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Abstract

A patient-level Markov decision model was used to simulate a virtual cohort of 500 000 women
40 years-old and over, in relation to osteoporosis-related hip, clinical vertebral and wrist bone
fractures events. 16 different screening options of three main scenario groups were compared: 1)
the status quo (no specific national prevention program), ii) a universal primary prevention
program iii) a universal screening and treatment program based on the 10-year absolute risk of
fracture. The outcomes measured were total directs costs in perspective of public health care
system, number of fractures and quality-adjusted life years.

Results show that an option consisting of a program promoting physical activity and treatment
if a fracture occurs is the most C/E (cost/fracture averted) alternative and also the only cost
saving one especially for women 40 to 64 years old. In women who are 65 years and over,
BMD based screening and treatment based on the 10-year absolute fracture risk calculated using
Canadian association of radiologists and Osteoporosis Canada (CAROC) tool is the best next
alternative. In terms of C/U, results were similar. For women of less than 65 years old, a
program promoting physical activity emerged also as cost-saving but BMD-based screening
with pharmacological treatment also emerged as an interesting alternative. In conclusion, a
program promoting physical activity is the most C/E and C/U option for women of 40 to 64
years. BMD screening and pharmacological treatment might be considered as a reasonable
alternative for women of 65 years and over as at a healthcare capacity to pay of CAD $ 50000
for additional fracture averted or for one QALY gained its probabilities of cost/effectiveness
compared to the program promoting physical activity are 63% and 75% respectively which
could be considered socially acceptable. Consideration of the indirect costs could change these

findings.
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Introduction

Osteoporosis is a disease characterized by deterioration in the micro-architecture of bone tissue
that leads to increased bone frailty and susceptibility to fragility fractures. In Canada and most
Western countries, its prevalence in the population of postmenopausal women 50-54 years-old
is about 4.0%. This increases to 45% in women 85-89 years-old[1]. In women over 50 years
old, bone loss leads to a lifetime risk of fractures of approximately 40%][2-3]. It has been
estimated that two osteoporosis-related fractures occur every hour in women 50 years and older

in Canada [3].

Several interventions have been shown to be effective to prevent osteoporosis-related fractures.
Primary prevention consists of interventions such as promotion of calcium and vitamin D
supplements and of physical activity [1, 4-6]. Screening aims at the identification of women at
high risk followed by initiation of pharmacological therapy [7]. Recently published 2010-
osteoporosis best practice guidelines propose an integrated approach to osteoporosis
management guided by an assessment of the patient’s 10-year absolute risk of bone fractures[4].
Pharmacological treatment is recommended for women who have at least 20% ten-year basal

absolute risk [4]. Yet, in this framework, different intervention options exist.



To our knowledge, no Canadian study has compared the cost/effectiveness and cost/utility of
those different options. Using a patient-level Markov model, we compared the expected
cost/effectiveness (C/E) and cost/utility (C/U) of 16 different interventions that covered three
main scenario groups namely: 1- no national prevention program, which is the present situation
in our jurisdiction. 2- a universal primary prevention program and 3- a universal risk of fracture

screening program.
Methodology
Modeling and input parameters

A patient-level Markov model (SPLMM) using an individual sampling approach[8-9] was used
to simulate each of the 16 possible scenarios to compare (see above) (Figurel).The three most
prevalent fracture sites were considered: hip, clinical vertebral and wrist [10-14]. The maximum
number of hip fractures in a single individual was considered to be two in a lifetime as we
assumed that all hip fractures lead to hemiarthroplasty. As we considered age-specific annual
probability of fracture by type of fracture and BMD, the state-transition model was divided into

one-year cycles.

Insert Figure 1
A virtual population of 500 000 women 40 years old and older was generated. This population
had the age distribution of a typical industrialized country population[15]. The population was
followed with one-year cycles until all individuals have died. Detailed input parameters are
presented in Table 1. Baseline parameters were retrieved from peer-reviewed published studies
prioritized according to the following order: Quebec, other Provinces of Canada, USA, Europe
and Australia. A systematic search of the peer-reviewed literature, guidelines and government
reports was performed to define the range of values to be used for sensitivity analyses.

Outcomes considered were the total number of fractures (wrist, hip and clinical vertebral) for



the entire population, as well as direct costs for the public health care system and QALYs.
Simulations were performed with two types of cohorts: 1) a single cohort of women 40 years
old and over followed until their death. 2) the previous cohort to which were added annually a
new cohort of 40 years-old women over the first 10 years of the simulation, as performed in a

previous work[16], and also followed until their death.

The population was categorized in age groups of 5 years intervals (40-44; 45-49, etc.).
However, the analyses showed that only a distinction between less than 65 years old and 65 and
over brought age-related specific results. Only the results for these later groups are presented

here.



Options and scenarios

Table 2 presents the 16 options related to the 3 scenario groups that were compared.

The first scenario, termed “status quo”, does not correspond to an absence of primary or
secondary prevention, but to the absence of a specific national program to initiate preventive
activities in women. In other words, this scenario considers the proportion of women who
presently undertake preventive activities. Following a fracture, a woman may be investigated
or not for osteoporosis[19]. Depending on the investigation outcome, she has a certain
probability of being treated with pharmacotherapy (risedronate) or of being proposed to take
calcium and vitamin D[19, 44]. In the baseline scenarios, risendronate is to be taken until
death. However, in sensitivity analyses, we considered 5 years and 10 years duration of
pharmacotherapy. The compliance rate to osteoporosis treatments in Canada was taken into

account[20].

The model considers the risk of death following a fracture[21] and the proportion of women
with a fracture who get enrolled into a physical rehabilitation program[22]. It considers the
specific effects of biphosphonate (risedronate), vitamin D + calcium and physical activity on
the risk of hip, wrist and clinical vertebral fractures by BMD and age category[5, 27]. It also
takes into account the probability for a woman with a wrist fracture to undergo surgery[25],
with a hip fracture to be transferred to long term care[22-24] and ambulatory

rehabilitation[22], and with a clinical vertebral fracture to be hospitalized[22].

The second scenario refers to primary prevention of osteoporosis. We tested the options
recommended by the 2010 Canadian guidelines on diagnosis and management of
osteoporosis: 1) supplements of calcium and vitamin D; 2) promotion of physical activity
(which can be simply walking every day); and 3) a combination of physical activity and

calcium and vitamin D[4]. The options were applied to the age-weighted proportion of



women who, in the province of Quebec, do not practice some kind of physical activity
according the definition of Statistics Canada[18, 45-46], or do not take vitamin D and calcium
supplements|[ 18, 46]. The baseline proportion of these women who adopt a preventive option
was inferred from the participation rate in the Quebec national screening program for breast
cancer[31]. For the options that combine physical activity and supplementation of vitamin D
and calcium, the simulation considered the highest effect of any of them on fracture risks
reduction. When a fragility fracture occurred, the progression in the model was similar to the

one described in the first scenario.

The third scenario refers to a universal screening program, that would aim at identifying
women at risk of having an osteoporosis-related fracture, using the Canadian Association of
Radiologists and Osteoporosis Canada's screening tool (CAROC), which is based on age,
gender, bone mineral density, prior fracture and prior use of glucocorticoids [17]. This option
complies with the 2010 Canadian guidelines on diagnosis and management of osteoporosis[4]
recommended by the Canadian Task Force on Preventive Health Care[1] and the Canadian
Consensus Conference on the Osteoporosis 2006[47]. The possibility for a pre-screening step
before considering women for BMD screening was also included in the simulation. The three
questionnaires considered are those with the highest sensitivity/specificity related to being
osteoporotic and/or that are validated for the Canadian population, namely: the Simple
Calculated Osteoporosis Risk Estimation (SCORE)[29]; the Osteoporosis Risk Assessment
Instrument (ORAI)[30] and the Osteoporosis Self-assessment Tool (OST)[28]. Baseline
participation rate for the screening scenario was estimated to be the same as for primary
prevention. The model took into account the tests’ sensitivity and specificity. According to
the pre-screening and CAROC screening results, women are categorized into three groups:
low risk (< 10% ten-year risk of fracture), moderate risk (between 10% and 20% ten-year risk

of fracture) and high risk (> 20% ten-year risk of fracture) based on thresholds defined by the



Canadian association of Radiologists and Osteoporosis Canada[17]. Low risk patients receive
a recommendation to adopt one of the preventive options (physical activity and/or vitamin D
and calcium). A moderate risk implies preventive options or pharmacotherapy (risedronate)
when other risk factors are present. A high risk implies pharmacologic treatment
(risedronate). When a fragility fracture occurs, the progression in the model proceeds as
described in the first scenario. The model considers that preventive or curative treatments are

undertaken without interruption until death occurs[4].

Utilities

The Health Utilities Index III (HUI3) was used to score the utility of different health states
that occurred in the model over time. These calculated utility scores were validated by an

expert committee and were used in the base case scenarios.. Published utilities as described in

the literature [32] [33] [34] were used in sensitivity analyses (Table 1).

Costs

In Canada, all services considered as medically required (except ambulatory prescribed drugs)
are generally provided exclusively within the public healthcare system and are free of charge.
The Quebec Ministry of Health and the Public Medical Insurance perspectives were therefore

considered. Only direct costs were estimated.

Cost items included fracture-related health care and rehabilitation services, long-term
hospitalization for people with loss of autonomy following a fracture, prevention campaigns,
primary screening for osteoporosis, drug prophylaxis and treatment of osteoporosis, medical
follow-up of patients with and without osteoporotic fracture. Cost of ambulatory-provided
drugs was attributed to the public health care system and not distributed between patients and

public insurers because of the complexity of coverage eligibility in the province.



The fiscal year 2007-2008 was used to calculate unit prices presented in Table 6. Unit prices
for services obtained in the public health care were provincial averages calculated from the
Quebec government databases (SIFO and APR-DRG). Unit prices of clinical activity centers
were increased to reflect support activities centers using the direct method[48]. Costs for
laboratory and imaging tests were based on the technical units in the province of Quebec [36].
The average cost of national campaigns of prevention in Quebec (CAD $3-5 per capita) was
used as the cost for a physical activity promotion campaign [42]. Public health insurance fees
paid to general practitioners and specialists were considered[35]. For pharmaceuticals, the
cheapest in the list of drugs covered by the public health insurance was used (e.g.
Risendronate as the biphosphanate), to which was added a 6% for wholesalers and the
pharmacist’s prescribing fee paid by the public insurance. The average per diem calculated by
the Ministry of Health and Social Services was used for long term hospitalization[39] All
costs and outcomes were discounted at a rate of 3%, and sensitivity analyses were performed

with values of 0% and 5%.

Simulations

In order to produce a distribution curve, simulations for each option were repeated 1000
times, each time on a newly generated (i.e. different) virtual population. Simulations were
performed with SCHNAPS/8-9], a simulator running on the COLOSSE supercomputer of the
CLUMEQ consortium (www.clumeq.ca).

Sensitivity analyses

One way sensitivity analyses were performed using the variables considered most influent on
the outcomes in order to evaluate the eventual impact of each single parameter on the results.
We tested the minimum and the maximum value for each of these variables (Table 1).
Subsequently, multi-way probabilistic sensitivity analyses were performed. Simulation for

each option was also repeated 1000 times to ensure the stability of results. A cost
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effectiveness and a cost-utility acceptability curve were produced in order to better define the
uncertainty of the ICERs of the best alternatives[49] .

Model validation

The model and simulation data were validated by three osteoporosis experts. Data produced
were validated by comparison with expected data (such as the number of fractures, mortality
rates per age, costs and effectiveness of interventions)[14]. A less than 5% difference with
expected results based on the literature was sought. For example, our model estimated the
proportion of 40-year-old women who would have a fracture during their remaining lifetime
to be 17.9% for hip fractures and 16.07% for wrist fractures, and 15.83% for clinical vertebral
which were similar to published estimates [2, 13-14].

Ethics Committee

This project was approved by the Research Ethic Committee of Laval University. None of the
authors felt that he/she was in conflict of interest while participating to this study.

Results

Results are presented for women of 40 to 64 years old and for women of 65 years old and
over at the start of the simulation. Results for other categories (40-49, 50-59, 60-69, 70-79,

and 80 and +) are available upon request.

The most effective option for reducing the total number of fractures appeared to be a universal
BMD testing program followed by the estimation of the 10-year absolute fracture risk with
the CAROC-tool, and the treatment of women at high risk for osteoporosis-related fractures
and the promotion of physical activity as well as the intake of vitamin D and calcium among
non-high risk women, emerged as.

However, in terms of cost-effectiveness (Tables 3.1 and 3.2), for women 40 to 64 years old at
the beginning of the simulation, a program promoting physical activity for sedentary women

emerged as the most interesting option. It is effective and cost-saving. Compared to the status
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quo, it is dominant. Scenarios based on screening for women at risk for fracture, then treating
those considered at high risk and promoting preventive activities for the others are effective
but their ICERs compared to the cheapest alternative are all larger than CAD $ 100

000/fracture averted.

However, in women 65 years old and over, a BMD screening program followed by estimation
of the 10-year absolute risk of fracture using the CAROC tool and pharmacological treatment
for women considered at high risk for fractures, while promoting of preventive activities for
others could be considered as a reasonable alternative, as its ICER compared to a program
aiming at increasing physical activity among women, is less than CAD$ 65000 per fracture

avoided.

From a cost/utility perspective, results are similar (Tables 4.1 and 4.2). For women who
younger than 65 years old, a program to incite sedentary women to undertake physical
activities emerged also as the less costly, the more effective and the one with the most
interesting C/U ratio. A BMD screening program with estimation of the 10-year absolute risk
of fracture using the CAROC tool and pharmacological treatment for women considered at
high risk for fractures, as well as the promotion of preventive activities for others also
emerges as a possible alternative as its ICER compared to a program promoting physical

activity is about 50 000/ per QALY gained.



The addition of new cohorts of 40 years old women for the first 10 years of the simulation did
not influence the ranking of the most desirable options and even improved their overall

cost/utility and cost/effectiveness (data not shown).
Sensitivity analyses

Cost/effectiveness and cost/utility results were robust to sensitivity analyses: the ranking of
the most promising scenarios remained unchanged. However, we observed that a change of
certain parameters did have a sensible impact on cost/effectiveness of interventions when
compared to the base case scenario. For example, with a stronger participation rate to
prevention or screening strategies, the ICER of CAROC+ vitamin D and calcium + physical
activity was improved, i.e. 17% lower. The same options improved by 25% in the case of a
higher efficacy of risendronate. In contrast, lower effects of vitamin D and calcium as well as
physical activity, a higher discount rate (5%), a lower participation rate increased the ICERs
compared to the base case scenario but did not change the ranking of the most promising
options. In multi-ways sensitivity analyses, results were also robust. The rank order of the
strategies did not change and the ICER for each strategy remained relatively stable (data not
shown).

When cost/effectiveness and a cost/utility acceptability curves were produced for women 65
years old and more to compare the program promoting physical activity with a BMD
screening program with the supplementation of vitamin D, calcium and promotion of physical
activity suggested to women at low and middle risk, it appeared that at a ceiling ratio of
CADS$ 50000 generally suggested as a threshold to adopt an intervention [50], there is
respectively a probability of 63% and of 75% that the screening program is cost/effective
(Figure 2 and Figure3).

Insert figure 2 and figure3
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Discussion

This paper presents data on cost/effectiveness and cost/utility of 16 different options for the
prevention of osteoporosis-related fractures including those proposed by the recent 2010
Canadian guidelines on diagnosis and management of osteoporosis. To our knowledge, our
study is the first modeling approach that compared prevention, screening and the use of the
CAROC tool for the identification of women who should benefit from a pharmacological or a
preventive intervention. Other modeling approaches have generally used the BMD T-score as
a criterion for pharmacological treatment.

In terms of effectiveness (fractures averted), the preferred option was BMD screening for
women for osteoporosis-related fracture and the determination of their 10-year absolute risk
with the CAROC tool, followed by a pharmacologic treatment for those at risk and a non-
pharmacologic preventive intervention (physical activity plus vitamin D and calcium) for
those at moderate and low risk. However, due to its lower costs, the promotion of physical
activity (followed by treatment when a fracture occurs) is the most C/E option for women
between 40 and 64 years old. Indeed, because all options have a modest effect on reducing the
number of fractures in the general population compared to the changes in costs, effectiveness
does not significantly influence C/E ratios. This is particularly obvious for women younger
than 65 years old at the beginning of the simulation and could be due to the fact that the
prevalence of osteoporosis and osteoporosis related-fractures is lower in this group. For older
women at the beginning of the simulation, a BMD screening program might be considered as
the best C/E option. Its ICER compared to the promotion of physical activity is in the order of
CAD $ 60 000 per fracture averted and CAD $ 50 000 per QALY gained. The probabilistic
sensitivity analyses showed that at CAD $ 50 000/additional fracture averted, the probability

that this option is cost/effective is of 63%. At CAD $ 50 000/QALY gained, it is 75 %. A
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ceiling ratio of $ 50 000 is generally suggested as a threshold to adopt an intervention in
North America[50] One notes that a BMD screening program for 65 years old and over

women is coherent with the Canadian [4] and NOF[51] guidelines.

Ranking of the various options tested by C/U and C/E appeared similar. However, differences
in QALY'S were marginal, and might be explained by the fact that life expectancy differs very
little from one option to another, and that the impact of events on utilities of a few individuals
inside the virtual population does not much influence the average utility of the entire

population. Similar results were reported in other simulations[52-53].

This research has also some limitations. The main limitations of such a study are related to the
mapping of the complex reality. Indeed, some degree of simplification was needed [54-55]
For example, our model considered only three sites of osteoporosis-related fracture (hip,
clinical vertebral and wrist), in spite of the fact that osteoporosis-related fractures might affect
other sites such as the proximal humerus, the pelvis, etc. Taking these other sites into account
could increase the costs of strategies and affect the C/E and/ or C/U ratios. In addition to that,
we did not take into account non-clinical vertebral fractures as we considered that they do not
often retain medical attention, thus do not impact costs very much. We acknowledge that

these fractures may cause some disutility to patients that might affects QALY's results.

Another limitation to the present study relates to the rate of participation in interventions to
prevent osteoporosis-related fractures. We used the same participation rate as the rate of the
Quebec public breast cancer screening program. Yet, reality might be slightly different
because osteoporosis and breast cancer are different problems. We considered the Quebec
breast cancer screening program participation rate because it is the only universal screening
program in our population that targets women and for which data exist. Furthermore, we
assumed that the participation rates are similar for all interventions (screening and lifestyle)

which may not reflect the reality as we know that, in general, the uptake rates related to
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behavior changes are low when compared to screening with non-invasive tests [56-57].
Another limitation of this work is that we did not model the side effects of drug treatments or
the potential additional benefits of osteoporosis prevention and treatment on other health
problems (e.g. the effects of physical activity on cardiovascular problems). Also, patients
were considered as compliant or not, and the model did not consider the reduced effects of
poor observance. In addition, the model assumed the same adherence rate for pharmacological
therapy as for lifestyle changes. This might not reflect the real world where lifestyle are
difficult to change[56-57]. However, we believe that the probabilistic sensitivity analyses
done have solved partially this issue. Another limit is that the model did not consider the
cumulative effect of various interventions performed concomitantly, such as physical exercise
and vitamin D and calcium intake. Indeed, there is no data available on the combined effect of
these interventions[4]. Adopting a conservative approach, we considered the highest effect of
any of them on fracture risk reduction knowing that this might not adequately reflect the
reality, as a combination effect could increase the effectiveness of some interventions. Also,
our analyses were limited to direct costs borne by the public healthcare perspective. The fact
that we did not take account of indirect costs could provide another ranking especially for
physical activity program for which indirect costs are high. For example, we did not consider
investments by the government in sports facilities or individual directs costs spent by

individuals to use these facilities.

Finally, one should be cautious about generalizing our results although the scenarios were
chosen on the basis of reasonable practices promoted for the entire Canadian context [48, 54].
Regarding other countries, one might suppose that our results could be reproduced in other
health care systems as the CAROC-based screening tool recommended in Canada, has a 90%

concordance in risk assessment with the FRAX® tool preferred in other countries such as the
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UK, the USA, Sweden and Switzerland[17, 19] [58]. In any case, whether these results apply

to other health care jurisdictions, remains to be confirmed.
Conclusion

A program promoting physical activity is the most C/E and C/U option for women of 40 to 64
years. A BMD screening and treatment based on 10-year absolute risk of fracture calculated
by CAROC tool can be considered as a reasonable alternative for women who are 65 years
old or more, if an incremental cost of CAD $ 50 000/additional fracture averted with a
probability of cost/effectiveness of 63%, and CAD $ 50 000/QALY gained with a probability
of cost/effectiveness of 75 % are considered as socially acceptable.

Author contributions

All authors: Conception, design, acquisition and validation of data

AD, MG, NL, DR, SM, FR, CG: analysis and interpretation of results.

DR, NL, AD, MG, CL, DJ: Drafting the article

SM, FR, SJ, DR: Critically revising of the article

All authors approved the final version of article.

Acknowledgements

The authors wish to thank Mr. Marc-André Gardner and Mr. Majid Mallis for their
participation in this project.

Funding

This work having led to this chapter was supported by a grant from the Fonds Québécois pour
la Recherche en Société et Culture (grant number 2008-AC-127898), and also in part by the
APOGEE-Net/CanGéneTest Research and Knowledge Network in Genetic health Services,

funded by the Canadian Institutes for Health Research (www.cangenetest.org), (grant number

ETG-92250), as well as by the “Chaire de recherche FRSQ/MSSS/CHUQ en évaluation des

technologies et des pratiques de pointe en medicine de laboratoire” held by FR .



17

Data sharing statement
Data not shown can be available upon request to corresponding author, Daniel Reinharz

(Daniel.Reinharz@fmed.ulaval.ca).



18

References:

1.

10.

11.

12.

Cheung AM, Feig DS, Kapral M, Diaz-Granados N, et al. Prevention of osteoporosis
and osteoporotic fractures in postmenopausal women: recommendation statement
from the Canadian Task Force on Preventive Health Care. CMAJ 2004; 170 (11):
1665-7.

Melton LJ 3rd., Chrischilles EA, Cooper C, et al. Perspective. How many women have
osteoporosis? J Bone Miner Res 1992; 7 (9): 1005-10.

Agence d'évaluation des technologies et des modes d'intervention en santé (AETMIS).
L'ostéoporose et les fractures chez les personnes de 65 ans et plus: recommandations
pour un cadre intégré d'intervention au Québec. Rapport préparé par Michel Rossignol
et collaborateurs. (AETMIS 04-1RF). Montréal: AETMIS, 2001, 1x-68p.

Papaioannou A, Morin S, Cheung AM, et al.; Scientific Advisory Council of
Osteoporosis Canada. Clinical practice guidelines for the diagnosis and management
of osteoporosis in Canada: summary. CMAJ 2010;182(17): 1864-73.

Stevenson M, Lylod JM, De Nigris E, et al. A systematic review and economic
evaluation of alendronate, etidronate,risedronate, raloxifene and teriparatide for the
prevention and treatment of postmenopausal osteoporosis. Health Technol Assess,
2005; 9(22): 1-160.

Tang BM, Eslick GD, Nowson C, et al. Use of calcium or calcium in combination
with vitamin D supplementation to prevent fractures and bone loss in people aged 50
years and older: a meta-analysis. Lancet 2007; 370: 657-666.

Schwartz EN, Steinberg DM. Prescreening tools to determine who needs DXA. Curr
Osteoporos Re 2006; 4:148-52.

Durand A, Gagné C, et al., Population-based Simulation for Public Health: Generic
Software Infrastructure and its Application to Osteoporosis IEEE Transactions on
Systems, Man and Cybernetics (accepted for publication), 2012.

Durand A, Gagné C, Gardner M.-A, et al. SCHNAPS: A Generic Population-based
Simulator for Public Health Purposes. in Proc. of Summer Computer Simulation
Conference (SCSC 2010). 2010.

Cranney A, Jamal SA, Tsang JF,et al. Low bone mineral density and fracture burden
in postmenopausal women. CMAJ 2007; 177(6): 575-80.

Cummings SR, Melton LJ 3 rd. Epidemiology and outcomes of osteoporotic fractures.
Lancet 2002; 359: 1761-67.

Goeree R, Blackhouse G, Adachi J. Cost-effectiveness of alternative treatments for
women with osteoporosis in Canada. Curr Med Res Opin, 2006; 22: 1425-36.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

19

Melton LJ 3rd, Crowson CS, O'Fallon WM. Fracture incidence in Olmsted County,
Minnesota: comparison of urban with rural rates and changes in urban rates over time.
Osteoporos Int 1999; 9(1): 29-37.

Tosteson AN, Melton LJ 3rd, Dawson-Hughes B, et al. National Osteoporosis
Foundation Guide Committee. Cost-effective osteoporosis treatment thresholds: the
United States perspective. Osteoporos Int 2008; 19(4): 437-47.

Institut de la Statistique du Québec (ISQ). Probabilité de déces par age. 2008, Institut
de la statistique du Québec: Québec.

Gagné G, ReinharzD, Laflamme N, et al. Hereditary hemochromatosis screening:
effect of mutation penetrance and prevalence on cost-effectiveness of testing
algorithms. Clin Genet 2007; 71(1): 46-58.

Leslie WD, Berger C, Langsetmo L, et al; Canadian Multicentre Osteoporosis Study
(CaMos) Research Group. Construction and validation of a simplified fracture risk
assessment tool for Canadian women and men: results from the CaMos and Manitoba
cohorts. Osteoporos Int. 2011; 22 (6): 1873-83.

Giroux S, Elfassihi L, Cardinal G, Laflamme N, Rousseau F. LRP5 coding
polymorphisms influence the variation of peak bone mass in a normal population of
French-Canadian women. Bone, 2007. 40(5): p. 1299-307.

Bessette L, Ste-Marie LG, Jean S, et al. The care gap in diagnosis and treatment of
women with a fragility fracture. Osteoporos Int.2008; 19: 79-86.

Caro JJ, Ishak KJ, Huybrechts KF, et al. The impact of compliance with osteoporosis
therapy on fracture rates in actual practice. Osteoporos Int. 2004; 15(12): 1003-8.

loannidis G, Papaioannou A, Hopman WM, et al. Relation between fractures and
mortality: results from the Canadian Multicentre Osteoporosis Study. CMAJ 2009;
181(5): 265-71.

Majumdar SR, Lier DA, Beaupre LA,et al. Osteoporosis case manager for patients
with hip fractures: results of a cost-effectiveness analysis conducted alongside a
randomized trial. Arch Intern Med. 2009; 169(1): 25-31.

Wiktorowicz ME, Goeree R, Papaioannou A, et al. Economic implications of hip
fracture: health service use, institutional care and cost in Canada. Osteoporos Int.
2001; 12:(4) 271-8.

National Osteoporosis Foundation. Osteoporosis: review of the evidence for
prevention, diagnosis and treatment and cost-effectiveness analysis. Osteoporos Int.
1998; 8(Suppl 4): S7-80

Khan SA, de Geus C, Holroyd B, et al. Osteoporosis follow-up after wrist fractures
following minor trauma. Arch Intern Med. 2001; 161(10): 1309-12.

Stevenson M, Lylod JM, Papaioannou D, et al. Vitamin K to prevent fractures in older
women: systematic review and economic evaluation. Health Technol Assess., 2009.
13((45):111-x1): p. 1-134.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

20

Moayyeri A. The association between physical activity and osteoporotic fractures: a
review of the evidence and implications for future research. Ann Epidemiol. 2008;
18(11): 827-35.

Morin S, Tsang JF, Leslie WD. Weight and body mass index predict bone mineral
density and fractures in women aged 40 to 59 years. Osteoporos Int. 2009; 20 (3):
363-70.

Cadarette SM, Jaglal SB, Murray TM. Validation of the simple -calculated
osteoporosis risk estimation (SCORE) for patient selection for bone densitometry.
Osteoporos Int. 1999; 10(1): 85-90.

Cadarette SM, Mclisaac WJ, Hawker GA, et al. The validity of decision rules for
selecting women with primary osteoporosis for bone mineral density testing.
Osteoporos Int. 2004; 15 (5): 361-66.

Institut national de santé publique du Québec (INSPQ). Programme Québécois de
Dépistage du Cancer du Sein. Tableau de Bord : Indicateurs de Performance du
PQDCS, in Québec. 2009, Institut National de Santé Publique du Québec: Québec.

Cranney AB, Coyle D, Hopman WM, et al. Prospective evaluation of preferences and
quality of life in women with hip fractures. J Rheumatol, 2005; 32 (12): 2393-2399.

Papaioannou A, Kennedy CC, loannidis G, et al ; CaMos Study Group. The impact of

incident fractures on health-related quality of life: 5 years of data from the Canadian
Multicentre Osteoporosis Study. Osteoporos Int. 2009; 20(5): 703-14.

Cranney A, Coyle D, Pham BA, et al. The psychometric properties of patient
preferences in osteoporosis. J Rheumatol 2001; 28(1): 132-7.

Régie d'assurance maladie du Québec (RAMQ). Manuel des médecins spécialistes.
Quebec. 2010. Direction des services a la clientele professionnelle: Québec.

MSSS, SIFO Systeme d’Information Financiere et Opérationnelle: méthodologie.
Québec: Direction de la gestion de [’information. 2007, Gouvernement du Québec:
Québec.

Bouee S, Lafuma A, Fagnani F, et al. Estimation of direct unit costs associated with
non-vertebral osteoporotic fractures in five European countries. Rheumatol Int. 2006;
26(12): 1063-72.

MSSS. Banque de données APR-DRG (All Patient Refined Diagnosis Related Groups):

Ministere de la Santé et des Services Sociaux du Québec 2007: Québec.

Ministere de la santé et de services sociaux du Québec (MSSS). Diem hébergement en
soins de longue durée. 2008. Direction de la documentation: Québec.

Brown JP, Josse RG. 2002 clinical practice guidelines for the diagnosis and
management of osteoporosis in Canada. CMAJ, 2002; 167(suppl 10): S1-34.
RAMQ.Manuel des pharmaciens. 2007 Direction des services a la clientele
professionnelle: Quebec.



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

21

Agence de santé et des services sociaux de la Capitale-Nationale. Programme 0-5-30:
une combinaison gagnante. 2010: Québec.

Rahmani P, Morin S. Prevention of osteoporosis-related fractures among
postmenopausal women and older men. CMAJ 2009; 181(11): p. 815-20.

Papaioannou A, Giagregorio L, Kvern B, et al. The osteoporosis care gap in Canada.
BMC Musculoskelet Disord, 2004; 5: 11.

B. Nolin et D. Hamel (2008)." L activité physique au Québec de 1995 a 2005 : gains
pour tous...ou presque" dans, M. Fahmy (sous la direction de), L’Etat du Québec

2009 : tout ce qu’il faut savoir sur le Québec d’aujourd’hui, Montréal, Fides, pp. 271-
277.

Brown JP, Fortier M, Frame H, et al. Canadian consensus conference on osteoporosis,
2006 update. J Obstet Gynaecol Can 2006; 28 (2 suppl 1): S95-S112.

Majumdar SR, Johnson JA, Lier DA, et al. Persistence, reproducibility, and cost-
effectiveness of an intervention to improve the quality of osteoporosis care after a
fracture of the wrist: results of a controlled trial. Osteoporos Int. 2007; 18: 261-70.

Drummond MF, Sculpher MJ, Torrance GW, O’Brien BJ, Stoddart GL. Methods for the

Economic Evaluation of Health Care Programmes. 3rd edit ed. 2005, Oxford Oxford
University Press. 379 pp.

Sendi PP, Briggs AH. Affordability and cost-effectiveness: decision-making on the cost-
effectiveness plane, Health Econ, 2001; 10(7:675-80).

Menon D, Stafinski T. Health technology assessment in Canada: 20 years strong? Value

Health. 2009 Jun; 12 Suppl 2:S14-9.

National Osteoporosis Foundation. Clinician’s guide to prevention and treatment of
osteoporosis. 2010. National Osteoporosis Foundation: Washington, DC.

Mueller D, Gandjour A. Cost effectiveness of ultrasound and bone densitometry for
osteoporosis screening in post-menopausal women. Appl Health Econ Health Policy,
2008; 6(2-3): 113-35.
Mueller D, Gandjour A. Cost-effectiveness of using clinical risk factors with and
without DXA for osteoporosis screening in postmenopausal women. Value Health,
2009; 12(8): 1106-17.

Soares M, Dumville JC.Critical appraisal of cost-effectiveness and cost-utility studies
in health care. Evid Based Nurs. 2008; 11(4): 99-102.

Soto J. Health Economic Evaluations Using Decision Analytic Modeling. Principles
and practices-utilization of a checklist to their development and appraisal. Int J
Technol Assess Health Care 2002; 18: 94-111.

Conner M, Norman P. Predicting health behaviour: research and practice with social
cognition models. 2005. Maidenhead: Open University Press.

National Institute for Health and Clinical Excellence(NICE). NICE public health
guidance 6. Behaviour change at population, community and individual levels 2007.
NICE: London.



22

58. Kanis JA, McCloskey EV, Johansson H, et al. Development and use of FRAX in
osteoporosis. Osteoporos Int. 2010; suppl 2 (S413-17).



Table 1: Input parameters

Parameter Base case Range for sensitivity Distribution Source
analyses
BMD related-risk of fractures (Hip, Calculated using data - [2, 10, 14]
clinical vertebral and wrist) from references
Ten-year absolute risk of fractures and  Calculated using data - [17-18]
categorization (low, moderate, high from references
risk)
BMD distribution Estimated from a - [18]
representative cohort of
2104 women of 40 years
and older
Osteoporosis investigation after fracture 0.21 0.017-0.50 Uniform [19]
Osteoporosis treatment/prevention after  0.756 if osteoporosis - [19]
fracture 0.294 if low BMD
0.09 if normal BMD
Compliance rate to osteoporosis 0.49 30-75 Uniform [20]
treatments
RR death following hip and clinical 4.31 (hip) - [15,21]
vertebral fracture 2.85 (vertebral)
Probability of
death=RRX probability
of age specific death
probability in Quebec
Acute rehabilitation for hip fracture 0.48 - [22]
Long care (hip fracture) 0.20 0.10-0.282 Uniform [22-23] [24]

Wrist fracture surgery 0.18 - [25]
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Clinical vertebral fracture 0.10 - [22]
hospitalisation
RR fracture Risendronate Hip : 0.72 0.58 to 0.88 Log normal [26]
Clinical vertebral : 0.58 0.50 to 0.67
Wrist : 0.82 0.74 t0 0.90
Vit D and 0.88 0.83-0.95 Log normal [6]
calcium
Physical 0.62 0.54-0.69 Log normal [27]
activity (hip
only)
Performance of Sens. Spec. Sens Spec
questionnaire OST 0.768 0.514 0.70-0.95 0.30-0.70 Uniform [28]
SCORE 0.90 0.32 0.80-100  0.20-0.50 Uniform [29]
ORAI 0.933 0.464 0.85-100  0.30-0.80 Uniform [30]
Participation rate to interventions 0.531 0.30-0.70 Uniform [31]
Utilities Score calculated Sensitivity analyses range  Distribution
Hip fracture Hospitalization 0.30 0.51-0.60 Uniform [32]
post fracture
Rehabilitation 0.56 0.63-0.70 Uniform [32]
Post- 0.85 0.73-0.90 Uniform [32]
rehabilitation
Clinical vertebral Hospitalization 0.33 -

fracture
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Rehabilitation 0.68 -
Post- 0.85 0.76-0.90 Uniform [33] [34]
rehabilitation
Wrist fracture Emergency 0.61 -
room
Rehabilitation 0.88 -
Post- 1 0.82-1 Uniform [33]
rehabilitation
Costs
Item Probability Frequency Cost (CAD Distribution
$)/person
Hip fracture Acute care 1 1 4070 - [22, 24, 35-37]
(Emergency
and surgery)
Hospitalization 1 14 days 19 760 Uniform [38]
($15808 -
$23712)
Inpatient 1 14 229 - [35]
medical visits
Acute 0.48 30 days 24 639 - [22, 24] [35]
rehabilitation [36]
Long term care 0.20 1 year 74 646 - [22, 24, 39]
Follow-up 0.80 3 medical 990 - [35-36] [22, 37]
visits, 3
control X-
Rays, 7
physiotherapy

sessions
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Clinical vertebral Acute care 1 1 1 004 - [22, 35-36]
fracture (emergency
Visit)
Hospitalization 0.1 9 days 8047 ($6261 Uniform [22]
-$9891)
Inpatient 1 9 146 - [22, 35]
medical visits
Follow up 1 2 control X- 550 - [22, 35-36]
Rays, 2
control
medical
visits, 7
physiotherapy
sessions
Wrist fracture Acute care + 0.82 1 1250 - [22, 25, 35-36]
conservative
treatment
Acute care + 0.18 1 3839 - [22, 25, 35-36]
surgery
Follow-up 1 2 control X- 467 - [22, 35-36]
Rays, 2
control
medical
visits, 7
physiotherapy
sessions
Osteoporosis Medical visit 160 - [1,35-36]
screening and exams
DXA 107.5 - [1,4,35-36, 40]
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Osteoporosis Vit D and Annual 160 [4,41]
treatment calcium
Physical Annual 5 [4,42]
activity
Biphosphanate Annual 162.25 (4, 41]
(Risendronate)
Follow-up Follow-up annual 99.53 [1, 35-36, 43]
medical visit
Control DXA 2 years or 5 years (if low risk of fracture) [4, 35-36]
98.5

Discount rate

3 % (0 and 5)




Table 2. Simulated options

Scenario Option/intervention Description
group
No specific program Status quo Current situation where there is no specific universal primary
prevention or universal screening
Universal primary Physical activity Proposed to women who don't do currently physical activity and
prevention pharmacological treatment if a fracture occurs

Vitamin D and calcium

Proposed to women who don't take Vitamin D and calcium currently
and pharmacological treatment if a fracture occurs

Vitamin D and calcium + Physical activity

Proposed to women who, currently, don't do physical activity and
don’t take Vitamin D and calcium and pharmacological treatment if a
fracture occurs.

Universal screening BMD/CAROC + Physical activity

- Universal screening by CAROC with BMD;
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
-Physical activity for women who don’t need pharmacological
treatment.

BMD/CAROC + Vitamin D and calcium

- Universal screening by CAROC with BMD;
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
-Vitamin D and calcium for women who don’t need pharmacological
treatment.

BMD/CAROC+ Vitamin D and calcium +
physical activity

- Universal screening by CAROC with BMD;
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
- Vitamin D and calcium plus physical activity for women who don’t
need pharmacological treatment.
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ORAI/CAROC + physical activity

- Universal prescreening by ORAI tool;
- Screening by CAROC with BMD for women who are positive to
ORAI;
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
- Physical activity for women who don’t need pharmacological
treatment.

ORAI/ CAROC + Vitamin D and calcium

- Universal prescreening by ORAI tool;
- Screening by CAROC with BMD for women who are positive to
ORAI,
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
- Vitamin D and calcium for women who don’t need pharmacological
treatment.

ORAI/ CAROC + Vitamin D and calcium +
physical activity

- Universal prescreening by ORAI tool;
- Screening by CAROC with BMD for women who are positive to
ORALI,
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
- Vitamin DF and calcium plus physical activity for women who
don’t need pharmacological treatment.

OST /CAROC + physical activity

- Universal prescreening by OST tool;
- Screening by CAROC with BMD for women who are positive to
OST;
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
- Physical activity for women who don’t need pharmacological
treatment.
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OST/ CAROC+ Vitamin D and calcium - Universal prescreening by OST tool;
- Screening by CAROC with BMD for women who are positive to
OST;
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
- Vitamin D and calcium for women who don’t need pharmacological
treatment.

OST /CAROC + Vitamin D and calcium + - Universal prescreening by OST tool;
physical activity - Screening by CAROC with BMD for women who are positive to
OST;
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
- Vitamin D and calcium plus Physical activity for women who don’t
need pharmacological treatment.

SCORE/ CAROC + physical activity - Universal prescreening by SCORE tool;
- Screening by CAROC with BMD for women who are positive to
SCORE;
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
- Physical activity for women who don’t need pharmacological
treatment.

SCORE/ CAROC + Vitamin D and calcium - Universal prescreening by SCORE tool,
- Screening by CAROC with BMD for women who are positive to
SCORE;
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
- Vitamin D and calcium for women who don’t need pharmacological
treatment.
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SCORE/ CAROC + Vitamin D and calcium +
physical activity

- Universal prescreening by SCORE tool;
- Screening by CAROC with BMD for women who are positive to
SCORE;
- Pharmacological treatment to women with 10-year risk of fracture >
20%;
- Vitamin D and calcium plus Physical activity for women who don’t
need pharmacological treatment.




Table 3: Cost/effectiveness results

3. 1. Women of 40-64 years (n =363042)
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Option Total costs Incremental costs Total fractures Fractures ICERSs
($CAD) averted

Physical activity 1 752 926 600 215330 Baseline

Status quo 1 755241 287 2314 687 219013 -3 683 -

OST/CAROC + Physical activity 2 005 406 312 250 165 025 213 940 5073 -

ORAI/CAROC + Physical activity 2 009 581 197 474 885 213 925 15 -

SCORE/CAROC+ Physical activity 2011 844 082 2262 885 213930 -5 -

BMD/CAROC+ Physical activity 2016 897 393 5053311 213 890 40 -

OST/CAROC + Vitamin D and calcium 2 085 851 423 68 954 030 213 826 64 -

OST/CAROC +Physical activity+ Vitamin 2 096 519 944 668 521 213 824 2 -

D and calcium

ORAI/CAROC+ Vitamin D and calcium 2 097 619 345 1099 401 213 825 -1 -

SCORE/CAROC + Vitamin D and 2097676214 56 869 213 820 5 -

calcium

BMD/CAROC + Vitamin D and calcium 2 105 354 023 7 677 809 213 834 -14 -

SCORE/CAROC + Physical activity + 2107 272 843 1918 820 211976 1858 105649

Vitamin D and calcium

ORAI/CAROC + Physical activity 2107 327 214 54 371 211990 -14 -

+Vitamin D and calcium

BMD/CAROC + Physical activity + 2 115 595 462 8268 248 211952 38 346776

Vitamin D and calcium

Physical activity + vitamin D and calcium 214 2763 906 27 168 444 212 180 -228 -

Vitamin D and calcium 2 144 102 484 13 385578 215 131 -2 951 -

*Less expensive strategy
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“"Dominated strategies are those that were found to be less efficacious and more expensive than another strategy (strict dominance) or to have an
incremental cost-effectiveness ratio that is greater than that of the next, more effective, and more expensive alternative (extended dominance).

3.2 65 years and + (n = 136958)

Option Total costs Incremental costs Total fractures Fractures averted ICERs
($CAD)

Physical activity 1 002 395 979 61976

Status quo 1 025 394 048 22 998 069 63 564 -1 588 -

CAROC + Physical activity + Vitamin D 1071 691 507 46 297 459 60 825 2739 60205

and calcium

OST/CAROC +Physical activity+ Vitamin 1 086 269 626 14578 119 61280 -455 -

D and calcium

SCORE/CAROC + Physical activity + 1 089 941 050 3671424 61219 61 -

Vitamin D and calcium

ORAI/CAROC + Physical activity 1091 247 887 1306 837 61210 9 -

+Vitamin D and calcium

Physical activity + vitamin D and calcium 1092 852516 1 604 629 61 187 23 -

OST/CAROC + Vitamin D and calcium 1 104 577 805 11725289 62 073 -86 -

Vitamin D and calcium 1107 165 714 2 587 909 62 215 -142 -

SCORE/CAROC + Vitamin D and 1109 593 435 2427721 62 057 158 -

calcium

ORAI/CAROC+ Vitamin D and calcium 1110539 440 946 005 62 073 -16 -

CAROC + Vitamin D and calcium 1111676 305 1136 865 61999 74 -

OST/CAROC + Physical activity 1121427790 9751485 62 024 -25 -

ORAI/CAROC + Physical activity 1121744178 316 388 61 904 120 -

SCORE/CAROC+ Physical activity 1121 755 853 11 675 61922 -18 -

CAROCH+ Physical activity 1122 808 961 1053108 61901 21 -

*Less expensive strategy
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“"Dominated strategies are those that were found to be less efficacious and more expensive than another strategy (strict dominance) or to have an
incremental cost-effectiveness ratio that is greater than that of the next, more effective, and more expensive alternative (extended dominance).



Table 4: Cost utility results
4.1 40-64 years (n =363042)

Option Cost/person Incremental cost/ Qalys/person Incremental Qalys ICURs
($CAD)) person

Physical activity 4 828 20.7225 Baseline
Status quo 4 835 7 20.71274 -0.00976
OST/CAROC + Physical activity 5524 689 20.72022 0.007446 -
ORAI/CAROC + Physical activity 5535 9 20.72273 0.00251 -
SCORE/CAROC+ Physical activity 5542 7 20.723 0.00027 -
BMD/CAROC+ Physical activity 5556 14 20.72282 -0.00018 -
OST/CAROC + Vitamin D and calcium 5746 204 20.72308 0.00026 -
OST/CAROC +Physical activity+ Vitamin D 5775 29 20.72611 0.00303 -
and calcium
ORAI/CAROC+ Vitamin D and calcium 5778 3 20.72097 -0.00514 -
SCORE/CAROC + Vitamin D and calcium 5780 2 20.72144 -0.00047 -
BMD/CAROC + Vitamin D and calcium 5799 19 20.72081 -0.0063 -
SCORE/CAROC + Physical activity + 5804 5 20.72655 0.00574 -
Vitamin D and calcium
ORAI/CAROC + Physical activity +Vitamin 5805 1 20.72584 -0.00071 -
D and calcium
BMD/CAROC + Physical activity + Vitamin 5827 22 20.72672 0.00088 239573
D and calcium
Physical activity + vitamin D and calcium 5902 75 20.72576 -0.00086 -
Vitamin D and calcium 5906 4 20,71946 -0,0064 -

* Less expensive strategy
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“"Dominated strategies are those that were found to be less efficacious and more expensive than another strategy (strict dominance) or to have an

incremental cost-effectiveness ratio that is greater than that of the next, more effective, and more expensive alternative (extended dominance).



4.2 65 years and + (n = 136958)

Option Cost/person Incremental cost/ Qalys/person Incremental Qalys ICURs
($CAD)) person

Physical activity 7319 11,31492
Status quo 7 487 168 11,29549 -0,01943
BMD/CAROC + Physical activity + 7 825 338 11,32407 0,02858 55300
Vitamin D and calcium
OST/CAROC +Physical activity+ Vitamin 7931 106 11,31566 -0.00841 -
D and calcium
SCORE/CAROC + Physical activity + 7958 27 11,31702 0.00136 -
Vitamin D and calcium
ORAI/CAROC + Physical activity 7967 9 11,31813 0.00111 -
+Vitamin D and calcium
Physical activity + vitamin D and calcium 7979 12 11,3193 0.00117 -
OST/CAROC + Vitamin D and calcium 8 065 86 11,30823 -0.01107 -
Vitamin D and calcium 8 084 19 11,30893 0.0.0007 -
SCORE/CAROC + Vitamin D and 8102 18 11,30711 -0.00182 -
calcium
ORAI/CAROC+ Vitamin D and calcium 8108 6 11,31093 0.00382 -
BMD/CAROC + Vitamin D and calcium 8117 9 11,30714 -0.00379 -
OST/CAROC + Physical activity 8 188 71 11,31116 0.00402 -
ORAI/CAROC + Physical activity 8 190 2 11,31085 -0.00031 -
SCORE/CAROC+ Physical activity 8191 1 11,31238 0.00153 -
BMD/CAROC+ Physical activity 8 198 7 11,31195 -0.00043 -
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*Less expensive strategy “"Dominated strategies are those that were found to be less efficacious and more expensive than another strategy (strict
dominance) or to have an incremental cost-effectiveness ratio that is greater than that of the next, more effective, and more expensive alternative

(extended dominance).
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