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Abstr act

Background: Falls are a major cause of morbidity among oldeogle Multifaceted interventions may be

effective in preventing falls and related fractures

Objective: To evaluate the cost-effectiveness alongside thHECRM (REducing Falls with Orthoses and a

Multifaceted podiatry intervention) trial.

Methods: REFORM was a pragmatic multicentre cohort randethisontrolled trial in England and Ireland; 1010
participants(>65 years) were randomised to receive either a podiatervention (n= 493), including foot and
ankle strengthening exercises, foot orthoses, m@wear if required, and a falls prevention leaflet usual
podiatry treatment plus a falls prevention leaflet517). Primary outcoméncidence of falls per participant in
the 12 months following randomisation. Secondaricomes: proportion of fallers and quality o&li{EQ-5D-
3L) which was converted into quality-adjusted ffiears (QALYs) for each participant. Differencesriean costs
and QALYs at 12 months were used to assess theaffestiveness of the intervention relative to usiaae.
Cost-effectiveness analyses were conducted in daoce with National Institute for Health and Clmic
Excellence reference case standards, using a sgnasased approach with costs expressed in GBS (g€ice).

The base case analysis used an intention to tpgabach on the imputed data set using multiple tapan (Ml).

Results: There was a small, non-statistically significarduetion in the incidence rate of falls in the iviemtion
group (adjusted incidence rate ratio 0.88, 95%.T3 @o 1.05, p = 0.16). Participants allocatechiintervention
group accumulated on average marginally higher QAltNan usual care participants (mean differenc&2@.0
95% CI -0.0050 to 0.0314). The intervention costawerage £252 more per participant compared talcsue
(95% CI -£69 to £589). Incremental cost-effectivesieatios ranged between £19,494 and £20,593 p&YQA
gained, below the conventional NHS cost-effectismiresholds of £20,000 to £30,000 per additiQ#ely.
The probability that the podiatry intervention &st-effective at a threshold of£30,000 per QALYNngd is 0.65.

The results were robust to sensitivity analyses.

Conclusion: The benefits of the intervention justified the recate cost. The intervention could be a cost-affect

option for falls prevention when compared with ulsazae in the UK.

Tria registration number: ISRCTN68240461

INTRODUCTION
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Falls are common among older people with a high tmkealth care systems and soci@t3]. The costburden
of falls to the UK National Health Service (NHS)eistimated of more than £2 bilion per year [4ves that the
number of people over the age of 65 is predicteddmease, we might expect the cost of falls toNKS to rise
further every year. It has been suggested thagprydiare play a role in falls prevention, as caolstudies have
indicated a relationship between risk of fallingddroth foot and ankle problems [5, 6] and inappedprfootware
[7]. There is evidence that a multifaceted podiatryrirgation —which combines foot and ankle exercise, foot
orthoses, foot advise and a falls prevention bdakienbined with routine podiatry care - is effeetiat reducing
the incidence of falls among older people in an thalen setting [8] This trial did not include an economic

evaluation

The REFORM (REducing Falls with Orthoses and a aaleted podiatry intervention) trial evaluated dtisical
and cost-effectiveness of a multifaceted podidtriervention aimed at reducing the incidence ti$ famong
people at high risk of faling within the UK setgii9]. There was a non-statistically significantiuetion in the
incidence rate of falls in the intervention groadjlisted incidence ratio 0.88; 95% confidence wrekefCl) 0.73
to 1.05; p=0.16]. However, the proportion of papidats experiencing a fall was reduced (50 vs 5&#%justed
odds ratio 0.78; 95% CI 0.60 to 1.00; p=0.05). Hertbere is a potential to improve health relatedlity of life
(HRQOL) by preventing falls and to reduce healtrecsts. From an economic perspective, the recodat®n
is that estimation, and not hypothesis testingid®d to inform decision making for resource allasain health
care [10]. Therefore it remains important to ass@ssther the benefits of the intervention justifg textra costs
of providing the multifaceted programme; addressimigwil beimportant in order to deliver impradeervices
to this population that offer good value for moneythe NHS. This paper reports on the economicusmin
conducted alongside the REFORM trial.

METHODS

Overview

We conducted a pragmatic open two-arm, cohort renigbx controlled trial [11] with an economic evalaa.
The REFORM protocol has been published elsewhe2g [h summary, participants were recruited to an
observational cohort study from podiatric clinistd in the UK and the Republic of Ireland and fo#a up for
falls data Participants, who fulfilled the REFORM trial eligity criteria, were then randomised into the trial
when podiatrists had capacity to deliver the tigkervention. All participants received routinediatry care
which typically aimed to reduce painful conditiosisch as cornscallouses and pathological nails, which have
been found to be associated with an increasedofidalls. In addition to this, all participantsceived a falls
prevention leaflet produced by Age UK (Staying 8tedune 2010) along with a group specific trial aitter
informing them about the progress of the tridParticipants allocated to the intervention groupitahally
received footwear advice, provision of new footwéaurrent footwear was judged to be inapproprigtgpplied

by Hotter Footwear® and DB Shoes Ltd); foot orth®éeline®, Healthystep, Mossley, UK); and a 30 unes

a day, three times a week home-based foot and axkiise programme supplemented with a DVD and
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explanatory booklet [8]. Intervention participamtsre invited to attend two podiatry appointmentghviurther

appointments offered if required.

A cost-utility analysis with health outcomes exmed in terms of quality-adjusted life years (QALY$)
accordance with the NICE (National Institute foraile and Clinical Excellence) reference case [13sw
undertaken. Cost-effectiveness in terms of cosfglleeverted was assessedforcomparison. Theuatiah took
the perspective of the NHS and personalsocialices\for a time horizon of 12 months; with costsganted in

UK pounds sterling at 2015 prices. A regressionra@ph on an intentiote-treat basis was used. The base-case
analysis was conducted on the dataset generatediliple imputation (MI) methods [14]. Sensitivignalysis
included complete-case (CC) analysis to test tipadan of excluding participants with missing datatbe final
results. All analyses and modelling were conduatestata 13.1 (StataCorp 2011, TX, USA).

Health outcomes

The primary outcome measure was QALYs. Thereforeddition to the participant-reported outcomescdbed

in the clinical paper[9], participants also conptthe EQBD-3L (EuroQoL Group Rotterdam, The Netherlands)
atbaseline, six and 12 months post-randomisative EQ5D-3L is comprised of five dimensions of health statu
(mobility, self-care, usualactivities, pain or chignfort, and anxiety or depression)with three sigvievels (no,
some, extreme problems/unable to) for each dimensibe EQ-5D has been recommended by The Prevention
of Falls Network Europe Consensus as a measuredithhrelated quality of life (HRQoL) in trials [[LAnd has
been used before in UK settings assessing HRQolicatppns of falls in older people [2]. The EEB-3L health
states were converted into utilities using a UKdmhsocial tariff [16]. A utility of one indicatesefect health, a
utility of zero indicates “as bad as death”,and negative utilities identify states considered worse than death. These
utilities were used to weight duration of surviaald estimate QALYs, that were calculated usingpttea under

the curve method [17] and were adjusted for baseitility [18].

Resour ce use and costs

Resource use associated with falls was collectexbpmctively using participant-reported questioresiat
baseline, six and 12 months. We collected infolmmatin resource use that we considered could patignglate
tothe interventionto allow us to assess the possibility that the prionisf the multifaceted intervention prevents
costs that would otherwidze incurred Hence we asked participants to report visits tmgny care professionals
(General Practitioner (GP) and GP nurse), commuaitse (occupational therapist), hospitalisationpdtient,
day-case, outpatient and A&E) and visits to pogtiatinics. The cost of the podiatry interventionsaassessed
based on the data collected as part of a basgipeimtment questionnaire and the podiatrist dataejpakich
included information directly related to the pod&tassessments and the intervention packagesestéiy the
participant (e.g. orthosis prescription, exercisegpamme and exercise equipment). Participantsatim to the
intervention would receive at least one baselisé o the podiatrist plus at least one follow-ygpaintment. The
first appointment was assumed to last for 1 hcwe;gecond appointment for 30 minutes and all teewere
assumedto be the same duration as a GP clinicuttatien (11.7 minutes). The cost for the visitssvestimated
according to NHS pay scales onthe Agenda for Chafog NHS podiatrist staffin England, Wales, Saotl and
Northern Ireland (https://healthcareers.nhs.uk/sgéry#Agenda_for_Change). Podiatrists deliveringe th
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intervention ranged from band 6 to band 8. The kase analysis includes only costs falling withie tNHS and,
hence, the cost of the provision of new footweas wat considered in the analysis. The total costeaeh

participant was estimated by multiplying each resewse item by their associated unit coJiable 1).

Handling missing data

Complete casedC) assessment excludes all participants with angings or incomplete data. To avoid biases
associated witlfCC analysis [19] incomplete data on cost and QALYsrewleandled using multiple imputation
analysis assuming the data were missing at rantoARj, via chained equations and predictive meanchiaty

[20, 21]. The same set of covariates as in thécelireffectiveness analysis was selected for tredyais (age, sex,
history of falls, centre, costs and utilities). Rub rules were used to combine point and variastanates across
imputed datasets, allowing the estimation of théedince in costs and QALYs between both groupse Fi
imputed data sets were generated as this has hemmed sufficient to obtain valid responses [22, R8kpite

MI being the most robust method to handle missiatadn economic evaluation, we analysed the patiérn
missing data following economic guidelines [24] @nsure that the pattern of REFORM data reflects the
assumption made for the base-case analysis (etg.adt@ MAR). The association between missingnesls an

baseline variables was explored by means of lagistiression.

Base case analysis
The base-case analysis was conducted on the imglatiedet on an intention to treat (ITT) basis, mcthded
only fall-related health care visits. Since the NiWB not cover the cost of the provision of nevofaear this

was not considered for the base-case analysis.

The cost-effectiveness of the intervention was udated by comparing the mean differences in exgectests
and QALYs between the two groups [25]. If the intartion (or usual care) is less costly and morectiffe, it
would ‘dominate’ the alternative and hence be considered cost-gféedt not, the incremental cost-effectiveness
ratio (ICER) would be estimated as the differencamnean total costs at one year divided by the réiffee in
mean total QALYs for the intervention compared swal care. The mean estimates and their 95% caortide
intervals (Cl) were generated by means of seeminglyelated regression (SUR) using bias correctedl an
accelerated (BCA) bootstrap methods. Accordingl@BN the cost-effectiveness threshold (e.g. quattit the
NHS is wiling to pay (WTP) per person for an additio@ALY ranges from £20,000 to £30,000 per QALY
gained. The ICER was also arranged in terms ofmoetetary benefit (NMB), which translate the hehlémefits
into monetary value using the cost-effectivenesssholds (e.g. incremental QALYs multiplied by therp
threshold) [26]. The intervention would be consé@tbcost-effective if the NMB were positive. Non-giaetric
bootstrapping was used to determine the level mp$auncertainty associated with the mean ICER dnegating
5,000 estimates of incremental costs and bensedfigesented graphically

in a cost-effectiveness plane and a cost-effecégsracceptability curve that shows the probabilitst the

intervention is more cost-effective than usual dara range of cost-effectiveness thresholds.

Cost per fall averted
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Cost-effectiveness was also estimated in termalisfprevented following guidelines for economiakation of
fall prevention strategies [27]This other form of analysis has the potential teisgthen the case for the
multifaceted intervention by exploring the cost fer averted and how this links to health careisgvThe
number of falls averted was estimated as the diffee in mean reduction in the fall rate betweenwloegroups

in the trial estimated as per the adjusted negativemial model.

Sensitivity analysis

Several sensitivity analysis were undertaken t@eas she impact of uncertainty on the economic extin. These
were conducted to test the robustness ofthe seasihg four scenarios: (i) restricting the anaysiCC, assuming
the data were missing completely at random (MCAR);MI by imputing HRQoL at an aggregated levelge
at QALYs level); (i) MI recalculating the averag®sts including both fall and non-fall resourceuand (iv)
MI from a wider societal perspective that includmbts incurred by the patients (e.g., cost of thees as a

personal expense for the patient).

HRQoL beyond thetrial

HRQoL was extrapolated to 5 years to explore handifferences in HRQoL evolve beyond the duratibthe
trial. We used a decision-model approacising evidence from REFORM trial - assuming (i) thwealth states
(alive and dead); and (ii) the initial podiatryamgention, when displacing usual care, is expetbecontinue to
bring gains of 0.0129 QALYs per patient per yead &rcur costs of £251 more per year when alive.(e.g

incremental cost estimates in the trial are correidléixed over the five years).

RESULTS

Patient population and missing data

The analysis was based on the 1010 trial parti¢gp@93 intervention vs 517 usual care). Twenty foarticipants
died during the trial [9 (1.8%) intervention vs #9%) usualcare]. The proportion of participanith complete
data decreased with follow-up: from 72.0% (bas&lines4.4% (12 months) for the intervention groapg from
71.8% (baseline) to 61.3% (12 months) for the usaia group. The missing data folowed non monatpaitem
(.e. there were participants with missing six nfodata but complete data at 12 months); showingcitraplete
case assessment would be, as a minimum, ineffi@gsnit would discard observed data from individuaith
some missing outcomes. The results of a logistadyasis regression showed that participants tha¢ wéter (OR
1.04; 95% CI 1.02 to 1.06), with lower EQ-5D at bl (OR 0.68; 95% CI 0.35 to 1.32), and thosh aihistory
of falling (OR 1.26; 95% CI 0.89 to 1.77) were mdikely to have missing QALY data. This suggestatithata
are unlikely to be MCAR.

Resour ce use and costs

In total, 413 out of 493 (83.8%) participants adleed to the intervention had at least one visithi® podiatry
clinic and 183 (37.1%) had at least two. A tota260® participants received a new pair of shoes ddweer a total
of 241 participants also received a pair of inso}sine red (n = 23), X-Line blue (n = 209) or kathotics

insoles (n = 9). They also received resistive thgfaands and therapy balls for the exercises. Mtexiention
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costonaverage £115.50 (SD £33.06), and £155.29£85.02) when the price of the shoes (societapertive)
was included (Table 2). On average interventiotigipants had more hospital admissions, outpatieits and
A&E attendances related to falls than usual camtigi@ants over the trial duration, but had on aggr fewer
falls-relatedvisits to the GP (Table 3). In total, 413/493 (83.8p@xticipants allocated to the intervention group
had at least one visit to the podiatry clinic, &i®3/493 (37.1%) had at least two. Costs associsitbdfalls-

related hospital inpatient stay and the intervantiself were the major cost drivers for the anslys

Effectiveness

Atbaseline, participants reported problems in itgh{59.7% intervention vs 56.9% usualcare) aath78.4%
intervention vs 56.6% usual care) more than in othmensions. The intervention showed a reductiothe
number of participants reporting problems from lineeo 12 months both for mobility (11% interveottivs 1%
usualcare) and pain (15% intervention vs 10% ucara)). The likelhood of remaining in perfect bkalecreased
over time; however the reduction in the numberartipipants in perfect health in the interventiaoup (7.4%)
was lower than for the usual care group (17.7%)e d&ta also showed that improvement in anxetyfkegion
was proportionally greater than the other dimensjasspecially in the intervention group: 19% redarctin
number of participants reporting anxety problemsmpared to 1.5% reduction in the usual care group
Participants in the intervention group started franower baseline utility on average (0.67 inteti@mvs 0.70
usual care); differences in HRQoL were very smalioas the 12 month follow-up and the 95% Cls oypeda
each time point (Figure 1). At the end of the tridde difference in QALYs (intervention usual care) when
controlling for baseline utility (for available ces:n=377 intervention vs n=415 usualcare) shawadrginally
higher QALY gain for the intervention group (0.0GALY gain; 95% CI -0.009 to 0.026).

Cost-effectiveness and uncertainty

The incremental analysis (Table 3) shows that cerage, the intervention cost £252.17 more per gyaatit
when compared to usual care (95% CI £-69.48 to.BBB9but yields slightly greater benefits, namél@12 of
a QALY (95% CI -0.00 to 0.03) when adjusted foralariates (including baseline utility). Therefotiee ICER
for the base case analysis was estimated at £1pd0ddditional QALY. In orderto take uncertaiirtio account,
the paired bootstrapped costs and QALYs were mlotte the cost-effectiveness plane and the corredipgn
probability that the intervention is more cost-effee than usual care in a cost-effectiveness aeddipy curve
was presented graphically (Figure 1). The proktghilf the intervention being cost-effective is 65%the £30,000
NICE WTP threshold. Several sensitivity analysesewendertaken to test the impact of different agstioms
about costs and imputation (Table 4). None of thasalyses markedly changed the ICER or the prababfl

cost-effectiveness, except the complete-case whiticated that the Intervention was dominated byalsare.
Cost per fall averted
The intervention was both more costly and morecgiffe (mean incremental effect 0.19 falls avertedgerson

year; 95% CI -0.05 to 0.44) than usual care, witingremental cost per fall averted of £1,253.82ER).

HRQoL beyond thetrial



282 At year five the difference in HRQoL between the&eivention and usual-care groups observed in thkewas
283 predicted to remain higher for patients allocatedhte intervention group (0.0117 QALYs) than theialcare
284  group. The expected incremental cost-effectivermdsise podiatry intervention was £21,460 per QALXirged.
285

286  DISCUSSION

287

288 REFORM is the largest study to evaluate the cofetcBfeness ofa multifaceted podiatric programmeetiuce
289  therisk of faling. Over the 12 month follow upe podiatric programme cost£252.17 more per pgetit than
290  usual care, but led to an average improvement @f20.QALYs. These findings suggest that the podiatri
291  programme costs £19,494 for every additional QALXngd. Therefore, given the NICE WTP threshold, our
292 base-case results suggestthat, on average, thefmodrogramme could represent a cost-effectise of NHS
293 resources. However, the uncertainty around thedsiimates means that the probability of the irgation being
294  cost-effective is 65% for a threshold of £30,000 QALY gained.

295

296 REFORM was a pragmatic trial conducted across itexs shat adhered closely to its novel design (aodo
297 randomised trial), which aimed to reduce the inc@keof attrition, and provided a robust designtaleate this
298 podiatric intervention. The engagement of partiojsawith the intervention was high, with 84% ofantention
299 participants attending at least one trial podiajrpointment. Intervention participants were aske8, & and 12
300 months post-randomisation how many times a week tigpically undertook the prescribed foot and ankle
301 exercises. At 12 months, compliance with the éxercomponentwas reasonable (29% reported pernfgrithie
302 exercises at least three times a week, and 75%gaat bnce a week). An instrumental variable CAQRNesis
303 approach was used for the primary trial analysiadoount for non-compliance with the interventidefined as
304 not attending a trial podiatry appointment). listinalysis, the intervention was seento haveginaly greater
305 effect than in the ITT analysis (incidence ratéor&86, 95% Cl 0.69 to 1.06; p=0.16).

306

307 There are a number of potential limitations withr analysis to note. The first caveat relates toptoblem of
308 missing data. This is a common problem in trialdth®conomic evaluations that is amplified wheredhae
309 frequent assessments, as here. The difficultiedemling with missing data are driven by the facttthe true
310 mechanism is usually unknown given the observed.ddte pattern of missing data was analysed acopidi
311 economic guidelines to ensure that REFORM data sdpbe main assumption that drives the MI mechm@nis
312 assumed for our base case analysis. This analyeisssthat data is unlikely to be MCAR, which inriiguggest
313 that CC analysis might lead to biased estimateg. dralysis also showed that missing data followatbn
314 monotonic pattern, indicating that even if completse analysis wagnbiased, it would be inefficient as it
315 discards observed data from patients with someimgissutcomes. Finally the fact that outcome capreelicted
316 by baseline variables suggestthat Mlis the begta@ach forthe analysis, as it can handle non-mmio missing
317 data while incorporating the uncertainty arounduhebserved data and maintaining the correlatiomcsire. It
318 is therefore very unlikely that assumptions regardmigsing data will change the conclusions of theebease
319 analysis.

320



321 The second limitation relates to the duration @fsbudy, as one year might be considered too shvaxtcount for
322 any differences in costs and HRQoL that might hgeeted with such an interventiofhe analysis shows that
323 the podiatry intervention has a positive impactHiRQoL as measured by the EQ-5D, providing improlesels
324  of mobility and anxiety and depression in the imégrtion group. Furthermore the improvement in ayxend
325  depressionwas proportionally greater than theratineensions. This might be a chance finding bigt fiossible
326 thatthe added reassurance of contact with a hpaitiessional, or a decreased likelihood of experiey at least
327 one fall, togetherwith the improved levels of nibpi may have led to a decrease in anxety initiiervention
328  group. Although cost-effectiveness was demonstratesked on QALYs gained and not necessarily on riaduc
329 falls, falls could potentially have a negative effect on patients’ HRQoL, and any intervention to improve this is
330 worthy of consideration. In order to account foe timitation related to the duration of the triag¢ wxplored how
331 the differences in HRQoL observed in REFORM may lew®eyond the trialThe extrapolation of the within
332  trial HRQoL estimates indicates that the podiattgivention remains cost-effective at five yearsnbtheless,
333 the value for money of the intervention decreasiéls time, as this was only a conservative projectibat
334  excludes potential costs savings associated watintkervention. It is notable, however, that adapgoportion of
335 the intervention costs are incurred during thet fygar. Furthermore, the mean incremental effectthef
336 intervention (e.g 0.19 falls averted per persorrlyeaserved in the study, which might be interpdess only
337 slight clinical significance, was obtained withinaremental cost per fall averted of £1,253.82telms of value
338 for money, this spending on the care of falls mayoaint for approximately 26 visits to a podiatlistsed on
339 current NHS reference cosfEhis also shows that there are other potential€agings that can emerge from the
340 trial that make it more likely that the interventiaould yield long-term cost savings for the NHS.

341

342 REFORM findings to some extent support those ofiS@ind colleagues [5], however this study did netide
343 an economic evaluation. To the best of our knowdetiigere isnoevidence that specifically focusses on the cost-
344  effectiveness of podiatry-related programmes imati@h to falls prevention. Previously reported emmit
345 evaluations have mostly looked at exercise progr@maded on the homeased “Otago Exercise Programme”
346 [28-32] which has been proven to be cost-effective in freaged over 80 years. Similarly there is a forraiba
347 to consider exercise programmes as a cost-effedtitervention in reducing fall-related injuries amgp
348 community-dwelling older women [33]These evaluations have reported cost-effectiveimetesms of cost per
349  fall averted. However there are concerns aboubttieof ability of cost-effectiveness analysisnform decision
350 makers on whether the strategy for fall prevent@presents good value for money compared to o#tthcare
351 programmes. Cost-utility analysis, based on QALY®hich capture the value of improvements in motgidind
352 mobility - can facilitate the comparison of diffatehealth care interventions and therefore areptieéerred
353 method to guide resource allocation within the theahre systems. The results of previous costyutihalyses
354 have found group-based exercise programmes to beetfective for fall prevention for patients aghirisk of
355 faling (e.g. previously fallenf34] and for older women [35]t is difficult to assess howthese economic areslys
356 compare with our analysis as there are essenffialetices in the methodmterventions and comparators, and
357 populatiors across studies. However, a Cochrane review lookihélls prevention strategies (none of which
358 were simiar to the multifaceted podiatry intervient investigated in REFORM) concluded that, similar
359 REFORM, there was some evidence that these wetesewing during the trial period and could be cefféctive

360 overthe participant remaining lifetime [36]
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There is a need to identify cost-effective meanspi@venting falls to guide appropriate use oftémai NHS
resources. From this analysis, we conclude thaptitiatry programme could represent a cost-effeabigtion
within the NHS to reduce the risk of faling amoalgler people. In terms of clinical practice, thisralso potential
for the cost of the intervention to be further redd if podiatry assistants ratherthan the podiatmdertook the
assessment of participant’s footwear, and measuring, ordering and fitting of new footwear. However, the
differences in benefits between the podiatry ine@tion and usual care are small and although tieeviention is
more cost-effective than usual care, decision nsakbiould be aware of the uncertainty associatddowit results.
Despite the promising results, future researctoog kermimpact of the intervention on HRQoL andtsovould

strength the results of the current economic etmloa
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