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Abstract: Aim:To evaluate the cost-effectiveness

of strategies designed to prevent falls amongst

people aged 65 years and over living in the

community and in residential aged-care facilities.

Methods: A systematic review and meta-analysis

of the literature was conducted. The pooled fall

rate ratio was used in a decision analytic model

that combined a Markov model and decision tree

to estimate the costs and outcomes of potential

interventions and/or strategies. The resulting cost

per quality-adjusted life year was estimated.

Results: The most cost-effective falls prevention

strategy in community-dwelling older people was

Tai Chi. Expedited cataract surgery and psycho-

tropic medication withdrawal were also found

to be cost-effective; however, the effectiveness

of these interventions is less certain due to small

numbers of trials and participants. The most cost-

effective falls prevention strategies in residential

aged-care facilities were medication review and

vitamin D supplementation.

A fall is defined as ‘an unexpected event in which an

individual comes to rest on the ground, floor or lower level’.1

Falls are common among older people; up to one in four

people aged 65 years and over fall at least once in a year,

with many falling more than once. Falls are even more

common among residents of aged-care facilities, with up to

half of all residents falling at least once in a year.2,3

Fall-related injury is a major cause of morbidity and

mortality for older people. In New South Wales

(NSW) each year, falls lead to approximately 30 000

hospitalisations and at least 300 deaths in people aged

65 years and over.4 Even non-injurious falls can have

negative impacts such as depression and mobility restric-

tions and reduced activities of daily living leading to

reductions in quality of life.5,6 Projections indicate that

without preventative action, and assuming that individuals

continue to fall and be injured at the current rate, the costs

to the health care system from injurious falls are likely to

escalate, reflecting the expected ageing NSW population.

The estimated treatment cost associated with falls in

NSW is $558.5 million, which includes all medical and

associated costs occurring in the 12 months following

injury and any residential aged-care facility costs beyond

the initial fall.7

The majority of the economic literature concerning falls

prevention strategies use cost per fall avoided as the

outcome measure. Consequently, determining whether

these interventions are a cost-effective use of resources is

problematic since knowledge of society’s willingness to

pay for an avoided fall is required. A common way of

avoiding this complication is to use a generic outcome

measure, such as quality-adjusted life years (QALYs).

Using cost per QALY gained enables interventions with

disparate outcome measures to be compared to a societal

value threshold. Using the cost per QALY approach within

a randomised controlled trial design, Hendricks et al found

a multidisciplinary intervention to be not cost-effective

compared to usual care;8 Sach et al found cataract surgery

in the first eye was not cost-effective;9 and Busbee et al

(using a analytic model design) found cataract surgery

in the second eye to be cost-effective.10 To date only one

study has comparedmultiple falls prevention interventions

in a single study. Frick et al, comparing seven falls

prevention interventions, concluded that psychotropic

medication withdrawal and Tai Chi were cost-effective

interventions.11 A review of economic evaluations by

Davis et al reported three falls prevention strategies to be

cost-saving: a multifactorial program; a home-based exer-

cise program for people older than 80 years; and a home

safety program for those who have had a previous fall.12

A number of strategies have been used to prevent falls

and fall-related injuries. These include: group-based

exercise; home-based exercise; Tai Chi; vitamin D supple-

mentation; education; clinical medication review; vision

and eye examinations; expedited cataract surgery; cardiac
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pacing; psychotropic medication withdrawal; and various

multiple and multifactorial interventions representing

combinations of the above. The overall aim of this study

was to determine which of these interventions is most cost-

effective using a decision analytic model.

Methods
A systematic review and meta-analysis were conducted.

The results were then used to produce an economic

evaluation comparing the costs and outcomes of the

aforementioned falls prevention strategies with evidence

of effectiveness.

Systematic review and meta-analysis

A systematic review of the literature was undertaken in

September 2008. The objective was to identify interven-

tions that are effective at reducing falls in older people. The

review was undertaken prior to the release of the Cochrane

review of falls.13 Searches were conducted in a number

of electronic databases including: PubMed (Medline and

PreMedline); EMBASE; the Cochrane Library; the Centre

for Reviews and Dissemination databases; Database of

Abstracts of Reviews of Effects; National Health Service

Economic Evaluation Database; Health Technology

Assessment database; and Web of Science. Data were

extracted from the included studies by one researcher

and checked by a second researcher using standardised

extraction tables developed a priori.

Descriptive statistics relating to the number of falls were

extracted and rate ratios calculated from each individual

trial. A pooled measure of effectiveness was calculated

using a random effects model for each falls prevention

intervention identified. The analysis was based on an

‘intention to treat’ principle. Data were entered into Excel

and transformed into the required input for statistical

analysis. The pooled statistical analysis was conducted

using Review Manager 5, a meta-analysis software pro-

gram available through the Cochrane Collaboration. Only

randomised controlled trials with a populationmean age of

65 years and over and with more than 20 participants were

included in the study. All inclusion/exclusion criteria and a

list of all references used in the meta-analysis has been

published elsewhere.14

During the development of this study, a meta-analysis

conducted by the Cochrane Collaboration was released.13

The results from the Cochrane review were used for

the community-dwelling analysis. Results of both meta-

analyses are presented in Table 1.

Economic evaluation

A decision analytic model was developed to assess the

cost-effectiveness of falls prevention strategies. The ratio-

nale for the model is that falls prevention strategies lead to

reductions in the number of individuals who fall, which

consequently reduces the number of individuals injured

or hospitalised due to a fall. Falls resulting in injury and

hospitalisation can lead to a reduction in both length of

life and quality of life. Consequently, a reduction in the

number of fall-related injuries will result in measureable

improvements in terms of QALYs.

QALYs are the most common and convenient outcome

measure used in economic evaluation. They combine

quality of life and life expectancy into one metric, there-

fore enabling comparison of multiple strategies across

different interventions and settings. Such an approach,

termed a cost-utility analysis, was adopted in this project.

The usual approach to economic evaluation is first to

determine the incremental effectiveness and incremental

cost and combine these to calculate the incremental cost-

effectiveness ratio (ICER) using the following ratio:

ICER ¼ CostNewð Þ � CostComparator

� �

EffectivenessNewð Þ � EffectivenessComparator

� �

Model

The decision analytic model was designed to capture the

transition of people between various health states. Five

Markov states were assigned as follows:

• low risk (individuals who have never fallen)

• medium risk (individuals who have previously fallen

but incurred no injury)

• high risk (previously injured individual who fell)

• residential aged care

• death.

The Markov model is summarised in Figure 1. The Markov

model was built using TreeAge Pro Suite 2009 and a

decision tree was embedded between each Markov state.

Within the decision tree, the probability of transitioning to

another state depends on the occurrence of various events,

such as presenting at the emergency department and being

admitted to hospital. Costs and outcomes were incorporated

into the model as a mean value per state per cycle. Expected

values for costs and outcomes in the intervention and control

are calculated by summing the costs and outcomes accrued

by everyone in the model under both intervention and

comparator, then dividing by the number of people in the

model to produce a mean cost and outcome for each

intervention. The starting cohort age in the community-

dwelling model was 75 years (85 years in the residential

aged-care facility model), the cycle length of the model was

1 year and costs and benefits were measured over 10 years.

All costs and outcomes were discounted at a rate of 5%.15

Model inputs

The data used in the model were obtained from different

sources including published literature on falls prevention,
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Figure 1. Community-dwelling Markov model showing the pathway between faller risk
group, residential aged-care facilities and death.

Table 1. Meta-analysis of interventions to prevent falls in community dwellings and residential aged-care facilities

Intervention CHERE community-
dwelling results

(rate ratio, 95% CI)

Cochrane community-
dwelling results

(rate ratio, 95% CI)

CHERE residential
aged-care

facilities results
(rate ratio, 95% CI)

Group-based exercise 0.79 (0.70, 0.86) 0.78 (0.71, 0.86) 0.79 (0.56, 1.11)

Home-based exercise 0.81 (0.58, 1.14) 0.66 (0.53, 0.82) ]

Tai Chi 0.66 (0.57, 0.77) 0.63 (0.52, 0.78) 0.96 (0.79, 1.17)

Vitamin D supplementation 0.95 (0.85, 1.07) 0.95 (0.80, 1.14) 0.86 (0.83, 0.90)

Education 0.85 (0.73, 1.00) – –

Home hazard assessment and modification 0.73 (0.52, 1.03) 0.90 (0.79, 1.03) –

Psychotropic medication withdrawal 0.40 (0.23, 0.70) 0.34 (0.16, 0.73) ]

Clinical medication review Not estimable Not estimable 0.59 (0.49, 0.70)

Expedited cataract surgery 0.66 (0.49, 0.90) 0.66 (0.45, 0.75) ]

Vision and eye exam 1.57 (1.39, 1.76) – –

Cardiac pacing 0.33 (0.28, 0.38) 0.42 (0.23, 0.75)

Multiple interventionsa 0.80 (0.70, 0.90) 0.69 (0.50, 0.96)b 0.76 (0.59, 0.97)

Exercise and home hazard 0.76 (0.65, 0.90) – –

Exercise and falls advice 0.86 (0.71, 1.03) – –

Exercise and supplementation 0.57 (0.27, 1.20) – –

Multifactorial interventionsb 0.72 (0.62, 0.83) 0.75 (0.65, 0.86) 0.76 (0.59, 0.97)

Assessment and referral 0.81 (0.72, 0.92) 0.84 (0.72, 0.98) 1.34 (1.06, 1.69)

Assessment and active intervention 0.67 (0.52, 0.85) 0.70 (0.55, 0.90) 0.68 (0.53, 0.87)

Only interventions that were statistically significant (bold) were modelled.

CHERE¼Centre for Health Economics Research and Evaluation.
a‘Stepping on Program’ includes exercise program, falls prevention education and occupational therapy home visit. In the Cochrane review,13

Swanenburg28 was also found to be significant in favour of falls reduction, but was not modelled due to the low number of participants.

In the economic model the rate ratio was derived from the Cochrane review.
bInclude a multifactorial assessment and a referral for further treatment based on individual participant scoring. Those with an active component

(e.g. an exercise program or occupational therapy visit) were modelled separately.
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expert opinion, the Australian Bureau of Statistics, the

Australian Institute of Health and Welfare, and reports

released by the NSW Government, specifically a report

by Dr Wendy Watson from the Injury Risk Management

Research Centre at the University of NSW.7 In the absence

of suitable data, assumptions were made and tested in the

model. Specific details about the derivation of inputs are

presented below. Further details have been published

elsewhere.14

Transition probabilities

The initial population distributions for the low, medium

and high risk states were derived from Lord et al (1993)

and the probability of falling was derived by Lord, broken

down by age (Table 2).16 The transition probabilities to

emergency, other medical, hospital, residential aged-care

facilities, respite care or death due to a fall were taken from

the report by Watson et al (2009) (Table 3).7 The Austra-

lian Bureau of Statistics life tables17 were used to obtain

data on all cause mortality and the probability of entering

residential aged-care facilities from ‘all causes’ was esti-

mated from a study by Wang et al (2001).18

Effectiveness

The effectiveness of each intervention was based on the

pooled rate ratio obtained from the Centre for Health

Economics Research and Evaluation meta-analysis and

the Cochrane review.13 Only interventions with a statisti-

cally significant reduction in the risk of falling were

included in the model. For the community-dwelling popu-

lation, the results from the Cochrane review were used

unless otherwise specified. The results from the meta-

analysis conducted during this study were used for the

residential aged care population. The estimated rate ratio

was used to adjust the probability of falling for each

intervention compared to no intervention. In the model,

each time an individual falls, the rate ratio was increased

by a fall ratemultiplier to take into account that individuals

may fall multiple times in any given year.

Each intervention is described below. Further details of

each intervention have been published elsewhere.14

• Group-based exercise – two group classes and one

home exercise session per week for 26 weeks.

Table 2. Probability of falling adjusted for prior history of
falling and age group

Age group
(years)

Low riska Medium riskb High riska

Community-dwelling

65–69 0.18 0.25 0.39

70–74 0.18 0.25 0.39

75–79 0.23 0.35 0.50

80–84 0.26 0.40 0.57

85þ 0.31 0.50 0.68

Residential aged care

65–69 0.26 0.36 0.57

70–74 0.26 0.36 0.57

75–79 0.32 0.50 0.72

80–84 0.37 0.57 0.82

85þ 0.44 0.71 0.97

aBased on estimate that the absolute risk of being a faller if you fell in

the past year was 71% and 32% if you had not fallen in the past year.
bPersonal communication from Professor Stephen Lord.

Low risk¼no previous fall, Medium risk¼previously fallen but did

not suffer a serious injury, High risk¼previously fallen and suffered a

previous injury that required hospitalisation.

Table 3. Transition probabilities post fall, adjusted for age

Age group
(years)

Emergency Other
medical

Admitted to
hospital

Death due to
a fall

Discharge to
residential

aged-care facility

Discharge to
respite care

Community-dwelling

65–69 0.09 0.13 0.26 0.008 0.008 0.004

70–74 0.14 0.21 0.18 0.01 0.02 0.01

75–79 0.18 0.22 0.19 0.02 0.03 0.02

80–84 0.25 0.31 0.28 0.03 0.05 0.03

85þ 0.35 0.31 0.30 0.06 0.09 0.04

Residential aged care

65–69 0.04 0.44 0.57 0.01 – –

70–74 0.07 0.40 0.46 0.01 – –

75–79 0.10 0.39 0.46 0.02 – –

80–84 0.13 0.32 0.44 0.03 – –

85þ 0.15 0.27 0.44 0.06 – –

Source: Watson W, Clapperton A, Mitchell R. The cost of fall injuries among older people in NSW, 2006–07. NSW Injury Risk Management Research

Centre, University of New South Wales; 2009.

Economic evaluation of falls prevention strategies

Vol. 22(3–4) 2011 NSW Public Health Bulletin | 63



• Home-based exercise – five district nurse home visits in

the first week, followed by home visits at week 2, 4 and

8 weeks with a booster at 6 months. Costs include nurse

and physiotherapist time.

• Tai Chi – 6-month instructed classes twice a week for

12 participants.

• Expedited cataract surgery – patients receive the

cataract procedure within 4 weeks versus the usual

12-month waiting period. Costs include a general

practitioner (GP) visit, surgery and two specialist visits.

• Cardiac pacing – screening by carotid sinus massage,

cardiovascular assessment, insertion of a pacemaker

and post-pacemaker visit.

• Psychotropic medication withdrawal – reduction of

medication over 14 weeks with six GP visits and nurse

time to check register.

• Multiple – based on the Stepping On Program.

Two-hour weekly group information sessions on falls

prevention run by an occupational therapist for 7 weeks

with a follow-up home visit and a 3-month booster.

• Multifactorial (referral only) – falls risk assessment and

follow-up by a physician, 1-hour occupational therapy

home visit and a 2-hour nurse interview.

• Multifactorial (referral and active) – falls risk assess-

ment (as per above) plus an exercise program once a

week, home hazard modification by an occupational

therapist, a vision assessment, a medication review (as

per above) and counselling.

• Vitamin D supplementation (residential aged-care

facility model) – daily dose of Vitamin D (1000 IU)

plus 600mg of calcium.

• Clinical medication review (residential aged-care facil-

ity model) – medication management review by a GP

and a residential medication management review by an

accredited pharmacist.

• Multiple intervention (residential aged-care facility

model) – physiotherapist visit, consultation with a

residential aged care nurse, falls prevention informa-

tion, occupational therapist visit, participation in a

group-exercise program and hip protectors.

• Multifactorial intervention (residential aged-care fac-

ility model) – falls risk assessment and follow-up visit

by a physician, hip protectors and hazard modifications

by an occupational therapist.

Costs

The cost of each intervention was estimated from the

published literature (if available), personal correspon-

dence with NSW Health and online sources (Table 4).

Themajority of intervention costs were obtained fromDay

et al.19 All health-care-related costs were obtained using

Watson et al.7 All health-care-related costs were inflated

to 2009 costs using the average health price index for

government expenditure on hospitals and nursing homes

from the Australian Institute of Health and Welfare report

Health expenditure Australia 2008–09.20

Utility

The baseline utility estimates used in the model were

based on the UK Population Norms using the EQ-5D.21

The EQ-5D is a generic measure of health status where

0 represents death and 1 represents full health. For

example, the average utility of a individual aged

75 years is 0.731. In the model, a utility decrement

was incurred once an individual attended an emergency

department (�0.014), was admitted to hospital

(�0.144) or entered residential aged care (�0.06).

Individuals who received a fracture and attended hos-

pital also received a utility decrement in each of the

Table 4. Cost of falls prevention interventions

Intervention Costs
$

Source

Community-dwelling interventions

Group-based exercise 563 Estimated from Sherrington et al29

Home-based exercise 1091 Day et al18

Tai Chi 648 Estimated from Sherrington et al29

Psychotropic medication withdrawal 604 Day et al19

Cardiac pacing 13 526 Day et al19

Expedited cataract surgery 2050 DRG hospital data, MBS code 23, MBS code 10900

Multiple intervention 785 NSW Health personal correspondence and Clemson et al30

Multifactorial – assessment and referral 855 Day et al19

Multifactorial – assessment and active 1244 Day et al19

Residential aged care interventions

Vitamin D 138 www.pharmacyonline.com.au

Clinical medication review 228 MBS code 903, Pharmacy Guild

Multiple intervention 775 Based on Becker et al,31 Department of Veterans’ Affairs, Vitamin D

(as above), Kainos printing, NSW Health Award Wage rates

Multifactorial – assessment and active 1244 Day et al19

64 | Vol. 22(3–4) 2011 NSW Public Health Bulletin



subsequent years following a fall (�0.072). These utili-

ty measures were estimated from a variety of published

literature based on the utility loss of a wrist fracture,

vertebral fracture, hip fracture, previous fracture and

residential aged care.21–25 A utility decrement for the

fear of falling (�0.045) was also included in the model

regardless of any injury or hospitalisation; this estimate

was obtained from Iglesias et al.26 Loss in utility due to

fear of falling was calculated as a weighted proportion

from three studies that categorised fear of falling over

six categories: none of the time; a little of the time;

some of the time; a good bit of the time; most of the

time; and all of the time.

Results
Each of the interventions was analysed over a 10-year

period for a cohort of individuals aged 75 years. This is the

average age of those older than 65 years in NSW and was

used as our base case. The base case for the residential

aged-care facility model was individuals aged 85 years.

Exercise, Tai Chi, psychotropic medication withdrawal

and multiple and multifactorial interventions were all

assumed to incur both costs and benefits of the intervention

in year one only. Expedited cataract surgery and cardiac

pacing were assumed to incur costs in year one only, but

the benefits would be experienced for as long as the model

was run. Interventions such as vitamin D supplementation

and medication review were assumed to be ongoing inter-

ventions and both the costs and benefits would be incurred

for as long as the model was run.

Outcomes from the model were measured in terms of falls

avoided, hospitalisations avoided and QALYs gained.

Tables 5 and 6 summarise the cost-effectiveness results

which show the additional costs and benefits of providing

the intervention. This includes the actual cost of providing

the intervention minus the cost of avoided medical treat-

ment due to falls averted. In this respect, the ‘do nothing’

option against which all interventions are compared is not

costless because this option incurs the maximum fall-

related treatment costs.

Sensitivity analysis

Using group-based exercise as an example (with the

comparator defined as no intervention), each possible

parameter was tested in a sensitivity analysis. Where

Table 5. Community-dwelling: incremental cost per fall avoided, hospitalisation avoided and QALY gained

Intervention Incremental cost
per fall avoided

($/fall)

Incremental cost per
hospitalisation avoided

($/hospitalisation)

Incremental cost
per QALY
($/QALY)

General population

Tai Chi 239 5172 44 879

Group-based exercise 4925 104 318 72 765

Multiple – Stepping On Program 5957 129 231 74 186

Home-based exercise 1987 41 944 96 205

Multifactorial – active 9774 216 250 130 139

Multifactorial – referral 2270 47 586 172 009

Specific populations

Expedited cataract surgery 153 3281 2211

Psychotropic medication withdrawal 1123 24 048 16 584

Cardiac pacing 4545 68 167 80 257

All incremental results are relative to no intervention.

Estimates of effectiveness were taken from the Centre for Health Economics Research and Evaluation meta-analysis.

Table 6. Residential aged care: incremental cost per fall avoided, hospitalisation avoided and QALY gained

Intervention Incremental cost per
fall avoided

($/fall)

Incremental cost per
hospitalisation avoided

($/hosp)

Incremental cost
per QALY
($/QALY)

Medication review Dominant Dominant Dominant

Vitamin D 6 80 106

Multiple – exercise and home hazard modification 2658 33 993 45 287

Multifactorial – active 3334 42 648 56 752
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possible, the confidence interval was used as the range for

the analysis; if this was not available, the best estimate of

possible ranges was used or the parameter was adjusted up

and down by 25%. A tornado plot illustrating the results of

the sensitivity analysis is presented in Figure 2. The fear of

falling is the main driver of the model. This is expected as

each time a fall is avoided the QALYdecrement associated

with a fall is also avoided. The effectiveness of the

intervention and cost of the intervention are also drivers

in the model.

Discussion
Incremental cost per fall avoided or hospitalisation

avoided were presented in this analysis. However, using

surrogate outcomes such as thesemakes it difficult to judge

whether an intervention represents value for money in

terms of the total health care budget. In order to make this

decision it is necessary to either value society’swillingness

to pay to avoid a fall or hospitalisation; or alternatively,

a generic outcome measure, such as life years gained or

QALYs gained, can be used. The advantage of using the

latter approach is that interventions targeting different

health conditions (not just falls prevention) can be com-

pared and the most cost-effective interventions can be

adopted. The results presented in this analysis compare

each intervention to the ‘do nothing’ option.

Currently there is no cost-effectiveness threshold in

Australia. An implicit threshold of between $50 000 and

$60 000 per QALY gained is often mentioned as being

appropriate.27 However, this threshold relates to pharma-

ceutical products and consequently may not be suitable for

falls prevention strategies. Yet, if this threshold represents

society’s willingness to pay for a QALY gained, the

following community-dwelling interventions would be

considered cost-effective: expedited cataract surgery;

psychotropic medication withdrawal; and Tai Chi.

Group-based exercise and a multiple intervention combin-

ing exercise, education and occupational therapy would

be approaching cost-effectiveness. The following resi-

dential aged-care interventions would be considered

cost-effective: medication review; and vitamin D

supplementation and a multiple intervention.

There are some limitations to this analysis. The point

estimates used in the economic model are based on a

meta-analysis of falls prevention interventions. Therefore,

they do not take account of the heterogeneity of similar

interventions. For example, the pooled cost and pooled

effectiveness estimates may mask the fact that high cost

interventions (e.g. exercise three times a week compared

to once a week) are more effective relative to the cheaper

equivalent. Also, while using a random effects model may

widen the confidence intervals around a particular para-

meter, it does not explain the heterogeneity that exists

between the studies. The pooling of study results may not

be the most appropriate means of deriving an estimate of

effectiveness. Furthermore, the costs of the interventions

are estimated based on mean duration and intensity, hence

a higher cost intervention could indicate a more effective

intervention.

The evidence for the effectiveness of some interventions

is based on limited data from a small number of studies

or studies with few participants. Sensitivity analysis

has been conducted to test any uncertainty but caution

is still warranted in interpreting the results. Another

consideration is that some interventions are targeted at

specific patient groups; therefore extrapolating the

effectiveness results to a general population may yield

different results. Finally, most studies quote a 30% fall

rate in the community and 50% fall rate in residential

aged care. However, further research is required to

determine the exact fall rate in different age groups

and by fall risk profile.

No fear of falling

0 50 000 100 000

Incremental cost effectiveness ratio

150 000 200 000

Cost of intervention ($282, $1126)

Effectiveness (0.67, 0.87)

Fear of falling (0.06, 0.03)

Fall rate factor (1.4, 1)

Utility of fracture (0.072, 0.28)

Probability of falling (same)

Age (85 years, 65 years)

Figure 2. Sensitivity analysis: tornado plot of group-based exercise versus no intervention
(base case cost per QALY gained5 $72 765).
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Conclusion
The most cost-effective falls prevention strategy in com-

munity-dwelling older people was Tai Chi. Expedited

cataract surgery and psychotropic medication withdrawal

were also found to be cost-effective in specific populations

however the effectiveness of these interventions is less

certain due to small numbers of trials and participants. The

most cost-effective falls prevention strategies in residential

aged care were medication review and vitamin D

supplementation.
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