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Cost-effectiveness of fracture
prevention treatments in the
elderly
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Objectives: The cost-effectiveness of fracture prevention treatments (vitamin D and
calcium and hip protectors) in male and female populations older than seventy years of
age in the United-Kingdom was investigated.
Methods: A Markov model was developed to follow up, over lifetime, a hypothetical cohort
of males and females at high-risk and general risk of fracture. Patients could sustain hip,
wrist, vertebral, and/or other fractures. Fracture rates were obtained from population
surveys in the United Kingdom. Effectiveness and quality of life data were identified from
the clinical literature. Costs were those incurred by the UK National Health Service, and
were obtained from several published sources. Uncertainty was explored through
probabilistic sensitivity analysis.
Results: In the general-risk female (male) population, the incremental cost per Quality
Adjusted Life Year (QALY) was $11,722 ($47,426) for hip protectors. In the male high-risk
population, the incremental cost per QALY was $17,017 for hip protectors. In the female
high-risk population, hip protectors were cost-saving. Vitamin D and calcium alone was
dominated by hip protectors in all four subgroups.
Conclusions: Current information available on interventions to prevent fractures in the
elderly in the United Kingdom, suggests that, at the decision-maker’s ceiling ratio of
$20,000 per QALY, hip protectors are cost-effective in the general female population and
high-risk male population, and cost-saving in the high-risk female population, despite the
low compliance rate with the treatment.
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In countries with aging populations, osteoporotic fragility
fractures constitute a significant public health concern. Ap-
proximately 70,000 hip fractures will occur each year in the
United Kingdom and 300,000 in the United States, with con-
siderable loss of quality of life to the patients. The total cost
of fractures has been estimated at $1.5 billion in the United
Kingdom and at $13.8 billion in the United States. (17;38).
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of the model. The author thanks Dr. David Torgerson, as well as an anony-
mous referee, for their suggestions and comments, and Cynthia Iglesias for
coauthoring the literature review of economic models of fracture prevention.

Several interventions, including hormone replacement
therapy (HRT), bisphosphonates, vitamin D with or without
calcium supplements, and hip protectors are available to re-
duce the risk of fracture. However, uncertainty remains as
to their long-term effectiveness and cost-effectiveness. For
example, the most recent evidence has advised against the
prescription of HRT in older age groups, due to the lack of ev-
idence and possible adverse effects of long-term use of HRT
(40). Although bisphosphonates may be more effective in
older women at higher risk of fracture, their high cost (at least
twice that of a course of vitamin D and calcium in the United
Kingdom) may preclude strategies aimed at primary preven-
tion (35). Vitamin D and calcium daily supplements, alone
or in combination with wearing hip protectors, constitute
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Figure 1. Markov model.

promising options because of their relatively low cost and
possible effectiveness in reducing fractures with few side ef-
fects (44). Moreover, they may also be effective in men as
well as women (15).

Decision makers, acting for example from the perspec-
tive of a national health service such as the NHS in the
United Kingdom, have to choose between intervention strate-
gies without necessarily having robust data on long-term ef-
fectiveness and cost-effectiveness immediately available to
them. Moreover, even when available, clinical data may refer
to narrowly defined populations and their generalizability to
more broadly defined populations will remain uncertain. In
the presence of such uncertainty, decision-analytic models
constitute appropriate tools to inform decision making until
more data become available, by explicitly combining avail-
able information in a formal framework. The validity of these
models should be judged by the quality of the input data used
(which should represent the best knowledge available at the
time) and by the appropriateness of its representation of the
clinical and biological theory surrounding the disease pro-
cess. In general, these models cannot exhaustively combine
“true” parameter estimates for all the inputs, because these
estimates simply do not exist at the time the decision needs
to be made. Inevitably, data will be lacking for several inputs,
and in such cases assumptions and extrapolations cannot be
avoided. The strength of such models lays in the explicitness
of the inputs and assumptions made and in their consequent
ability to inform decision making at a particular point in time
(41). A review of the literature identified thirty-one models
investigating the cost-effectiveness of interventions aimed at
preventing fractures, eight of which included vitamin D and
calcium or hip protectors (1;4;24;39;42;44;45;52).

The objective of this study was to model two cost-
effectiveness scenarios for the prevention of osteoporotic

fractures in men and women over seventy years of age in
the United Kingdom: daily supplements of vitamin D and
calcium (800 IU daily, D3, and 1 gram of elemental calcium)
compared with hip protectors (worn daily) and to no treat-
ment (scenario 1), and daily supplements of vitamin D and
calcium combined with the use of hip protectors (worn daily)
compared with no treatment (scenario 2). The dosages cor-
respond to those used in current clinical trials taking place in
the United Kingdom.

METHODOLOGY

Markov Model

A Markov model was developed to evaluate the average life-
time costs and benefits per patient and is described in Figure 1
(3). Benefits were measured in Quality Adjusted Life Years
(QALYs). A quality of life weight and an average cost were
associated with three possible health states in which patients
could find themselves (no event, hip fracture, and dead).
Within the “no event” and “hip fracture” states, patients could
also sustain Colles’, vertebral, or other fractures. After each
one-year cycle, patients moved between health states accord-
ing to transition probabilities. The occurrence of a fracture
was associated with a one-time cost of treating the fracture.
Side effects from taking supplements and wearing hip protec-
tors are extremely rare are and were not included in the model
(25). Costs and benefits were discounted at 6%. All rates were
transformed when necessary into annual probabilities using
the appropriate formulae (34). A half cycle correction was
made to account for the finding that events tend to occur in
the middle of a cycle rather at the beginning of the cycle (7).

To our knowledge, there has been no previously pub-
lished Markov model developed for the elderly population
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in the United Kingdom for the interventions considered. To
validate the model, a framework for assessing the quality
of the decision-analytic models was used (41). The inter-
nal validity of the model was assessed by using debugging
techniques that involve extreme sensitivity analyses and by
checking that the fracture rates reported by the model were
consistent with the primary data input (30). External valid-
ity was assessed by checking that the results of the model
were consistent with information contained in other relevant
primary research studies. For example, lifetime and ten-year
risk of fracture predicted by the model were compared with
survey data.

Setting and Study Population

The setting was primary, secondary, and residential care in
the United Kingdom. Hypothetical cohorts of 1,000 male
or female patients were analyzed separately in the model.
Patients were seventy years old at the initiation of follow-up.
Four different cohorts were analyzed: males and females who
had not previously incurred a fracture and were, therefore, at
average age- and gender-specific risk of fracture (“general
population”) and males and females at high-risk of fracture,
constituted by patients who had previously incurred a fracture
(“high-risk population”).

Input Parameters

Data populating the model were obtained through extensive
literature search. United Kingdom-specific data were pre-
ferred when possible, as rates of fracture have been shown to
vary considerably geographically, and it is possible that the
effectiveness of nutritional supplements varies according to
the diet of the population (21;44).

Fracture Rates

Age- and sex-specific fracture rates were obtained from pub-
lished population surveys in the United Kingdom. The model
required data by age (seventy to seventy-four, seventy-five to
seventy-nine, eighty to eighty-four, and eighty-five+), sex,
and fracture site (hip, vertebral, Colles’, and other), so it was
not possible to use a single study as a source for these pa-
rameters. However, the rates used were compared with other
published results when possible to assess their validity.

Age- and sex-specific hip fracture rates were obtained
from a study using Hospital Episode System (HES) data for
1993–1995 to identify all hip fracture episodes relating to
individual patients older than sixty-five years of age and res-
ident in Wessex (United Kingdom) (31). Annual incidence
rates ranged from 0.002 to 0.012 for males and from 0.003 to
0.024 for females, depending on age. These are similar to in-
cidence data reported in a study of 15,000 adults in Edinburgh
(43).

Incidence data on vertebral fractures pose a particular
challenge in that the majority of these fractures are underre-
ported (28). A survey in Rochester (United States) suggested

that 8% of patients with vertebral fractures came to medi-
cal attention (12). As the model only accounts for costs of
vertebral fractures and not for quality of life, it was appro-
priate to use hospital admission rates rather than incidence
rates (28). 1989/1990 female age-specific hospital admission
rates from the Trent health authority (United Kingdom) were
used for the model (27). In the absence of data for males,
it was assumed that vertebral fracture rates for males were
half that of females (28). Annual incidence rates ranged from
0.002 to 0.013 for females, depending on age. These values
are comparable, albeit somewhat higher than those (graphi-
cally) reported in the Edinburgh study (43). In particular the
incidence of vertebral fractures diminishes in females over
75 in that study.

Age- and sex-specific incidence rates for Colles’ fracture
from the 1989/1990 Trent region study were used in the model
(28). Annual incidence rates ranged from 0.001 to 0.003 for
males and from 0.005 to 0.006 for females, depending on age.
Although these rates are broadly similar to those reported in
the Edinburgh study for males, the rates for females were
somewhat higher in the latter study (range, 0.007 to 0.01)
(43).

Although hip, vertebral, and Colles’ fractures account
for the majority of osteoporotic fractures, other sites do sus-
tain fractures and need to be included. For the purpose of
this study, the all-age average annual fracture rate (0.006) at
all sites excluding hip, vertebral, and Colles’ from the Trent
region study was used (18). As age-specific data was not re-
ported, this figure probably underestimates the rate of other
fractures in groups older than seventy years of age.

To account for the increased risk of subsequent fracture
after a first fracture in the high-risk cohorts, an increased rela-
tive risk of fracture was applied to baseline fracture rates. The
relative risks were obtained from a published meta-analysis
(29). The relative risk of a hip, vertebral, Colles’, and other
fracture given a previous fracture were 2, 2, 1.9, and 1.9,
respectively.

Mortality Rates

Excess mortality from hip fractures has been documented in
several studies. Hip fractures are associated with an overall
reduction in survival of 10–20% with the majority of deaths
occurring within the first 6 months of the fracture (13;51). In
the model, a rate of 15% was used. Gender-specific natural
death rates were obtained from UK national statistics interim
life tables (26).

Effectiveness of Interventions

Systematic reviews were identified for the effectiveness of
vitamin D and calcium, and of hip protectors (25;37). The
relative risk of hip fracture was 0.73 with vitamin D and cal-
cium and 0.25 for hip pads. The relative risks for Colles’ and
vertebral fractures with vitamin D and calcium were proxied
by the relative risk for other (non-hip) fractures, at a value of
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0.87. For the combination of vitamin D and calcium and hip
protectors, the relative risk of hip fracture was assumed to be
that of hip protectors alone for patients compliant with them
(because this was the most effective treatment). For noncom-
pliant hip protector patients, the relative risk of hip fracture
was assumed to be that of the vitamin D and calcium supple-
ment for those compliant with it. The proportion of patients
that fully comply with nutritional supplements was set at 85%
and at 35% for hip protectors, according to the unblinded re-
sults of two ongoing clinical trials in the United Kingdom
(Dr. Torgerson, personal communication, and Torgerson and
Porthouse (46)). This finding is consistent with compliance
rates for hip protectors reported in a systematic review of the
literature, where compliance ranged between 20% and 92%
(median, 56%) (49).

Costs

All costs were direct costs to the UK National Health Service
(NHS). Direct costs included average utilization costs to the
NHS, preventive treatment costs and fracture treatment costs.
The price year was 2000. Costs were reflated to the 2000 price
year using the Retail Price Index when necessary. Conversion
from UK pounds to US dollars was done using an exchange
rate of $1.4 to the UK pound.

In the model’s health states, average annual costs to
health service were included to reflect general health ser-
vice use. These costs should be included in cost-effectiveness
analysis where interventions extend the life of patients (32).
To calculate these costs, the method proposed in Daly et al.
(14) was followed. Specific costs were obtained from the de-
partment of health Web pages (16). Final annual costs ranged
from $3,214 to $4,929 according to the age group.

The cost of supplements was obtained from the UK drug
prescription index (35). An annual course of daily vitamin
D and calcium supplements costs $97. It was estimated that
patients would need two hip protectors (at a unit cost of $63)
every two years, based on an ongoing trial in the United
Kingdom (personal communication, Dr. Torgerson). It was
assumed that all preventive treatments would be used during
the remaining lifetime of the patients.

The cost of different fractures was obtained from a single
study on the cost of treating fractures in the UK population
(17). These costs included acute costs, social care costs, nona-
cute costs, and drug costs. The one-time costs of treating hip,
vertebral, Colles’, and other fractures were $19,350, $764,
$746, and $2,135, respectively.

Quality of Life

Health state utilities were obtained from a systematic re-
view of literature (5). The reference case set of values pro-
posed in this study was adopted for the purposes of the
model. Health state values for the general population ob-
tained using EQ-5D were used as baseline values for non-
fracture patients. These were as follows 0.747, 0.731, 0.699,

and 0.676 for ages seventy to seventy-four, seventy-five to
seventy-nine, eighty to eighty-five, and eighty-five+, respec-
tively. To obtain the health state utility after the occurrence
of a hip fracture, these baseline values were adjusted us-
ing a multiplier of 0.797, to account for the proportionate
effect of a fracture on the health state utility in the first
year. This multiplier was obtained from an empirical study
conducted in the United Kingdom using the time trade-off
method (6). In the absence of empirical data on the effect of
hip fractures on health state utilities in subsequent years, the
model assumed that fractures have the same relative degree of
impact in subsequent years, following recommendations in
Brazier et al. (5).

Analysis

Lifetime and ten-year risk of fractures were calculated by us-
ing the actuarial method to evaluate the consistency between
the model results and other reports of fracture risk available
in the literature (2). Average lifetime costs and benefits per
patient and per intervention were obtained from the model
and incremental cost-effectiveness ratios were calculated.

Traditional sensitivity analysis is unable to account for
the simultaneous variations in input parameters within the
model, and probabilistic sensitivity analysis has been sug-
gested as an alternative way to analyze the uncertainty (19).
Each input parameter is assigned an appropriate statisti-
cal distribution and a 95% confidence interval, represent-
ing a range of plausible values obtained from the literature
(7;10). Lognormal distributions were used for cost and ef-
fectiveness inputs. Beta distributions were used for compli-
ance, excess mortality from hip fractures, fracture rates, and
health state utilities (a list of the parameters with the confi-
dence intervals used is available from the author). A Monte-
Carlo simulation is then run to obtain 10,000 iterations of
the model. Cost-effectiveness acceptability curves show the
probability that an intervention is cost-effective as a func-
tion of the decision-maker’s ceiling cost-effectiveness ratio
(this ceiling will vary according to the resources available
for health care and is in general unknown to the analyst)
(22;23;48).

RESULTS

Lifetime risk of hip fracture at seventy years of age was
15.61% (5.44%) for females (males). Ten-year risk of hip
fracture at age seventy was 4.29% (1.78%) for females
(males). These estimates are comparable to published data
for fractures in England and Wales, which found a lifetime
risk at seventy years of age of 12.1% (3.3%) for females
(males) and a ten-year risk at age seventy of 3.4% (1.4%)
for females (males) (51). Average lifetime costs per female
(male) patient ranged from $48,647 to $49,647 ($41,814
to $42,934) in the general population and from $50,009 to
$50,339 ($42,390 to $43,309) in the high-risk population,
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Table 1. Mean Lifetime Costs and Benefits and Incremental Cost Effectiveness Ratios (ICERs) per Patient by Gender and Risk
of Fracture, Prices in US Dollars, Price Year 2000

QALYs Cost, $ ICERs QALYs Cost, $ ICERs
Intervention female female female male male male

General population

Scenario 1 (No Treatment vs VitD/Calc. vs Hip Protectors)
No treatment 7.19 $48,647 — 6.37 $41,814 —
VitD/Calc. 7.21 $49,252 Dominated by 6.38 $42,477 Dominated by

hip protectors hip protectors
Hip pad 7.22 $48,946 $11,722 6.38 $42,233 $47,426

Scenario 2 (VitD/Calc. + Hip Protectors vs No Treatment)
VitD/Calc + hip pada 7.23 $49,647 $25,123 6.39 $42,934 $80,998

High-risk population

Scenario 1 (No Treatment vs VitD/Calc. vs Hip Protectors)
No treatment 7.10 $50,018 — 6.34 $42,390 —
VitD/Calc. 7.14 $50,339 Dominated by 6.35 $42,937 Dominated by

hip protectors hip protectors
Hip pad 7.15 $50,009 Cost saving 6.36 $42,689 $17,017

Scenario 2 (VitD/Calc. + Hip Protectors vs No Treatment)
VitD/Calc + hip pada 7.17 $50,516 $6,572 6.37 $43,309 $33,565

Note: VitD/Calc., vitamin D/calcium.
a Compared to No Treatment.

depending on the intervention. Average lifetime QALYs per
patient ranged from 7.19 to 7.23 (6.37 to 6.39) in the female
(male) general population and from 7.10 to 7.17 (6.34 to
6.37) in the population at high risk (Table 1).

In scenario 1 (no treatment versus hip pads versus vita-
min D and calcium), vitamin D and calcium is a dominated
intervention in all four subgroups, that is, it is less effective
and more costly than the next more-effective intervention
and should, therefore, not be recommended (20). The incre-
mental cost-effectiveness ratio of hip pads compared with no
treatment for females (males) in the general population was
$11,722 ($47,426) and $17,017 for males in the high-risk
population. Hip pads were cost-saving in the female high-
risk population.

In scenario 2 (no treatment versus hip pads + vitamin
D and calcium), the incremental cost-effectiveness ratio was
$25,123 ($80,998) for females (males) in the general pop-
ulation and $6,572 ($33,565) in the high-risk population
(Table 1). Whether or not an intervention is deemed cost-
effective ultimately depends on the decision-maker’s ceiling
cost-effectiveness ratio. For example, at cost-effectiveness
ceiling ratios of $20,000/QALY and $30,000/QALY, in sce-
nario 1, hip protectors are cost-effective for men at high-risk
and for women at general risk and cost-saving for women
at high-risk. For men at general risk, the intervention would
not be considered cost-effective at an incremental cost of
$47,426 per QALY. In scenario 2, by using the same ceil-
ing ratios, the intervention (vitamin D and calcium + hip
protectors) is cost-effective for women at high-risk, but not
for either male population. For women at general risk, the
intervention would be considered cost-effective at a ceil-

ing ratio of $30,000/QALY but not at a ceiling ratio of
$20,000/QALY.

Cost-effectiveness acceptability curves represent the un-
certainty surrounding the treatment decision and can be used
to inform the decision whether to acquire further information
through research to inform service provision in the future
(23). For example, at a ceiling ratio of $20,000/QALY, in
scenario 2, for women at general risk, the probability that vi-
tamin D and calcium with hip pads is cost-effective is 51%,
compared with 49% for no treatment (despite that no treat-
ment is the optimal treatment at that ceiling ratio, for an
explanation of this phenomenon, see Fenwick et al. [23]).
At $30,000/QALY, the probabilities are 63% and 37%, re-
spectively (Figure 2). This analysis of uncertainty can be
used in the formal assessment of the value of undertaking
further research (9). Figure 3 shows the cost-effectiveness
acceptability curve for scenario 1 in the high-risk male
population.

Figure 2. Cost-effectiveness acceptability curve for the
female general population, scenario 2.
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Figure 3. Cost-effectiveness acceptability curve for the male
high-risk population, scenario 1.

DISCUSSION

The findings of this study suggest an important role for hip
protectors, with or without vitamin D and calcium supple-
mentation, in males and females over seventy years of age
in the United Kingdom. By using a conservative value for
the decision-maker’s ceiling ratio of $20,000 per QALY,
hip protectors alone are cost-effective in the general female
population and high-risk male population and cost-saving
in the high-risk female population, despite the low compli-
ance rate with the treatment. Vitamin D and calcium with
hip protectors, is cost-effective for female high-risk popu-
lations. By using a higher ceiling ratio of $30,000/QALY,
vitamin D and calcium with hip protectors would also be
cost-effective in the general risk female population over age
seventy.

The use of models in cost-effectiveness analysis should
not be considered as an alternative for further clinical and eco-
nomic research. Rather models help inform current decisions
when evidence on several parameters is lacking by combin-
ing the information that is currently available. Assumptions
and choice of parameters are presented in a transparent and
systematic manner, so they may be open for discussion and
improvement as more data become available. The probabilis-
tic sensitivity analysis reflects the uncertainty surrounding the
treatment recommendation and can help determine the need
for further research (9).

Two other studies have modeled the cost-effectiveness
of vitamin D and calcium supplements in the UK popula-
tion, although the comparators and several other elements
were not the same as this model (44;45). These studies found
vitamin D alone to be potentially more cost-effective than vi-
tamin D and calcium, but acknowledged that the evidence of
the effectiveness of vitamin D alone was still weak. Another
study modeled the use of hip protectors in the elderly male
and female population in the United States (42). The study
concluded that hip protectors should be recommended for
women sixty-five+ years old and for men older than eighty-
five 85 years old. Finally, a study modeled the use of vitamin
D and calcium in Swedish postmenopausal women (52). The
study concluded that the intervention was cost-effective for

women seventy years old and older, particularly for those at
high-risk of fracture.

There are some limitations to the present study. Several
simplifying assumptions were made in the construction of the
model. First, it was assumed that patients did not suffer any
loss of quality of life with fractures other than hip. In fact,
there is some evidence that vertebral fractures may also lead
to a permanent loss of quality of life, whereas Colles’ and
other fractures may have an impact in the first year after the
fracture only. However, the empirical evidence on this issue
is still scant (5).

Second, although the model accounts for the finding that
the high-risk population has a higher average risk of fracture
than the general population, the occurrence of a subsequent
fracture was assumed to be independent of previous fractures.
Again, this statement is a simplifying assumption, because
subsequent fractures are more likely to occur if a fracture
has already been sustained. These two assumptions will tend
to underestimate the cost-effectiveness of preventive treat-
ments.

Another limitation stems from the necessary extrapola-
tion of data from one population to another. Whereas inci-
dence parameters were age- and sex-specific and obtained
from populations in the United Kingdom, several different
surveys had to be used for the estimates by fracture site. It
was assumed that these estimates could be generalized to the
overall population in the United Kingdom. To validate this
input data, comparisons with other surveys were made that
did confirm that the range of data used was consistent. Fur-
thermore, the model predicted lifetime risk and ten-year risks
of hip fractures that were consistent with data from indepen-
dent sources. Quality of life data was age specific, although
not gender specific, so the model had to use averages rather
than specific male and female data. Until more empirical data
become available on quality of life of patients with hip frac-
tures, this was a necessary assumption.

Several important assumptions were necessary for the ef-
fectiveness of treatments in the different subgroups analyzed.
The relative risk of fracture with vitamin D and calcium was
obtained from a meta-analysis, in which the population of
the largest study included was composed of elderly females
(mean age, eighty-four years) in residential care (8). Simi-
larly, the studies included in the estimate of effectiveness for
hip protectors, all consisted of elderly patients at high risk
of fracture (37). Whether these are generalizable to healthier
male and female populations living in the community and
from age seventy is uncertain. However a recent study of vi-
tamin D for males and females in the community showed a
reduction in fracture incidence, so the assumption may not be
unreasonable until further evidence becomes available (47).

The effectiveness of hip protectors was obtained from a
Cochrane systematic review. However, two recent trials of hip
protectors in elderly populations have been published since
the Cochrane review was undertaken (33;50). One showed a
40% reduction in hip fractures with hip protectors, while the
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other showed no effect for the intervention. For the purpose of
the model, however, the estimate from the Cochrane review
was retained. From a decision-making perspective, the results
of the model are interesting because they look at the additional
cost per additional benefit. If the hip protector intervention
is not effective, there is no decision-making issue. There are
several ongoing trials of hip protectors, the results of which
will help determine the effectiveness of the intervention when
they become available.

Finally, the results of the model may not be applicable to
non-UK settings, because the costs as well as several of the
epidemiological parameters were UK-specific. Care should
be taken in generalizing the results to other countries.

POLICY IMPLICATIONS

This study highlights an important role in the prevention of
fractures, for treatments involving hip protectors with or with-
out daily supplementation of vitamin D and calcium in males
and females over seventy in the United Kingdom. This role
is particularly important for those at high-risk of fracture.

From a policy perspective, recommending these preven-
tive treatments to the target populations would have impor-
tant economic and health consequences. According to 2001
census figures, there were 2.3 million males and 3.6 million
females over seventy years of age living in the England and
Wales. This represents 11.6% of the total population (36).
Treatment costs alone for all females older than seventy in
the first year would amount to $450 million for hip protec-
tors and $350 million for daily supplements of vitamin D and
calcium if these were financed by the NHS. However, results
from the model suggest that the benefits from implement-
ing such programs would be cost-effective in the long-run
because of the improved health benefits that would result.

This study also has several implications for research pol-
icy. The uncertainty surrounding several of the input parame-
ters used in the model makes them good candidates for further
research. Because of the scarcity of funds available, prior-
ity setting in clinical research is just as important as it is in
service provision (9). Recently, a framework has been pro-
posed to define the economic value of gathering more infor-
mation through research (11). This involves systematically
exploring the uncertainty surrounding key parameters by us-
ing decision-analytic models such as the one described in
this study. Further work will explore priorities for research in
preventive treatments for fractures to make the most effective
use of scarce research funds.
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