were taking bisphosphonates. Of those who responded
to survey items about adherence at 1 year (14/18), all
reported taking 75% or more of their osteoporosis medica-
tion as prescribed.

Reproducibility of the intervention effect

Our main results are illustrated in Fig. 3. Within 6 months
of wrist fracture, the original intervention led to a rate of
BMD testing of 60% (33/55) and a rate of osteoporosis
treatment of 40% (22/55); the corresponding rates of
testing and treatment for the controls were 17 (8/47) and
10% (5/47). Six months after delayed exposure to the
intervention, however, former controls had a rate of BMD
testing of 64% (95%CI: 50-78%) and a rate of osteoporo-
sis treatment of 43% (95%CI: 28-57%). The within-control
group differences before and after exposure to the inter-
vention for BMD testing (»p<<0.001 by McNemar’s test) and
osteoporosis treatment (p=0.002) were statistically signif-
icant. On the other hand, there was no difference in
effectiveness of the intervention whether it was delivered
at the time of the fracture or after a 6-month delay (p=0.72
for BMD testing and p=0.77 for treatment).

Cost effectiveness of the intervention

The base case analysis is presented in Table 3. Our model
suggests that, over their lifetime, patients with a wrist
fracture exposed to our intervention would be less likely to
incur a subsequent fracture than controls: for every 100
patients, about one hip fracture and four fractures in total
would be avoided. There was also an associated increase in
quality-adjusted life expectancy (0.012 QALYs gained).
Lifetime costs were similar for all patients, although the
intervention was associated with a small incremental cost
saving of $13 (U.S. $9) per patient. Thus, the quality
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Fig. 3 Rates of osteoporosis
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improvement strategy that we studied was dominant — it
cost less and added more QALYs than usual care.

One-way sensitivity analyses, presented in Table 4, suggest
that the results of the base case are fairly robust to a variety
of assumptions. Although the intervention did incur positive
incremental costs in all but two of these sensitivity analyses,
in all cases the incremental cost-effectiveness ratios were
below $25,000 (U.S. $18,000) per QALY gained. The single
parameter that had greatest impact on cost-effectiveness was
treatment cost: a 50% increase in the price of alendronate led
to an incremental cost-effectiveness ratio of $24,250 (U.S.
$17,218) per QALY gained.

In multi-way sensitivity analyses, the worst-case scenar-
io (intervention costs increased from $10 to $50, a 50%
increase in osteoporosis medication costs, and 5-year
duration of therapy) yielded an incremental cost-effective-
ness ratio of $27,583 (U.S. $19,584) per QALY gained.
Conversely, compared with the base case analysis, the best-
case scenario (intervention costs held at $10, a 50%
decrease in osteoporosis medication costs, and an increase
in the duration of therapy from 5 to 10 years) yielded a
much larger incremental cost saving of $469 (U.S. $333)
per patient exposed to the intervention.

Table 3 Costs and health outcomes by intervention status-base case

T

Osteoporosis Treatment

Discussion

Despite the wealth of evidence [17-19], the promulgation
of guidelines [1, 2], and the exhortations of experts [6],
older patients with fragility fractures are not commonly
tested or treated for osteoporosis. We previously reported
substantial increases in testing and treating for osteoporosis
in patients with wrist fractures as a result of a quality
improvement intervention directed at both patients and their
physicians [5]. We now report that 82% of patients who
started osteoporosis treatment persisted with that treatment
for 1 year after their fracture. Furthermore, we have shown
some degree of reproducibility — delivering the same
intervention to different patients (i.e., former controls) at a
different point in time (i.e., after a 6-month delay) resulted
in equivalent rates of testing and treatment for osteoporosis
as the original study. Lastly, we demonstrated that our
intervention was cost-effective, even in the broadest sense
of efficient resource allocation [11, 27]. Indeed, the base
case analysis suggests that it was a dominant strategy,
resulting in both a small cost savings and a small gain in
life expectancy.

Study group  Average cost ($)°  Patients on treatment (%)  Average hip re-fractures  Average total re-fractures”  Average QALYs®
Intervention 11,067 40 0.133 0.913 9.504

Control 11,080 10 0.141 0.956 9.492

Difference -13 30 —0.008 —0.043 0.012

ICER? -1,083

Lifetime average costs per patient, discounted at 3%. These costs are expressed in constant 2004 Canadian dollars (multiply by 0.71 to convert

to U.S. dollars or by 0.63 to convert to Euros)
® Includes hip, spine, and wrist re-fractures

© Average quality adjusted life years (QALY) per patient, discounted at 3%
9The incremental cost-effectiveness ratio (ICER), defined as the ratio of incremental cost to QALY's gained.
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Table 4 One-way sensitivity analyses

Scenario Hip Total Incremental QALY ICER
fractures fractures costs ($)"  gained
avoided avoided
Base case 0.008 0.043 -13 0.012 —1,083
Intervention costs ($20 rather than $10) 0.008 0.043 -3 0.012 =250
Intervention costs ($50 rather than $10) 0.008 0.043 27 0.012 2,250
Persistence with treatment (50%, rather than 80%) 0.005 0.024 115 0.007 16,429
Reduced recurrent fracture rates for patients with normal bone 0.008 0.040 21 0.011 1,909
mass (50% of, rather than equal to, treated low bone mass patients)
50% increase in drug price 0.008 0.043 291 0.012 24,250
Treatment duration (10 years, rather than 5 years) 0.015 0.083 59 0.019 3,105
0% discount rate (rather than 3%) 0.008 0.043 -212 0.016 —13,250
5% discount rate (rather than 3%) 0.008 0.043 76 0.009 8,444

 Costs are expressed in constant 2004 Canadian dollars (multiply by 0.71 to convert to US dollars or by 0.63 to convert to Euros).

It could be argued that improving the quality of evidence-
based testing and treatment of osteoporosis in fragility
fracture patients — patients at high risk of future fractures —
should be a sufficient end, in and of itself [5]. In fact, the
recently validated “Assessing Care of Vulnerable Elders”
quality measures (which explicitly include secondary
prevention of osteoporosis in fracture patients) recognize
this as a guiding principle [28]. Nevertheless, cost-
effectiveness analyses also demonstrated that our interven-
tion strategy dominated usual care. Our strategy, or indeed
any quality improvement strategy that costs a similar
amount per patient (approximately $10) and results in
similar rates of osteoporosis testing (approximately 60%)
and treatment (approximately 40%), should be attractive
from the perspective of a healthcare payer making long-
term policy decisions for a given population [11]. Our
analyses were most sensitive to assumptions regarding
treatment costs — for alendronate, $573 (U.S. $407) per
patient per year in the base case. Fortunately, it is more than
likely that medication costs will decrease, not increase, over
time. For example, as of August 2006, the cost of
alendronate treatment in Alberta had already decreased to
$377 (U.S. $268) per year.

Several limitations should be considered when interpret-
ing our results. First, our main findings are based on a
nonrandomized controlled trial with blinded ascertainment
of outcomes. This fact should not, however, influence
interpretations related to persistence with treatment or
reproducibility of effect. Second, we studied only 102
patients and followed them up for 1 year. We were not
adequately powered to detect differences in fracture rates,
necessitating the use of a health economic model. As with all
such models, the primary limitations are related to assump-
tions and inputs. In particular, we were dependent on the
literature for important parameters, such as the rates of re-
fractures, the benefits of alendronate therapy, and the utilities

@ Springer

associated with various fracture-related health states. On the
other hand, we incorporated primary data on initial testing
and treatment patterns and intervention costs from our trial,
and utilization and unit cost data from relevant regional and
national sources. Still, our model likely underestimates true
cost-effectiveness, because most of our assumptions fa-
vored the null hypothesis. For example, we ascribed no
benefits to reduction in radiographic (i.e., not clinically
apparent) vertebral fractures; we did not model the potential
effect of preventing a vertebral fracture on subsequent
mortality [29, 30]; we did not acknowledge that without
treatment patients continue to lose bone mass over time; we
did not permit benefits of future non-hip fracture reduction
once a hip fracture had occurred; and we did not include
expensive but potentially avoidable fracture-related treat-
ments, such as surgical fixation for wrist fractures or
kyphoplasty for vertebral fractures. Finally, some might be
concerned about the broader generalizability of our results,
which were based on a study with a small number of
patients with universal health care coverage drawn from
one Canadian health region, when trying to implement our
intervention strategy in different settings.

In conclusion, we found that a pragmatic quality improve-
ment intervention directed at patients and their physicians led
to substantial increases in the testing and treatment of
osteoporosis when implemented at any time up to 6 months
post-fracture. When modeled from the perspective of the
healthcare payer and compared with usual care, the interven-
tion might be expected to eventually lead to a reduction in
fractures, a gain in life expectancy, and net cost savings.
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Appendix 1

Distribution of patients by sub-group and study arm

Sub-group® Intervention (%) Control (%)
BMD, LBM, Rx 30.9 6.4

BMD, LBM, no Rx 12.7 43

BMD, NBM 18.2 6.4

LBM, Rx 9.1 43

LBM, no Rx 16.4 53.2

NBM 12.7 25.5

Total 100.0 100.0

BMD, Bone mineral density; LBM, low bone mass; NBM, normal
bone mass; Rx, treated with alendronate

Appendix 2

Annual fracture rates for low bone mass patients [12]

Prior fracture type Rates (%) by subsequent fracture type

Hip Spine Wrist
Hip 5.0 - -
Spine 0.83 4.88 1.55
Wrist 0.68 1.89 3.66

Appendix 3

Quality of life weights by health state and age [12]

Health state Age
65-74 years >75 years

Well 0.79 0.63
Hip fracture 0.59 0.43
Spine fracture 0.71 0.57
Wrist fracture 0.75 0.60
Post-hip fracture 0.69 0.53
Death 0.00 0.00
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