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Abstract

Objective To evaluate the cost effectiveness of inter-
ventions designed to prevent falls and fall-related injuries
among older people living in residential aged care facilities
(RACFs) from an Australian health care perspective.
Methods A decision analytic Markov model was developed
that stratified individuals according to their risk of falling and
accounted for the risk of injury following a fall. The effec-
tiveness of the interventions was derived from two Cochrane
reviews of randomized controlled trials for falls/fall-related
injury prevention in RACFs. Interventions were considered
effective if they reduced the risk of falling or reduced the risk
of injury following a fall. The interventions that were mod-
elled included vitamin D supplementation, annual medica-
tion review, multifactorial intervention (a combination of risk
assessment, medication review, vision assessment and exer-
cise) and hip protectors. The cost effectiveness was calcu-
lated as the incremental cost relative to the incremental
benefit, in which the benefit was estimated using quality-
adjusted life-years (QALYSs). Uncertainty was explored using
univariate and probabilistic sensitivity analysis.

Results Vitamin D supplementation and medication
review both dominated ‘no intervention’, as these
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interventions were both more effective and cost saving (be-
cause of healthcare costs avoided). Hip protectors are dom-
inated (less effective and more costly) by vitamin D and
medication review. The incremental cost-effectiveness ratio
(ICER) for medication review relative to vitamin D supple-
mentation is AU$2442 per QALY gained, and the ICER for
multifactorial intervention relative to medication review is
AUS$1,112,500 per QALY gained. The model is most sen-
sitive to the fear of falling and the cost of the interventions.
Conclusion The model suggests that vitamin D supple-
mentation and medication review are cost-effective inter-
ventions that reduce falls, provide health benefits and
reduce health care costs in older adults living in RACFs.

Key Points for Decision Makers

Injuries from falls are a major cause of morbidity and
mortality in older people and are a serious financial
and social burden to society.

Falls prevention interventions such as vitamin D
supplementation and medication reviews are cost-
effective in reducing falls, providing health benefits
and reducing health care costs.

1 Introduction

Falls are common among older people, with one in three
people aged over 65 years in the community falling at least
once a year [1, 2]. This problem is exacerbated in resi-
dential aged care facilities (RACFs), where up to half of all
residents fall at least once a year [3-5]. The consequences
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of falls are often traumatic, including reduced indepen-
dence, injury or death [6]. The burden of falls to society is
also substantial. In Australia, residents of aged care
account for more than one in five fall-related hospital in-
patient costs (AU$558.5 million in 2006/2007) [7]. With
the population aged over 75 years being projected to more
than double in the next 20 years, the number of people
living in residential aged care, the number of fall-related
hospital admissions and the costs of follow-up care will
inevitably rise [8]. Identification and implementation of
cost-effective interventions to reduce falls in this setting
has the potential to significantly benefit older people and
reduce the health care burden.

Evidence from randomized controlled trials has
demonstrated a number of strategies that are effective in
reducing falls or fall-related injuries among residents of
RACFs. These include vitamin D supplementation, medi-
cation review, hip protectors and exercise-focused multi-
factorial interventions delivered by a multidisciplinary
team [6, 9]. These interventions can be categorized into
three types: (1) interventions designed to reduce the risk of
falling; (2) interventions designed to reduce the risk of
injury subsequent to a fall; and (3) interventions designed
to reduce the risk of falling and injury.

A number of economic evaluations have been published
exploring the cost effectiveness of multiple falls prevention
interventions in older people in community settings [10-
12]. These have demonstrated that tai chi programmes and
psychotropic medication review may be cost effective. A
systematic review of economic evaluations found that a
home-based exercise programme aimed at those aged
80 years and older may be cost effective [13]. However,
the findings of these analyses cannot easily be extrapolated
to the RACEF setting because the baseline risk of falling, the
effectiveness of the intervention and the cost of delivering
the intervention may all differ significantly between the
community and RACF settings.

In published economic evaluations of interventions tar-
geting older people living in RACFs, the commonly reported
outcome is cost per fracture or cost per fall prevented [14—
19]. For example, using this approach, a number of studies
have demonstrated that hip protectors are cost effective in
preventing hip fractures in residents of RACFs [15, 20-23].
While this approach is useful for comparing different falls
prevention strategies, it does not provide the information
necessary to convey whether a particular intervention rep-
resents value for money relative to other health care pro-
grammes. To overcome this limitation, a cost—utility analysis
framework, using a generic outcome measure, is preferred.

Injurious falls directly reduce quality of life, but the fear
of falling may also indirectly reduce quality of life by
restricting mobility, reducing the capacity to undertake
daily activities and causing depression [24, 25]. Iglesias
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et al. suggest that the fear of falling imposes a significant
burden on morbidity, which is detrimental to an individ-
ual’s quality of life, even in those who have not experi-
enced a fall [26]. The fear of falling and the associated loss
in quality of life have largely been ignored in economic
modelling of falls prevention in the RACF setting.

This study adds to the literature in a number of ways.
First, we adopt a multiple technology appraisal model
comparing all effective falls prevention and fall-related
injury prevention strategies (as identified by the recent
Cochrane reviews [6, 9]) in RACFs within a single model.
The advantages of this approach are that interventions can
be ranked according to cost, and dominated interventions
(interventions that are most costly and less effective) can
be excluded, providing a better indication of the relative
cost effectiveness of each strategy. Second, the model has
been designed to account for the fact that some interven-
tions may reduce falls, while some are designed to prevent
injuries subsequent to a fall. Third, we report the outcomes
in terms of quality-adjusted life-years (QALYs) gained,
which reflect both physical injuries and psychological
effects, such as the fear of falling, which can occur with
both injurious and non-injurious falls. Finally, the model
accounts for different risks of falling based on an indi-
vidual’s baseline risk profile. In the model, individuals are
classified as being at low, medium or high risk of falling,
depending on their age and prior history of falls.

2 Methods
2.1 Economic Evaluation

A decision analytic Markov model was developed to assess
the cost effectiveness of falls and fall-related injury pre-
vention strategies. The rationale of the model is that falls
prevention strategies reduce the number of individuals who
fall, and consequently such strategies reduce the risk of
falling in the future, which in turn reduces the number of
injuries and/or hospitalizations due to falling. Injurious
falls can have serious impacts on morbidity and mortality;
therefore, any reduction in the number of fall-related
injuries is likely to result in measureable increases in
QALYs gained. An incremental cost-effectiveness ratio
(ICER) was calculated for interventions in the RACF
population, using an Australian health system perspective.
Please see the technical appendix in the Electronic Sup-
plementary Material for details of the model development.

2.1.1 Model

The Markov model was designed to capture the transition
between four health states. Individuals were initially
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Fig. 1 Decision tree demonstrating the probability of various events that could occur and the transition to each Markov state (only the low-risk

faller state is shown in the diagram). RAC residential aged care

assigned to one of three Markov states: (1) low-risk (in-
dividuals who have never fallen); (2) medium risk (indi-
viduals who have previously fallen but incurred no injury);
or (3) high risk (individuals who have previously fallen and
incurred an injury). Individuals are able to transition
between these states or to a terminal state, death. Individ-
uals move between states by following a multiple-event
decision tree. The decision tree incorporates the ability to
adjust the probability of falling or the probability of injury
due to a fall (Fig. 1).

Costs and outcomes were incorporated into the model as
a mean value per event per cycle, weighted by the proba-
bility of the event occurring. The cycle length was 1 year,
and all costs and outcomes were discounted at a rate of 5 %
per annum [27]. A sensitivity analysis was conducted
(described in detail below). All analysis was conducted
using TreeAge Pro Suite 2014 (TreeAge Software Inc.,
Williamstown, MA, USA).

2.1.2 Effectiveness

The effectiveness data were derived from two systematic
reviews conducted by the Cochrane Collaboration [6, 9].
Interventions that significantly reduced the rate of falling or
the risk of injury following a fall were included in the
model.! Medication review, vitamin D supplementation
and a multifactorial intervention with a multidisciplinary
team all reduced the rate of falling, with the multifactorial

' Note, exercise (gait, balance, functional training) was also deemed
effective in the systematic review but was not included in the
analysis, as only trials with greater than 20 participants in each arm
were included. Two trials in the Cochrane review [3] (Shimada et al.
(2004) and Sihvonen et al. (2004)) had 20 participants or fewer, and
removing these trials resulted in a non-significant rate ratio.

intervention also reducing the risk of falling [6]. For these
interventions, the estimated rate ratio reported in the
reviews was used to adjust the probability of falling for
each intervention compared with ‘no intervention’. Hip
protectors reduce the risk of a hip fracture (rather than rate
of falling), and the model was adjusted for this decrease in
the risk of injury and not the rate of falling [9]. The rate
ratios and risk ratio (for hip protectors) used in the model
are listed in Table 1.

2.1.3 Costs

The cost of each intervention is outlined in Table I.
Intervention costs were sourced from the Medicare Benefits
Schedule (MBS), Pharmaceutical Benefits Scheme (PBS),
Department of Veterans” Affairs, New South Wales (NSW)
nurse wage rates and other publicly available online price
lists. All health care-related costs, including emergency
department (ED) attendance, admission to hospital and
medical attendances, were sourced from Watson et al. [7].
All costs were adjusted to 2015 dollars, using the average
Australian Institute of Health and Welfare (AIHW) health
expenditure price index [28] and applied on a per fall basis
in the cycle in which they occurred. All costs included in
the model and the ranges around the estimates are listed in
Table 1.

A medication review was considered to include a Res-
idential Medication Management Review (RMMR), which
includes a review by a pharmacist in collaboration with a
general practitioner (GP) and other members of the resi-
dents’ health care team, plus an MBS item to cover the
involvement of the GP in the review. Vitamin D supple-
mentation is based on 1000 IU daily plus 600 mg of cal-
cium daily. The multifactorial interventions included a falls
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Table 1 Model inputs and values used in the sensitivity analysis

Intervention Value Distribution Range Description [references]
Effectiveness
Vitamin D* 0.72 Log normal (0.55, 0.95) Rate ratio [6]
Medication review 0.62 Log normal (0.53, 0.72) Rate ratio [6]
Multifactorial intervention” 0.60 Log normal (0.51, 0.72) Rate ratio [6]
Hip protectors (hip fracture) 0.81 Log normal (0.66, 0.99) Risk ratio [9]
Costs®
Vitamin D AUS$78 Gamma (AUS$46, AUS122) www.pharmacyonline.com.au/PBS*
Medication review AUS$211 Gamma (AUS$119, AU$332) MBS Code 903/RMMR®
Multifactorial intervention AUS$1253 Gamma (AU$708, AU$1938) Multiple sources®
Hip protectors AU$174 Gamma (AU$98, AU$275) Hipsaver Pty Ltd"
Transition probabilities (at age 75 years)'
Probability of falling low risk! 0.32 Beta (0.24, 0.40) Based on expert opinion
Probability of falling medium risk! 0.50 Beta (0.38, 0.63) Based on expert opinion
Probability of falling high risk! 0.72 Beta (0.54, 0.90) Based on expert opinion
Probability of emergency department attendance 0.10 Beta (0.04, 0.26) [7]
Probability of attendance at other medical service 0.38 Beta (0.29, 0.44) [7]
Probability of being admitted to hospitalk 0.47 Beta (0.41, 0.57) [7]
Probability of death due to a fall 0.02 Beta (0.008, 0.111) [7]
Probability of death in RACFs 0.28 NAF (0.19, 0.42) ABS [38/46]'
Starting risk profiles
Low risk 0.495 Beta [29]
Medium risk 0.395 Beta [47]
High risk 0.110 Beta Remainder of low/medium risk
Health care costs (at age 75 years)""
Cost of emergency department attendance AU$2972 Gamma (AU$1486, AU$5944) [71
Cost of attendance at other medical service AU$198 Gamma (AU$99, AU$396) [71
Cost of being admitted to hospital AU$16,925 Gamma (AU$8463, AU$33,850) [7]
Utility values
Population norms (at age 71+ years)™ 0.703 Beta (0.693, 0.713) [31]
Emergency department decrement —0.014 Gamma (—0.010, —0.016) [33, 34]
Hospitalization decrement —0.144 Gamma (0.000, —0.255) [33-35]
Patient in residential aged care —0.060 Gamma (—0.030, —0.338) [32]
Previous fracture in year following a fall —0.072 Gamma (0.000, —0.128) [33-35]
Fear of falling decrement —0.045 Gamma (—0.033, —0.058) Estimated from [26]

MBS Medicare Benefits Schedule, NA not available, RACF residential aged care facility

# The variation from the Cochrane (analysis 4.1) was the exclusion of the study by Grieger et al. (2009) from the analysis, as it used a multivitamin and a lower dose
of vitamin D than the other included studies. The new rate ratio was calculated using similar methodology in Review Manager

® The variation from the Cochrane (analysis 10.1) combined the studies by Becker et al. (2003), Dyer et al. (2004), Jensen et al. (2002) and McMurdo et al. (2000)
together. The new rate ratio was calculated using similar methodology in Review Manager

€ All costs were inflated to 2015 Australian dollars, using the average health price index for government expenditure on hospitals and nursing homes from an
Australian Institute of Health and Welfare (AIHW) report, Health Expenditure 2012-2013 (http://www.aihw.gov.au/WorkArea/DownloadAsset.aspx?id=
60129548869)

9 Pharmaceutical Benefits Scheme (PBS; www.pbs.gov.au)

¢ Medical Benefits Schedule (MBS; www.mbsonline.gove.au); Residential Medication Management Review (RMMR) program (http://5cpa.com.au/programs/
medication-management-initiatives/residential-medication-management-review)

" The average value weighted by males and females at each age was used without a distribution around each age

& Multifactorial intervention also included time for an occupational therapist and physiotherapist wage rates (from www.dva.gov.au), for environmental modifi-
cations and an exercise programme, nurse time for an assessment, follow-up and education of staff (from http://www.health.nsw.gov.au/careers/conditions/Pages/
rates.aspx) and a medication review, as above

" It is assumed that in each year after the first year, three extra sets of pants would be supplied

! Probabilities/costs are given for age 75 years and the range

J Based on the evidence that 50 % of residents of RACFs fall per year and extrapolated according to Lord et al. [30]

X Conditional probability calculated on the basis of probability of attending an emergency department and being admitted to hospital

! Australian Bureau of Statistics (ABS): Population Estimates by Age and Sex (from www.abs.gov.au); and mortality rates for Australian nursing homes based on
Liu [46]

™ Australian population norms for age 75-79 years
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risk assessment and follow-up, a medication review, edu-
cation of staff, exercise classes (two per week), an optical
assessment and environmental modifications.

2.1.4 Transition Probabilities

The initial population distributions were assigned as fol-
lows: 49.5 % were considered low risk (no fall in the
previous year) [29], 39.5 % were considered medium risk
(non-injurious fall in the previous year) and 11 % were
considered high risk (injurious fall in the previous year).
The latter percentage is based on the number of falls
requiring hospitalizations [7]. At baseline, the probability
of falling in the medium-risk group was set at 50 % per
year. The estimated probabilities of falling in the low-risk
(32 %) and high-risk groups (72 %) were used to estimate
falling rates for the low-risk and high-risk groups adjusted
according to the findings of Lord et al. [30] and using
expert opinion (Professor Stephen Lord, personal commu-
nication). The transition probabilities of attending an ED,
consulting other medical services, hospital admission or
death due to a fall were obtained from Watson et al.
(Table 1) [7]. The probability of attending an ED is esti-
mated by dividing the number of falls requiring an ED
attendance by the number of falls in each age group. The
same calculation is used to estimate the number of falls
requiring other medical services. The probability of being
admitted to hospital because of a fall, contingent on ED
attendance, was calculated as the number of hospital
admissions divided by the total number of ED attendances.

2.1.5 Utility

The baseline utility estimates used in the model were based
on Australian Population Norms, derived from the SF-36
using the SF-6D algorithm (Household, Income and
Labour Dynamics in Australia [HILDA] survey) [31]. A
utility decrement (—0.06) was subtracted from the popu-
lation norms to take into account RACF residential status
[32]. Additional utility decrements were also incurred once
an individual attended ED (—0.014), was admitted to
hospital (—0.144) or had a previous fracture from a fall in
the previous year (—0.072). The utility decrements for a
hospitalization and previous fall were calculated using a
weighted average due to a hip (94 %) or vertebral fracture
(6 %) [33, 34]. The utility loss due to a wrist fracture [35]
was used for a non-hospitalized injury that presented at ED,
as wrist fractures are the most common facture not
requiring hospital admission in the older population [36].
No quality-of-life decrement was assumed in subsequent
years after the decrement for a wrist fracture in the first
year [37]. A utility decrement to account for the fear of
falling (—0.045) was included in the model once a fall

occurred, regardless of injury or hospitalization [26]. The
decrement was estimated by weighting the mean utility
decrement by the respondent’s baseline fear of falls from
the three studies included in the analysis by Iglesias et al.
[26].

2.2 Base-Case Analysis

The starting age of the cohort was based on the mean age
of residents in Australian RACFs (84 years) [38, 39]. The
model was run until all members of the cohort had died.
The costs and benefits of the interventions were assumed to
occur in every year of the model. A health care system
perspective was adopted for both costs and benefits. The
risk of falling was adjusted on the basis of the rate ratio
obtained in the literature. For hip protectors, the rate of
hospitalization was adjusted each year.

Outcomes from the model were measured in terms of
falls avoided and QALYs gained. The results include the
cost of providing the intervention plus any costs for med-
ical treatment incurred as a result of an injurious fall. In
this respect, the ‘no intervention’ alternative is not costless,
because this option incurs the highest fall-related treatment
costs.

2.3 Sensitivity Analysis

Sensitivity analysis was undertaken using confidence
intervals (where available), using the best estimates of
ranges or by adjusting the parameter by 25 %. A proba-
bilistic sensitivity analysis (PSA) was also undertaken. A
distribution was estimated for each of the parameters in the
model, based on either confidence intervals, standard errors
or an appropriate range of estimates around the mean. By
assigning distributions to the model parameters, a Monte
Carlo simulation with 10,000 draws was performed to
reflect the joint parameter uncertainty. Table 1 shows the
distributions for all of the transition probabilities, costs and
utility values included in the model.

3 Results

Table 2 summarizes the estimated costs and outcomes
for each intervention. Vitamin D supplementation
(AUD$2289) and medication review (AUD$2321) are both
less costly than the ‘no intervention’ option (AUD$2925).
This is due to health care costs avoided. The most expen-
sive intervention is the multifactorial intervention, which
costs on average AUD$4991. In terms of benefits, the
‘no intervention’ option is the least effective; under this
scenario, it is predicted that individuals will fall on
average 2.059 times and gain 1.225 QALYs. Vitamin D
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Table 2 Cost-effectiveness results

Intervention Costs Effectiveness Incremental cost per fall Incremental cost per QALY
avoided gained

Health Intervention Total Falls® QALYs Vs ‘no Ranked Vs ‘no Ranked

care” intervention’ ICERs® intervention’ ICERs®
Vitamin D AU$2084 AU$205 AU$2289 1.466 1260  Dominates’ - Dominates* -
Medication review  AU$1767 AUS$554 AUS$2321 1.242 1.273 Dominates® AUS$144 Dominates® AU$2442
No intervention AU$2925 AUS$0 AU$2925 2.059 1.225 - Dominated - Dominated
Hip protectors AUS$2564 AU$373 AU$2937 2.050 1.232  AU$1305 Dominated ~ AU$1935 Dominated
Multifactorial AUS$1709 AU$3282 AU$4991 1.201 1.276 AUS$2407 AUS$64,689 AU$41,074 AUS$1,112,500

intervention

ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year

 Health care costs relate mainly to emergency department and inpatient hospital costs

° The model demonstrates that ‘no intervention’ causes the most falls. The results imply that if 1000 persons were given vitamin D over ‘no

intervention’, 593 falls would be prevented

¢ The estimates are all ranked against the next best option in this group to determine cost effectiveness

4 Dominates: less costly and more effective than ‘no intervention’

supplementation, medication review and multifactorial
intervention are the most effective interventions in terms of
reduction in falls. On average, it is estimated that vitamin D
will result in 0.593 falls being avoided and 1.260 QALYs
gained (an average incremental gain of 0.035 QALY rela-
tive to no intervention); medication review will result in
0.818 falls being avoided and 1.273 QALYS gained (an
incremental gain of 0.048 QALYs); and multifactorial
intervention will result in 0.858 falls being avoided and
1.276 QALYs gained. In terms of cost per fall avoided,
vitamin D and medication review dominated ‘no interven-
tion’, as the health care costs avoided from a reduced number
of falls rendered the interventions cost saving compared with
‘no intervention’ with higher health care costs.

The interventions were then ranked according to their
relative cost. Dominated interventions were removed, and
ICERs were calculated. The ‘no intervention’ option is
dominated by both vitamin D supplementation and medi-
cation review. In other words, both of these interventions
are less costly and more effective than ‘no intervention’.
When the interventions are ranked according to cost, hip
protectors are also dominated by vitamin D and medication
review. This is because vitamin D supplementation and
medication review provide greater benefit at a lower cost
than hip protectors. The resulting ICER for medication
review compared with vitamin D is AU$2442 per QALY.
Multifactorial intervention provides more QALY than the
next best option (medication review); however, the ICER is
AUS$1,112,500 per QALY gained.

3.1 Sensitivity Analysis

The costs of the interventions, starting age of the cohort and
fear of falling are drivers in the model. When fear of falling

A\ Adis

is excluded from the model, vitamin D supplementation and
medication review still dominate ‘no intervention’. The
effect of adjusting the probability of falling or the utility
loss from a fracture had little impact on the overall ICERs
(Fig. 2). An additional sensitivity analysis where hip pro-
tectors are limited to medium- and high-risk populations
(reflecting a more real-world setting) still resulted in hip
protectors being dominated by vitamin D and medication
review. Threshold analysis demonstrated that the cost of the
multifactorial intervention would need to be lower than
AUS$280 to be considered cost effective (AU$50,000 per
QALY) relative to medication review. Moreover, applying
the lower rate ratio for multifactorial intervention (0.50) and
the upper rate ratio for medication review (0.72) resulted in
an ICER of AU$75,620 per QALY for multifactorial
intervention compared with medication review.

The cost-effectiveness acceptability curve (Fig. 3)
demonstrates the probability of each intervention being cost
effective across a range of willingness-to-pay thresholds. At
a threshold of AU$0-20,000 per QALY, vitamin D is the
most cost-effective option. At a threshold of >AU$20,000
per QALY, medication review supplementation is the most
cost-effective option. At a threshold of approximately
AU$1,200,000, multifactorial intervention is unlikely to be
considered cost effective. Hip protectors and no interven-
tion are not considered to be cost effective.

4 Discussion

In this paper, we report the findings of a decision analytic
model designed to compare the cost effectiveness of
interventions with proven effectiveness in preventing falls
or fall-related injuries in older people living in RACFs.
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The findings are interesting for a number of reasons.
First, new health technologies generally tend to provide
additional benefits at additional cost; however, we
demonstrate that vitamin D supplementation and medica-
tion review provide additional benefits at lower cost rela-
tive to the ‘no intervention’ option. This is because
vitamin D supplements and conducting an annual medi-
cation review are low-cost interventions and the health care
costs saved when falls are avoided outweigh the costs
of providing either intervention. Second, although the
multifactorial intervention and hip protectors appear cost
effective  when compared with ‘no intervention’
(AUD$41,074/QALY gained and AUDS$1935/QALY

gained), when compared with the next best alternative
(medication review), hip protectors interventions are
dominated, as medication review is more effective and less
costly. The ICER for multifactorial intervention is greater
than AUDS$1.2 million, which would not be considered cost
effective at current willingness-to-pay thresholds.

These findings demonstrate the importance of using a
multiple technology appraisal approach when evaluating
the cost effectiveness of a number of competing health care
interventions. In the case of falls prevention, where there
are a number of possible alternative interventions with
demonstrable effectiveness [6], economic evaluations that
compare a single strategy against ‘no intervention’ may
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provide spurious cost-effectiveness estimates that overes-
timate the real value for money. This is because ‘no
intervention’ may not be the best alternative comparator.

Many economic evaluations of falls prevention strate-
gies report results in terms of cost per fall avoided [40—45].
This endpoint is useful when the decision maker has
decided to invest in a falls prevention strategy, because the
lowest incremental cost per fall avoided can be identified.
However, there are limitations to such an approach, since it
is difficult to judge whether an intervention represents
value for money in terms of the total health care budget.
Unless the value that society is willing to pay to avoid a fall
is known, an alternative approach is required. The
approach taken in this paper was to use the generic out-
come measure of QALYs gained. The advantage of using
QALYs as the outcome measure is that interventions aimed
at different health conditions (not just falls prevention) can
be compared. In fact, it was essential to use QALY in this
model because multiple endpoints were compared. For
example, evaluations of medication review typically mea-
sure success in terms of falls avoided, while the effec-
tiveness of hip protectors is usually measured in terms of
fractures avoided. For an intervention to be cost saving, the
model assumes that the health care costs avoided com-
pensate for the cost of the interventions. Given the health
funding arrangement in Australia, this would require the
federal and state governments to subsidize the falls pre-
vention strategies within RACF facilities. If the RACF
facilities funded the intervention without subsidization,
then the assumption of cost saving would no longer apply
to the RACF facility.

Another advantage of using QALYs is that other factors
considered important can be incorporated into the model—
for example, fear of falling. The fear of falling decrement
used in the model captures the anxiety and loss of confi-
dence that may occur following a fall. When the utility
decrement for fear of falling is excluded from the model,
vitamin D supplementation and medication review still
dominate ‘no intervention’ (since they are both cost sav-
ing). A criticism of including a utility for fear of falling in
the model is that it may result in double counting, as the
disutility associated with an injurious fall may have already
been taken into account in the QALY measurement.

There are number of limitations to the model. It is
assumed that the benefits and costs of the interventions are
incurred each year the model is run. This assumption may
overestimate the cost effectiveness of interventions if the
results of the clinical trial cannot be replicated in subse-
quent years. The point estimates used in the economic
model are based on Cochrane reviews of interventions
aimed at falls prevention and falls-related injuries [6, 9].
While random-effects models may explain statistical
heterogeneity, they do not fully take into account
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heterogeneity within interventions. For example, the
duration of the follow-up is not consistent between studies,
and the pooled estimates of costs and effectiveness may
mask the fact that intensive interventions (e.g. higher doses
of vitamin D versus lower doses of vitamin D, or exercise
three times a week compared to once a week) are more
effective relative to the cheaper equivalent. Furthermore,
the authors of the Cochrane review caution that the effec-
tiveness of hip protectors remains uncertain because of bias
in many of the cluster-randomized trials, low adherence
rates among participants and extrapolation of the results to
all types of hip protectors. Finally, the generalizability of
the results may not be as strong for multifactorial inter-
ventions compared with vitamin D or medication review,
given the variation in the delivery of the interventions
across jurisdictions.

Previous studies have demonstrated that hip protectors
are either cost effective or cost saving relative to ‘no
intervention’ for the prevention of hip fractures [14-23].
Our results concur with these findings when compared with
‘no intervention’; however, hip protectors were extendedly
dominated by a combination of vitamin D and ‘no inter-
vention’. The other interventions included in this study
have largely been ignored in the cost-effectiveness litera-
ture. Although we conclude that some falls prevention
interventions may be cost saving and may dominate the ‘no
intervention’ option, clearly this depends on the perspec-
tive of the analysis. In this study, we adopt a health care
system perspective, which assumes that the provider of
health care services also funds the falls prevention inter-
vention. If this is not the case (e.g. private provision of
RACEF services), the cost savings estimated in this analysis
may not be realized by the funder of the intervention.

5 Conclusion

Fall-related injuries are a leading cause of morbidity and
mortality in older people living in RACFs. We found that
‘no intervention’ was dominated by vitamin D supple-
mentation and medication review, since these low-cost
interventions provide additional health benefits at lower
costs than the ‘no intervention’ option. Relative to vita-
min D supplementation, medication review appears to be
cost effective; hip protectors and multifactorial interven-
tions are unlikely to be cost effective from an Australian
health care system perspective.
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