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Abstract
Objective The purpose of the paper is to update and review
the latest developments related to modelling and economic
evaluation of osteoporosis in the period 2002–2005 and
further to present a reference model for the assessment of
the cost-effectiveness of the prevention and treatment of
osteoporosis.
Discussion The reference model is intended to be used for
fracture specific interventions affecting the risk of fracture.
An interface version and an extensive description of the model

is available on the internet (http://www.healtheconomics.se)
and also accessible via the International Osteoporosis
Foundation (http://www.osteofound.org). The purpose of
the reference model is to improve the quality and compara-
bility of cost-effectiveness analysis in the osteoporosis field
and to serve as a tool for validation of present and future
cost-effectiveness models. The reference model allows the
cost-effectiveness analysis to be carried out from a societal
perspective including intervention, morbidity and mortality
costs. The model has been extensively tested and calibrated,
and meets the properties of good decision analytic model-
ling. The model is a state transition Markov cohort model,
which is characterised by a 50-year time horizon divided into
one year cycle lengths. The following health states are
included: “healthy”, “hip fracture”, “spine fracture”, “wrist
fracture”, “other fracture”, and “dead”.
Conclusion The model is flexible and allows for the
estimation of the cost-effectiveness over different ranges
for a selected number of variables (e.g., age, fracture risk,
cost of intervention).
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Introduction

Osteoporosis increases the risk of fractures, which leads to
major consequences for the individual and society. Frac-
tures increase the burden to society both with respect to
mortality and quality of life. The mortality caused by hip
fractures accounts for approximately 1% of all deaths and
1000 life-years lost per year in Sweden [1]. Fractures
account for about 1–2% of the total health care costs of
which inpatient care costs dominate. Although fractures
affect older people to a large extent, indirect costs (loss in
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value of production due to sick leave) also play an
important role that has been estimated at about 10% of
the total costs [2]. Although hip fractures account for a
major part of the burden to society, recent data indicate that
vertebral fractures also play a more important role than
previously assumed [3–5]. For example, it has been
recently shown that the loss in quality of life in the year
after a hospitalised spine fracture is the same or even
greater than the loss in quality of life that is caused by a hip
fracture [4].

Clinical studies have shown that pharmacological treat-
ments such as D-vitamins, calcium, bisphosphonates and
SERMs reduce the risk of fracture. In addition, non-medical
interventions such as hip protectors may reduce the risk of
hip fracture, though recent studies suggest little if no effect
[2, 6]. The introduction of new interventions has increased
the costs for the treatment and prevention of osteoporosis.
For example, in Sweden the sales of pharmaceuticals for
bone specific disorders (bisphosphonates and SERMs) have
increased by 84% from SEK 182 to 335 million during the
last five-year period 2000–2004 [7]. These agents account
for a rise from 0.8 to 1.2% of the total pharmaceutical sales.
If calcium and D-vitamin preparations are included, the
total sales have increased from SEK 280 to 460 million,
which corresponds to an increase in the share of total
pharmaceutical sales from 1.2 to 1.6%.

With limited resources and health care budgets, it is
important to strive for the efficient use of scarce resources,
so that health outcomes are maximised. Economic evalua-
tions can support decisions concerning the efficient alloca-
tion of scarce resources in health care. In economic
evaluations, the costs of the interventions are weighed
against the benefits and cost-effectiveness indicates that no
further health gains can be achieved by allocating resources
differently. The importance of cost-effectiveness studies in
health care decision making has been strengthened over the
past few years. In particular, economic evaluations play an
increasing role in pricing and reimbursement decisions [8].

Modelling is a necessary feature for making decisions
about the efficient use of health care resources in the area of
osteoporosis [9, 10]. The purpose of modelling is to
produce information beyond that which is available from
clinical studies. An example of the need for modelling is to
generate information about costs and health effects that
occur after the cessation of the clinical study. In a previous
review of the osteoporosis health economic literature by
Zethraeus et al. [11], the weaknesses and strengths of
different model alternatives were discussed. The authors
concluded that Markov modelling is usually used but that
models differ in many respects in terms of structure, data
and validation. Both in the public and the private sector
new models have accompanied several of the new cost-
effectiveness analyses of interventions in osteoporosis,

which makes it difficult to assess to what extent the results
are a consequence of a new model or the new technology
and data. To increase the probability that the cost-
effectiveness results reflect the true benefits and costs of
different interventions the cost-effectiveness, analysis
should be assessed on a reference model. This provides an
opportunity to validate present and future models, and in
the absence of a new model, to investigate the results with
new data for a given indication or new interventions. There
may be reasons to change certain aspects of the model to
capture the properties of a new technology. However, there
is still the need to validate the model for a standard case.

The major aim of this paper is to present a reference
model for the assessment of the cost-effectiveness of the
prevention and treatment of osteoporosis. In particular, the
paper addresses the following questions: What types of
health care technologies are assessed and for what
indications? What is the perspective of the economic
evaluation? What specific features are involved in model-
ling in osteoporosis? What properties should a reference
model have? To investigate these questions we carried out a
review and update [9–12] of the literature related to the
assessment of the treatment and prevention of osteoporosis.
The literature search identified studies published in the
period from 2002 to 2005. A reference model is suggested
and illustrated by a hypothetical intervention for different
scenarios. The model is intended to be used for fracture
specific interventions affecting the risk of fracture. An
interface version and a detailed description of the model are
available on the internet (http://www.healtheconomics.se)
and also accessible through the International Osteoporosis
Foundation (http://www.osteofound.org). In this version it
is possible to estimate the cost-effectiveness over different
ranges of a selected number of parameters (e.g., age,
fracture risk, cost of intervention).

Overview of studies 1980–2001

A review carried out by Zethraeus et al. [11] identified 22
studies that assessed the cost-effectiveness of the treatment
and prevention of osteoporosis. At the beginning of the
period (1980–1992), more than 70% of the cost-effective-
ness studies came from the same US research group, which
estimated the cost-effectiveness applied to a US setting
[13–17]. Later studies were mainly from outside the US by
a Swedish research group [18–22] that developed models to
assess the cost-effectiveness of the prevention and treatment
of osteoporosis using Swedish data.

Thirteen out of 22 studies assessed the cost-effectiveness
of hormone replacement treatment (HRT), 6 studies
investigated the cost-effectiveness of hypothetical fracture
therapies, and 3 studies assessed the cost-effectiveness of
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tibolone, HRT and a life style intervention, and alendronate,
respectively. HRT was the only technology assessed at the
beginning of the period, with the introduction of bisphospho-
nates, the first models were developed in the mid-1990s
that focused on fracture-specific therapies in general, i.e.,
hypothetical therapies that affected only the risk of fracture.
It was not until in the beginning of the 2000s that fracture
specific agents (e.g., alendronate) were assessed, based on
clinical trials and using fracture-specific models [23].

All the cost-effectiveness studies were based on the so-
called Markov state transition models. The structure of the
models differed depending on the therapy assessed and the
potential effects and side effects of therapy. Models used for
fracture specific therapies (e.g., bisphosphonates or hypo-
thetical fracture therapies) always included hip fracture as a
disease state and usually also included fractures of the wrist
and spine. Models intended for therapies with extra-skeletal
effects (i.e., HRT) always included hip fracture and breast
cancer, and usually also coronary heart disease. At the
beginning of the period, these studies usually included the
risk of endometrial cancer and, in some cases, also the risk of
gallbladder disease. The structure of the HRTmodels usually
differed with respect to other disease states: Some models
included coronary heart disease (CHD) and stroke. This
reflected the uncertainty during that time of the effects of
HRT on those disease states, due to the lack of randomised
controlled trials. Subsequently, the publication of random-
ised controlled studies reduced the uncertainty related to
HRT and its effect on different disease states [24–26].

In early studies, the fracture risk was usually modelled
from the relationship between bone mineral density (BMD)
and fracture risk (BMD models) developed by Melton et al.
[27]. However, other risk factors are also important for the
risk of fracture (height, smoking status, previous fracture
etc), so that BMD alone is an incomplete measure of fracture
risk. In addition, there are uncertainties concerning the
relationship between changes in BMD and changes in
fracture risk [28–30]. Later studies incorporated age-specific
absolute risks, which were based on epidemiological data.
The majority of studies assumed that the risk of fracture was
reduced for some time after treatment was stopped.

In earlier studies, cost-effectiveness analysis was based on
a health care perspective, but after 1998, more than 50% of
the studies were based on a societal perspective so that costs
outside health care were included, such as indirect costs and
costs in added years of life. This reflects the methodological
development in health economics, where Meltzer [31], for
example, argues for the inclusion of costs in added years of
life. Studies in the period 1980–1995 included direct costs
for intervention and morbidity and related medical costs in
added life years. Since 1998, indirect intervention and
morbidity costs were often included, as well as costs minus
production in added life-years.

Studies assessing the cost-effectiveness of therapies with
extra skeletal (non-fracture) effects have always included
cost and mortality data related to hip fracture and breast
cancer, and since 1992, cost and mortality data for CHD.
The quality of life related to hip fracture was always
considered and, at the end of the period, the effect of breast
cancer and coronary heart disease on quality of life was
also taken into account. Studies that assessed the cost-
effectiveness of fracture specific therapies included cost,
mortality and quality of life data related to hip fractures.

Overview of studies 2002–2005

For comparative purposes, the search strategy was the same
as that used in the previous review [11]. Studies that
assessed the cost-effectiveness of the prevention and
treatment of osteoporosis and published in the period
2002–2005 were included in the survey. Only studies that
defined the effectiveness measure in terms of quality
adjusted life years (QALYs) were included. Since osteopo-
rosis therapies may have consequences on different fracture
outcomes, events avoided are not a suitable outcome
measure. The ultimate consequence of osteoporosis thera-
pies is on length of life and quality of life, which makes
QALY an attractive outcome measure. Since QALYs
incorporate quantity and quality of life into one measure,
this makes it possible to compare the cost-effectiveness of
different therapies for one patient group and to compare the
cost-effectiveness of therapies in different treatment areas
[32]. QALYs are also recommended by some drug benefit
boards and health technology sssessment agencies (the
Swedish Pharmaceutical Benefits Board (LFN) and the
National Institute for Health and Clinical Excellence
(NICE)). Papers were searched in HEED (Health Economic
Evaluation Database) and PubMed® with a cut-off date of
September 2005. The following keywords were searched
for: “cost” and “osteoporosis”. Papers that focused on
indications other than osteoporosis were excluded. Studies
not defined as economic evaluation studies (e.g., cost
studies) were also excluded. Unpublished working papers,
technical reports and other research papers have been added
if considered relevant. In total, 22 studies were identified
and are summarised in Table 1 [33–54].

Table 1 lists the studies by year of publication,
intervention assessed, indications and country to which
the results apply. The most frequently assessed technology
was pharmacological agents, which were assessed in 19 of
the studies (86%). Hip protectors were assessed in the three
remaining studies (14%). Assessments of bisphosphonates
dominated the pharmacological interventions and constitut-
ed more than 60% of these studies. SERMs were assessed
in 4 of the studies followed by calcium/vitamin D and HRT
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(two studies each) and PTH, which was assessed in one
study. The base line comparator was usually calcium and
vitamin D. Only one study directly assessed the cost-
effectiveness of one bisphosphonate compared with another
bisphosphonate [39]. Almost all the studies analysed the

cost-effectiveness of the use of the technology for women
between the ages of 50–85 years. Men were assessed in
four studies [33, 38, 48, 49]. Most of the studies focused on
women living independently in private residence, whilst
three studies only analysed women living in nursing homes

Table 1 Summary of studies included in the review

Nr Authors Year of
publication

Intervention and comparator Indication Country

1 Grima, Burge &
Tosteson [39]

2002 Risedronate vs. alendronate Established osteop 65 year,
women

US

2 Iglesias, Torgerson,
Bearne et al. [40]

2002 Risedronate vs. calcium/vitamin D Established osteop 75 year,
women

UK

3 Kanis, Brazier,
Stevenson et al. [44]

2002 Bisph./HRT/SERM/calcium./vitamin D/calcitonin/
thiazide diuretics/anabolic steroids vs. no treatment

Established osteop, 50–
80 year, women

UK

4 Nagata-Kobayashi,
Shimbo & Fukui [46]

2002 HRT vs. screening & HRT vs. no treatment 50 year women,
osteopenia/osteoporosis

Japan

5 Segui-Gomez, Keuffel
& Frick [48]

2002 Hip protectors vs. no treatment Nursing homes, 65–85+
year, women/men

US

6 Willis [52] 2002 Calc/Vit D vs. no treatment High risk population,
50–70 year, women

Sweden

7 Borgstrom & Zethraeus
[54]

2003 Risedronate vs. calcium/vitamin D Established osteop, ost,
74 year old women

Sweden

8 Brecht, Kruse,
Felsenberg et al. [35]

2003 Risedronate vs. Standard treatment (no treatment
& calcium vitamin D)

Established ost, 70-year
old women

Germany

9 Jonsson, Borgstrom &
Zethraeus [41]

2003 Alendronate vs. calcium/vitamin D Established osteop, ost, 69
and 71 year old women

Denmark

10 Waldegger, Cranney,
Man-Son-Hing et al.
[51]

2003 Hip protectors vs. no intervention Nursing homes, 70–
82 year old women

Canada

11 Borgstrom, Johnell,
Jonsson et al. [33]

2004 Alendronate vs. calcium/vitamin D Established ost, 60–
80 year old men

Sweden

12 Borgstrom, Johnell,
Kanis et al. [34]

2004 Raloxifene vs. calcium/vitamin D Osteoporotic, 60–80 year
old women

Sweden

13 Brecht, Kruse, Mohrke
et al. [36]

2004 Risedronate/alendronate/Raloxifene vs. calcium/
vitamin D

Established osteoporosis,
70 year old women

Germany

14 Fleurence [38] 2004 Calc/Vit D/hip prot. vs. no treatment High risk and average,
men and women 70 years

UK

15 Kanis, Borgstrom,
Johnell et al. [42]

2004 Risedronate vs. calcium/vitamin D Established osteop, ost
women 60–80 years of
age

UK

16 Singh, Sun & Anis [49] 2004 Hip protectors vs. no treatment & calcium/vitamin D Nursing home residents,
85 years men/women

Canada

17 Christensen, Brixen,
Gyrd-Hansen et al.
[37]

2005 Alendronate vs. calcium/vitamin D RR fracture=2, 71 year old
women

Denmark

18 Kanis, Borgstrom,
Johnell et al. [43]

2005 Raloxifene vs. calcium/vitamin D 50–80 year old women,
osteop+est osteop

UK

19 Lundkvist, Johnell,
Cooper et al. [45]

2005 parathyroide hormone (PTH) vs. calcium-vitamin D 69 year old women,
established osteoporosis

Sweden

20 Schousboe, Nyman,
Kane et al. [47]

2005 Alendronate vs. calcium/vitamin D 55–75 years old women
osteopenia

US

21 Stevenson, Lloyd Jones,
De Nigris et al. [50]

2005 Bisph./raloxifene/teraparatide vs. calcium/vitamin D 50–80 year old women UK

22 Zethraeus, Borgström,
Jönsson et al. [53]

2005 HRT vs. screening & HRT vs. no treatment 50–60 year old women
with menopausal
symptoms

Sweden
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(hip protectors). The populations considered were usually at
a higher risk of fractures compared with the average
population, and most studies assessed the cost-effectiveness
for women with osteoporosis or established osteoporosis.
Most of the economic evaluations (73%) were set in
countries within Europe (Denmark, Germany, Sweden,
and the UK) and more than 50% of the studies applied to
either the UK or Sweden. Outside Europe, the US, Canada
and Japan are represented.

The cost-effectiveness analyses were all based on a
Markov state transition model, which is characterised by
health states, transition probabilities, Markov cycles and a
time horizon. Table 2 defines the disease states included in
the models from the different studies. The papers can be
divided into 17 studies that used fracture-specific models,
i.e., models that only include fracture disease states (studies
usually analysing treatments that only reduce the fracture
risk) and five studies that used non-fracture specific (extra-
skeletal) models, also including non-fracture disease states
such as breast cancer and CHD (studies analysing treat-
ments with fracture and non-fracture effects). All but one of
the fracture specific models assessed fracture-specific
therapies (bisphosphonates, calcium vitamin D, PTH, hip
protectors). One study that assessed the cost-effectiveness
of HRT only included hip fracture as a disease state [46].
All the non-fracture specific models assessed treatments

with both fracture and non-fracture specific effects (i.e.,
SERMs and HRTs). Table 3 shows included costs in the
different studies.

All models included a hip fracture state and usually also
spine and wrist fracture states, and sometimes also other
fractures. For the assessment of SERMs and HRT, breast
cancer and coronary heart disease states were also included.
After the publication of the Women’s Health Initiative
studies [24, 25] the assessment of HRT also included
colorectal cancer, stroke and venous thromboembolic
events [53]. In all studies, the fracture risks were based on
fracture incidence derived from epidemiological studies.
Thus, the baseline fracture risks were based on incidence
rather than on the relationship between BMD and the risk
of fracture. The effect of therapy was usually based on
analysis of randomised controlled trials. A remaining effect
of therapy was modelled after stopping treatment, so that
the intervention reduced the risk of fracture for a variable
time after stopping treatment.

The majority of studies were not carried out based on a
societal perspective, so that important cost items have been
excluded from the analysis. A societal perspective should
include direct and indirect costs for the programme,
morbidity and mortality. In the majority of studies only
direct costs for the programme (intervention) and morbidity
(e.g., fracture costs in hospital) and also related medical

Table 2 Included disease states

Included disease states Fracture incidence
model

Remaining effect
on fracture

Fracture states Cancer states Cardiovascular states

Study Hip Spine Wrist Other Breast Colorectal CHD Stroke VTE

1 X X X Unknown
2 X X X X X Unknown
3 X X X X X X X X
4 X Unknown
5 X X Not relevant
6 X X Unknown
7 X X X X X
8 X X X X X Unknown
9 X X X X X
10 X X X X Not relevant
11 X X X X X
12 X X X X X X X
13 X X X Unknown
14 X X X X X X
15 X X X X X
16 X X Not relevant
17 X X X X X
18 X X X X X X X
19 X X X X X
20 X X X X X X
21 X X X X X X X X
22 X X X X X X X X X X
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costs in added years of life. Six out of 22 studies also
included costs minus production in added years of life
[33, 34, 41, 45, 53, 54].

A reference model

The reference model is extensively validated and based on
previous modelling experience developed for almost
15 years, and meets the criteria of good decision analytic
modelling [18–20, 31, 41, 53, 55]. The model can be used
for analysing different populations: female/male, high risk
populations, and different ages. The model produces the
change in costs and effectiveness (in terms of QALYs) for
the intervention compared with no intervention. The model
uses a societal perspective where direct and indirect costs
related to intervention, morbidity and mortality are includ-
ed. As an option mortality costs may be excluded. The
model also provides an opportunity to incorporate negative
(side effects) or positive effects during therapy.

Model structure

The reference model presented below is a state transition
Markov cohort model, which is characterised by a life-long
time horizon (maximum 50 years) divided into a Markov

cycle length of 1 year. The structure of the model is shown
in Fig. 1. The arrows show the allowed transitions in the
model. Each year there is always a possibility of dying or
staying in the same health state. The fracture-state consists
of a hip fracture, vertebral fracture, wrist fracture and one
“other” fracture state. The “other” fracture state provides
the possibility of including another fracture that is consid-
ered to be important, but could also be used as a proxy for
all other osteoporotic fractures.

An intervention is modelled by its impact on the disease
risks during and possibly also after stopping treatment. The

Intervention
costs

Morbidity costs Mortality costs

Study Direct Indirect Direct Indirect Medical
related

Costs
unrelated

All costs minus
production

1 X X X
2 X X X
3 X X X
4 X X X
5 X X X
6 X X X
7 X X X X X
8 X X X
9 X X X X X
10 X X X
11 X X X X X X
12 X X X X X X
13 X X X
14 X X X
15 X X X
16 X X X
17 X X X
18 X X X
19 X X X X X
20 X X X
21 X X X
22 X X X X X X

Table 3 Included costs in the
different studies

Fig. 1 The structure of the model
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remaining effect of an intervention on the fracture risk after
the treatment period is modelled as a linear decline in the
level of risk reduction for a given “offset time”. The
remaining effect is usually assumed to persist for the same
time as for the intervention period.

Empirical illustration

To illustrate how the model can be used an example
calculation was carried out for a hypothetical population
based on Swedish data. Cost and quality of life data were
largely based on empirical studies. Data on disease risks
and mortality rates were obtained from different national
registers and epidemiological studies. A brief description of
the data and sources is given below. Figures 2 and 3 present
the Screen input and output of the reference model.

Definition of population and effect of intervention

The base case assesses a 70-year old woman with a twofold
increase in the fracture risk. It is assumed that the
intervention reduces the fracture risk by 35% (RR=0.65)
during therapy and that a remaining effect wanes linearly
for another 5 years. This is consistent with findings in
clinical randomised studies of the effect of bisphosphonates
on the overall risk of fracture [56]. Note that the offset time
can be changed in the model allowing for other remaining
effects. The same relative risk reduction is assumed for all
the fractures. The intervention is compared with standard
treatment (e.g., calcium and D-vitamins).

Disease risks

The age-differentiated risk of fractures at the hip, clinical
vertebrae and the wrist in a general Swedish female
population were derived from a population based study
from Malmö published in a study by Kanis et al. [57].
Other fractures are presently not activated in the reference
model.

Mortality rates

Patients with hip fractures and clinical vertebral fractures
have a higher mortality compared to the normal population
[58–62]. A part of the excess mortality after fracture
compared to normal mortality cannot entirely be ascribed
the fracture event but also to other co-morbid conditions [1,
62, 63]. We assumed that 30% of the observed excess
mortality after a hip or vertebral fracture was associated
with the fracture event. Wrist fracture was not assumed to
be associated with any excess mortality [58, 59]. Age-
specific annual mortality rates for the general population,
first and second and following for hip and spine fractures
were taken from statistics Sweden and two publications by
Odén et al. and Johnell et al. [64–66]. The adjusted normal
mortality (death due to other causes not included in the
model) can be calculated as normal mortality multiplied by
the fraction of all causes of death that is not explained by
hip and spine fractures. The mortality caused by hip
fractures accounts for approximately 1% of all deaths. The
fraction of all deaths that spine fractures accounts for is
uncertain and in the base case analysis no mortality
adjustments are made.

Quality of life weights

Estimates of the reduction in quality of life the year after
osteoporotic fractures were derived from a study based on
patients recruited at the orthopaedic department at the
Malmö University Hospital in the south of Sweden [67].Fig. 2 Input framework of reference model

Osteoporos Int (2007) 18:9–23 15



From this study the yearly proportional loss in quality of
life after a hip fracture, vertebral fracture and wrist fracture
were estimated at 0.203, 0.374 and 0.023, respectively [67].
By relating these estimates to Swedish population utility
values (50–59 years: 0.82; 60–69 years: 0.78; 70–79 years:
0.78 and 80 years and above: 0.74) [68] age differentiated
fracture specific quality of life weights were obtained
[5, 69]. The quality of life in subsequent years after a hip
fracture was assumed to be 90% of that of a healthy
individual [70]. Based on the findings that radiographically
defined vertebral fractures reduce quality of life by
approximately 9% when the fracture may have occurred at
a previously unknown time [71] it was conservatively
assumed that the quality of life loss related to clinical
vertebral fractures the second and following years was 0.05.

There are no studies suggesting that wrist fracture is
associated with a measurable reduction in quality of life
in the long term, and it was assumed that wrist fracture had
an impact on the quality of life only during the first year
after fracture.

Costs

The inclusion of costs was based on a societal perspective
including intervention costs, disease related costs and costs
in added years of life. All costs are in Swedish crowns
(SEK) expressed in the prices of 2004 (1€=9.1SEK). When
needed, the costs were inflated using the Consumer Price
Index from Statistics Sweden. The annual intervention cost
(a typical bisphosphonate) is assumed to be SEK 6,000. In a

Fig. 3 Output framework of reference model
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sensitivity analysis the intervention cost is varied between
SEK 3 000 and 9 000. The intervention cost consists of drug
costs and costs for assessment and physician visits.

Direct and indirect fracture costs in Sweden during the
first year after a hip, clinical vertebral and wrist fracture
were derived from Zethraeus et al. [3, 72]. Hip fracture
costs in the second and following years were based on the
age-differentiated proportion of patients that come from
home before fracture, that reside in nursing home one year
after fracture (data on file). The proportions of patients
admitted from home going to long-term care after hip
fracture at different ages were; 50–69: 7% , 70–79: 10% ,
80–89: 15% , over 90: 23%. These patients were assumed
to remain in a nursing home for the rest of their lives [70] at
a daily cost of SEK 1 605 [73]. It was conservatively
assumed that vertebral and wrist fractures were associated
with costs only during the first year after fracture. Costs in
added years of life, defined as the difference between
annual production and consumption in different age groups,
are based on Ekman et al. [74].

Results

Table 4 gives the cost-effectiveness ratios for a 5-year
fracture specific treatment. All ratios are given in Swedish
crowns (SEK).

The cost per gained QALY is SEK 260,000 in the base
case analysis. The sensitivity analysis demonstrates that the
cost-effectiveness ratio decreases with increasing age, offset
time, population risk, and decreasing intervention cost. If
the quality of life during therapy is increased, the cost-
effectiveness ratio also becomes lower. On the other hand
small side effects during therapy (represented by a 1%
decrease in quality of life during therapy) will increase the
ratio substantially. In all the scenarios the cost per QALY
gained is below the defined cost-effectiveness threshold
value of SEK 600,000. Dominated (D) means that the
intervention is associated with lower costs and better effects
compared with no intervention. Excluding the costs in
added years of life (mortality costs) implies lower cost-
effectiveness ratios.

Discussion

This paper presents a reference model for the assessment of
the cost-effectiveness of the treatment and prevention of
osteoporosis. The model is intended to be used for the
evaluation of health care technologies that affect the risk of
fractures. An interface version and a description of the
model are available on the internet (http://www.health
economics.se) and through a link from the International
Osteoporosis Foundation (http://www.osteofound.org). The

model permits the estimation of the cost-effectiveness over
different ranges for a selected number of parameters (e.g.,
age, fracture risk, cost of intervention).

There are several reasons why a reference model is
needed. First, it may be used as a common reference for the
assessment of new therapies. If every new technology is
accompanied by a new model, it may be difficult to
conclude whether the cost-effectiveness results are a
consequence of the model or of the new technology.
Second, new models can be validated against the reference
model based on a given set of data. Such a validation
provides an opportunity to discuss and compare results and
clarify the reasons for discrepancies. Third, it will provide
an opportunity to use a well validated model to investigate
the effect of new data for a specific population (country) or
for a new technology.

This paper has also reviewed the latest developments in
modelling and economic evaluation of the prevention and
treatment of osteoporosis. In total the review identified 22
studies in the period 2002–2005, which is equal to the
number of studies identified in the period 1980–2001 [11].

Table 4 Cost effectiveness ratios for different populations and
assumptions (SEK)

Parameters varied in the
sensitivity analysis

Costs in added
life years
excluded

Costs in added
life years
included

Base case 110,000 260,000
Starting age
65 year treatment initiation 280,000 430,000
75 year treatment initiation D D
Effect envelope
Offset time=0 years 330,000 460,000
Offset time=10 years 2,000 4,000
Discount rate
Health effects 0%, costs 3% 80,000 100,000
Costs and effects=0% 40,000 210,000
Costs and effects=5% 150,000 300,000
Fractures
RR=1 370,000 540,000
RR=2 110,000 150,000
RR=3 20,000 20,000
RR=4 D D
Assuming only half of the
reduction in quality of life
related to fractures

140,000 340,000

Intervention
QOL due to therapy +1% 70,000 180,000
QOL due to therapy −1% 190,000 450,000
Risk reduction fracture=50% D 150,000
Intervention costs=3,000 D 80,000
Intervention costs=9,000 280,000 430,000

D=the intervention dominates the no intervention alternative
Base case: 70-year old woman with 2-fold increase in fracture risk.
Risk reduction=35%. Five-year offset time. Annual intervention
cost 6,000 SEK
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Sixteen of the studies were published in medical journals,
five were published in health economic journals and two
were identified as HTA reports. A reason for the increase in
the number of studies and related models is the increase in
the development and introduction of new treatment alter-
natives. In particular, the introduction of bisphosphonates,
which were assessed in more than 50% of the studies,
explains the increase in the number of studies. Another
factor that may explain the development is that, during the
few years, the role of economic evaluation in health care
decision making has increased, reflecting the importance
that reimbursement agencies give to cost-effectiveness as
one explicit criterion behind reimbursement decisions.

All the cost-effectiveness models are so called Markov
state transition models, which are characterised by health
states, transition probabilities, Markov cycles and a time
horizon. The models can be divided into fracture-specific
models and models with non-fracture (extra-skeletal)
effects. The models are rather similar in structure; about
the same disease states are identified, the cycle length is
one year and the time horizon is usually life long. The
majority of models are fracture-specific models with the
aim of analysing treatments that only reduce the fracture
risk. In particular the bisphosphonates have been assessed,
but also hip protectors have been evaluated. All of the
fracture-specific models have included a hip fracture state
and most also included spine and wrist fracture states and in
some cases also other fractures. The fracture risks have
been based on epidemiological data, and not on the relation
between BMD and the risk of fracture, a feature seen in
some early models.

Data on clinical effectiveness were in the previous
period (1980–2001) only in rare instances based on data
from randomised clinical studies. Usually “best guesses”
were used based on epidemiological data and expert
opinion. Thus, the effectiveness for the cost-effectiveness
estimations were usually based on what-if calculations and
not on RCTs. Studies in the period 2002–2005 have largely
based the effectiveness on randomised controlled trials,
studying the effect of therapy on fracture risk [75–78],
systematic reviews or meta-analyses. Only one of the
identified studies assessing the cost-effectiveness of HRT,
used an observational study as the only base for the
effectiveness measure [46]. After the cessation of therapy
a remaining effect is usually modelled. The effect of
therapy after stopping treatment is associated with a higher
degree of uncertainty, due to the lack of appropriate
randomised studies.

The majority of studies did not include a societal
perspective, so that important cost items were excluded
from the analysis. A societal perspective includes direct and
indirect costs for the intervention, morbidity and mortality.
In most studies, only direct costs for the programme

(intervention) and morbidity (e.g., fracture costs in hospital)
were included. However, due to the definition and structure
of the Markov model in these studies, related medical costs
for mortality have been included implicitly (at least costs
for the included disease states). For all the studies, hip
fracture was assumed to be associated with an increased
mortality risk (in some cases also spine fracture is assumed
to increase the mortality risk), and by avoiding a hip
fracture that life is prolonged. When the life is extended the
individual will be confronted with further risks of hip
fractures which are included in the model. To be consistent
with economic theory and to avoid sub-optimisation, a
societal perspective should be carried out, which implies
that also unrelated medical costs and non-medical costs
minus production should be included in added years of life
as recommended in guidelines for economic evaluations of
interventions in osteoporosis [79, 80]. The societal per-
spective can be supplemented with budget impact analyses
from other more limited perspectives (e.g., health care
budget, drug budget etc).

The data used in the models are of different quality.
Often the epidemiological data are better referenced to
empirical studies than data on costs and utilities. However,
an improvement over time is evident in the collection of
data on costs and utilities for different health states. Cost
and health effect data are obtained from a combination of
different sources where charges often are used as proxies
for costs and where quality of life estimations are based on
assumptions rather than on empirical data. It is important to
aim at using empirical data as a base for the costs and
quality life figures. If not there is a risk of obtaining biased
cost-effectiveness results. For example, previous studies
show that the first assumptions made of the reduction in
quality of life related to menopausal symptoms severely
underestimated the real effect of symptoms on quality of
life shown in later empirical studies [81, 82]. Also the costs
and quality of life related to spine fractures have been
underestimated in many studies that do not base their
estimates on empirical studies. Recently, empirical studies
have demonstrated that hospitalised spine fractures have
about the same impact on quality of life as hip fractures.

The reference model is constructed in accordance with
good modelling practice, which according to Akehurst and
Brazier [83] includes the following characteristics: trans-
parency (the structure and the data included in the model
can easily be investigated), internal consistency (the model
is mathematically well defined for all combinations of
parameter values feasible in the model), reproducibility
(independent analysts have the opportunity to reproduce the
results given by the model), interpretability (the results are
clear and interpretable for the decision that it is being used
to inform), exploration of uncertainty (uncertainty can be
appropriately explored by the use of sensitivity and

18 Osteoporos Int (2007) 18:9–23



stochastic analysis), statement of scope (the scope of the
model is clearly specified), external consistency (the
outputs of the model are consistent with empirical evi-
dence), parsimony (the model is kept as simple as possible),
inferential soundness (the causal relationships in the model
should be explained and supported by best available
evidence).

The reference model presented in this paper can further
be assessed against a list of nine dimensions (questions)
described by Sculpher et al. [84]. The purpose of the list is
to encourage the analyst to provide an explicit and
comprehensive justification of the methods used, and
allows the user of the model to make a judgement about
the relevance, coherence and usefulness of the analysis.
First there is a clear statement of the decision problem, the
context and the perspective of the model (structure). The
model is intended for assessing the cost-effectiveness of
fracture-specific treatments affecting the risk of fracture.
The analysis is based on a societal perspective and the
model allows for the inclusion of intervention, morbidity
and mortality costs. A societal perspective is recommended
in health economic evaluation studies and also by some
drug benefit boards [32, 80]. The model is flexible and can
analyse different patient groups and treatment alternatives
in any country. Different risk groups such as patients
having established osteoporosis or other risk factors can be
analysed by multiplying the average risk with a relative risk
factor. To make accurate conclusions in other countries, the
data must be valid for the specific setting to which the
model is applied. That is data on risks, mortality, costs and
quality of life must be valid for the setting that is analysed.
In the base case the model is populated with data
appropriate for Sweden. The inclusion of disease states is
based on the most important fracture states in terms of cost
and health effect consequences. Hip, but also spine
fractures, are associated with major costs and quality of
life consequences, which are important to incorporate. Also
fractures of the wrist are included. The model also permits
the user to activate an “other fracture” disease state. This
option increases the flexibility of the model to incorporate
other important fracture disease states considered relevant
The options are well described and involve either a
comparison between treatment/no treatment or between
different treatment strategies. The time horizon is clearly
stated and is based on a life long perspective. All
individuals are followed until they are dead or achieve the
age of 100 years. A life long perspective is preferable due
to the long term effects on costs, mortality and quality of
life. The cycle length is defined as one year, which is
consistent with annual data on e.g., disease risks and
mortality rates. Further the sources of parameter values
(data identification) and their incorporation are clearly
stated, referenced and described. Tests of internal consis-

tency are carried out by the help of menus, which can be
used to control the model calculations. Several tests in
different sensitivity analysis have been carried out and
compared with expected outcomes. Finally, external con-
sistency is investigated by comparing the results with other
studies carried out in the field. e.g., the life time risk of
fracture and life expectancy for an average population has
been calculated and compared with estimates based on
epidemiological data and other studies analysing the effect
on life expectancy.

To assess Markov models either cohort or individual
Monte Carlo simulation can be carried out. Most of the
reviewed studies above use cohort simulation for the
assessment of the Markov model, which means that a
hypothetical number of patients are run through the model
producing a point estimate of the incremental cost-effec-
tiveness ratio. In individual Monte Carlo simulations
(a standard feature of many software packages) a large
number of patients are followed through the model
individually where the path followed by different patients
will differ due to chance. The advantage of the individual
simulation is that it gives an estimate of the variance
associated with the costs and health effects in each arm of
the model. This representation of the uncertainty in the
estimated cost and effects relates to the inherent uncertainty
of the probabilistic structure of the model and is sometimes
termed as “first-order” Monte Carlo simulation. “Second-
order” Monte Carlo simulation can also be performed. In
addition to allowing for uncertainty due to the ways
individuals travel through the model, the underlying model
variables are allowed to vary over a given range with a
given distribution [85]. It has become popular to express
the results of the uncertainty analyses in so called cost-
effectiveness acceptability curves. This trend is in line with
methodological developments in the field.

To assess whether an intervention is cost-effective from a
societal point of view the costs (including intervention,
morbidity and mortality costs) must be compared with the
societal value per unit increase in health effects. An
intervention is cost-effective if the value exceeds the costs
per unit increase in health effects. The value of a QALY
gained in the illustration above suggested to be SEK 600
000, which also can be derived from the value that the
Swedish road authorities put on a statistical life (corre-
sponds to US$ 70,000 using the average exchange rate
during 2003: US$=8.1 SEK). Other studies have used
US$ 60,000 as a base case and in a sensitivity analysis
varied the threshold value between US$ 40,000 and US$
100,000 [86, 87]. In most cost-effectiveness studies so far,
the mortality costs have been excluded. For life extending
interventions this means an underestimation of the cost per
QALY gained in patient groups where the value of the
consumption exceeds the production, and an overestimation
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in patient groups where the value of production is greater
than the consumption. For calculations excluding costs in
added years of life, lower benchmark values of US$
20,000–40,000 have generally been used [88].

Conclusions

For about 25 years, modelling has served as a necessary
tool for the assessment of the cost-effectiveness of the
treatment and prevention of osteoporosis. Modelling is a
necessary feature for making decisions about the efficient
use of health care resources in the area of osteoporosis.
Several models have been developed to assess the cost-
effectiveness of health technologies in the osteoporosis
field. Although the models have become more similar over
time, they still differ in many respects in terms of data,
perspective and validation. This makes it difficult to assess
if the cost-effectiveness results are a consequence of a new
model or the new technology and data.

Cost-effectiveness analysis is a method for assessing costs
and benefits of alternative ways of allocating resources in
order to assist decisions aiming at achieving efficiency. It is
important that these decisions are based on reliable and valid
assessment of cost effectiveness. If not, there is an increased
risk of erroneous health care decisions and policy recom-
mendations, which may result in wasteful use of scarce
resources in society. In the light of the increasing role and use
of economic evaluations in health care decision making, this
should be a priority issue. Improving the quality of the cost-
effectiveness information might also imply that the role and
use of economic evaluations may increase in the future.

To improve the quality and comparability of cost-
effectiveness analysis in the osteoporosis field a reference
model is suggested, which is made available on internet
(http://www.healtheconomics.se). The model is intended to
be used for assessing the cost-effectiveness of health care
technologies affecting the risk of fracture. The purpose of the
reference model is to serve as a tool for validating present
and future cost-effectiveness models. The model may also be
used instead of developing new models in the field.

The reference model allows the cost-effectiveness
analysis to be carried out from a societal perspective
including intervention, morbidity and mortality costs. The
model is based on several years of modelling experience
and meets the properties of good decision analytic
modelling. The model is a state transition Markov cohort
model, which is characterised by a 50-year time horizon
divided into one-year cycle lengths. The following health
states are included: healthy, fracture states of the hip, spine,
wrist, “other fracture”, and dead. The model is flexible and
can be used for analysing different populations: female/
male, high risk populations, and different ages.

The model is in the base case populated with Swedish
cost and health effect data. To use the model for other
countries and settings the data on costs and health effects
must be adapted to reflect the new conditions. A model is
only a tool for synthesising the best available data on cost
and health effects valid for a specific setting at a certain point
in time. To produce reliable and valid cost-effectiveness
results, the model should always be based on best available
data valid for the country/setting subject to analysis.

New opportunities for the prevention and treatment of
osteoporosis will continue to be developed and established
methods need to be reassessed in view of new evidence.
Modelling will always play an important role in the
assessment of the cost-effectiveness of the prevention
and treatment of osteoporosis. A reference model may
contribute to increasing the quality and reliability of cost-
effectiveness analyses of new technologies in the osteopo-
rosis field. It further provides opportunities for validation
and discussion of results from other models, which may
clarify reasons for discrepancies.
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