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and methodological recommendations
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Abstract 

Background: Falls impose significant health and economic burdens among older populations, making their preven-
tion a priority. Health economic models can inform whether the falls prevention intervention represents a cost-effec-
tive use of resources and/or meet additional objectives such as reducing social inequities of health. This study aims to 
conduct a systematic review (SR) of community-based falls prevention economic models to: (i) systematically identify 
such models; (ii) synthesise and critically appraise modelling methods/results; and (iii) formulate methodological and 
commissioning recommendations.

Methods: The SR followed PRISMA 2021 guideline, covering the period 2003–2020, 12 academic databases and grey 
literature. A study was included if it: targeted community-dwelling persons aged 60 and over and/or aged 50–59 
at high falls risk; evaluated intervention(s) designed to reduce falls or fall-related injuries; against any comparator(s); 
reported outcomes of economic evaluation; used decision modelling; and had English full text. Extracted data fields 
were grouped by: (A) model and evaluation overview; (B) falls epidemiology features; (C) falls prevention intervention 
features; and (D) evaluation methods and outcomes. A checklist for falls prevention economic evaluations was used 
to assess reporting/methodological quality. Extracted fields were narratively synthesised and critically appraised to 
inform methodological and commissioning recommendations. The SR protocol is registered in the Prospective Regis-
ter of Systematic Reviews (CRD42021232147).

Results: Forty-six models were identified. The most prevalent issue according to the checklist was non-incorporation 
of all-cause care costs. Based on general population, lifetime models conducting cost-utility analyses, seven inter-
ventions produced favourable ICERs relative to no intervention under the cost-effectiveness threshold of US$41,900 
(£30,000) per QALY gained; of these, results for (1) combined multifactorial and environmental intervention, (2) physi-
cal activity promotion for women, and (3) targeted vitamin D supplementation were from validated models. Decision-
makers should explore the transferability and reaches of interventions in their local settings. There was some evidence 
that exercise and home modification exacerbate existing social inequities of health. Sixteen methodological recom-
mendations were formulated.
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Background
Population ageing is projected to increase the prevalence 

of chronic diseases and frailty around the world and 

their associated clinical conditions including falls [1–3]. 

Around a third of people aged 65 and over (65+) fall each 

year [4]. Falls impose significant morbidity and mortal-

ity burdens on older people [5], including fear of falling 

[6–8], depression [9], functional decline and depend-

ence [10–12], and fatality [13–15]. They also impose high 

costs on the health and social care systems [16–18], and 

on society through informal caregiver burden and loss of 

older person’s social contribution [19, 20].

Trial-based evidence consistently suggests that diverse 

types of falls prevention interventions in the community 

setting can significantly reduce the number of falls and 

fallers [21–23]. In England and Wales, the National Insti-

tute for Health and Care Excellence (NICE) falls preven-

tion clinical guideline (CG161) recommends that older 

persons aged 65+ in the community (i.e., not in extended 

or institutionalised care settings such as nursing homes 

and hospital wards) are routinely screened for falls risk 

by health and social care professionals [4]. High-risk indi-

viduals should subsequently be referred to multifactorial 

intervention involving multidisciplinary falls risk assess-

ment followed by tailored treatments including exercise, 

home assessment and modification (HAM), vision correc-

tion and medication change [4]. In addition to this proac-

tive (i.e., initiated by professional referral) pathway, CG161 

also recommends a reactive pathway for those admitted to 

a medical facility for a fall (multifactorial intervention and 

HAM) [4]. Older persons may also ‘self-refer’ by voluntar-

ily enrolling in a falls prevention intervention (e.g., exer-

cise) available in the community [24, 25].

Given scarce care resources, commissioning of falls 

prevention should be informed by economic evalua-

tions that consider the costs and consequences of any 

falls prevention strategy against the next best alterna-

tive use of resources [26]. Decision modelling is a vehicle 

for economic evaluation that combines multiple epide-

miological, intervention and economic parameters from 

diverse sources in a coherent mathematical and statisti-

cal framework suitable for decision-making [27]. Relative 

to economic evaluations alongside a single clinical study, 

models can inform decisions at a broader population 

level (rather than for specific patient groups), incorporate 

the long-term costs and consequences of falls, and sys-

tematically evaluate the impact of all relevant scenarios 

and input parameter uncertainties as commissioning rel-

evant factors for consideration [28].

A systematic review uses systematic and explicit meth-

ods to identify, select and critically appraise relevant 

research in the topic area, and perform data extraction 

and analyses [29, 30]. Conducting a systematic review of 

community-based falls-prevention decision models can 

perform two functions simultaneously. First to inform 

commissioning decisions, by summarising all available 

model outcomes relevant to the decision problem and 

context; alternatively, it can identify an existing model 

that can be adapted and re-used [31]. Second to appraise 

the methodological features of models, detailing and 

critically appraising methodological features that signifi-

cantly affect the evaluation results including structural 

assumptions made by decision models [26, 31]; this can 

be achieved by applying a pre-established methodological 

and reporting quality checklist, then conducting a narra-

tive synthesis of the methodological features including 

their strengths and limitations [32]. Ideally, the system-

atic review should perform both functions together: the 

commissioners would benefit from the methodological 

appraisal that qualifies the model outcomes; the model-

lers basing the conceptualisation of future models on the 

reviewed methodological features would need to know 

how the features affect the model outcomes and therefore 

the commissioning strategy.

A prior systematic overview of systematic reviews of 

falls prevention economic evaluations assessed how well 

previous reviews had performed both functions [33]. 

Seven systematic reviews covering 21 decision mod-

els were identified [34–40]. The systematic overview 

reported that the identified systematic reviews extracted 

a limited range of methodological model features and 

evaluation outcomes to inform commissioning; for exam-

ple, the extracted methodological features were limited 

to model type and brief summaries of data sources. A 

pilot Medline search by the current authors identified 

10 decision models of community-based falls prevention 

that were not included in the aforementioned seven sys-

tematic reviews. Therefore, current systematic reviews 

are now outdated and provide insufficient detail.

The aim of this study is to conduct a systematic review 

of community-based falls prevention economic models. 

We systematically search for and identify community-

based falls prevention decision models, then apply a 

pre-established checklist for assessing the reporting and 

Conclusion: There is significant methodological heterogeneity across falls prevention models. This SR’s appraisals of 
modelling methods should facilitate the conceptualisation of future falls prevention models. Its synthesis of evalua-
tion outcomes, though limited to published evidence, could inform commissioning.
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methodological quality of falls prevention economic eval-

uations [32]. We subsequently conduct a narrative syn-

thesis and critical appraisal of methodological features 

of identified models including key features of falls epide-

miology, falls prevention interventions, and evaluation 

methods. We then formulate methodological and com-

missioning recommendations based on the aforemen-

tioned. This systematic review can inform commissioners 

and other consumers of economic evidence (e.g., care 

professionals and patient groups), producers of economic 

evidence (e.g., modellers) and systematic reviewers inter-

ested in the review methodology.

Methods
The systematic review protocol is registered on 

the Prospective Register of Systematic Reviews 

(CRD42021232147). We followed the Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guideline and the checklist is reported in the 

Supplementary Materials [29, 30].

Data sources and study selection

The search covered the period January 2003 to Decem-

ber 2020 and 12 academic databases: Medline, Embase, 

PubMed, CDSR, CENTRAL, EconLit, CINAHL, Psy-

cInfo, ASSIA, CRD, CEA Registry and PEDro. Grey 

literature was searched from online sites of the Depart-

ment of Health, Chartered Society of Physiotherapy, Col-

lege of Occupational Therapy, Royal College of Nursing 

and Age UK. A previous systematic review to inform the 

NICE falls prevention clinical guideline had covered the 

period before 2003 and found just one decision model 

[34]; hence, the period from 2003 was covered. The search 

strategy was an intersection between terms for falls, older 

people, and economic evaluation. All database and grey 

literature search strategies are given in Tables A1.1 to 

A1.8 and related text in Supplementary Materials. Refer-

ences and citations of included studies were also searched.

Two researchers (JK and YL) independently reviewed 

the titles and abstracts of identified articles at the first 

stage and the full texts of approved articles at the second 

stage. Those that received two second-stage approvals 

were included for data extraction. Another researcher 

(TY) arbitrated in case of disagreement.

A study was included if it: (i) targets a population of 

community-dwelling (i.e., not in extended or institution-

alised care settings such as nursing homes and hospi-

tal wards) older persons (aged 60+) and/or individuals 

aged 50–59 at high falls risk; (ii) evaluates intervention(s) 

designed to reduce the number of falls or fall-related 

injuries; (iii) against any comparator(s); (iv) reports out-

comes of economic evaluation (i.e., comparative analysis 

of interventions in terms of their relative costs and conse-

quences [26]); (v) uses a decision model [26]; and (vi) has 

English full text. The age range in criterion (i) sought to 

increase the evidence for primary and/or earlier-life pre-

vention which is a key principle of geriatric public health 

intervention [41, 42]. The Cochrane systematic reviews of 

community-based falls prevention randomised controlled 

trial (RCT) evidence had also set the lower age bound at 

60 rather than 65 [21–23]; a previous systematic review of 

community-based falls prevention economic evaluations 

had covered the high-risk group aged 50–64 [37].

Models evaluating interventions for specific disease 

areas (e.g., stroke) with minor falls prevention compo-

nents were excluded. Interventions aiming to reduce 

specific falls risk factor (e.g., balance) and/or health con-

sequences of falls (e.g., fear of falling) were excluded if the 

model did not explicitly incorporate falls as events. Eco-

nomic evaluations alongside a single clinical study were 

excluded but their references were searched. Eligible 

models included in previous systematic reviews of falls 

prevention economic evaluations were included [34–40].

Data extraction and synthesis

Table  1 shows the data fields extracted from identified 

models, including the following categories: (A) model 

and evaluation overview; (B) falls epidemiology features; 

(C) falls prevention intervention features; (D) evaluation 

methods and outcomes; and (E) key methodological chal-

lenges for public health economic models. The data extrac-

tion was primarily conducted by JK, supported by YL.

Model overview and checklist scores for reporting 

and methodological quality

The extracted features for model and evaluation overview 

under category (A) in Table  1 were reported. A checklist 

specifically designed to assess the reporting and methodo-

logical quality of falls prevention economic evaluations was 

applied after being adapted for use on decision models, 

as described and presented in Supplementary Materials, 

Table A2 [32].

Narrative synthesis of methodological features 

and methodological recommendations

The extracted methodological features under categories 

(B), (C) and (D) in Table  1 were narratively synthesised, 

mainly using tabular formats. The synthesised features 

were selected based on their potential to affect model 

credibility and evaluation results as noted by guidelines on 

conducting and reporting falls prevention economic evalu-

ation [32], wider falls prevention literature including the 

NICE clinical guideline CG161 [4], and the health technol-

ogy assessment (HTA) checklist for quality assessment of 
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Table 1 Data fields extracted from decision models identified by systematic review

Abbreviations: CBA Cost-benefit analysis, CEA Cost-effectiveness analysis, CUA  Cost-utility analysis, DSA Deterministic sensitivity analysis, PSA Probabilistic sensitivity analysis, QALY 

Quality-adjusted life year, RCT  Randomised controlled trial, ROI Return on investment

a Community-dwelling or institutionalised

b Cost-effectiveness analysis (CEA) uses natural health units (e.g., number of falls) as health outcomes; cost-utility analysis (CUA) generic quality-adjusted life year (QALY). Cost-

benefit analysis (CBA) values health outcomes using societal or consumption value of health. Return on investment analysis (ROI) only compares the net financial outcomes of two 

or more interventions

c Expert guideline on falls prevention economic evaluation recommends that evaluations report all-cause healthcare costs in the base case and fall-related costs in sensitivity 

analysis [32]. All-cause care costs are comprised of fall-related and comorbidity care costs

d Intervention type classification should follow the Prevention of Falls Network Europe categories [43]

e Potential intervention pathways are: proactive – initiated by professional screening/referral; reactive – initiated after medical attention for a fall; and self-referred – enrolled 

voluntarily by older persons

f Falls risk screening is required if: (1) model prescribes intervention to a subset of the whole target population with certain characteristics (e.g., higher falls risk) and this subset 

must be identified; and (2) model’s target population itself is a specific patient group (e.g., cataract patients) and this group must be identified from the general population before 

model baseline. Falls risk screening is distinct from falls risk assessment as part of multifactorial intervention

g This concerns models that import falls efficacy evidence from external intervention studies. Main falls incidence metrics are falls risk and falls rate, and their matching efficacy 

metrics are relative risk (RR) and rate ratio (RaR), respectively. Models should ensure that the external efficacy metric matches the internal falls incidence metric

h Like note f, this concerns decision models using external efficacy evidence. The fall type (e.g., hospitalised fall, fall-induced fracture) for the efficacy data should match that for the 

model incidence

i The effectiveness period is a function of efficacy durability and implementation sustainability. Efficacy durability should not extend beyond the intervention study’s timespan 

unless the intervention is sustained [32]. Key determinants of sustainability are demand-side persistence and supply-side maintenance

j For example, falls prevention exercise can improve cardiovascular health [25]

k Structural or face validity concerns validity of model structure, data sources and assumptions as assessed by modelling and disease-area experts and broader stakeholders [31, 

44]. Structural validity can be assessed prospectively during the model development stage through proactive involvement of stakeholders in model conceptualisation; it can also 

be assessed retrospectively by evaluating scenarios on different structural assumptions [31]

l Internal validity concerns the accuracy of model coding; external validity concerns comparability between model and real-world results; and cross validity concerns comparability 

between model results and results of other models addressing the same decision problem [44]

Category Data field

Reporting and methodological quality checklist The checklist designed for falls prevention economic evaluations by a panel of falls prevention experts [32] was adapted to 

specifically suit decision models. There were 32 items, each scored 0 (recommendation not followed), 0.5 (partially followed), 

and 1 (fully followed), giving maximum score of 32. See Table A2 in Supplementary Materials for adapted version.

(A) Model and evaluation overview 1. Bibliography: author(s); publication year

2. Setting and aim: country; region; decision-maker; evaluation aim

3. Target population demographics and comorbidities (e.g., residence,a age, sex, socioeconomic status, health conditions 

unrelated to falls risk)

4. Type of analysis: e.g., CEA; CUA; CBA;  ROIb

5. Perspective (e.g., public sector, societal)

6. Cost-effectiveness threshold: monetary amount and type (e.g., health opportunity cost in healthcare system, willingness to 

pay as consumer)

7. Model type (e.g., decision tree, Markov)

8. Model time horizon

9. Discount rates (if time horizon longer than 1 year)

10. Model cycle length (if any)

(B) Falls epidemiology features 1. Characterising baseline falls risk of target population

2. Characterising multiple falls per year (recurrent falls)

3. Risk factors for falls

4. Health consequences of falls: fall/injury type; long-term health consequences (e.g., institutionalisation, excess mortality risk)

5. Health utility data: fall-related loss; comorbidity status

6. Economic consequences of falls: care resource types; unit costs; all-cause/comorbidity care  costsc

(C) Falls prevention intervention features 1. Intervention characteristics: type;d comparator(s); component; access  pathwaye

2. Falls risk screening  methodf

3. Intervention resource use and costs: auxiliary implementation resources (e.g., marketing to improve uptake); therapeutic 

resources (e.g., staff labour).

4. Intervention efficacy: metric;g fall type;h effectiveness  periodi

5. Wider health effects of interventions beyond falls  preventionj

(D) Evaluation methods and results 1. Model validity: structural/face;k internal; external;  crossl

2. Assessing parameter uncertainty: DSA; PSA

3. Scenario analyses: to assess impact of structural assumptions on outcomes.

4. Aggregate health and cost outcomes (e.g., total intervention cost, total QALY gain, total number of falls prevented)

5. Cost-per-unit ratios (e.g., incremental cost per QALY gain)

6. Wider decisional outcomes (e.g., reduction in social inequities of health)

7. Currency: original type/year; conversion to same currency for comparison

8. Discussion by evaluation authors: generalisability; policy implementation; model strengths and limitations

(E) Key methodological challenges for public health 

economic model

1. Capturing non-health outcomes and societal intervention costs

2. Considering heterogeneity and dynamic complexity: e.g., long-term progression of falls risk factors/profile

3. Considering theories of human behaviour and implementation: e.g., implementation quality (i.e., uptake and adherence 

rates)

4. Considering social determinants of health and conducting equity analyses
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decision models [45]. Critical appraisal identified between-

study variation in the methods used to characterise the 

features and their respective strengths and limitations 

(including those mentioned by the model’s developers). 

Methodological recommendations for future model devel-

opment were subsequently formulated by this systematic 

review.

Features under category (E) were informed by the 

systematic methodological review of key methodo-

logical challenges to public health economic model-

ling [46]; these features are synthesised and appraised 

(with associated methodological recommendations) in 

a future publication. Nevertheless, features that poten-

tially affected the model outcomes significantly are dis-

cussed in this article whilst formulating commissioning 

recommendations.

Developing commissioning recommendations by this 

systematic review

Extracted under category (D) in Table  1, commission-

ing recommendations from model evaluation results are 

based primarily on a subset of models that targeted gen-

eral older populations – as opposed to specific patient 

groups – and conducted analyses over a lifetime horizon. 

Prioritising this subset addresses the information needs 

of decision-makers overseeing geographically defined 

jurisdictions (e.g., national) [28]. The evaluation over a 

lifetime horizon is recommended by the expert guideline 

on falls prevention economic evaluation [32].

The recommendations considered all available evalua-

tion outcomes – including not only cost-per-unit ratios 

but also aggregate, population-level impact and wider 

decisional outcomes (e.g., impact on social inequities of 

health) – and methodological caveats potentially affect-

ing credibility and outcomes. Monetary outcomes were 

converted to US$ in 2021 using the consumer price 

index (CPI) in the country of study to account for infla-

tion up to 2021 [47] and the most recent purchasing 

power parity (PPP) exchange ratio between US$ and the 

original currency [48]. For cost-utility analysis (CUA), 

an ICER less than US$41,900 (£30,000) per quality-

adjusted life year (QALY) gain was deemed cost-effec-

tive according to the threshold recommended by the 

NICE HTA guideline [49].

Results
Search results

Figure  1 presents the PRISMA flow diagram. In total, 

15,730 titles and abstracts were screened. Ninety-two 

full texts were screened from which 46 decision models 

were identified. Six studies were identified from the grey 

literature and references of other studies. The main rea-

son for exclusion at the full text screening stage was not 

conducting economic evaluation via decision modelling. 

The titles of the excluded studies are given in Table A3 in 

the Supplementary Materials.

Overview of included decision models

Table 2 provides an overview of the 46 included models. 

Apart from Agartioglu [50] set in Turkey, all models were 

set in developed countries: 14 from the US and Canada 

(30.4%); 12 Australia and New Zealand (26.1%); 11 UK 

(23.9%); and eight Europe (17.4%). Twenty-four (52.2%) 

models aimed to inform decision-making at the national 

level, while the rest adopted more local application levels 

including state, city, and clinical commissioning groups 

in the UK.

Most models (n = 25; 52.2%) targeted a general popu-

lation of community-dwelling adults aged 60+ or 65+; 

two targeted women only [67, 80]. Two models targeted 

general adult populations aged 65+ which would con-

tain a minority of institutionalised adults [54, 88]; two 

incorporated institutionalisation as a non-final model 

state [63, 70]. Five targeted populations with falls his-

tory [59, 71, 75, 91, 93]; two populations at high falls 

risk without specifying cause [52, 77]. Eight targeted 

specific patient populations: osteoporosis or high oste-

oporosis risk [68, 78]; fall-risk-increasing drug (FRID) 

users [69, 79, 89, 90]; and cataracts [86, 87]. Nshimy-

umukiza [80] incorporated incoming cohorts, newly 

entering each year for 10 years.

There were four types of economic analysis: cost-effec-

tiveness analysis (CEA), cost-benefit analysis, (CBA), 

return-on-investment analysis (ROI), and CUA. No fur-

ther types, e.g., cost-consequence analysis (CCA), were 

identified. There were two costing perspectives: pub-

lic sector and societal. Several models adopted multiple 

types of analysis and perspectives, resulting in 69 distinct 

analyses. Of these, CUA was most used (n = 32; 46.4%), 

followed by ROI and CEA (each n = 17; 24.6%), and then 

CBA (n = 3; 4.3%). Around a third of analyses (n = 22) 

adopted the societal perspective.

Exercise was the most evaluated intervention type 

with 17 models; eight evaluated multiple exercise forms. 

Multifactorial intervention was the second most evalu-

ated type with 13 models: three evaluated multiple 

forms [58, 59, 66]; two combined multifactorial inter-

vention with environmental modifications [53, 73]. 

Twelve evaluated multiple types of interventions: four 

compared multiple types directly [58, 66, 80, 89]. The 

most common comparator scenario was not receiving 

the modelled intervention(s). Eight models described 

the ‘usual care’ (without falls prevention properties) 

received in the comparator scenario, e.g., non-expedited 

cataract surgery compared to expedited [86]; but oth-

ers (24 of 32 with non-receipt scenario) were vague in 
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the description or used ‘no intervention’ and ‘usual care’ 

interchangeably [34, 60, 61, 85, 93].

There were four model type categories: (1) binary deci-

sion (n = 14); (2) static (n = 9); (3) cohort-level Markov 

(n = 19); and (4) patient- or individual-level Markov 

(n = 4). Binary decision models compared the state of 

the world with and without the intervention and did not 

incorporate transition probabilities or time cycles. All 

static models except Smith [88] were decision trees with-

out time cycles; Smith [88] compared several falls risk 

cut-off levels without time cycles. Model time horizon 

varied between one year and lifetime. Seventeen of 23 

Markov models adopted lifetime horizons.

Checklist scores for methodological and reporting quality

Tables  3, 4 and 5 shows the item-specific checklist 

scores for models. The overall quality score ranged 

between 13.5 and 27 (average 21.2) of maximum 32. 

The lowest scored item across models was item 15, 

which recommends reporting total/all-cause health 

resource utilisation costs under base case analysis and 

fall-related costs under sensitivity analysis. For this, 

only four models (all using primary collection of cost 

data) incorporated all-cause healthcare costs as the 

main economic outcome [51, 52, 86, 87]; six incorpo-

rated comorbidity care costs, which together with fall-

related costs constitute all-cause costs [54, 62, 70, 73, 

82, 92]. The second lowest scored item was item 21, 

which recommends: (i) reporting intervention costs 

and all-cause/fall-related healthcare costs separately; 

and (ii) reporting both aggregate and mean costs. For 

this, eight followed both recommendations [59, 67, 69, 

71–73, 85, 93], five followed (i) only [56, 75, 76, 83, 84], 

and four followed (ii) only [64, 80, 81, 94]. The third 

lowest scored item was item 8 for clearly stating and 

justifying the comparator which, as discussed above, 

was done by less than half (n = 22) of studies.

Narrative synthesis: falls epidemiology features

As detailed in Table  1, falls epidemiology features are 

synthesised based on: (1) characterising baseline falls 

risk; (2) characterising recurrent falls; (3) range of falls 

risk factors; (4) range of falls health consequences; (5) 

health utilities for CUA; and (6) range of fall-related 

economic consequences.

Baseline falls risk

Table  6 shows four main approaches for characteris-

ing the baseline falls risk/rate of models: (1) analysis of 

individual-level epidemiological data; (2) use of pub-

lished epidemiological data or expert/author opinion; 

(3) use of internal intervention study; and (4) use of 

falls risk/rate from RCT control group.

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram
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Table 2 Overview and quality score of included falls prevention decision models

# Reference Setting Target population Type of analysis Perspective Intervention type Comparator Model type Time horizon

1 Agartioglu (2020) 
[50]

Turkey, Izmir CD adults aged 65+ CEA Public sector HAM UC DT 1 year

2 Albert (2016) [51] US, Pennsylvania CD adults aged 50+ 
(mean age 75.5)

CUA Public sector MF int. UC DT 1 year

3 Alhambra-Borras 
(2019) [52]

Spain, Valencia, 
hospital level

CD adults aged 65+ 
at high falls risk or 
frail with no severe 
physical or cognitive 
limitation

CUA Public sector Exercise UC Markov  cohorta Lifetime

4 Beard (2006) [53] Australia, NSW CD adults aged 60+ CBA; ROI Public sector; 
Societal

MC (intersectoral) 
int.b

UC Binary  decisionc 5 years

5 Boyd (2020) [54] New Zealand Adults aged 65+ CUA Public sector Cataract surgery 
(expedited, routine)

NR Markov cohort Lifetime

6 Carande-Kulis (2015) 
[55]

US, private insurers CD adults aged 65+ ROI US health insurance 
payer

Exercise (2 forms); 
MC int. (Stepping 
On)

NR Binary decision 1 year

7 CSP (2016) [56] UK, varying regions CD adults aged 65+ ROI Public sector FRS + Exercise 
(physiotherapy)

NR DT 1 year

8 Church (2011) [57] Australia, NSW CD adults aged 65+ 
(separate model for 
residential care)

CEA; CUA Public sector Exercise (3 forms); 
MC int.; MF int.; 
MRA; Exp. cataract 
surgery; Med. modi-
fication; Cardiac 
pacing

NR Markov cohort 10 years

9 Church (2012) [58] Australia, NSW CD adults aged 65+ CEA; CUA Public sector Exercise (4 forms); 
MC int.; MF int. 
(2 forms); MRA; 
HAM; Exp. cataract 
surgery; Cardiac 
pacing; Med. modifi-
cation

NR; Cross-compar-
ison

Markov cohort Lifetime

10 Comans (2009) [59] Australia, Brisbane CD adults aged 65+, 
falls history in past 
6 months or gait/
functional decline 
and cognitively 
intact

ROI Societal MF int. (2 forms) NR Binary decision 1 year

11 Day (2009) [60] Australia, varying 
regions

CD adults aged 50+ 
(age and charac-
teristics differ by 
intervention type)d

CEA Public sector; 
Societal

Exercise (2 forms); 
HAM; MF int.; Med. 
modification; Car-
diac pacing

NR DT 1 year

12 Day (2010) [61] Australia CD adults aged 70+ CEA Public sector; 
Societal

Exercise (Tai Chi) NR DT 1 year
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Table 2 (continued)

# Reference Setting Target population Type of analysis Perspective Intervention type Comparator Model type Time horizon

13 Deverall (2018) [62] New Zealand CD adults aged 65+ CUA Public sector; 
Societal

Exercise (3 forms) NR Markov cohort 25 years

14 Eldridge (2005) [63] UK, primary care 
trust

Adults aged 65+ in 
community or nurs-
ing home

CUA Public sector FRS + MF int. or 
Exercise

UC DT + Markov cohort Lifetime

15 Farag (2015) [64] Australia CD adults aged 65+ 
without falls history

CUA Public sector Non-specific inter-
vention

NR Markov cohort Lifetime

16 Franklin (2019) [65] UK, city level CD adults aged 65+ CUA Public sector (2 
types)

FRS + Exercise (3 
forms) or HAM

NR; Cross-compar-
ison

DT + Markov cohort 2 years

17 Frick (2010) [66] US CD adults aged 65+ CUA US healthcare  payere Exercise (2 forms); 
HAM; MF int. (2 
forms); Vit. D; Med. 
modification

Cross-comparison Binary decision 1  yearf

18 Hektoen (2009) [67] Norway CD women aged 
80+

CEA Societal Exercise NR Binary decision 1 year

19 Hiligsmann (2014) 
[68]

Belgium Adults aged 60+ 
with osteoporosis

CUA Societal Vit. D and calcium NR Markov  patienta Lifetime

20 Hirst (2016) [69] UK Women aged 75+ 
on chronic pain 
medication

CUA Public sector Med. modifica-
tion (Transdermal 
Buprenorphine)

Tramadol DTg 1 year

21 Honkanen (2006) 
[70]

US, Medicare/aid Adults aged 65+ 
living in community 
at baseline

CUA; ROI Societal Hip protectors NR Markov cohort Lifetime

22 Howland (2015) [71] US, Massachusetts CD adults aged 65+ 
admitted to A&E 
due to fall

ROI US healthcare  payere MC int. (MoB/VLL) NR Binary decision 1 year

23 Ippoliti (2018) [72] Italy, Piedmont CD adults aged 65+ 
living in mountain-
ous areas

ROI Public sector MF int. NR Binary decision 3 years

24 Johansson (2008) 
[73]

Sweden, Stockholm CD adults aged 65+ CUA Societal MC (intersectoral) 
int.h

UC Markov cohort Lifetime

25 Lee (2013) [74] US, Medicare/aid CD adults aged 
65–80 without falls 
history

CBA Public sector Vit. D (targeted, 
universal)

NR DT + Markov cohort 3 years

26 Ling (2008) [75] US, Hawaii CD adults aged 65+ 
with falls history or 
other risk factors

ROI US healthcare  payere HAM NR Binary decision 1 year

27 McLean (2015) [76] Australia, Melbourne CD adults aged 70+ CEA; CUA Public sector Exercise UC DT 18 months

28 Miller (2011) [77] US, Texas CD adults aged 50+ 
at high falls risk

ROI US healthcare;e 
Societal

MC int. (MoB/VLL) NR Binary decision 2 years
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Table 2 (continued)

# Reference Setting Target population Type of analysis Perspective Intervention type Comparator Model type Time horizon

29 Mori (2017) [78] US CD women aged 
65+ at osteoporosis 
risk without previ-
ous fracture

CUA Societal Exercise and bispho-
sphonate combined

Cross-comparison: 
single or no inter-
vention

DT + Markov patient Lifetime

30 Moriarty (2019) [79] Ireland CD adults aged 65, 
no current/previous 
adverse events for 
benzodiazepine/PPI

CUA Public sector Med. modification 
(Benzodiazepine, 
PPIn)

Inappropriate 
prescribing

DT + Markov patient 35 years

31 Nshimyu-mukiza 
(2013) [80]

Canada Women aged 40+ 
(with subgroup 
aged 65+)

CEA; CUA Public sector Fracture risk screen-
ing + Physical 
activity, Vit. D and 
calcium, and/or 
Osteoporosis screen 
& treat

NR; Cross-compar-
ison

DT + Markov patient Lifetime

32 OMAS (2008) [81] Canada, Ontario CD adults aged 65+ CEA; ROI Public sector Exercise; HAM; Vit. D 
and calcium; Med. 
modification; gait-
stabilizer

NR Markov cohort Lifetime

33 Pega (2016) [82] New Zealand CD adults aged 65+ CUA Public sector HAM NR Markov cohort Lifetime

34 Poole (2014) [83] UK Adults aged 65+ ROI Public sector Vit. D NR Binary decision 1 year

35 Poole (2015) [84] UK CD adults aged 60+ CUA; ROI Public sector Vit. D NR Markov cohort 5 years

36 PHE (2018) [85] England, varying 
regions

CD adults aged 65+ CUA; ROI Public sector Exercise (3 forms); 
HAM

NR DT 2 years

37 RCN (2005) [34] England & Wales CD adults aged 60+ CUA Public sector Exercise; MF int. NR Markov cohort Lifetime

38 Sach (2007) [86] UK Women aged 
70+ with bilateral 
cataracts

CEA; CUA Public sector; 
Societal

Exp. cataract surgery 
(first eye)

UC (routine surgery) Binary decision Lifetime extrapol.i

39 Sach (2010) [87] UK Women aged 70+ 
with second oper-
able cataract

CUA Public sector; 
Societal

Exp. cataract surgery 
(second eye)

UC (no surgery) Binary decision Lifetime extrapol.i

40 Smith (2016) [88] UK, NW London Adults aged 65+ 
covered by GP prac-
tice and hospital

ROI Public sector FRS + MF int. Cross-comparison Risk prediction 1 year

41 Tannenbaum (2015) 
[89]

US, Medicare/aid CD adults aged 65+ 
with insomnia

CUA Public sector Med. modification; 
CBT

NR; Cross-compar-
ison

Markov cohort 1 year

42 Turner (2020) [90] Canada, Quebec CD adults aged 65+ 
who are chronic 
users of sedatives for 
insomnia

CUA Public sector Med. modification NR DT + Markov cohort 1 year
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Table 2 (continued)

# Reference Setting Target population Type of analysis Perspective Intervention type Comparator Model type Time horizon

43 Velde (2008) [91] Netherlands CD geriatric out-
patient population 
with falls history 
(mean age 78)

CEA Public sector Med. modification NR Binary decision 1  yearf

44 Wilson (2017) [92] New Zealand, 
Manukau

CD adults aged 65+ CUA Public sector HAM NR Markov cohort Lifetime

45 Wu (2010) [93] US, Medicare/aid CD Medicare ben-
eficiaries aged 65+ 
with falls history

CEA; ROI Public sector; 
Societal

MF int. NR Binary decision 1 year

46 Zarca (2014) [94] France Adults aged 65+ 
without previous 
hip fracture

CEA; CUA Public sector Vit. D (targeted (2), 
universal)

NR; Cross-compar-
ison

DT + Markov patient Lifetime

Abbreviations: CBA Cost-benefit analysis, CBT Cognitive behavioural therapy, CD Community-dwelling, CEA Cost-effectiveness analysis, CSP Chartered Society of Physiotherapy, CUA  Cost-utility analysis, DT Decision tree, 

Exp. Expedited, Extrapol. Extrapolated, FRS Falls risk screening, HAM Home assessment and modification, Int. Intervention, MC Multiple-component, Med. Medication, MF Multifactorial, MoB/VLL Matter of Balance Lay-Led 

Version, MRA Multifactorial risk assessment only, NR Non-receipt of modelled intervention(s), NSW New South Wales, OMAS Ontario Medical Advisory Secretariat, PHE Public Health England, PPIn Proton pump inhibitor, 

RCN Royal College of Nursing, ROI Return on investment analysis, UC Usual care

a “Markov cohort” describes cohort-level Markov models that simulate the proportion of a population that experience an event (e.g., fall incidence) and progresses to a different model state. “Markov patient” describes 

patient- or individual-level Markov models that simulate the progression of individuals with unique set of characteristics [95]

b Intervention included individually tailored education, HAM and exercise and public space safety improvement

c Binary decision models include two scenarios, with or without intervention, and no time-based cycles or probability trees

d Cardiac pacing targeted population aged 50+ due to their high falls risk. Other interventions targeted populations aged 65+

e This would include Medicare/aid, private health insurance and patients

f One-year horizon with lifetime costs and health effects of falls

g Authors described the model as microsimulation; but there was only a single one-year cycle. Hence, the model is classified as a decision tree

h Intervention included individually tailored education, group balance exercises, Tai Chi, other physical activities and HAM, neighbourhood hazard removal and housing reconstruction

i One-year trial outcomes are extrapolated over lifetime horizon
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Eight models employing (1) estimated the baseline 

falls risk/rate by analysing individual-level data relevant 

to the decision-making context. One used a local sur-

vey [63], but the other seven analysed administrative 

healthcare (‘routine’) datasets. For example, the four 

BODE3 models developed by the same research group 

analysed the insurance claims data at national and state 

levels to estimate the incidence rates of falls requiring 

medical attention (i.e., MA falls). A key strength of rou-

tine data is that falls incidence is linked to consequent 

care utilisation and cost; the latter can then be stratified 

by individual-level risk factors. The routine data should 

contain individual identifiers to distinguish between 

number of fallers and falls per faller. The BODE3 mod-

els did not make this distinction, counting multiple falls 

per person as multiple fallers and overestimating the 

baseline falls risk.

Twenty-five models used published epidemiological 

evidence (n = 22) or expert opinion (n = 3) [57, 58, 77]. 

Compared to approach (1), the use of published evi-

dence restricted the range of falls risk factors and rel-

evant population subgroups (see below). Nevertheless, 

published evidence allowed parameterisation of fall-

related events that are not well-observed in routine data 

(e.g., non-MA falls).

Nine models sourced the baseline falls risk/rate and 

intervention effectiveness from the same internal inter-

vention study. For example, Albert [51] developed a deci-

sion tree model using the baseline risk, effectiveness, and 

costs evidence from a quasi-experimental evaluation of 

Table 3 Results of methodological and reporting quality checklist application to included models

a See Table A2 in Supplementary Materials for item contents. Study is given a score of 1 if deemed to have followed the item recommendation fully, 0.5 if partially 

(light grey shading) and 0 (dark grey shading) if not followed



Page 12 of 36Kwon et al. BMC Health Services Research          (2022) 22:316 

multifactorial intervention. The reliance on a single inter-

vention study makes these models similar to non-model-

ling evaluations alongside clinical studies. Nevertheless, 

the nine models: explicitly developed models using inter-

nal data [51, 52, 76]; extrapolated results over a longer 

time horizon [73, 86, 87]; extrapolated results to national 

population [91]; and extrapolated results to a wider soci-

etal perspective [53]. These models assumed that the 

internal intervention sample is representative of the tar-

get population; this assumption would not hold if there 

were sampling biases.

Four models used the falls risk/rate from the control 

group of an external RCT (or pool of RCTs). For exam-

ple, Day [61] used the falls rate pooled from two Tai Chi 

RCTs to characterise the baseline rate, then applied the 

Tai Chi efficacy from a separate meta-analysis. Analysts 

can draw on diverse external RCTs to characterise the 

baseline risk; heterogeneous risks across subpopulations 

can be modelled by drawing on multiple sources simul-

taneously. However, this approach generally restricts the 

model time horizon to that of an external RCT and can-

not model the long-term falls risk progression without 

being supplemented by longer-term observational data.

Recurrent falls

Table 7 lists the models by model type category and their 

features relevant to characterising recurrent falls. The 

first feature is the transition entity, which is either the fall 

Table 4 Results of checklist application to included studies

a See Table A2 in Supplementary Materials for item contents. Study is given a score of 1 if deemed to have followed the item recommendation fully, 0.5 if partially 

(light grey shading) and 0 (dark grey shading) if not followed
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Table 5 Results of checklist application to included studies (n = 46)

a See Table A2 in Supplementary Materials for item contents. Study is given a score of 1 if deemed to have followed the item recommendation fully, 0.5 if partially 

(light grey shading) and 0 (dark grey shading) if not followed

Table 6 Evidence sources for baseline falls risk/rate used by falls prevention decision models

Abbreviations: BODE3 Burden of Disease Epidemiology, Equity and Cost-Effectiveness, CSP Chartered Society of Physiotherapy, OMAS Ontario Medical Advisory 

Secretariat, PHE Public Health England, RCN Royal College of Nursing, RCT  Randomised controlled trial

a See Table 2 for study references; parenthesised number refers to the number of models included in the table

b This may be randomised or non-randomised

Data source N Study label (n = 46)a

(1) Individual-level epidemiological data 8 BODE3 models – Boyd (2020) [54], Deverall (2018) [62], Pega (2016) [82], Wilson (2017) [92]; Eldridge 
(2005) [63]; Ippoliti (2018) [72]; OMAS (2008) [81]; Smith (2016) [88]

(2) Published epidemiological data or 
expert/author opinion

25 Agartioglu (2020) [50]; Carande-Kulis (2015) [55]; CSP (2016) [56]; Church (2011) [57]; Church (2012) 
[58]; Farag (2015) [64]; Franklin (2019) [65]; Frick (2010) [66]; Hiligsmann (2014) [68]; Hirst (2016) [69]; 
Honkanen (2006) [70]; Howland (2015) [71]; Lee (2013) [74]; Ling (2008) [75]; Miller (2011) [77]; Mori 
(2017) [78]; Moriarty (2019) [79]; Nshimyumukiza (2013) [80]; Poole (2014) [83]; Poole (2015) [84]; RCN 
(2005) [34]; Tannenbaum (2015) [89]; Turner (2020) [90]; Wu (2010) [93]; Zarca (2014) [94]

(3) Internal intervention  studyb evidence 9 Albert (2016) [51]; Alhambra-Borras (2019) [52]; Beard (2006) [53]; Comans (2009) [59]; Johansson 
(2008) [73]; McLean (2015) [76]; Sach (2007) [86]; Sach (2010) [87]; Velde (2008) [91]

(4) Risk/rate from external RCT control group 4 Day (2009) [60]; Day (2010) [61]; Hektoen (2009) [67]; PHE (2018) [85]
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event or individual. The individual-transitioning models, 

particularly those with cycle length of one year or longer, 

should ensure that recurrent falls could occur to individ-

uals during each cycle. A qualifying factor is the type of 

main fall-related event: if the event is less likely to recur 

within a year (e.g., hip fracture), then the need to charac-

terise recurrent falls is reduced.

There were 23 models incapable of characterising 

recurrent falls. Seven of the 23 had fracture as the 

main event which are less likely to recur within a year 

[66, 69, 70, 73, 78–80]; whilst 16 models with falls as 

the main event were incapable of characterising recur-

rent MA or non-MA falls. Of 13 individual-transi-

tioning models that were capable of characterising 

recurrent falls, three methods were mainly used: (1) 

modelling separate health states for recurrent fall-

ers; (2) assigning average number of falls per faller; 

and (3) incorporating cycle lengths shorter than one 

year. Three models used (1) [51, 52, 56]: e.g., CSP [56] 

incorporated age- and gender-specific risks of expe-

riencing recurrent falls conditional on having fallen. 

Three used (2) [56, 59, 65]: e.g., Franklin [65] assigned 

2.8 falls as the average number of falls experienced per 

faller. Five used (3), incorporating the following cycle 

lengths: one month [74, 90]; three months [94]; and 

six months [68, 89]. Hiligsmann [68] and Zarca [94] 

had fractures as the main event yet incorporated short 

cycles. Tannenbaum [89] modelled higher falls risk in 

the second of the two six-month cycles for those who 

experienced a fall in the first. Other methods included: 

applying a negative binomial regression on individual-

level data to adjust the falls risk for the number of falls 

per faller [76]; and targeting those who have experi-

enced a fall immediately prior to the model baseline 

(‘targeted recurrent fall’ in Table 7) [71, 93]. No study 

employed model types incorporating time-to-event 

data (e.g., discrete event simulation) to overcome the 

limitation of set cycle lengths.

Falls risk factors

Table  A4 in Supplementary Materials summarises the 

range of risk factors for falls and fall-related events incor-

porated by models that conducted primary analysis of 

individual-level data or used published epidemiological 

evidence (i.e., the first two approaches for characterising 

baseline risk in Table 6). For the eight models that con-

ducted primary analysis, the individual-level granulation 

offered greater scope for incorporating a wide range of 

risk factors. For example, the four BODE3 models incor-

porated age, sex, ethnicity, and MA falls history as risk 

factors for MA fall, hospitalised fall and fatal fall. Smith 

[88] constructed a de novo MA falls risk prediction tool 

using diverse variables observed in the primary and 

secondary care routine data including history of fall/frac-

ture; chronic disease diagnoses and history of all-cause 

secondary care utilisation.

Twenty-five models that used published evidence 

were more restricted in their incorporation of risk fac-

tors. Ten incorporated a single baseline risk or included 

age and/or sex as the only non-exogenous (i.e., not 

given at model baseline) risk factors [34, 50, 55, 66, 68, 

71, 77, 83, 84, 93]. Only four incorporated non-inju-

rious or non-MA falls as a risk factor for further falls 

within model simulation [57, 58, 64, 75]. No model 

incorporated fear of falling as a risk factor. Only three 

incorporated chronic diseases: osteoporosis [78, 80]; 

and depression and cognitive impairment [75]. Physical 

impairments as risk factors included: vitamin D defi-

ciency [74, 94]; low bone mass density [80]; impaired 

gait or balance, leg weakness and functional impair-

ment [75]; and functional dependency [70].

Models using internal intervention study evidence or 

external RCT data to characterise the baseline falls risk/

rate (i.e., the last two approaches in Table 6) took the risk 

factors as given from the internal or external studies. For 

example, Day [60] used the inclusion criteria of external 

RCTs to define the risk profiles of six model subgroups 

receiving different interventions. A representative popula-

tion survey was then used to estimate the subgroup sizes.

Falls health consequences

Table  8 summarises the health consequences of 

falls explicitly incorporated by models: i.e., studies 

included separate model states and probabilities for the 

consequence.

There was noticeable between-study variation in 

the range of health consequences: 21 (45.7%) models 

included non-injurious or non-MA falls; 10 (21.7%) 

considered only fractures, of which six considered only 

hip fracture; 16 (34.8%) included fatal falls; and six 

(13.0%) fear of falling. In Church [57, 58], and Tannen-

baum [89], fear of falling was associated with non-MA 

and MA fall incidence; in Lee [74] and PHE [85] only 

with MA fall; in Eldridge [63] fear could occur indepen-

dently of falls. Fifteen (32.6%) incorporated fall-induced 

long-term care (LTC) admission; 12 (26.1%) incorpo-

rated excess mortality associated with major injuries.

Since a narrower range of health consequences would 

underestimate the cost-effectiveness of falls preven-

tion, several models highlighted the exclusion of spe-

cific health consequences as a limitation: fear of falling 

[62, 82, 92]; fatal falls [76]; and non-fracture injuries 

[73, 78, 94]. Yet others advocated a narrower range to 

focus on falls with discernible health consequences [88] 

and generate conservative results [56]. Regardless, the 

between-study variation impairs outcome comparisons.
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Table 7 Modelling methods for characterising recurrent falls

Abbreviations: BODE3 Burden of Disease Epidemiology, Equity and Cost-Effectiveness Programme studies, including Boyd (2020) [54], Deverall (2018) [62], Pega (2016) 

[82] and Wilson (2017) [92], CSP Chartered Society of Physiotherapy, Int. Intervention, MA fall Fall requiring medical attention, N/A Not applicable, OMAS Ontario 

Medical Advisory Secretariat, PHE Public Health England, RCN Royal College of Nursing

a See Table 2 for study references; parenthesised number refers to the number of models included in the table

b All Markov models conceive individuals (or proportion of individuals within cohort) transitioning between model states. Some binary decision and static models 

have fall events transitioning through health and economic sequelae

c Cycle length was not relevant or applicable to non-cycle-based models such as the decision tree

d All studies under this category, except Smith (2016) [88], used a decision tree model

e This model used a composite measure of health consequences including recurrent falls, fear of falling and mobility and balance problems. Hence, recurrent falls were 

captured within the composite measure

Study label (n = 46)a Transition  entityb Cycle length Main fall-related event Possible to model recurrent falls

Binary decision model

 Beard (2006) [53] Fall event N/Ac MA fall Yes

 Carande-Kulis (2015) [55] Individual N/A MA fall No

 Comans (2009) [59] Individual N/A Any fall Yes

 Frick (2010) [66] Individual N/A Hip fracture No

 Hektoen (2009) [67] Fall event N/A Any fall Yes

 Howland (2015) [71] Individual N/A MA fall Yes: targeted recurrent fall

 Ippoliti (2018) [72] Fall event N/A Hip fracture Yes

 Ling (2008) [75] Individual N/A Any fall No

 Miller (2011) [77] Individual N/A MA fall No

 Poole (2014) [83] Fall event N/A Hip fracture Yes

 Sach (2007); (2010) [86, 87] Fall event N/A Any fall Yes

 Velde (2008) [91] Fall event N/A Any fall Yes

 Wu (2010) [93] Individual N/A Any fall Yes: targeted recurrent fall

Static modeld

 Agartioglu (2020) [50] Individual N/A Any fall No

 Albert (2016) [51] Individual N/A Any fall Yes

 CSP (2016) [56] Individual N/A MA fall Yes

 Day (2009); (2010) [60, 61] Fall event N/A Any fall Yes

 Hirst (2016) [69] Individual N/A Fractures No

 McLean (2015) [76] Individual N/A Any fall Yes: Adjusted risk

 PHE (2018) [85] Fall event N/A Any fall Yes

 Smith et al. (2016) [88] Individual N/A MA fall No

Cohort-level Markov model

 Alhambra-Borras (2019) [52] Individual 1 year Compositee Yes:  Compositee

 BODE3 models Individual 1 year MA fall No

 Church (2011); (2012) [57, 58] Individual 1 year Any fall No

 Eldridge (2005) [63] Individual 1 year Any fall No

 Farag (2015) [64] Individual 1 year Any fall No

 Franklin (2019) [65] Individual 1 year Any fall Yes

 Honkanen (2006) [70] Individual 1 year Hip fracture No

 Johansson (2008) [73] Individual 1 year Hip fracture No

 Lee (2013) [74] Individual 1 month Any fall Yes

 Moriarty (2019) [79] Individual 1 year MA fall/Hip fracture No

 OMAS (2008) [81] Individual 1 year MA fall No

 Poole (2015) [84] Individual 1 year MA fall No

 RCN (2005) [34] Individual 1 year MA fall No

 Tannenbaum (2015) [89] Individual 6 months Any fall Yes

 Turner (2020) [90] Individual 1 month MA fall/Hip fracture Yes

Individual-level Markov model (microsimulation)

 Hiligsmann (2014) [68] Individual 6 months Fractures Yes

 Mori (2017) [78] Individual 1 year Fractures No

 Nshimyumukiza (2013) [80] Individual 1 year Fractures No

 Zarca (2014) [94] Individual 3 months Hip fracture Yes
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Health utilities

Table  A5 in Supplementary Materials summarises the 

health utilities data used for CUA, the health states to 

which they are applied, and their sources. Twenty-nine 

models incorporated health utilities; 25 sourced them 

from external literature. EQ-5D was the most widely 

used instrument by 17 models; other instruments 

included HUI2, HUI3, and SF-6D. Four models concur-

rently used multiple instruments [70, 79, 89, 90]; two 

used values directly elicited from TTO exercises [63, 70].

The effect of an adverse event on health utility was 

depicted in three main approaches: (i) assigning an abso-

lute decrement/loss to pre-event utility level; (ii) assign-

ing proportional (i.e., multiplier) decrement to pre-event 

level; and (iii) assigning a specific health utility level to 

post-event state. An example of each are: EQ-5D loss of 

0.200 for hip fracture in the 1st year, followed by loss of 

0.060 for subsequent years [66]; multiplier 0.79 for hip 

fracture to pre-fracture level for 1st year, followed by 

multiplier 0.90 for subsequent years [94]; utility level of 

0.050 for bad hip fracture requiring LTC admission [63]. 

These illustrate the significant between-model variation 

in the applied utility data reducing the comparability of 

CUA results.

Fall‑related economic consequences

Table A6 summarises the economic consequences of falls 

from the health and social care perspective. The eco-

nomic consequences were marked even if only their costs 

were considered without separate model states (unlike 

health consequences in Table  8). Care consequences 

directly attributed to falls are divided into six catego-

ries: (i) ambulatory care excluding emergency depart-

ment (ED), e.g., GP visit and ambulance call-out; (ii) ED 

visit/admission; (iii) hospitalisation; (iv) rehabilitation, 

e.g., outpatient; (v) short-term social care, e.g., meal-

on-wheels; and (vi) LTC. The cost of LTC admission was 

incorporated by 26 (56.5%) models. Studies noted the 

technical difficulty in costing LTC admission, particularly 

in identifying admissions directly attributable to falls and 

in stratifying costs by age and life expectancy at admis-

sion [56, 59, 62].

Four models incorporated all-cause (‘AC’), rather than 

fall-specific, care consequences using primary data from 

intervention studies [51, 52, 86, 87]. Six models incor-

porated comorbidity care costs [54, 62, 70, 73, 82, 92]. 

The four BODE3 models incorporated annual (all-cause) 

healthcare cost and cost of dying that varied by age and 

sex; falls prevention indirectly affected these costs by 

changing the life expectancy and age at death via fatal fall 

prevention. Johansson [73] incorporated age-stratified 

societal costs of added life-years measured in net con-

sumption (production value minus consumption and 

care costs) but not cost of dying. In Honkanen [70], the 

annual healthcare cost and cost of dying were stratified 

by functional dependency and residence (community vs. 

nursing home); fracture prevention indirectly affected 

these by lowering the risks of functional dependency 

and nursing home admission. Comorbidity care costs 

are hence relevant to models that incorporate fatal falls, 

excess mortality and serious injuries that contribute to 

increased frailty and care dependency. Yet these costs 

were included in only six (listed above) of 24 models that 

incorporated fatal falls and/or excess mortality.

Narrative synthesis: falls prevention intervention features

As detailed in Table 1, falls prevention intervention fea-

tures are synthesised based on: (1) intervention access 

pathways; (2) falls risk identification methods; (3) inter-

vention resource-use and cost; (4) intervention efficacy; 

and (5) wider health effects of interventions beyond falls 

prevention. Table  A7 in Supplementary Materials pro-

vides additional detail on intervention components by 

study.

Intervention access pathway

Table  9 categorises all model-evaluated interventions 

by access pathway – reactive, proactive, self-referred or 

unclear – and intervention type. Of 101 interventions in 

total – counting multiple forms per study separately – 

nearly half (49) had unclear pathway descriptions. The 

most common pathway was proactive with 29 interven-

tions, followed by self-referred (16) and reactive (7).

Models with unclear access pathways frequently failed 

to mention how specific groups eligible for intervention 

were identified and recruited. For example, Church [58] 

evaluated group exercise, HAM, and multifactorial inter-

vention given to the high falls risk subgroup within the 

target population but didn’t mention how this subgroup 

would be identified; it similarly failed to mention how 

specific patient groups for cataract surgery, psychotropic 

medication withdrawal, and cardiac pacing would be 

identified.

Three models considered multiple pathways for the 

same intervention. Eldridge [63] evaluated a falls risk 

screening and referral programme that encompassed all 

three pathways operating in tandem: falls patients at A&E 

and hospital would be screened by the falls risk assess-

ment tool (FRAT) and referred to a multidisciplinary 

falls clinic (reactive pathway); primary care professionals 

would screen and refer high-risk individuals to the falls 

clinic or bi-disciplinary treatment (proactive); the low-

risk individuals not referred could still self-refer to the bi-

disciplinary treatment (self-referred). In Nshimyumukiza 

[80], vitamin D and calcium supplementation could be 
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Table 8 Summary of health consequences of falls included in decision  modelsa

Abbreviations: BODE3 Burden of Disease Epidemiology, Equity and Cost-Effectiveness Programme studies, including Boyd (2020) [54], Deverall (2018) [62], Pega (2016) 

[82] and Wilson (2017) [92], Com Composite, LTC Long-term care, MA fall Fall requiring medical attention

a Only the health consequences that are explicitly incorporated by models are catalogued: i.e., studies included separate model states and probabilities for each 

consequence

b See Table 2 for study references; parenthesised number refers to the number of models included in the table

c The model incorporated multiple specified fracture types (e.g., hip, vertebral, wrist) or a general category of fracture without specifying the component fracture 

types

d This model used a composite measure of health consequences including recurrent falls, fear of falling and mobility and balance problems. Thus, the fall types and 

fear of falling are marked as ‘Composite’ (Com). The model also included a multivariate frailty index capturing physical, psychological and social aspects of vulnerability

Study label (n = 46)b Non-MA or non-
injurious fall

MA or 
injurious fall

Fracture Fatal fall Fear of falling Fall-induced LTC 
admission

Excess 
mortality

Agartioglu (2020) [50] ˟ Injury Mixc

Albert (2016) [51] ˟ MA

Alhambra-Borras (2019)d [52] Com Com Com

Beard (2006) [53] MA

BODE3 models MA ˟
Carande-Kulis (2015) [55] MA ˟
CSP (2016) [56] ˟ MA ˟
Church (2011); (2012) [57, 58] ˟ MA Mix ˟ ˟ ˟
Comans (2009) [59] ˟ MA

Day (2009); (2010) [60, 61] ˟ MA

Eldridge (2005) [63] ˟ MA Hip ˟ ˟ ˟ ˟
Farag (2015) [64] ˟ MA ˟ ˟
Franklin (2019) [65] ˟ MA ˟ ˟ ˟
Frick (2010) [66] Hip ˟ ˟
Hektoen (2009) [67] ˟ Injury Mix

Hiligsmann (2014) [68] Mix ˟
Hirst (2016) [69] Mix ˟
Honkanen (2006) [70] Hip ˟ ˟
Howland (2015) [71] MA

Ippoliti (2018) [72] Hip

Johansson (2008) [73] Hip ˟
Lee (2013) [74] ˟ MA ˟
Ling (2008) [75] ˟ MA ˟
McLean (2015) [76] ˟ Injury Mix

Miller (2011) [77] ˟ MA

Mori (2017) [78] Mix ˟ ˟
Moriarty (2019) [79] MA Hip ˟ ˟
Nshimyumukiza (2013) [80] Mix ˟ ˟
OMAS (2008) [81] MA Mix ˟ ˟
Poole (2014) [83] Hip ˟
Poole (2015) [84] MA ˟ ˟
PHE (2018) [85] ˟ MA Mix ˟ ˟ ˟
RCN (2005) [34] MA Hip

Sach (2007); (2010) [86, 87] ˟ MA

Smith (2016) [88] MA Mix

Tannenbaum (2015) [89] ˟ MA Mix ˟ ˟ ˟
Turner (2020) [90] MA Mix ˟
Velde (2008) [91] ˟ MA

Wu (2010) [93] ˟ MA

Zarca (2014) [94] Hip ˟
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Table 9 Intervention access pathways by intervention type [number of intervention  forms]a

Abbreviations: CSP Chartered Society of Physiotherapy, HAM Home assessment and modification, MC int. Multiple-component intervention, MF int. Multifactorial intervention, MRA Multifactorial risk assessment only, 

OMAS Ontario Medical Advisory Secretariat, PHE Public Health England, RCN Royal College of Nursing

a See Table 2 for study references; all 46 models are included. Number of intervention form is one unless specified

b For all-cause, not fall-related, hospital inpatients

c In alternative intervention scenario

Intervention type (total N) Reactive N Proactive N Self-referred N Unclear N

Exercise (33) 0 Alhambra-Borras (2019) [52]; 
CSP (2016) [56]; Day (2009) [60]; 
Eldridge (2005) [63]; Franklin (2019) 
[65] [3]; Nshimyumukiza (2013) 
[80]; RCN (2006)

9 Carande-Kulis (2015) [55] [2]; Day 
(2009) [60]; Day (2010) [61]; Dever-
all (2018) [62] [3]; Eldridge (2005) 
[63]; Hektoen (2009) [67]; McLean 
(2015) [76]

10 Church (2011) [57] [3]; Church 
(2012) [58] [4]; Frick (2010) [66] [2]; 
Mori (2017) [78]; OMAS (2008) [81]; 
PHE (2018) [85] [3]

14

HAM (11) Day (2009) [60];b PHE (2018) [85] 2 Franklin (2019) [65]; Wilson (2017)c 
[92]

2 Wilson (2017) [92] 1 Agartioglu (2020) [50]; Church 
(2012) [58]; Ling (2008) [75]; OMAS 
(2008) [81]; Pega (2016) [82]; Frick 
(2010) [66]

6

Medication review and modifica-
tion (10)

0 Day (2009) [60]; Tannenbaum 
(2015) [89]; Turner (2020) [90]; 
Velde (2008) [91]

4 0 Church (2011) [57]; Church (2012) 
[58]; Frick (2010) [66]; Hirst (2016) 
[69]; Moriarty (2019) [79]; OMAS 
(2008) [81]

6

Cataract surgery (5) 0 Sach (2007) [86]; Sach (2010) [87] 2 0 Boyd (2020) [54]; Church (2011) 
[57]; Church (2012) [58]

3

Vitamin D supplement (11) Nshimyumukiza (2013) [80] 1 Hiligsmann (2014) [68]; Lee (2013) 
[74] [2]; Nshimyumukiza (2013) 
[80]; Zarca (2014) [94] [3]

7 0 Poole (2014) [83]; Poole (2015) [84]; 
Frick (2010) [66]; OMAS (2008) [81]

4

Other single-component (6) Day (2009) [60] – cardiac pacing 1 0 Farag (2015) [64] – non-specific 
intervention

1 Church (2011) [57] – cardiac pac-
ing; Church (2012) [58] – cardiac 
pacing; Honkanen (2006) [70] – 
hip protector; OMAS (2008) [81] 
– gait stabiliser

4

MF int. and MRA (17) Day (2009) [60]; Eldridge (2005) 
[63]

2 Eldridge (2005) [63]; Ippoliti (2018) 
[72]; RCN (2005) [34]; Smith (2016) 
[88]; Wu (2010) [93]

5 Albert (2016) [51] 1 Church (2011) [57] [2]; Church 
(2012) [58] [3]; Comans (2009) [59] 
[2]; Frick (2010) [66] [2]

9

MC int. (7) Howland (2015) [71] 1 0 Beard (2006) [53]; Carande-Kulis 
(2015) [55]; Johansson (2008) [73]

3 Church (2011) [57]; Church (2012) 
[58]; Miller (2011) [77]

3

Total (101) 7 29 16 49
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initiated proactively after fracture risk screening or reac-

tively after fracture incidence. Wilson [92] evaluated a 

self-referred HAM in the base case and a proactive HAM 

(targeted at those with MA falls history) as an alternative 

scenario.

Falls risk screening

Falls risk screening is required to identify subgroups 

within target population eligible for intervention or spe-

cific risk/patient groups serving as the target population 

itself. Four methods were used to model the screening 

process: (i) using primary data to assign individual-level 

distribution of falls risk factors; (ii) using external data to 

assign cohort-level distribution of falls risk factors; (iii) 

using external data on screening efficacy (i.e., sensitivity 

and specificity) without assigning distributions; and (iv) 

incorporating screening cost only. Two models used (i): 

Eldridge [63] used primary survey data to estimate falls 

risk according to FRAT; Smith [88] used routine data to 

predict falls risk. Three used (ii): Lee [74] assigned age- 

and sex-stratified prevalence of vitamin D insufficiency; 

Zarca [94] a lognormal distribution of vitamin D level; 

and Nshimyumukiza [80] a distribution of BMD level. 

Screening detected (with perfect precision) vitamin D or 

BMD insufficiency for intervention referrals.

Two used (iii): CSP [56] assumed that the sensitiv-

ity and specificity of timed-up-and-go (TUG) test were 

both 87% regardless of the underlying distribution of 

gait/balance impairment; following screening, the 11% 

highest risk individuals from each five-year age group 

were referred to physiotherapy. The latter assumption 

is problematic given that older age groups likely have 

higher proportions of high-risk individuals (unless the 

test cut-off levels varied across age groups). Franklin 

[65] similarly incorporated fixed efficacies for TUG and 

quantitative TUG (QTUG) without modelling the under-

lying gait/balance distribution. A disadvantage of this 

approach is that subgroup variation in the joint distri-

butions of diverse falls risk factors would introduce sub-

group differences in the screening efficacy not explored 

by Franklin [65]. Seven used (iv) [34, 60, 68, 86, 87, 89, 

90]: e.g., RCN [34] included the cost of identifying eligi-

ble high-risk individuals.

Intervention resource‑use and cost

Table  A8 in Supplementary Materials summarises the 

intervention resource-use and cost from the public sector 

perspective (the societal intervention costs will be pre-

sented in a future publication). The resources are divided 

into auxiliary resources facilitating implementation 

(access, compliance and long-term sustainability) and 

resources generating therapeutic effects. Exercise and 

multiple-component interventions were most likely to 

incorporate these auxiliary resources: e.g., marketing to 

assist exercise uptake [55]. Falls risk screening resources 

were likewise auxiliary. Two models failed to cost their 

screening tools [56, 88]. Three models included set-up 

costs [63, 65, 77]. There were noticeable between-study 

variations in resource incorporation for each interven-

tion type.

Therapeutic resources included labour, training, trans-

port, venue and overheads, and health technology and 

equipment. Labour was the most widely costed resource, 

including labour performed by nonprofessional volun-

teers and reimbursed by the public sector [51, 62, 71, 77]. 

Models evaluating technology-based interventions such 

as hip protector and gait stabiliser tended to neglect the 

cost of contributory labour [69, 70, 74, 80, 81, 83, 84, 89]. 

Training costs were concentrated in exercise interven-

tions; only three non-exercise evaluations incorporated 

them [51, 55, 77]. Staff transport costs were concentrated 

in models evaluating exercise, HAM, and multifactorial 

intervention. Venue costs and overheads were generally 

included as simple supplements to per-participant labour 

cost: e.g., Frick [66] increased the labour cost by 50% to 

account for overheads; Velde [91] by 72%. All interven-

tion types required some technology and equipment; 

yet not all models detailed or costed them. For example, 

Frick [66] costed the labour but not the equipment for 

HAM.

In costing the interventions, preserving the distinction 

between fixed and variable (i.e., per-participant) costs 

had a significant impact on results. For example, Eldridge 

[63] incorporated the fixed cost in running the falls clinic 

which, under a low uptake rate (6.5% of eligible popula-

tion), increased the per-participant cost and reduced 

the cost-effectiveness. Likewise, Comans [59] included 

annual fixed cost of multifactorial intervention, which 

determined the uptake rate required to break-even finan-

cially. Despite this, 36 (78.3%) models only incorporated 

per-participant costs, some deliberately translating fixed 

costs into per-participant rates [60, 61, 77, 92].

Intervention efficacy

Table 10 specifies the fall-related event used for the inter-

vention efficacy and, in parenthesis, the main fall-related 

event used to characterise falls risk/rate. Twelve (26.1%) 

models did not incorporate matching events (highlighted 

in bold). Thirty-six (78.3%) sourced efficacy data from 

internal or external RCTs and meta-analyses, while three 

used observational studies [69, 80, 89]. On using exter-

nal RCT data, several models questioned whether it can 

be generalised to routine practice [55, 60, 61, 71, 83, 85, 

93]; Mori [78] down-adjusted the RCT-based efficacy by 

40% for generalisation. The fifth column details the effi-

cacy and, in parenthesis, incidence metrics. The metrics 
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did not match in 12 (26.1%) models: e.g., Deverall [62] 

applied RaR on individual falls risk.

Table  10 also compares the model horizon with the 

‘effectiveness period’; i.e., a function of efficacy durabil-

ity and implementation sustainability. Several studies 

contained significant disparities between the model hori-

zon and the effectiveness period. For example, Johans-

son (2017) restricted the effectiveness period to one year 

within lifetime horizon to produce conservative out-

comes. Several lifetime models incorporated long-term 

effectiveness for individuals who persisted in interven-

tion uptake [62, 70, 79, 81, 94]. Models made diverse 

assumptions on post-implementation efficacy often with-

out justification [57, 58, 68, 77, 85]. For example, Church 

[57, 58] incorporated lifetime efficacy for expedited cata-

ract surgery and cardiac pacing but one-year efficacy for 

other interventions; unsurprisingly, the latter were signif-

icantly less cost-effective. Some deliberately curtailed the 

model horizon to reduce the discrepancy with the effec-

tiveness period [60, 61, 84, 85].

Wider health effects of interventions

Few models incorporated wider health effects of inter-

ventions beyond falls prevention. Hiligsmann [68] 

evaluated a scenario where vitamin D and calcium sup-

plementation reduced the background mortality risk. 

Alhambra-Borras [52] incorporated the effect of falls pre-

vention exercise on frailty reduction. Boyd [54] allowed 

cataract surgery to generate QALY gain through vision 

improvement. Models that incorporated all-cause care 

costs captured wider health effects without specifying the 

mechanism [51, 86, 87]. Other models mentioned their 

non-incorporation as a limitation [55, 56, 60–62, 71, 73, 

77, 78, 80, 94]. Deverall [62], for example, stated that the 

non-incorporation of exercise benefit on cardiovascu-

lar disease (CVD) risk reduction potentially biased the 

evaluation against the ethnic Maori subgroup who have 

greater CVD risk.

Two models incorporated adverse health effects and 

process costs of interventions. Hirst [69] considered the 

side-effect of transdermal buprenorphine as a replacement 

for (more fall-risk-inducing) tramadol in chronic pain 

management. Honkanen [70] expressed the process cost 

of hip protector use through a health utility decrement of 

0.010 for each year of use. Due to the decrement, younger 

groups aged 65 and 70 experienced overall QALY loss from 

hip protector use despite fractures being prevented.

Narrative synthesis: evaluation methods

As detailed in Table  1, evaluation methods are synthe-

sised based on three specific aspects: (i) model valida-

tion methods and results; (ii) methods for assessing 

parameter uncertainty; and (iii) alternative scenarios 

evaluated. Additionally, we focus on how different evalu-

ation methods could lead to alternative commissioning 

recommendations.

Model validity

Four validity types influence the credibility of model 

results: structural/face; internal; external; and cross [44]. 

Seven models involved experts and stakeholders in model 

development to achieve structural validity prospectively 

[60, 71, 79, 80, 85, 90, 94]. For example, PHE [85] engaged 

two groups of stakeholders: a Steering Group of national 

falls prevention experts informing the model structure, 

and a User Group of local commissioners advising on 

model usability. Hirst [69] explicitly stated the purpose of 

alternative scenario analyses as retrospectively validating 

the model structure.

Six studies assessed the external model validity [68, 

73, 78, 80, 83, 94]. For example, Nshimyumukiza [80] 

compared the predicted fracture incidence and age-

specific mortality rates to those reported in published 

literature and found less than 5% divergence. Only four 

studies reported conducting verification steps or sen-

sitivity analyses to ensure internal validity [68, 73, 79, 

94]. Cross validity assessment by comparing the model 

results with those of previous models was the most 

common form of validation; yet 13 (28.3%) did not 

report having conducted it [55–57, 60, 61, 63, 65, 69, 

72, 77, 81, 83, 85]. Only Zarca [94] conducted all four 

validations; four conducted three [68, 73, 79, 80]. Over-

all, model validation is not yet a common methodologi-

cal and reporting practice in this field.

Assessing parameter uncertainty

Table  A9 in Supplementary Materials summarises the 

parameters unilaterally varied in deterministic sensitiv-

ity analysis (DSA) to assess their impact on outcomes. It 

also summarises the methods used to conduct probabilis-

tic sensitivity analysis (PSA) assessing the impact of joint 

parameter uncertainty. The DSA parameters are divided 

into falls epidemiology and falls prevention intervention 

parameters. A distinction was made between parameter 

variations to assess parameter uncertainty and those 

depicting alternative scenarios based on studies’ descrip-

tions of the purpose of the variations.

Twelve (26.1%) models conducted no assessment of 

parameter uncertainty. Of 21 models that conducted 

DSA, there was a wide between-study variation in the 

number of parameters assessed, ranging from two to 12. 

Twenty-eight (60.9%) conducted PSA. The cost-effective-

ness acceptability curve (CEAC) which plots the prob-

ability of each intervention being the most cost-effective 

option at each cost-effectiveness threshold was the most 

frequently used presentation method (n = 18). Only 
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Table 10 Summary of intervention efficacy data used by decision models

Study label (n = 46)a Intervention type Efficacy (main model) 
fall-related event

Data source type Efficacy (incidence) 
metric

Effectiveness  periodb 
(model time horizon)

Agartioglu (2020) [50] HAM Any fall (any fall) External meta-an. and 
internal RCT 

RR (risk) 1 year (1 year)

Albert (2016) [51] Multifactorial int. Any fall (any fall) Internal non-ran-
domised

RR (risk) 1 year (1 year)

Alhambra-Borras (2019) 
[52]

Group exercise Compositec (com-
posite)

Internal quasi-exper-
iment

RR (risk) 1 year (lifetime)

Beard (2006) [53] Multifactorial int. Hospital fall (hospital 
fall)

Internal quasi-exper-
iment

RaR (rate) 5-year sustainability 
(5 years)

Boyd (2020) [54] Expedited cataract 
surgery

Any fall (MA fall) External RCT RR (risk) 1  yeard (lifetime)

Carande-Kulis (2015) 
[55]

Multiple types Any fall (MA fall) External RCTs RR or RaR (risk) 1 year (1 year)

CSP (2016) [56] Physiotherapy Any fall (MA fall) External meta-an. RaR (risk) 1 year (1 year)

Church (2011) [57] Multiple types Any fall (any fall) External meta-an. RaR (risk) Efficacy durability differ 
by int. type (10 years)

Church (2012) [58] Multiple types Any fall (any fall) External meta-an. RaR (risk) Efficacy durability differ 
by int. type (lifetime)

Comans (2009) [59] Multifactorial int. Any fall (any fall) External RCT RaR (risk & rate) 1 year (1 year)

Day (2009) [60] Multiple types Any fall (any fall) External RCTs RaR (rate) Efficacy durability same 
as model time (1, 2 or 
5 years)

Day (2010) [61] Tai Chi Any fall (any fall) External meta-an. RaR (rate) 1 year (1 year)

Deverall (2018) [62] Multiple exercise types Any fall (MA fall) External meta-an. RaR (risk) Varying persistence 
(25 years)

Eldridge (2005) [63] FRAT; balance and 
gait int.

Any fall (any fall) External meta-an. RR (risk) Not specified (lifetime)

Farag (2015) [64] Unspecified Any fall (any fall) Assumption RR (risk) Not specified (lifetime)

Franklin (2019) [65] Multiple types Any fall (any fall) External meta-an. and 
RCTs

RR and RaR (risk & rate) 1 year (2 years)

Frick (2010) [66] Multiple types Any fall (hip fracture) External meta-an. RR (risk) 1 year (1  yeare)

Hektoen (2009) [67] Home exercise Any fall (any fall) External RCT RaR (rate) 1 year (1 year)

Hiligsmann (2014) [68] Vit. D + calcium supple-
ment

Mix fracture; (mix 
fracture)

External meta-an. RR (risk) 6  yearsf (lifetime)

Hirst (2016) [69] Buprenorphine vs. 
Tramadol

Mix fracture (mix 
fracture)

External surveys OR (risk) 1 year (1 year)

Honkanen (2006) [70] Hip protector Hip fracture (hip 
fracture)

External RCT RR (risk) Varying persistence 
(20 years)

Howland (2015) [71] Matter of Balance 
lay-led

MA fall (MA fall) External RCT RR (risk) 1 year (1 year)

Ippoliti (2018) [72] Multifactorial int. Hip fracture (hip 
fracture)

Policy variable RaR (rate) 3 years (3 years)

Johansson (2008) [73] Multifactorial int. Hip fracture (hip 
fracture)

Internal quasi-exper-
iment

RaR (risk) 1 year (lifetime)

Lee (2013) [74] Vit. D screening & sup-
plement

Any fall (any fall) External meta-an. RR (risk) 2.5 years (3 years)

Ling (2008) [75] HAM Any fall (any fall) External RCT RR (risk) 1 year (1 year)

McLean (2015) [76] Exercise Any fall (any fall) Internal RCT RR (risk) 1.5 years (1.5 years)

Miller (2011) [77] Matter of Balance 
lay-led

Any fall (any fall) Policy variable RR (risk) 2 years (2 years)

Mori (2017) [78] Exercise & bisphos-
phonate

Mix fracture (mix 
fracture)

External meta-analyses RR or RaR (risk) 1/2 year maintenance 
(lifetime)

Moriarty (2019) [79] Withdrawal of PIP 
mediations

MA fall/Hip fracture 
(MA fall/hip fracture)

External RCTs RR (risk) Lifetime persistence 
(35 years)
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Agartioglu [50] plotted the cost-effectiveness acceptabil-

ity frontier (CEAF) which marks the threshold at which 

an intervention produces the highest expected value rela-

tive to alternatives across simulated runs. Only Albert 

[51] conducted value of information analysis, estimat-

ing that the cost-effectiveness of multifactorial interven-

tion would improve under simulation runs that excluded 

uncertainty over health utility decrement parameters.

Scenario analyses

Table  A10 in Supplementary Materials summarises the 

scenarios that were evaluated by the studies, categorised 

into areas of falls epidemiology, falls prevention inter-

vention and evaluation framework. Most (n = 38; 82.6%) 

models evaluated at least one alternative scenario. Of 

these, there was a wide variation in the number of sce-

narios, ranging from one to 10. With some exceptions 

Abbreviations: CSP Chartered Society of Physiotherapy, FRID Fall-risk-increasing drug, HAM Home assessment and modification, MA fall Fall requiring medical attention, 

Met-An. Meta-analysis, OMAS Ontario Medical Advisory Secretariat, OR Odds ratio, PHE Public Health England, PIP Potentially inappropriately prescribed, RaR Rate ratio, 

RCN Royal College of Nursing, RCT  Randomised controlled trial, RR Relative risk, Vit. D Vitamin D

a See Table 2 for study references; parenthesised number refers to the number of models included in the table

b The effectiveness period is a function of efficacy durability and implementation sustainability. Key determinants of sustainability are demand-side persistence and 

supply-side maintenance; not all studies made this distinction

c This model used a composite outcome including fall-related consequences – recurrent falls, fear of falling and mobility and balance problems – and multivariate 

frailty index – physical, psychological and social aspects of vulnerability

d Also includes benefit of cataract surgery on vision: permanent increase of 0.0565 quality-adjusted life year per person

e The study contained a single one-year cycle but included lifetime healthcare costs and effects of hip fracture

f After three years of vitamin D and calcium supplementation, the efficacy would remain for further three years, though declining linearly over that period

g Supplementation increased the vitamin D level which in turn reduced hip fracture risk

Table 10 (continued)

Study label (n = 46)a Intervention type Efficacy (main model) 
fall-related event

Data source type Efficacy (incidence) 
metric

Effectiveness  periodb 
(model time horizon)

Nshimyumukiza (2013) 
[80]

Exercise, Vit. D + cal-
cium & osteoporosis 
int.

Mix fracture (mix 
fracture)

External meta-an. & 
surveys

RR (risk) Lifetime sustainability 
(lifetime)

OMAS (2008) [81] Multiple types Any fall (MA fall) Internal meta-an. RR (risk) Lifetime persistence 
for 1st year adherers 
(lifetime)

Pega (2016) [82] HAM Any fall (MA fall) External meta-an. RaR (risk) Lifetime or 10-year 
efficacy (lifetime)

Poole (2014) [83] Vit. D supplement Hip fracture (hip 
fracture)

External meta-an. HR (rate) 1 year (1 year)

Poole (2015) [84] Vit. D supplement Any fall (MA fall) External meta-an. RR (risk) 5 years maintenance 
(5 years)

PHE (2018) [85] Multiple types Any fall (any fall) External meta-an. and 
RCTs

RaR (rate) 2 years (2 years)

RCN (2005) [34] Multiple types Any fall (MA fall) External meta-an. RR (risk) Not specified (lifetime)

Sach (2007); (2010) 
[86, 87]

Expedited cataract 
surgery

Any fall (any fall) Internal RCT RaR (rate) Lifetime efficacy dura-
bility (lifetime)

Smith (2016) [88] Risk prediction; Multi-
factorial int.

Any fall (MA fall) External meta-an. RaR (risk) 1 year (1 year)

Tannenbaum (2015) 
[89]

Insomnia treatments Any fall (any fall) External surveys OR (risk) Not specified (1 or 
5 years)

Turner (2020) [90] Sedative withdrawal Hip/non-hip fracture 
(MA fall, hip/non-hip 
fracture)

External RCT RaR (risk) 1 year (1 year)

Velde (2008) [91] FRID withdrawal Any fall (any fall) Internal non-ran-
domised

RaR (rate) 1 year (1  yeare)

Wilson (2017) [92] HAM Any fall (MA fall) External meta-an. RaR (risk) Lifetime or 10-year 
efficacy (lifetime)

Wu (2010) [93] Multifactorial int. Any fall (any fall) External meta-an. RR (risk) 1 year (1 year)

Zarca (2014) [94] Vit. D screening & sup-
plement

Vit. D level (vit. D level) External meta-an. and 
RCT 

Otherg Varying persistence 
(lifetime)
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[73, 80, 93], there was a lack of clarity on how the sce-

narios were chosen among the range of possible options.

Narrative synthesis: evaluation outcomes

Table  11 summarises the evaluation outcomes of 12 

general population, lifetime models. See Table  A11 in 

Supplementary Materials for outcome summaries of 

non-general population and/or non-lifetime models. All 

models except OMAS [81] conducted CUA; hence their 

ICERs (converted to 2021 US$) are compared to the 

NICE cost-effectiveness threshold of US$41900 (£30,000) 

per QALY. All models targeted those aged 65+ except 

RCN [34] which targeted 60+. Models incorporated 

diverse fall-related health and economic consequences 

(see Tables 8 and A6) which hamper between-study com-

parison. All models except Nshimyumukiza [80] and 

Zarca [94] were Markov cohort models but mentioned no 

tunnel states for age-related progression in falls risk. This 

likely disadvantages the outcomes for younger subgroups 

at baseline whose stymied age-related risk progression 

means smaller lifetime intervention benefit derived in 

terms of proportional reduction in falls risk. Only three 

models were validated (other than cross-validation): 

Johansson [73] internally and externally; Nshimyumukiza 

[80] structurally and externally; and Zarca [94] structur-

ally, externally and internally. The last column of Table 11 

notes the main methodological caveats for each model 

that are relevant for commissioning. The methodological 

quality checklist scores in Tables 3, 4 and 5 should also be 

noted.

All models that conducted CUA except Eldridge [63] 

produced ICER for at least one intervention relative to no 

intervention or usual care that can be deemed cost-effec-

tive under the NICE threshold. In the order of increasing 

ICER values, these interventions were:

• Johansson [73]: Combined multifactorial and envi-

ronmental intervention for age 65+

• RCN [34]: Multifactorial intervention for high-risk 

group aged 60+

• Nshimyumukiza [80]: General physical activity pro-

motion among women (without population-level 

fracture risk screening) aged 65+

• Honkanen [70]: Hip protector use for women aged 

80 or 85 at baseline and men aged 85

• Wilson [92]: HAM for state-level population with or 

without MA falls history aged 65+

• Deverall [62]: Home exercise and peer-led group 

exercise for age 65+

• Pega [82]: HAM for national population with or 

without MA falls history aged 65+

• Zarca [94]: Vitamin D screening followed by supple-

mentation for age 65+

• RCN [34]: Exercise for high-risk group aged 60+

• Farag [64]: Non-specific intervention of US$587 

per-participant cost and 25% reduction in risk for 

age 65+

• Church [58]: Tai Chi for age 65+

Given these interventions, a key decisional factor is 

their aggregate impacts determined by their reaches. The 

combined intervention in Johansson [73] arguably has 

the greatest reach since it sets no risk-based eligibility 

criteria for multifactorial intervention, and its environ-

mental components reduce risk factors independently 

of older people’s demand. Therefore, the decision-maker 

should consult stakeholders to determine the local scal-

ability of the combined intervention.

Consideration of aggregate impacts likewise shows that 

HAM in Pega [82] and Wilson [92] should not be targeted 

at those with MA falls history unless there are significant 

budget or capacity constraints: the universal approach 

remains highly cost-effective and produces greater aggre-

gate impact than the targeted approach. In Honkanen 

[70], the sharp disparity in cost-per-unit ratios across 

baseline age subgroups justifies the age-based targeting of 

hip protector use, but the lack of age-related risk progres-

sion in the Markov cohort model may have disadvantaged 

the younger groups. In Zarca [94], the different reaches 

of alternative strategies were not clearly specified, with 

outcomes (incremental costs and QALYs) being reported 

at per-participant rates only. Universal vitamin D sup-

plementation generated less favourable per-participant 

outcomes than targeted supplementation but may have 

produced greater aggregate benefits, especially when the 

model allows individuals with sufficient baseline vitamin 

D level (75 nmol/L) to derive fracture risk reductions from 

further supplementation (up to 105 nmol/L). The study’s 

conclusion that targeted strategies are preferable to uni-

versal supplementation would be misleading if only per-

participant outcomes were compared.

Eldridge [63] demonstrated how considerations of 

cost-per-unit ratio and aggregate impact are in real-

ity closely linked. The cost-effectiveness of the multi-

pathway intervention was poor with 40% probability of 

it being cost-effective vs. usual care under the threshold 

of US$41,900 (£30,000) per QALY (ICER point estimate 

was not reported). The study attributed this to low inter-

vention uptake (6.5% among eligible population) which 

interacted with the substantial fixed intervention costs 

to worsen the cost-effectiveness. Hence, the uptake rate 

was the key policy variable: the model estimated that 

100% screening uptake would reduce the number of fall-

ers by 11.3% over one year compared to 2.8% under the 

base case. The potential impact on the ICER was not 

reported but can be anticipated to be highly positive. 
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Table 11 Features and evaluation outcomes of general population, lifetime horizon decision models

Study label (n = 12)a Target population; Analysis; Perspective Intervention [Comparator] Evaluation  outcomesb Methodological caveats

Church (2012) [58] CD adults aged 65+; CUA/CEA; Public sector (a) General population – Group exercise; Home 

exercise; Tai Chi; Multi-component int.; Multifactorial 

int.; Multifactorial risk assessment; (b) High-risk 

population – Group exercise; HAM; Multifactorial int. 

[NR; Cross comparisons]

Ratio: (a) General – Tai Chi ICER US$38,735 per QALY 

vs. NR; other interventions dominated; (b) High-risk 

– Group exercise ICER US$44,633 per QALY vs. NR; 

HAM ICER US$50,696 per QALY vs. NR; Multifactorial 

int. dominated.

Aggregate: Reports incremental cost, no. of falls 

avoided and QALY gain per intervention, but all 

interventions have same  reachc (including those 

targeting high-risk and specific subgroups), and 

hence cannot compare aggregate impacts.

Parameter uncertainty: DSA – int. cost and efficacy 

had largest impact on group exercise ICER. PSA 

– CEAC.

Scenarios: No fear of falling had the largest impact 

on group exercise ICER among parameter changes.

Recurrent falls not characterised; Unclear falls risk 

progression;d Unclear intervention reach;e Unclear 

how high-risk subgroup identified; Mismatch 

between falls incidence and efficacy metrics

Deverall (2018) [62] CD adults aged 65+; CUA; Public sector, Societal Exercise – (i) Peer-led group exercise; (ii) Home 

exercise; (iii) Commercial exercise [NR]

Ratio: (i) Peer-led group exercise ICER US$6323 

per QALY vs. NR; (ii) Home exercise ICER US$5486 

per QALY vs. NR; (iii) Commercial exercise ICER 

US$46,733 per QALY vs. NR.

Aggregate: For base case, home exercise gener-

ated 47,100 additional QALYs at incremental cost 

of US$225 m relative to NR; this compares to 

42,000 and 42,300 QALYs for group exercise and 

commercial exercise at US$426 m and US$1550 m 

incremental cost relative to NR, respectively. Hence, 

home exercise dominated group and commercial 

exercises.

Parameter uncertainty: DSA – efficacy and utility 

decrement had largest impact on ICER. PSA – 95% 

UI; CEAC.

Scenarios: Subgroup analyses showed higher ICERs 

for Maori and men; equity analyses showed higher 

ICERs can be mainly attributed to their shorter life 

expectancies.e

Routine data lacks individual identifiers;f Recurrent 

falls not characterised; Unclear falls risk progression;d 

No background transition in health utilities;g Includes 

comorbidity care costs; Mismatch between falls 

incidence and efficacy metrics; No tiered threshold for 

evaluating societal outcomes;h No scenario estimat-

ing equity-efficiency trade-off.e

Eldridge (2005) [63] Adults aged 65+ in community or nursing home; 

CUA; Public sector

Falls risk screening + multifactorial int. or exercise 

[UC]

Ratio: Not reported.

Aggregate: Intervention reduced the number of 

fallers by 2.8% over one year under base case (6.5% 

uptake of screening).

Parameter uncertainty: PSA – 40% probability 

intervention is cost-effective at US$41,900 (£30,000) 

per QALY threshold.

Scenarios: 100% screening uptake would reduce 

number of fallers by 11.3% over one year; 100% 

screening uptake and 100% self-referred exercise 

uptake would reduce number of fallers by 15.0%; 

impact of uptake increase on ICER not reported.

Recurrent falls not characterised; Unclear falls risk 

progression;d No background transition in health 

utilities;g Incorporated fixed intervention costs

Farag (2015) [64] CD adults aged 65+ without prior fall; CUA; Public 

sector

Non-specific falls prevention int. with relative risk of 

0.75 and per-participant cost of US$587 [NR]

Ratio: ICER of US$24,190 per QALY vs. NR

Aggregate: Incremental cost and QALY gain 

outcomes per person can be scaled up but unclear 

to what extent.

Parameter uncertainty: DSA – falls risk and LTC 

cost had largest impact on ICER. PSA – CEAC; 57% 

probability of being cost-effective at AUS$50,000 

(US$41,809) threshold.

Scenarios: e.g., variation in uptake rate had little 

impact on ICER

Recurrent falls not characterised; Unclear falls risk 

progression;d No discounting
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Table 11 (continued)

Study label (n = 12)a Target population; Analysis; Perspective Intervention [Comparator] Evaluation  outcomesb Methodological caveats

Honkanen (2006) [70] Adults aged 65+ living in community at baseline; 

CUA/ROI; Public sector

Hip protector [NR] Ratio: Women, baseline age 65 – intervention 

dominated by NR; Women, age 70 – interven-

tion dominated by NR; Women, age 75 – ICER of 

US$27,006 per QALY; Women, age 80 – intervention 

dominates NR; Women, age 85 – intervention domi-

nates NR; Men, age 65 – intervention dominated by 

NR; Men, age 70 – intervention dominated by NR; 

Men, age 75 – intervention dominated by NR; Men, 

age 80 – ICER of US$184,609 per QALY; Men, age 85 

– intervention dominates NR.

Aggregate: Prevented fractures, incremental cost 

and QALY gain outcomes per person can be scaled 

up but unclear to what extent.

Parameter uncertainty: DSA – base case results 

robust. PSA – 68% probability of being cost-effective 

at US$50,000 (US$710042021 price) threshold for 

women age 75; 61% for men age 85.

Scenarios: Intervention is less cost-effective for 

functionally dependent subgroup – e.g., interven-

tion no longer dominant for women age 80 and 85, 

though still cost-effective at US$71,004 threshold 

(point estimates not reported)

Unclear falls risk progression;d Includes comorbidity 

care costs.

Johansson (2008) [73] CD adults aged 65+ (n = 5500); CUA; Societal Multifactorial and environmental int.i [UC] Ratio: Intervention dominates comparator

Aggregate: Total int. cost of US$895,137; total costs 

savings of US$904,986; total QALY gain of 35.16

Parameter uncertainty: No DSA. PSA – scatter plot

Scenarios: Scenarios that made intervention no 

longer dominant – doubled fracture risk; lower frac-

ture cost; inclusion of net consumption care cost;j 

higher discount rate; no health/cost consequences 

of fracture beyond 1st year; 25% rise in int. cost

Unclear falls risk progression;d Includes comorbidity 

care costs (net consumption); Quasi-experimental 

study for effectiveness evidence; No tiered threshold 

for evaluating societal outcomes;h Internal and exter-

nal validities assessed

Nshimyu-mukiza (2013) [80] Women aged 65+ (subgroup within women aged 

40+); CUA/CEA; Public sector

Fracture risk screening + Physical activity (PA), 

Vitamin D & calcium and/or Osteoporosis screening 

& treatment [NR; Cross comparisons]

Ratio: No screening + PA dominates NR; BMD/

CAROC screening + PA + Vit D & calcium produces 

ICER of US$57,279 relative to No screening + PA and 

dominates all other strategies.

Aggregate: Incremental cost and QALY gain per 

person can be scaled up (total population reported).

Parameter uncertainty: No DSA. PSA – CEAC; 75% 

probability that BMD/CAROC +PA + Vit D & calcium 

is cost-effective to No screening + PA under thresh-

old of CAD$50,000 (US$517892021 price).

Scenarios: Rankings of strategies under CUA and 

CEA robust under variations in single or multiple 

parameters.

Incorporates incoming cohorts; No background 

transition in health utilities;g Structural and external 

validities assessed

OMAS (2008) [81] CD adults aged 65+; CEA/ROI; Public sector (i) Exercise; (ii) HAM; (iii) Vit D & calcium; (iv) Gait 

stabiliser; (v) Psychotropics withdrawal.k [NR]

Ratio: All interventions dominate NR for men and 

women

Aggregate: Reports net cost saving per person 

which can be scaled up to total for each interven-

tion subgroup at regional level

Parameter uncertainty: No analysis

Scenarios: No analysis

Recurrent falls not characterised; Unclear falls risk 

progression;d Mismatch between intervention need 

and falls risk;k Parameter uncertainty not assessed
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Table 11 (continued)

Study label (n = 12)a Target population; Analysis; Perspective Intervention [Comparator] Evaluation  outcomesb Methodological caveats

Pega (2016) [82] CD adults aged 65+; CUA; Public sector HAM [NR] Ratio: HAM produces ICER of US$7155 per QALY 

vs. NR.

Aggregate: For base case, total int. cost was 

US$115.2 m, total net cost vs. NR US$87.4 m and 

total QALY gain 34,000.

Parameter uncertainty: DSA – impact on ICER not 

assessed, fatal falls risk and falls risk most impactful 

for incremental cost and QALY, respectively. PSA – 

95% UI for base case ICER between below zero to 

US$15,901 per QALY.

Scenarios: For secondary prevention scenario,l ICER 

was US$1591 per QALY, total int. cost US$14.2 m, 

total net cost vs. NR, US$4.9 m, and total QALY gain 

20,100. Subgroup analyses showed higher ICERs 

for Maori and men; equity analyses showed higher 

ICERs can be mainly attributed to their shorter life 

expectancies.e

Routine data lacks individual identifier;f Recurrent falls 

not characterised; Unclear falls risk progression;d No 

background transition in health utilities;g Includes 

comorbidity care costs; Mismatch between falls 

incidence and efficacy metrics; Unrealistic efficacy 

duration; Joint parameter uncertainty not assessed; 

No scenario estimating equity-efficiency trade-off.e

RCN (2005) [34] CD adults aged 60+; CUA; Public sector Exercise; Multifactorial intervention [NR] Ratio: Multifactorial intervention for high-risk group 

dominates NR; Exercise for high-risk group produces 

ICER of US$18,425 per QALY relative to NR.

Aggregate: Not reported.

Parameter uncertainty: No DSA. PSA – scatter plot

Scenarios: No analysis

Recurrent falls not characterised; Unclear falls risk 

progression;d Unclear intervention reach.c

Wilson [92] CD adults aged 65+; CUA; Public sector HAM [NR] Ratio: HAM produces ICER of US$4358 per QALY 

vs. NR.

Aggregate: For base case, total int. cost was 

US$7.7 m, total net cost vs. NR US$6.7 m and total 

QALY gain 2800.

Parameter uncertainty: DSA – efficacy had largest 

impact on base case ICER. PSA – 95% UI for base 

case ICER between below zero to US$12,165 per 

QALY.

Scenarios: For secondary prevention scenario,l ICER 

was US$557 per QALY, total int. cost US$687,151, 

total net cost vs. NR, US$72,626, and total QALY gain 

1420. For primary prevention scenario,m ICER was 

US$7633 per QALY, total int. cost US$7.0 m, total net 

cost US$6.6 m and total QALY gain 1520. Subgroup 

analyses showed higher ICER for Maori; equity analy-

ses showed higher ICER can be mainly attributed to 

Maori’s shorter life expectancy.e

Routine data lacks individual identifiers;f Recurrent 

falls not characterised; Unclear falls risk progression;d 

No background transition in health utilities;g Includes 

comorbidity care costs; Unclear intervention reach;c 

Mismatch between falls incidence and efficacy 

metrics; Unrealistic efficacy duration; Joint parameter 

uncertainty not assessed; No scenario estimating 

equity-efficiency trade-off.e
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Table 11 (continued)

Study label (n = 12)a Target population; Analysis; Perspective Intervention [Comparator] Evaluation  outcomesb Methodological caveats

Zarca (2014) [94] Adults aged 65+ without previous hip fracture; 

CUA/CEA; Public sector

Vitamin D – (i) Universal supplementation; (ii) Sup-

plement then screen for calibration; (iii) Screen then 

supplement [NR; Cross comparisons]

Ratio: Universal supplementation was dominated 

by other strategies; Supplement then screen 

strategy produces ICER of US$7758 per QALY vs. NR; 

Screen then supplement strategy produces ICER of 

US$7307 per QALY vs. Supplement then screen and 

US$7605 per QALY vs. NR.

Aggregate: Difficult to compare strategies without 

data on intervention reach.c Possible that Screen 

then supplement strategy has smallest reach. 

Estimating total cost of Screen then supplement to 

be US$111.7 m for 800,000 persons.

Parameter uncertainty: DSA – int. cost had largest 

impact on ICER of Screen then supplement vs. NR. 

PSA – 100% probability of Screen then supplement 

being most cost-effective strategy at threshold of 

€20,000 (US$297292021 price).

Scenarios: Results robust to discount rates rising 

from 3 to 6%.

Hospitalisation cost only; Unclear intervention reach;c 

Structural, external and internal validities assessed

Abbreviations: CEA Cost-effectiveness analysis, CEAC Cost-effectiveness acceptability curve, CD Community-dwelling, CUA  Cost-utility analysis, DSA Deterministic sensitivity analysis, ED Emergency department, HAM Home 

assessment and modification, ICER Incremental cost-effectiveness ratio, int. Intervention, LTC Long-term care admission, MA fall Fall requiring medical attention, NR Non-receipt of modelled intervention(s), OMAS Ontario 

Medical Advisory Secretariat, pharma. Pharmaceuticals, PSA Probabilistic sensitivity analysis, QALY Quality-adjusted life year, rehab. Rehabilitation, RCN Royal College of Nursing, ROI Return on investment, UC Usual care, UI 

Uncertainty interval

a See Table 2 for study references; parenthesised number refers to the number of models included in the table

b All monetary units are converted to US$ in year 2021 using the average consumer price index (CPI) between the original year of reported currency to 2019 (most recent year for CPI data) [47] in the country of study and 

purchasing power parity (PPP) rate between the original currency and US$ in year 2020 (most recent PPP data) [48]

c Intervention reach refers to the number/proportion of persons receiving the intervention. It is a function of intervention’s normative reach defined by its eligibility criteria and targeting strategy and its implementation 

reach determined by the level of implementation (e.g., uptake and adherence) within the eligible population

d The study does not mention how falls risk progressed with age in the absence of falls incidence (which has a separate model state). Markov model should incorporate tunnel states to allow for secular risk progression, 

but this is not stated or graphically illustrated

e The study evaluated counterfactual scenarios where Maori/men had equal life expectancy as non-Maori/women and found that subgroup ICERs became similar (Maori/non-Maori only in Wilson (2017) [92]). This does 

not estimate the equity-efficiency trade-off (efficiency cost) from Maori/men being prioritised for intervention under the actual circumstance of lower life expectancy

f Without individual identifiers, multiple falls experienced by the same person are counted as multiple fallers

g Background health utility level should vary in line with changes to underlying health status which are influenced by age and changes in comorbidities and frailty affected by falls

h Societal costs incur different opportunity cost to public sector costs. The cost-effectiveness threshold should be tiered or weighted to capture the differing opportunity costs across sectors

i Multifactorial intervention included tailored education, group balance exercises, Tai Chi, other physical activities and HAM. Environmental intervention included neighbourhood hazard removal and housing 

reconstruction

j The study incorporated cost of added life-years which was estimated as the consumption minus production level (i.e., net consumption) that varied by age group. The outcome changed from dominance to ICER of 

US$23,715 per QALY

k The study estimated the proportion of target population who would be eligible for each of the interventions according to the prevalence of falls risk factors that defined eligibility: exercise for mobile older without 

disability (65.8%); HAM for frail older with disability (16.9%); vitamin D for women with fracture risk factors (52.9% of female); psychotropics withdrawal for psychotropic users (11.8%); and gait stabilizers for mobile 

seniors without disability (65.8%). However, the falls risk in the model was determined only by age, sex and MA falls history. Hence, different intervention subgroups had similar falls risk despite contrasting risk factor 

profiles

l HAM targeting subgroup with history of MA fall

m HAM targeting subgroup without history of MA fall
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The study recommended a health promotion campaign 

to increase the uptake; the decision-maker should like-

wise consider investments in auxiliary implementation 

strategies.

Regarding intervention impact on social inequities of 

health, Deverall [62], Pega [82], and Wilson [92] – pre-

sented subgroup results across ethnicity (Maori vs. non-

Maori) and found higher ICERs and lower health gains 

for Maori. The HAM and exercise interventions hence 

worsened the health inequity between ethnic groups rela-

tive to usual care, and this finding may generalise to other 

settings with similar social disparities in health opportu-

nities. The decision-maker could choose to permit this 

increase in health inequity or design an alternative strat-

egy that generates an equal or greater health gain for the 

socially deprived group. The latter would likely introduce 

an equity-efficiency trade-off relative to the base case 

strategy which may be accepted or rejected by stakehold-

ers based on their inequity aversion [96]. Such scenarios 

were not explored by the models. Yet they identified 

pre-existing life expectancy differentials between ethnic 

subgroups as the main cause of the inequitable impact: 

assigning non-Maori life expectancy on the Maori sub-

group nearly eliminated the health gain differentials. This 

presents a rationale for commissioning interventions at 

earlier life stages to reduce the life expectancy differential.

Methodological recommendations

Methodological recommendations are made based on 

accounting for falls epidemiology features, falls preven-

tion intervention features, evaluation methods, and how 

evaluation outcomes are used to formulate commission-

ing recommendations.

Falls epidemiology features

1. Clearly state the type and source of data used to 

characterise the baseline falls risk and discuss the 

strengths and limitations of choice.

2. Use appropriate methods to characterise recurrent 

falls, particularly for individual-transitioning models 

with annual cycles.

3. Maximise the range of falls risk factors modelled 

including those highlighted by NICE CG161 (falls 

history, fear of falling, home hazards, gait deficit, bal-

ance deficit, mobility impairment, visual impairment, 

cognitive impairment, urinary incontinence) [4] and 

multivariate frailty [97]. Use individual-level data 

where available.

4. Maximise the range of falls health consequences 

modelled including the long-term impact on risks of 

mortality and health/functional decline.

5. For CUA, distinguish between acute and long-term 

impacts of fall-related events on health utility and 

discern whether assigning utility decrement (abso-

lute or proportional) or level is more appropriate for 

each impact.

6. Maximise the range of fall-related economic conse-

quences modelled including comorbidity care costs 

associated with the long-term mortality and morbid-

ity impacts of falls. Where data permit, incorporate 

all-cause care costs which capture the full care conse-

quences of falls, while also reporting fall-related care 

costs [32].

Falls prevention intervention features

1. Clearly describe the comparator(s); refrain from 

using the terms ‘usual care’ and ‘no intervention’ 

interchangeably and describe the usual care received 

[32].

2. Clearly state the access pathway(s) – reactive, proac-

tive or self-referred – for intervention(s) and describe 

the mechanisms facilitating access (e.g., marketing 

for self-referred pathway).

3. Use appropriate methods for modelling the falls risk 

screening process to identify subgroups within tar-

get populations or specific patient groups serving 

as target populations. Resource-use associated with 

screening should be appropriately characterised and 

costed.

4. Maximise the granularity of intervention resources 

incorporated and costed, including auxiliary imple-

mentation resources (see expert guideline for 

resource types [32]). Refrain from translating fixed 

costs into per-participant rates to capture interaction 

with implementation level.

5. Ensure that the efficacy metric (i.e., RR or RaR) and 

fall type match the falls incidence metric (falls risk 

or rate) and type. Refrain from making assumptions 

on long-term efficacy duration without adequate evi-

dence [32].

6. Where evidence is available, maximise the range of 

health effects of interventions modelled beyond falls 

prevention. These effects include intervention ben-

efits on mortality and comorbidity reduction and 

intervention side-effects.

Evaluation methods

1. Assess and report the model’s structural, internal and 

external validities. Reduce the structural uncertainty 
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prospectively by involving stakeholder and expert 

group in model development and retrospectively by 

evaluating scenarios associated with key structural 

assumptions.

2. Clearly state whether parameter variation represents 

DSA or scenario analysis. PSA should be conducted 

to assess the joint parameter uncertainty.

Evaluation outcomes to formulate commissioning 

recommendations

1. Report per-unit (e.g., ICERs) and aggregate (e.g., total 

incremental net monetary benefit) outcomes sepa-

rately [32]. Use aggregate outcomes to compare cost-

effective interventions (or combinations of interven-

tions) of different target population sizes (normative 

reaches), and to evaluate implementation strategies 

(altering implementation reaches).

2. Evaluate the intervention impact on social inequi-

ties of health and use evaluative frameworks – such 

as distributional cost-effectiveness analysis (DCEA) 

[96] – that can incorporate the strength of decision-

maker’s inequity aversion when comparing alterna-

tive intervention strategies with differing impacts on 

total health gain and social inequities of health.

Commissioning recommendations

Our commissioning recommendations for the general 

older population over the lifetime horizon are:

1. Decision-makers should examine the transferabil-

ity and feasible reach of the following seven inter-

ventions in local settings within their budget and 

capacity constraints: (i) combined multifactorial and 

environmental intervention for age 65+; (ii) general 

physical activity promotion for women aged 65+; (iii) 

hip protectors for women aged 80+ and men aged 

85+; (iv) home or peer-led group exercise for age 

65+; (v) HAM for persons with or without MA falls 

history aged 65+; (vi) targeted vitamin D supplemen-

tation for age 65+; and (vii) Tai Chi for age 65 + .

2. Where significant fixed cost investments are 

required, auxiliary implementation strategies should 

be planned to achieve adequate cost-effectiveness 

and aggregate impact.

3. There is some evidence that exercise and HAM exac-

erbate existing health inequity across social subgroups. 

The decision-maker should consider supplementary 

strategies that prioritise intervention access for the 

local socially marginalised groups and/or increase 

their upstream health opportunities. The potential 

equity-efficiency trade-off should be quantified.

4. Results for interventions (i), (ii) and (vi) are the most 

credible since they are produced by validated models; 

(ii) and (vi) are also from individual-level simulations 

that incorporated age-related progression in fracture 

risk. The decision-maker could also commission a de 

novo, validated model that addresses the methodo-

logical challenges and is suited to the local context.

Discussion
This systematic review identified 46 decision models of 

community-based falls prevention interventions, applied 

a checklist specifically designed for falls prevention 

economic evaluations, and synthesised the modelling 

methods for key features of falls epidemiology, falls pre-

vention intervention and evaluation. It also formulated 

(i) 16 methodological recommendations for future model 

development and (ii) four commissioning recommenda-

tions around seven interventions found to be cost-effec-

tive in general population, lifetime models.

A key issue in the use of reviewed model outcomes for 

commissioning is the generalisability or transferability of 

the said outcomes to the local decision-making context. 

The commissioning recommendations in this review 

adopted the cost-effectiveness threshold recommended 

by NICE for England and Wales [49]; decision-makers in 

other national settings should follow the recommenda-

tions of their respective HTA guiding bodies, such as the 

Pharmaceutical Benefits Advisory Committee (PBAC) in 

Australia [98]. As noted in the first commissioning rec-

ommendation, commissioners should actively verify the 

transferability and the local feasible reach of the inter-

ventions being considered. This should involve active 

collaboration with local stakeholders in interpreting the 

model evidence and even adapting an existing model to 

maximise its local relevance [31]. Frameworks such as 

the Context and Implementation of Complex Interven-

tions (CICI) can systematically examine the influence of 

local context (e.g., regulation/policy on age-based target-

ing [99]) and supply conditions (e.g., capacity constraints) 

on HTA outcomes and thereby assist the assessment 

of transferability [100, 101]. The subgroup delineator 

of equity relevance would also be locally specific, thus 

affecting the generalisability of the health equity impacts 

of previously modelled interventions. Further methodo-

logical features influence the generalisability, such as the 

evidence sources for baseline falls risk and intervention 

efficacy. This strengthens the rationale for the review to 

conduct a thorough methodological appraisal of models 

before formulating commissioning recommendations.
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For decision-makers in England and Wales, the com-

missioning recommendations can be compared to those 

made by the existing falls prevention clinical guideline, 

CG161 [4]. The guideline prioritises the proactive path-

way involving falls risk screening followed by multifacto-

rial intervention. This is supported by RCN [34] findings 

(which informed CG161) that multifactorial interven-

tion for high-risk individuals dominates no intervention. 

By contrast, Eldridge [63] found proactive multifactorial 

intervention to generate an unfavourable cost-effective-

ness profile, likely due to the low pathway uptake that 

increased the per-participant cost. Hence, the simplistic 

costing assumptions in RCN [34] may have overestimated 

the cost-effectiveness of proactive multifactorial inter-

vention. Meanwhile, the consultation of local services in 

Eldridge [63] to understand uptake and costs makes their 

result more credible. Yet multifactorial intervention for 

all risk groups combined with environmental modifica-

tion (costed using primary data) yielded positive results 

in Johansson [73]. A similar intersectoral intervention 

was found to be cost-effective over a five-year horizon in 

Beard [53]. Both models do not explore to what extent 

the positive results can be attributed to the multifactorial 

rather than the environmental component. This warrants 

further modelling work that incorporates both com-

ponents and yet isolates their respective impacts. Until 

then, the decision-maker should commission the CG161-

recommended multifactorial intervention but supple-

ment this with environmental modifications. Specifically, 

local stakeholders should be consulted to verify whether 

the intersectoral initiatives in Johansson [73] and Beard 

[53] can be replicated in their local context. In addition, 

auxiliary implementation strategies should be planned 

with stakeholders to avoid the unfavourable outcomes 

seen in Eldridge [63]; this would involve understanding 

the facilitators and barriers to implementation from older 

persons’ and professionals’ perspectives [102–104].

Interestingly, there were several positive cost-effec-

tiveness outcomes for interventions that had not been 

recommended by CG161. First, CG161 does not recom-

mend unsupervised brisk walking for women and untar-

geted group exercise; although the 2019 surveillance for 

CG161 update [105] recommends physical activity pro-

motion in line with the 2019 UK Chief Medical Officers’ 

physical activities guidelines [25]. By contrast, Nshimyu-

mukiza [80] found general physical activity (including 

daily walking) for inactive older women to dominate no 

intervention. Second, CG161 does not recommend vita-

min D supplementation even for those with vitamin D 

insufficiency or deficiency due to insufficient clinical evi-

dence; by contrast, Zarca [94] found targeted vitamin D 

supplementation to be highly cost-effective relative to no 

intervention. Likewise, hip protectors and CBT were not 

recommended by CG161 but found to be cost-effective 

in Honkanen [70] and Tannenbaum [89], respectively. 

These divergences reflect the difference in the underly-

ing approach to statistics and probability. For example, 

CG161 is primarily informed by RCT evidence that takes 

the frequentist approach of drawing random samples to 

test the likelihoods of alternative hypotheses representing 

the true (fixed) state of the world; while decision models 

take the Bayesian approach of estimating the expected 

state of the world based on prior beliefs and diverse types 

of data (p. 323) [26]. The latter arguably better reflects the 

type of uncertainty faced by decision-makers and should 

be prioritised in commissioning considerations over clin-

ical evidence alone, provided that the models are meth-

odologically robust, validated and assessed for the impact 

of parameter uncertainty on expected outcomes [106].

This imbues additional importance to thorough meth-

odological appraisal of models – conducted in this review 

using two complementary approaches: checklist applica-

tion and narrative synthesis. The falls-specific rather than 

generic checklist helped identify features unique to falls 

and falls prevention [32], including whether the study 

gave the definition of a fall – only 19 (41.3%) fully did – 

and whether the intervention(s) was classified as single, 

multiple-component or multifactorial – only 15 (32.6%) 

did. However, the checklist – designed for both models 

and non-modelling evaluations – did not consider impor-

tant modelling features such as baseline risk characteri-

sation and model validation which are included in the 

HTA model quality checklist [45]. Moreover, modelling 

features typically involve methodological nuances that 

cannot be summarised in ordinal scores. It is also unclear 

whether the unweighted sum of item scores accurately 

captures the methodological quality of models given the 

study-specific combination of methodological caveats; 

although of the 12 general population, lifetime models 

used to inform commissioning, the three that had been 

most thoroughly validated also had the highest check-

list scores [73, 80, 94]. This illustrates the importance of 

supplementing the checklist application with narrative 

synthesis. The latter was more comprehensive in this sys-

tematic review than those conducted by previous system-

atic reviews in this topic area [33].

The checklist application nevertheless identified the 

most prevalent reporting and methodological limitations 

across models. The most prevalent issue was the non-

incorporation of all-cause care costs as the main analy-

sis cost outcome, with fall-related costs being reported in 

sensitivity analysis [32]. Older persons typically occupy a 

position on a continuous spectrum of frailty rather than 

one of binary healthy vs. diseased states [107–109]. A dis-

ease or fall incidence would shift the position on the spec-

trum and thereby incur myriad care costs only indirectly 
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associated with the initial event [10, 110]; incorporating 

all-cause care costs helps capture these impacts as well as 

the wider benefits of interventions beyond falls preven-

tion. It is also consistent with the aim of wider geriatric 

health policies such as person-centred integrated care 

that emphasise holistic outcomes [41, 111, 112]. Yet only 

four models incorporated all-cause costs [51, 52, 86, 87]; 

one of them even perceived all-cause costing as a limita-

tion, compelled by lack of condition delineators in the 

routine data used [51]. The four also did not separately 

report fall-related costs, introducing difficulties in deter-

mining whether the cost reduction can be attributed to 

falls prevention per se rather than to wider intervention 

benefits. A major barrier is the lack of data on all-cause 

care consequences of falls, with costing studies focusing 

on fall-specific costs [17, 18]. Indeed, all four models that 

incorporated all-cause costs relied on primary data.

An alternative, more feasible approach is to incor-

porate comorbidity care costs (e.g., costs of added life-

years and costs of dying) associated with background 

health status and life expectancy. The proximity of these 

costs to intervention effect makes their inclusion par-

ticularly important for geriatric populations [39]. The 

inclusion of health utilities to depict the transition in 

background health status also demands the inclusion 

of matching costs [26]. The higher cost of dying for 

younger age at death [113, 114] – as incorporated in the 

four BODE3 models – would improve the cost-effec-

tiveness of interventions preventing premature mortal-

ity (e.g., of those below the average life expectancy). Yet 

comorbidity care costs were included by only six models 

(see Table A6); data availability may again be the bar-

rier. The six models also included all-cause background 

costs and did not subtract fall-related costs, mean-

ing that the latter are double-counted. Moreover, all 

except Honkanen [70] stratified the background costs 

by age and sex alone, meaning that the costs are influ-

enced only by falls affecting mortality and not by those 

affecting morbidity and functional status. In all, further 

research is warranted to incorporate comorbidity costs 

in falls prevention modelling. A potential approach is to 

estimate the association between falls and multivariate 

frailty index, which in turn would determine all-cause 

care costs and subsequent falls risk [97, 107, 115].

The next two prevalent issues were reporting aggre-

gate outcomes and detailing the comparator scenario. 

The importance of comparing aggregate outcomes was 

discussed under section  4.4. In brief, models should 

assist decision-makers in estimating the aggregate, pop-

ulation-level impact of interventions as recommended 

by the NICE HTA guidelines (see points 5.12.3 to 5.12.7) 

[49]. This is also highlighted in the NICE guideline for 

local public health service commissioning which shows 

how intervention rankings change by the metric cho-

sen, including incremental cost per QALY, intervention 

reach (i.e., aggregate impact) and inequality impact (p. 

118–122) [116]. Regarding the comparator scenario, this 

should closely resemble current practice in the local set-

ting [32, 117]. To this end, it should be noted that current 

practice in most settings is perhaps not the total absence 

of falls prevention, compared to under-implementation 

of existing clinical guidelines [102]. Likewise, the most 

relevant intervention scenario is perhaps not the pro-

vision of new interventions, compared to upscaling of 

existing capacity and improving fidelity to recommended 

practice. With assistance from local stakeholders, future 

models should pay greater attention to the features of 

current practice in the decision-making setting and be 

more specific in the causal mechanisms being altered 

under intervention scenarios. As done in Eldridge [63], 

consultation of local services can assess current refer-

ral pathways and demand levels, and detail component-

specific strategies (e.g., health promotion campaign to 

increase screening uptake). The greater attention would 

also facilitate the assessment of the transferability of 

specific model outcomes to different decision-making 

settings.

Future research: systematic reviews and decision 

modelling

The results of this review offer research directions for 

both future systematic reviews and models. First, the 

methodological challenges associated with falls pre-

vention modelling are generalisable to other geriatric 

syndromes including delirium, frailty and urinary incon-

tinence [3] and other geriatric public health interventions 

[36, 39, 109]. Commissioners and modellers interested 

in these areas would benefit from a systematic review 

using similar review methodology, namely detailed meth-

odological appraisal around epidemiology, intervention, 

evaluation methods and consideration of evaluation out-

comes beyond cost-per-unit ratios. Secondly, there is an 

acute scarcity of models set in the developing country 

context [40]. This context is likely characterised by more 

pronounced capacity constraints which in turn requires 

modelling techniques that can account for them includ-

ing discrete event simulation [95] and constrained opti-

misation [118].

Strengths and limitations

This systematic review is a comprehensive review of 

community-based falls prevention models. It includes 

26 models unidentified by previous systematic reviews in 

this area [33]. It also provides a more detailed methodo-

logical appraisal than previous systematic reviews using 

both checklist application and narrative synthesis. The 
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appraisal results arranged by topic areas should facili-

tate the conceptualisation and cross-validation of future 

models. Another strength is the consideration of a broad 

range of outcomes for commissioning recommendations: 

previous reviews focused primarily on cost-per-unit 

ratios [33].

This review nevertheless has several limitations. First, 

appraisal of previous models was limited to what the 

studies reported. This presented difficulties in certain 

areas (e.g., whether Markov model incorporated tunnel 

states); contacting the study authors for enquiry would 

have reduced ambiguity. Secondly, in several ROI analy-

ses (e.g., [56, 59, 72]), it was unclear whether the analy-

ses constituted full comparative economic evaluations 

or non-comparative service evaluations (i.e., a partial 

economic evaluation) [119]. Clearer description of the 

evaluation aim and detailed parameterisation of the 

comparator scenario would facilitate future distinctions. 

Thirdly, unlike previous reviews, this review excluded 

non-modelling evaluations which still offer useful infor-

mation for commissioning despite their short time 

horizons [40]; however, their incommensurable meth-

odological features relative to models would have over-

extended the boundary of appraisal. Fourthly, the review 

did not test for possible publication bias; there is hence 

a risk that favourable cost-effectiveness results are over-

represented. Finally, the commissioning recommenda-

tions were based solely on general population, lifetime 

models, even though non-general population and/or 

non-lifetime models still offer useful information to deci-

sion-makers. Models evaluating alternative time horizons 

found that longer horizons improved cost-effectiveness 

[60, 86, 87, 89, 92], meaning that current commission-

ing recommendations are over-prescriptive for decision-

makers with shorter horizons. Such decision-makers are 

invited to utilise the outcomes gathered in Table  A11 

in Supplementary Materials alongside the synthesised 

methodological features to reach appropriate commis-

sioning decisions.

Conclusions
There is model-based evidence that combined mul-

tifactorial and environmental intervention, general 

physical activity promotion for women, and targeted 

vitamin D supplementation are cost-effective relative to 

no intervention. Narrative synthesis found significant 

heterogeneity in modelling methods across falls epide-

miology, falls prevention intervention and evaluation. 

This systematic review provides comprehensive cata-

logues of modelling methods and evaluation results for 

community-based falls prevention which should inform 

model selection and development, and commissioning 

strategies.

Abbreviations

AC: All-Cause; BMD: Bone Mass Density; BODE3: Burden of Disease Epidemiol-
ogy, Equity & Cost-Effectiveness; CBA: Cost-Benefit Analysis; CBT: Cognitive 
Behavioural Therapy; CD: Community-Dwelling; CEA: Cost-Effectiveness Analy-
sis; CEAC: Cost-Effectiveness Acceptability Curve; CEAF: Cost-Effectiveness 
Acceptability Frontier; CG: Clinical Guideline; Com.: Composite; CPI: Consumer 
Price Index; CSP: Chartered Society of Physiotherapy; CUA : Cost-Utility Analysis; 
CVD: Cardiovascular Disease; DCEA: Distributional Cost-Effectiveness Analysis; 
DSA: Deterministic Sensitivity Analysis; DT: Decision Tree; ED: Emergency 
Department; Exp.: Expedited; Extrapol.: Extrapolated; FRA: Falls Risk Assess-
ment; FRAT : Falls Risk Assessment Tool; FRID: Fall-Risk-Increasing Drug; FRS: 
Falls Risk Screening; HAM: Home Assessment and Modification; HTA: Health 
Technology Assessment; ICER: Incremental Cost-Effectiveness Ratio; Int.: 
Intervention; LTC: Long-Term Care; MA fall: Fall requiring Medication Attention; 
MC: Multiple-Component; Med.: Medication; Met-An.: Meta-Analysis; MF: 
Multifactorial; MoB/VLL: Matter of Balance Lay-Led Version; MRA: Multifactorial 
Risk Assessment only; N/A: Not Applicable; NICE: National Institute for Health 
and Care Excellence; NR: Non-Receipt of modelled intervention(s); NSW: New 
South Wales; OMAS: Ontario Medical Advisory Secretariat; OR: Odds Ratio; 
PBAC: Pharmaceutical Benefits Advisory Committee; Pharma.: Pharmaceuti-
cals; PHE: Public Health England; PIP: Potentially Inappropriately Prescribed; 
PPI: Purchasing Power Parity; PPIn: Proton Pump Inhibitor; PRISMA: Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses; PSA: Probabilis-
tic Sensitivity Analysis; QALY: Quality-Adjusted Life Year; QTUG : Quantitative 
Timed-Up-and-Go; RaR: Rate Ratio; RCN: Royal College of Nursing; RCT : Ran-
domised Controlled Trial; Rehab.: Rehabilitation; ROI: Return on Investment; RR: 
Relative Risk; SR: Systematic Review; TUG : Timed-Up-and-Go; UC: Usual Care; 
UI: Uncertainty Interval; Vit. D: Vitamin D.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12913- 022- 07647-6.

Additional file 1. Supplementary Materials document for PRISMA check-
list and Tables A1-A11.

Acknowledgement

Not applicable.

Authors’ contributions

All authors were involved in study conceptualisation. JK and YL conducted the 
systematic search for study identification and data extraction. JK wrote the 
first manuscript draft. HS, TY and MF contributed to the writing of subsequent 
drafts. All authors read and approved the final manuscript.

Funding

Mr. Joseph Kwon was supported by the Wellcome Trust [108903/B/15/Z].

Availability of data and materials

The Excel file containing extracted data is available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Competing interests

The authors declare none.

Author details
1 School of Health and Related Research, University of Sheffield, Regent Court 
(ScHARR), 30 Regent Street, Sheffield S1 4DA, England. 2 Warwick Medical 
School, University of Warwick, Gibbet Hill Road, Coventry CV4 7AL, England. 

https://doi.org/10.1186/s12913-022-07647-6
https://doi.org/10.1186/s12913-022-07647-6


Page 33 of 36Kwon et al. BMC Health Services Research          (2022) 22:316  

Received: 18 November 2021   Accepted: 14 February 2022

References

 1. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly 
people. Lancet. 2013;381(9868):752–62. https:// doi. org/ 10. 1016/ S0140- 
6736(12) 62167-9 PubMed PMID: 23395245; PubMed Central PMCID: 
PMCPMC4098658.

 2. World Health Organization. World report on ageing and health: World 
Health Organization; 2015. Printed in Luxembourg. WHO Library 
Cataloguing-in-Publication Data. ISBN 978 92 4 069481 1.

 3. Inouye SK, Studenski S, Tinetti ME, Kuchel GA. Geriatric syndromes: clini-
cal, research, and policy implications of a core geriatric concept. J Am 
Geriatr Soc. 2007;55(5):780–91.

 4. National Institute for Health and Care Excellence. Falls in older people: 
assessing risk and prevention: National Institute for Health and Care 
Excellence; 2013. Clinical Guideline 161(nice. org. uk/ guida nce/ cg161)

 5. James SL, Lucchesi LR, Bisignano C, Castle CD, Dingels ZV, Fox JT, et al. 
The global burden of falls: global, regional and national estimates of 
morbidity and mortality from the Global Burden of Disease Study 2017. 
Inj Prev. 2020;26(Supp 1):i3–i11.

 6. Gottschalk S, Konig H-H, Schwenk M, Jansen C-P, Nerz C, Becker C, et al. 
Mediating factors on the association between fear of falling and health-
related quality of life in community-dwelling German older people: a 
cross-sectional study. BMC Geriatr. 2020;20(1):401. https:// doi. org/ 10. 
1186/ s12877- 020- 01802-6.

 7. Iglesias CP, Manca A, Torgerson DJ. The health-related quality of 
life and cost implications of falls in elderly women. Osteoporos Int. 
2009;20(6):869–78. https:// doi. org/ 10. 1007/ s00198- 008- 0753-5 PubMed 
PMID: 18846400.

 8. Zijlstra G, Van Haastregt J, Van Eijk JTM, van Rossum E, Stalenhoef PA, 
Kempen GI. Prevalence and correlates of fear of falling, and associated 
avoidance of activity in the general population of community-living 
older people. Age Ageing. 2007;36(3):304–9.

 9. Kim JH. Experiences of falling and depression: results from the Korean 
Longitudinal Study of Ageing. J Affect Disord. 2021;281:174–82. https:// 
doi. org/ 10. 1016/j. jad. 2020. 12. 026.

 10. Sekaran NK, Choi H, Hayward RA, Langa KM. Fall-associated difficulty 
with activities of daily living in functionally independent individuals 
aged 65 to 69 in the United States: a cohort study. J Am Geriatr Soc. 
2013;61(1):96–100. https:// doi. org/ 10. 1111/ jgs. 12071 PubMed PMID: 
23311555; PubMed Central PMCID: PMCPMC3807864.

 11. Hajek A, König HH. The onset of falls reduces perceived autonomy 
among middle aged and older adults. Results from a longitu-
dinal nationally representative sample. Arch Gerontol Geriatr. 
2020;90:104115. https:// doi. org/ 10. 1016/j. archg er. 2020. 104115 Epub 
2020/06/04. PubMed PMID: 32492603.

 12. Schulz C, Büchele G, Rehm M, Rothenbacher D, Roigk P, Rapp K, et al. 
Patient characteristics as indicator for care dependence after hip 
fracture: a retrospective cohort study using health insurance claims 
data from Germany. J Am Med Dir Assoc. 2019;20(4):451–5.e3. https:// 
doi. org/ 10. 1016/j. jamda. 2018. 09. 029 Epub 2018/11/19. PubMed PMID: 
30448158.

 13. Drevet S, Bornu BC, Boudissa M, Bioteau C, Mazière S, Merloz P, et al. 
One-year mortality after a hip fracture: prospective study of a cohort 
of patients aged over 75 years old. Geriatr Psychol Neuropsychiatr 
Vieil. 2019;17(4):369–76. https:// doi. org/ 10. 1684/ pnv. 2019. 0821 Epub 
2019/10/02. PubMed PMID: 31570328.

 14. Lee Y-K, Lee Y-J, Ha Y-C, Koo K-H. Five-year relative survival of 
patients with osteoporotic hip fracture. J Clin Endocrinol Metab. 
2014;99(1):97–100.

 15. Haentjens P, Magaziner J, Colón-Emeric CS, Vanderschueren D, 
Milisen K, Velkeniers B, et al. Meta-analysis: excess mortality after 
hip fracture among older women and men. Ann Intern Med. 
2010;152(6):380–90.

 16. Tian Y, Thompson J, Buck D, Sonola L. Exploring the system-wide costs 
of falls in older people in Torbay. London: King’s Fund; 2013. ISBN 978 1 
909029 15 6

 17. Davis J, Robertson M, Ashe M, Liu-Ambrose T, Khan K, Marra C. Inter-
national comparison of cost of falls in older adults living in the com-
munity: a systematic review. Osteoporos Int. 2010;21(8):1295–306.

 18. Scuffham P, Chaplin S, Legood R. Incidence and costs of unintentional 
falls in older people in the United Kingdom. J Epidemiol Community 
Health. 2003;57(9):740–4 PubMed PMID: 12933783; PubMed Central 
PMCID: PMCPMC1732578.

 19. Kuzuya M, Masuda Y, Hirakawa Y, Iwata M, Enoki H, Hasegawa J, et al. 
Falls of the elderly are associated with burden of caregivers in the com-
munity. Int J Geriatr Psychiatry. 2006;21(8):740–5.

 20. Cook J. The socio-economic contribution of older people in the UK. In:  
Working with older people; 2011.

 21. Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, Gates S, Clem-
son LM, et al. Interventions for preventing falls in older people living in 
the community. Cochrane Database Syst Rev. 2012;2012(9):CD007146.

 22. Hopewell S, Adedire O, Copsey BJ, Boniface GJ, Sherrington C, Clemson 
L, et al. Multifactorial and multiple component interventions for 
preventing falls in older people living in the community. Cochrane 
Database Syst Rev. 2018;7(7):CD012221.

 23. Sherrington C, Fairhall NJ, Wallbank GK, Tiedemann A, Michaleff ZA, 
Howard K, et al. Exercise for preventing falls in older people living in the 
community. Cochrane Database Syst Rev. 2019;1(1):CD012424.

 24. Public Health England. Falls and fracture consensus statement: Support-
ing commissioning for prevention. London: Public Health England; 2017.

 25. Foster C, Reilly J, Jago R, Murphy M, Skelton D, Cooper A, et al. UK Chief 
Medical Officers’ physical activity guidelines. London: Department of 
Health and Social Care; 2019. 

 26. Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance 
GW. Methods for the economic evaluation of health care pro-
grammes. Oxford: Oxford University Press; 2015. 

 27. Briggs A, Sculpher M, Claxton K. Decision modelling for health eco-
nomic evaluation. Oxford: Oxford University Press; 2006.

 28. Brennan A, Akehurst R. Modelling in health economic evaluation. 
Pharmacoeconomics. 2000;17(5):445–59.

 29. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ. 2021;372:n71.

 30. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA statement. 
PLoS Med. 2009;6(7):e1000097.

 31. Squires H, Chilcott J, Akehurst R, Burr J, Kelly MP. A framework for devel-
oping the structure of public health economic models. Value Health. 
2016;19(5):588–601.

 32. Davis J, Robertson MC, Comans T, Scuffham P. Guidelines for conduct-
ing and reporting economic evaluation of fall prevention strategies. 
Osteoporos Int. 2011;22(9):2449–59.

 33. Kwon J, Lee Y, Squires H, Franklin M, Young T. Economic evaluation of 
community-based falls prevention interventions: a systematic meth-
odological overview of systematic reviews. (In review preprint); 2021.

 34. Royal College of Nursing. Clinical practice guideline for the assessment 
and prevention of falls in older people. Clinical practice guidelines. 
London: Royal College of Nursing; 2005.

 35. Davis JC, Robertson MC, Ashe MC, Liu-Ambrose T, Khan KM, Marra CA. 
Does a home-based strength and balance programme in people aged 
> or =80 years provide the best value for money to prevent falls? A 
systematic review of economic evaluations of falls prevention interven-
tions. Br J Sports Med. 2010;44(2):80–9. https:// doi. org/ 10. 1136/ bjsm. 
2008. 060988 PubMed PMID: 20154094.

 36. Dubas-Jakóbczyk K, Kocot E, Kissimova-Skarbek K, Huter K, Rothgang 
H. Economic evaluation of health promotion and primary prevention 
actions for older people—a systematic review. Eur J Public Health. 
2017;27(4):670–9.

 37. Public Health England. A structured literature review to identify cost-
effective interventions to prevent falls in older people living in the 
community. London: Public Health England; 2018.

 38. Olij BF, Ophuis RH, Polinder S, Van Beeck EF, Burdorf A, Panneman MJ, 
et al. Economic evaluations of falls prevention programs for older 
adults: a systematic review. J Am Geriatr Soc. 2018;66(11):2197–204.

 39. Huter K, Dubas-Jakóbczyk K, Kocot E, Kissimova-Skarbek K, Rothgang 
H. Economic evaluation of health promotion interventions for older 

https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/S0140-6736(12)62167-9
http://nice.org.uk/guidance/cg161
https://doi.org/10.1186/s12877-020-01802-6
https://doi.org/10.1186/s12877-020-01802-6
https://doi.org/10.1007/s00198-008-0753-5
https://doi.org/10.1016/j.jad.2020.12.026
https://doi.org/10.1016/j.jad.2020.12.026
https://doi.org/10.1111/jgs.12071
https://doi.org/10.1016/j.archger.2020.104115
https://doi.org/10.1016/j.jamda.2018.09.029
https://doi.org/10.1016/j.jamda.2018.09.029
https://doi.org/10.1684/pnv.2019.0821
https://doi.org/10.1136/bjsm.2008.060988
https://doi.org/10.1136/bjsm.2008.060988


Page 34 of 36Kwon et al. BMC Health Services Research          (2022) 22:316 

people: do applied economic studies meet the methodological chal-
lenges? Cost Eff Resour Alloc. 2018;16(1):14.

 40. Winser SJ, Chan HTF, Ho L, Chung LS, Ching LT, Felix TKL, et al. Dosage 
for cost-effective exercise-based falls prevention programs for older 
people: a systematic review of economic evaluations. Ann Phys Rehabil 
Med. 2020;63(1):69–80.

 41. Oliver D, Foot C, Humphries R. Making our health and care systems fit 
for an ageing population. London: King’s Fund; 2014. ISBN 978 1 909029 
27 9.

 42. Harmon KJ, Hakenewerth AM, Waller AE, Ising A, Tintinalli JE. Begin risk 
assessment for falls in women at 45, not 65. Inj Prev. 2019;25(3):184–6. 
https:// doi. org/ 10. 1136/ injur yprev- 2018- 042875 Epub 2018/07/25. 
PubMed PMID: 30037811; PubMed Central PMCID: PMCPMC6582733.

 43. Lamb SE, Jørstad-Stein EC, Hauer K, Becker C, Europe PoFN, Group OC. 
Development of a common outcome data set for fall injury prevention 
trials: the Prevention of Falls Network Europe consensus. J Am Geriatr 
Soc. 2005;53(9):1618–22.

 44. Eddy DM, Hollingworth W, Caro JJ, Tsevat J, McDonald KM, Wong 
JB. Model transparency and validation: a report of the ISPOR-SMDM 
Modeling Good Research Practices Task Force–7. Med Decis Mak. 
2012;32(5):733–43.

 45. Philips Z, Ginnelly L, Sculpher M, Claxton K, Golder S, Riemsma R, et al. 
Review of guidelines for good practice in decision-analytic modelling 
in health technology assessment. 2004.

 46. Squires H, Chilcott J, Akehurst R, Burr J, Kelly MP. A systematic literature 
review of the key challenges for developing the structure of public 
health economic models. Int J Public Health. 2016;61(3):289–98.

 47. World Bank. Inflation, consumer prices (annual %) 2021. Available from: 
https:// data. world bank. org/ indic ator/ FP. CPI. TOTL. ZG. Accessed 20 July 
2021.

 48. OECD Data. Purchasing power parities (PPP) 2021. Available from: 
https:// data. oecd. org/ conve rsion/ purch asing- power- parit ies- ppp. htm# 
indic ator- chart. Accessed 5 July 2021.

 49. National Institute for Health and Care Excellence. Guide to the methods 
of technology appraisal 2013. 2013.

 50. Agartioglu Kundakci G, Yilmaz M, Sozmen MK. Determination of the 
costs of falls in the older people according to the decision tree model. 
Arch Gerontol Geriatr. 2020;87:104007. https:// doi. org/ 10. 1016/j. archg 
er. 2019. 104007.

 51. Albert SM, Raviotta J, Lin CJ, Edelstein O, Smith KJ. Cost-effectiveness of 
a statewide falls prevention program in Pennsylvania: healthy steps for 
older adults. Am J Manag Care. 2016;22(10):638–44.

 52. Alhambra-Borrás T, Durá-Ferrandis E, Ferrando-García M. Effectiveness 
and estimation of cost-effectiveness of a group-based multicomponent 
physical exercise programme on risk of falling and frailty in community-
dwelling older adults. Int J Environ Res Public Health. 2019;16(12):2086.

 53. Beard J, Rowell D, Scott D, van Beurden E, Barnett L, Hughes K, et al. 
Economic analysis of a community-based falls prevention program. 
Public Health. 2006;120(8):742–51. https:// doi. org/ 10. 1016/j. puhe. 2006. 
04. 011 PubMed PMID: 16824563.

 54. Boyd M, Kvizhinadze G, Kho A, Wilson G, Wilson N. Cataract surgery for 
falls prevention and improving vision: modelling the health gain, health 
system costs and cost-effectiveness in a high-income country. Inj Prev. 
2020;26(4):302–9.

 55. Carande-Kulis V, Stevens JA, Florence CS, Beattie BL, Arias I. A cost-
benefit analysis of three older adult fall prevention interventions. J Saf 
Res. 2015;52:65–70. https:// doi. org/ 10. 1016/j. jsr. 2014. 12. 007 PubMed 
PMID: 25662884.

 56. Chartered Society of Physiotherapy. The falls prevention economic 
model. London: Physiotherapy commissioning support tool; 2016.

 57. Church J, Goodall S, Norman R, Haas M. An economic evaluation of com-
munity and residential aged care falls prevention strategies in NSW. N S W 
Public Health Bull. 2011;22(3–4):60–8. https:// doi. org/ 10. 1071/ NB100 51.

 58. Church J, Goodall S, Norman R, Haas M. The cost-effectiveness of falls 
prevention interventions for older community-dwelling Australians. 
Aust N Z J Public Health. 2012;36(3):241–8. https:// doi. org/ 10. 1111/j. 
1753- 6405. 2011. 00811.x PubMed PMID: 22672030.

 59. Comans T, Brauer S, Haines T. A break-even analysis of a commu-
nity rehabilitation falls prevention service. Aust N Z J Public Health. 
2009;33(3):240–5. https:// doi. org/ 10. 1111/j. 1753- 6405. 2009. 00382.x.

 60. Day L, Hoareau E, Finch C, Harrison JE, Segal L, Bolton TG, et al. Model-
ling the impact, cost and benefits of falls prevention measures to 
support policy-makers and program planners. 2009.

 61. Day L, Finch CF, Harrison JE, Hoareau E, Segal L, Ullah S. Modelling the 
population-level impact of tai-chi on falls and fall-related injury among 
community-dwelling older people. Inj Prev. 2010;16(5):321–6. https:// 
doi. org/ 10. 1136/ ip. 2009. 025452.

 62. Deverall E, Kvizhinadze G, Pega F, Blakely T, Wilson N. Exercise pro-
grammes to prevent falls among older adults: modelling health gain, 
cost-utility and equity impacts. Inj Prev. 2018. https:// doi. org/ 10. 1136/ 
injur yprev- 2016- 042309.

 63. Eldridge S, Spencer A, Cryer C, Parsons S, Underwood M, Feder G. Why 
modelling a complex intervention is an important precursor to trial 
design: lessons from studying an intervention to reduce falls-related 
injuries in older people. J Health Serv Res Policy. 2005;10(3):133–42.

 64. Farag I, Howard K, Ferreira ML, Sherrington C. Economic model-
ling of a public health programme for fall prevention. Age Ageing. 
2015;44(3):409–14. https:// doi. org/ 10. 1093/ ageing/ afu195 Epub 
2014/12/20. PubMed PMID: 25523025.

 65. Franklin M, Hunter RM. A modelling-based economic evaluation of 
primary-care-based fall-risk screening followed by fall-prevention inter-
vention: a cohort-based Markov model stratified by older age groups. 
Age Ageing. 2019;49(1):57–66.

 66. Frick KD, Kung JY, Parrish JM, Narrett MJ. Evaluating the cost-effective-
ness of fall prevention programs that reduce fall-related hip fractures 
in older adults. J Am Geriatr Soc. 2010;58(1):136–41. https:// doi. org/ 10. 
1111/j. 1532- 5415. 2009. 02575.x PubMed PMID: 20122044.

 67. Hektoen LF, Aas E, Luras H. Cost-effectiveness in fall prevention for older 
women. Scand J Public Health. 2009;37(6):584–9. https:// doi. org/ 10. 
1177/ 14034 94809 341093 PubMed PMID: 19666674.

 68. Hiligsmann M, Ben Sedrine W, Bruyère O, Evers SM, Rabenda V, Regin-
ster J-Y. Cost-effectiveness of vitamin D and calcium supplementation 
in the treatment of elderly women and men with osteoporosis. Eur J 
Public Health. 2014;25(1):20–5.

 69. Hirst A, Knight C, Hirst M, Dunlop W, Akehurst R. Tramadol and the risk 
of fracture in an elderly female population: a cost utility assessment 
with comparison to transdermal buprenorphine. Eur J Health Econ. 
2016;17(2):217–27. https:// doi. org/ 10. 1007/ s10198- 015- 0673-1.

 70. Honkanen LA, Mushlin AI, Lachs M, Schackman BR. Can hip protector 
use cost-effectively prevent fractures in community-dwelling geriatric 
populations? J Am Geriatr Soc. 2006;54(11):1658–65.

 71. Howland J, Shankar KN, Peterson EW, Taylor AA. Savings in acute care 
costs if all older adults treated for fall-related injuries completed mat-
ter of balance. Inj Epidemiol. 2015;2(1):25. https:// doi. org/ 10. 1186/ 
s40621- 015- 0058-z.

 72. Ippoliti R, Allievi I, Falavigna G, Giuliano P, Montani F, Obbia P, et al. 
The sustainability of a community nurses programme aimed at sup-
porting active ageing in mountain areas. Int J Health Plann Manage. 
2018;33(4):e1100–e11. https:// doi. org/ 10. 1002/ hpm. 2591 PubMed 
PMID: 2151287056.

 73. Johansson P, Sadigh S, Tillgren P, Rehnberg C. Non-pharmaceutical pre-
vention of hip fractures - a cost-effectiveness analysis of a community-
based elderly safety promotion program in Sweden. Cost Eff Resour 
Alloc. 2008;6:11. https:// doi. org/ 10. 1186/ 1478- 7547-6- 11.

 74. Lee RH, Weber T, Colon-Emeric C. Comparison of cost-effectiveness 
of vitamin D screening with that of universal supplementation in 
preventing falls in community-dwelling older adults. J Am Geriatr Soc. 
2013;61(5):707–14. https:// doi. org/ 10. 1111/ jgs. 12213.

 75. Ling C, Henderson S, Henderson R, Henderson M, Pedro T, Pang 
L. Cost benefit considerations of preventing elderly falls through 
environmental modifications to homes in Hana, Maui. Hawaii Med J. 
2008;67(3):65.

 76. McLean K, Day L, Dalton A. Economic evaluation of a group-based exer-
cise program for falls prevention among the older community-dwelling 
population. BMC Geriatr. 2015;15:33. https:// doi. org/ 10. 1186/ s12877- 
015- 0028-x Epub 2015/04/17. PubMed PMID: 25879871; PubMed 
Central PMCID: PMCPMC4404560.

 77. Miller TR, Dickerson JB, Smith ML, Ory MG. Assessing costs and potential 
returns of evidence-based programs for seniors. Eval Health Prof. 
2011;34(2):201–25.

https://doi.org/10.1136/injuryprev-2018-042875
https://data.worldbank.org/indicator/FP.CPI.TOTL.ZG
https://data.oecd.org/conversion/purchasing-power-parities-ppp.htm#indicator-chart
https://data.oecd.org/conversion/purchasing-power-parities-ppp.htm#indicator-chart
https://doi.org/10.1016/j.archger.2019.104007
https://doi.org/10.1016/j.archger.2019.104007
https://doi.org/10.1016/j.puhe.2006.04.011
https://doi.org/10.1016/j.puhe.2006.04.011
https://doi.org/10.1016/j.jsr.2014.12.007
https://doi.org/10.1071/NB10051
https://doi.org/10.1111/j.1753-6405.2011.00811.x
https://doi.org/10.1111/j.1753-6405.2011.00811.x
https://doi.org/10.1111/j.1753-6405.2009.00382.x
https://doi.org/10.1136/ip.2009.025452
https://doi.org/10.1136/ip.2009.025452
https://doi.org/10.1136/injuryprev-2016-042309
https://doi.org/10.1136/injuryprev-2016-042309
https://doi.org/10.1093/ageing/afu195
https://doi.org/10.1111/j.1532-5415.2009.02575.x
https://doi.org/10.1111/j.1532-5415.2009.02575.x
https://doi.org/10.1177/1403494809341093
https://doi.org/10.1177/1403494809341093
https://doi.org/10.1007/s10198-015-0673-1
https://doi.org/10.1186/s40621-015-0058-z
https://doi.org/10.1186/s40621-015-0058-z
https://doi.org/10.1002/hpm.2591
https://doi.org/10.1186/1478-7547-6-11
https://doi.org/10.1111/jgs.12213
https://doi.org/10.1186/s12877-015-0028-x
https://doi.org/10.1186/s12877-015-0028-x


Page 35 of 36Kwon et al. BMC Health Services Research          (2022) 22:316  

 78. Mori T, Crandall C, Ganz DA. Cost-effectiveness of combined oral 
bisphosphonate therapy and falls prevention exercise for fracture 
prevention in the USA. Osteoporos Int. 2017;28(2):585–95.

 79. Moriarty F, Cahir C, Bennett K, Fahey T. Economic impact of potentially 
inappropriate prescribing and related adverse events in older people: a 
cost-utility analysis using Markov models. BMJ Open. 2019;9(1):e021832. 
https:// doi. org/ 10. 1136/ bmjop en- 2018- 021832.

 80. Nshimyumukiza L, Durand A, Gagnon M, Douville X, Morin S, Lindsay 
C, et al. An economic evaluation: Simulation of the cost-effectiveness 
and cost-utility of universal prevention strategies against osteoporosis-
related fractures. J Bone Miner Res. 2013;28(2):383–94.

 81. Ontario Medical Advisory Secretariat. The Falls/fractures Economic 
Model in Ontario Residents aged 65 years and over (FEMOR). Ont 
Health Technol Assess Ser. 2008;8(6):1.

 82. Pega F, Kvizhinadze G, Blakely T, Atkinson J, Wilson N. Home safety 
assessment and modification to reduce injurious falls in community-
dwelling older adults: cost-utility and equity analysis. Inj Prev. 
2016;22(6):420–6. https:// doi. org/ 10. 1136/ injur yprev- 2016- 041999.

 83. Poole CD, Smith JC, Davies JS. The short-term impact of vitamin 
D-based hip fracture prevention in older adults in the United Kingdom. 
J Endocrinol Investig. 2014;37(9):811–7.

 84. Poole CD, Smith J, Davies JS. Cost-effectiveness and budget impact 
of Empirical vitamin D therapy on unintentional falls in older adults in 
the UK. BMJ Open. 2015;5(9):e007910. https:// doi. org/ 10. 1136/ bmjop 
en- 2015- 007910.

 85. Public Health England. A return on investment tool for the assessment 
of falls prevention programmes for older people living in the commu-
nity. London: Public Health England; 2018.

 86. Sach TH, Foss AJ, Gregson RM, Zaman A, Osborn F, Masud T, et al. Falls 
and health status in elderly women following first eye cataract surgery: 
an economic evaluation conducted alongside a randomised controlled 
trial. Br J Ophthalmol. 2007;91(12):1675–9. https:// doi. org/ 10. 1136/ 
bjo. 2007. 118687 PubMed PMID: 17585002; PubMed Central PMCID: 
PMCPMC2095519.

 87. Sach T, Foss A, Gregson R, Zaman A, Osborn F, Masud T, et al. Second-
eye cataract surgery in elderly women: a cost-utility analysis conducted 
alongside a randomized controlled trial. Eye. 2010;24(2):276.

 88. Smith MI, de Lusignan S, Mullett D, Correa A, Tickner J, Jones S. Predict-
ing falls and when to intervene in older people: a multilevel logistical 
regression model and cost analysis. PLoS One. 2016;11(7):e0159365. 
https:// doi. org/ 10. 1371/ journ al. pone. 01593 65.

 89. Tannenbaum C, Diaby V, Singh D, Perreault S, Luc M, Vasiliadis H-M. 
Sedative-hypnotic medicines and falls in community-dwelling older 
adults: a cost-effectiveness (decision-tree) analysis from a US Medicare 
perspective. Drugs Aging. 2015;32(4):305–14. https:// doi. org/ 10. 1007/ 
s40266- 015- 0251-3.

 90. Turner JP, Sanyal C, Martin P, Tannenbaum C. Economic evaluation of sedative 
deprescribing in older adults by community pharmacists. J Gerontol A Biol 
Sci Med Sci. 2020. https:// doi. org/ 10. 1093/ gerona/ glaa1 80.

 91. van der Velde N, Meerding WJ, Looman CW, Pols HA, van der Cammen 
TJ. Cost effectiveness of withdrawal of fall-risk-increasing drugs in 
geriatric outpatients. Drugs Aging. 2008;25(6):521–9.

 92. Wilson N, Kvizhinadze G, Pega F, Nair N, Blakely T. Home modification 
to reduce falls at a health district level: modeling health gain, health 
inequalities and health costs. PLoS One. 2017;12(9):e0184538.

 93. Wu S, Keeler EB, Rubenstein LZ, Maglione MA, Shekelle PG. A cost-effective-
ness analysis of a proposed national falls prevention program. Clin Geriatr 
Med. 2010;26(4):751–66. https:// doi. org/ 10. 1016/j. cger. 2010. 07. 005.

 94. Zarca K, Durand-Zaleski I, Roux C, Souberbielle J, Schott A, Thomas T, 
et al. Cost-effectiveness analysis of hip fracture prevention with vitamin 
D supplementation: a Markov micro-simulation model applied to the 
French population over 65 years old without previous hip fracture. 
Osteoporos Int. 2014;25(6):1797–806.

 95. Brennan A, Chick SE, Davies R. A taxonomy of model structures 
for economic evaluation of health technologies. Health Econ. 
2006;15(12):1295–310. https:// doi. org/ 10. 1002/ hec. 1148 Epub 
2006/08/31. PubMed PMID: 16941543.

 96. Asaria M, Griffin S, Cookson R. Distributional cost-effectiveness analysis: 
a tutorial. Med Decis Mak. 2016;36(1):8–19. https:// doi. org/ 10. 1177/ 
02729 89X15 583266.

 97. Li G, Ioannidis G, Pickard L, Kennedy C, Papaioannou A, Thabane L, et al. 
Frailty index of deficit accumulation and falls: data from the Global Lon-
gitudinal Study of Osteoporosis in Women (GLOW) Hamilton cohort. 
BMC Musculoskelet Disord. 2014;15:185. https:// doi. org/ 10. 1186/ 1471- 
2474- 15- 185 Epub 2014/06/03. PubMed PMID: 24885323; PubMed 
Central PMCID: PMCPMC4046442.

 98. Pharmaceutical Benefits Advisory Committee. Guidelines for preparing 
submissions to the Pharmaceutical Benefits Advisory Committee (Version 
5). In:  Pharmaceutical Benefits Advisory Committee DoH, editor; 2016.

 99. National Institute for Health and Care Excellence. NICE Citizens Council 
report on age. UK: NICE; 2003.

 100. Pfadenhauer L, Rohwer A, Burns J, Booth A, Lysdahl KB, Hofmann B, 
et al. Guidance for the assessment of context and implementation 
in health technology assessments (HTA) and systematic reviews of 
complex interventions: the context and implementation of complex 
interventions (CICI) framework: European Union; 2016. Available from: 
http:// www. integ rate- hta. eu/ downl oads/

 101. Kwon J, Lee Y, Young T, Squires H, Harris J. Qualitative research to 
inform economic modelling: a case study in older people’s views on 
implementing the NICE falls prevention guideline. BMC Health Serv Res. 
2021;21(1):1–19.

 102. McIntyre A, Mackenzie L, Harvey M. Engagement of general practition-
ers in falls prevention and referral to occupational therapists. Br J Occup 
Ther. 2019;82(2):71–9.

 103. Child S, Goodwin V, Garside R, Jones-Hughes T, Boddy K, Stein K. Factors 
influencing the implementation of fall-prevention programmes: a 
systematic review and synthesis of qualitative studies. Implement Sci. 
2012;7(1):91.

 104. Markle-Reid MF, Dykeman CS, Reimer HD, Boratto LJ, Goodall CE, 
McGugan JL. Engaging community organizations in falls prevention 
for older adults: moving from research to action. Can J Public Health. 
2015;106(4):189–96.

 105. National Institute for Health and Care Excellence. 2019 surveillance 
of falls in older people: assessing risk and prevention (NICE guideline 
CG161). Manchester: National Institute for Health and Care Excellence; 
2019.

 106. Briggs AH, Weinstein MC, Fenwick EA, Karnon J, Sculpher MJ, Paltiel AD. 
Model parameter estimation and uncertainty analysis: a report of the 
ISPOR-SMDM Modeling Good Research Practices Task Force Working 
Group–6. Med Decis Mak. 2012;32(5):722–32.

 107. Clegg A, Bates C, Young J, Ryan R, Nichols L, Ann Teale E, et al. Develop-
ment and validation of an electronic frailty index using routine primary 
care electronic health record data. Age Ageing. 2016;45(3):353–60. 
https:// doi. org/ 10. 1093/ ageing/ afw039 PubMed PMID: 26944937; 
PubMed Central PMCID: PMCPMC4846793.

 108. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epi-
demiology of multimorbidity and implications for health care, 
research, and medical education: a cross-sectional study. Lancet. 
2012;380(9836):37–43.

 109. Afzali HHA, Karnon J, Theou O, Beilby J, Cesari M, Visvanathan R. 
Structuring a conceptual model for cost-effectiveness analysis of frailty 
interventions. PLoS One. 2019;14(9):e0222049.

 110. Cohen MA, Miller J, Shi X, Sandhu J, Lipsitz LA. Prevention program low-
ered the risk of falls and decreased claims for long-term services among 
elder participants. Health Aff. 2015;34(6):971–7. https:// doi. org/ 10. 1377/ 
hltha ff. 2014. 1172.

 111. Stokes J, Lau Y-S, Kristensen SR, Sutton M. Does pooling health & 
social care budgets reduce hospital use and lower costs? Soc Sci Med. 
2019;232:382–8.

 112. Kumpunen S, Edwards N, Georghiou T, Hughes G. Why do evaluations 
of integrated care not produce the results we expect? Int J Care Coordi-
nation. 2020;23(1):9-13. https:// doi. org/ 10. 1177/ 20534 34520 909089.

 113. Polder JJ, Barendregt JJ, van Oers H. Health care costs in the last year of 
life—the Dutch experience. Soc Sci Med. 2006;63(7):1720–31.

 114. Wong A, van Baal PH, Boshuizen HC, Polder JJ. Exploring the influence 
of proximity to death on disease-specific hospital expenditures: a 
carpaccio of red herrings. Health Econ. 2011;20(4):379–400.

 115. Han L, Clegg A, Doran T, Fraser L. The impact of frailty on healthcare 
resource use: a longitudinal analysis using the Clinical Practice Research 
Datalink in England. Age Ageing. 2019;48(5):665–71.

https://doi.org/10.1136/bmjopen-2018-021832
https://doi.org/10.1136/injuryprev-2016-041999
https://doi.org/10.1136/bmjopen-2015-007910
https://doi.org/10.1136/bmjopen-2015-007910
https://doi.org/10.1136/bjo.2007.118687
https://doi.org/10.1136/bjo.2007.118687
https://doi.org/10.1371/journal.pone.0159365
https://doi.org/10.1007/s40266-015-0251-3
https://doi.org/10.1007/s40266-015-0251-3
https://doi.org/10.1093/gerona/glaa180
https://doi.org/10.1016/j.cger.2010.07.005
https://doi.org/10.1002/hec.1148
https://doi.org/10.1177/0272989X15583266
https://doi.org/10.1177/0272989X15583266
https://doi.org/10.1186/1471-2474-15-185
https://doi.org/10.1186/1471-2474-15-185
http://www.integrate-hta.eu/downloads/
https://doi.org/10.1093/ageing/afw039
https://doi.org/10.1377/hlthaff.2014.1172
https://doi.org/10.1377/hlthaff.2014.1172
https://doi.org/10.1177/2053434520909089


Page 36 of 36Kwon et al. BMC Health Services Research          (2022) 22:316 

•

 

fast, convenient online submission

 
•

  

thorough peer review by experienced researchers in your field

• 

 

rapid publication on acceptance

• 

 

support for research data, including large and complex data types

•

  

gold Open Access which fosters wider collaboration and increased citations 

 

maximum visibility for your research: over 100M website views per year •

  
At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research   ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 116. National Institute for Health and Care Excellence. Supporting invest-
ment in public health: Review of methods for assessing cost effective-
ness, cost impact and return on investment. London: NICE; 2011.

 117. Davis JC, Marra CA, Robertson MC, Khan KM, Najafzadeh M, Ashe MC, 
et al. Economic evaluation of dose-response resistance training in 
older women: a cost-effectiveness and cost-utility analysis. Osteoporos 
Int. 2011;22(5):1355–66. https:// doi. org/ 10. 1007/ s00198- 010- 1356-5 
PubMed PMID: 20683707; PubMed Central PMCID: PMCPMC4508130.

 118. Crown W, Buyukkaramikli N, Thokala P, Morton A, Sir MY, Marshall DA, 
et al. Constrained optimization methods in health services research—
an introduction: report 1 of the ISPOR optimization methods emerging 
good practices task force. Value Health. 2017;20(3):310–9.

 119. Franklin M, Lomas J, Richardson G. Conducting value for money 
analyses for non-randomised interventional studies including service 
evaluations: an educational review with recommendations. Pharmaco-
economics. 2020;38(7):665–81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s00198-010-1356-5

	Economic models of community-based falls prevention: a systematic review with subsequent commissioning and methodological recommendations
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Data sources and study selection
	Data extraction and synthesis
	Model overview and checklist scores for reporting and methodological quality
	Narrative synthesis of methodological features and methodological recommendations
	Developing commissioning recommendations by this systematic review


	Results
	Search results
	Overview of included decision models
	Checklist scores for methodological and reporting quality
	Narrative synthesis: falls epidemiology features
	Baseline falls risk
	Recurrent falls
	Falls risk factors
	Falls health consequences
	Health utilities
	Fall-related economic consequences

	Narrative synthesis: falls prevention intervention features
	Intervention access pathway
	Falls risk screening
	Intervention resource-use and cost
	Intervention efficacy
	Wider health effects of interventions

	Narrative synthesis: evaluation methods
	Model validity
	Assessing parameter uncertainty
	Scenario analyses

	Narrative synthesis: evaluation outcomes
	Methodological recommendations
	Falls epidemiology features
	Falls prevention intervention features
	Evaluation methods
	Evaluation outcomes to formulate commissioning recommendations

	Commissioning recommendations

	Discussion
	Future research: systematic reviews and decision modelling
	Strengths and limitations

	Conclusions
	Acknowledgement
	References


