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Introduction

In developeatountriesincluding Canadalife expectancamongindividuals65yearsandolder
hasgrowndueto healthtechnologyinnovationsandadvancementis public healthamong
otherfactors[1, 2]. The populationaged6Oandolderworldwideis expectedo growfrom 901
million in 2015to 1.4billion in 2030[1]. Theriseof the agingpopulationis associatedith
increasedhewcase®f cancerdementiaand mentalilinessamongothers[2]. Olderadultsaged
65+7%nd80+yearshaveon average or 4 chronic conditions,respectively2]. Themanage-
mentof newcaseandexistingconditionswill requiresubstantiahealthcareresource$l].
Electronichealth(eHealth)technologiesitilize information and communicationtechnolo-
giesto managehealth,delivercare andmanagehe healthcaresysteni3]. eHealthtechnolo-
giescanplayarolein allowingseniorso live athome[3], while increasinghe efficiencyof the
healthcaresystemFor exampletheymayreplaceace-to-faceneetingswith healthcarepro-
fessionalandprovidepatienteducationcounselingservicesacces$o data(and/or collection)
andenablehealthinformation sharing.In addition, theycanfacilitatepatientmonitoring (and
support),clinical examinationdiagnosisandtreatment[3]. Thesaechnologiesanbring the
healthcareproviderandhealthsystento the patienttherebyenablingpatient-orientedcare.
Economicevaluationganinform healthcaredecisionmakersaboutefficientallocationof
scarceesourceso improvehealthoutcomesCost-effectivene4€E) and cost-utility (CU)
studiesareusuallyusedby decisionmakersfor valuepropositionof anovelhealthtechnology
[4]. CEand CU analyseguantify costsand consequencassinghealthoutcomeqe.g.life years
savedr functionalimprovement)and quality-adjusted-life-yeaf®QALYSs),respectively4].
In the comparisorbetweertwo potentialhealthtechnologie®r otherinterventionstheincre-
mentalcost-effectivenesatio (ICER) quantifiesthe differencein cost(AC) divided by the dif-
ferencen their effect(AE) [4]. An interventionis considereccost-effectivéf the ICER(AC/
AE)is lesghanapredeterminednaximumamount()) the payeris willing to pay(WTP) for a
gainin healthoutcome(i.e. AC/AE <)) [4]. Healthcaredecisionmakersmostwidelyusethe
ICERto makedecisionn adoptionandreimbursemenbdf healthtechnologie$4]. Theobjec-
tive of this studywasto systematicallyeviewandappraisehe quality of CEor CU studies
assessingHealthtechnologie$n studypopulationsinvolving olderadults.Moreover,we
examinedhe literatureto know whetheranyconclusionon CEor CU canbemadeon theuse
of eHealthtechnologiedn olderadults.

Methods

Literature search strategy

This systematiceviewis reportedin accordancevith thereportingguidanceprovidedby the Pre-
ferredReportingltemsfor Systemati®keviewsand Meta-Analysi{PRISMA)statemen{5]. An
experiencedhealthsciencdibrarian searchedhe literature publishedbetweenlanuaryl®, 2000to
October4™, 2016in thefollowing electronicdatabaseddedline, EMBASECINAHL, NHSEED,
andPsycINFOInnovationsin eHealthtechnologiehaveevolvedconsiderablyvertheyears;
thereforewedecidedo limit theliteraturesearcho articlespublishedin 2000or later. Thesearch
usedtextwords'assistivéechnology',sociallyassistiveobots','mobile health', mobile robot,
'smarthomesystem’;telecare'telehealth’telemedicine”wanderpreventionsystems'mobile
locatordevices"gps',locationbasedechnology’;mobile apps',;mobile application’,cellphone’,
'‘webbased'jinternet’,'mhealth’,m health',”eHealthbr 'e health'crossreferencedvith ‘older
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adult','elderly','seniors' or 'older patient'and'costeffective',costutility’, or 'economicevalua-
tion', S1Text. Thereferencdistsof theincludedstudiesnverehandsearchedo identify additional
publications.

Selection of studies

Thisreviewfocussean studieghat conformsto PICO (population,intervention,comparison,
andoutcomeskriteriaolderadults,eHealthtechnologiesstandardor usualcareand ICER,
respectively6, 7]. Thereforethis reviewfocusedon the ICERasthe outcomeof interest.
Tworeviewergevieweditles,abstractsandfull textarticles Titlesandabstractsvere
screenedor relevancédasen theresearchguestion Any articlesthat metall of theinclusion
criteriawereretainedfor full textreview.Thereviewersndependentlyreadfull textof eligible
articles Disagreementa/ereresolvedoy consensubetweerthetwo reviewerswheretheydid
not reachconsensushis wasadjudicatedoy athird reviewer.
Followinginclusion/exclusiorcriteriawereconsideredo identify relevantstudies:

Inclusioncriteria-
1.Peerreviewedstudiespublishedn English.

2.CEor CU studiesof eHealthtechnologieshat wasconductedalongsideaclinicaltrial or
basedn simulationmodeling.

3. Studypopulationincludedolderadultsthatis, individualson averagagedéOyearsor older.
Exclusioncriteria -

1. Lettersto the editor, conferencebstractsteviewarticleswithout original data,or greyliter-
atureand/orreports.

2.ICERnNot reported.

3.Costanalysistudieq(i.e.studiesvhich measurer comparedcostswithout health
outcomes).

Data abstraction

Dataabstractiorfor eachof the studiesn the reviewincludedthe following information:
country,yearof publication,intervention,comparator diseaseneanage samplesize effi-
cacy-effectivenestudydesign CE or CU method,perspectivetime horizon,yearof costing,
ICER,andfunding source.

Quality assessment

We usedthe ConsolidatedHealthEconomicEvaluationReportingStandard§CHEER S ktate-
mentto appraisehe quality of reporting of the studieq8]. The CHEERSstatementncludes
24itemsthat appraisesn articleon thefollowing criteria: (i) title andabstract(ii) introduc-
tion, (i) methods(iv) results(v) discussionand(vi) funding andconflict of interest[8].

Results
Overview of studies included

Of the 1474recordsidentified afterremovingduplicates 14 potentiallyrelevantfull textarti-
cleswerereviewedor eligibility, of which 11 studiesmetour eligibility criteriaandwere
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includedin thereview(Fig 1). Theeffectivenesgr efficacy)dataof two CE studiesverebased
on observationastudiesandtherestwerebasecdn singlerandomizedcontrolledtrials,
Tablel. Themeanagerangeof the studypopulationfor interventionand control groupswere
64.5to 75.9and 64.2to 73.2yearsrespectivelyTablel. Thesamplesizedn theintervention
andcontrol groupwere(n = 24to 1699)and (n = 21to 1692) respectivelyJablel.

eHealthtechnologie®valuatedveretelehealt9+12],acomputerizeddecisionsupport
systen{13], telemonitoring[14, 15],web-baseghysicalactivityintervention[16], telecare
[17], andinternetdeliveredcognitivebehaviortherapy(iCBT) [18, 19] comparedwith usual
(or standard)carein patientswith diabeteg9, 13,16,17],congestivéneartfailure[14,15,17],
cardiovasculadiseas¢l1,12],coloncancef16], breasttancel16], acutemyocardialinfarc-
tions[16], stroke[16], chronic obstructivepulmonarydiseas§10], generalizednxietydisor-
der[18], anddepressior19]. Thesestudiesvereconductedrom the perspectivef public
healthcaresysten(i.e. The Netherlandg13, 16], Canadd15], United Kingdom[11,12,17],
Spain[10], and Australia[18,19]). Two studiesusedsimulationmodeling[11, 16], nine stud-
iesusedstatisticalregressionjnodeling[9, 10,12,14,15,17+19] andoneusedboth simula-
tion andregressionmodeling[13] to predictcostsand QALYs.Thetime horizon of analysis
were4-months[10], 1-year]9, 12,14,15,17+19] 5-yearq16], 10-yearg16], andlifetime[11,
13,16]. Thechoiceof time horizon usedin the analysisvasnot justified by thesestudiesMost
of the studiesncludedin thereviewwerefundedby publicagencie$9+12,16,17],followed
by non-profit organisation18, 19], private[13], and mixed (privateand public) [14].

Quality assessment of the included studies

Thereporting quality of the studieds presentedn Tables?, SlandFig 2 whichreflectsthe
strengthsandlimitations of thesestudies The major findingsaresummarizedelow.

Study objective, population characteristics and comparators. Thefindingsof aCEor
CU studymayvarybasedn the characteristicef the populationincludedin astudy.Most of
the studiesncludedin thereviewclearlystatedtheir objectivesand populationcharacteristics.
Onestudydid not clearlystatethe studyobjective[16], two studiesnadequatelylescribed
studypopulationcharacteristic§l0, 17]. Four studiedid not clearlydescribehe comparator
(e.g.usualcare)againswhich theinterventionof interestwascompared10+12,15].

Study perspective. Theperspectivef astudyguidesthe costcomponentsaandoutcomes
to beevaluatedy astudy.Most of theseconsideredhe healthcareperspectivehencethe
broadersocietaperspectivevasnot representedTwo studiesdid not clearlystatethe perspec-
tive of the study[9, 16]. However thereportingindicateshesestudieq9, 16] weremostlikely
conductedrom the healthcaresystenperspective.

Source of efficacy or effectiveness data. All includedstudiesverebasedn singleexperi-
mental[10+19]or non-experimental9] study.Thestudydesignto evaluatehe efficacyor
effectivenessf theseechnologiesvasadequatelylescribedwvithin theword limit of thejour-
nals.However thesestudiesdid not clearlystatewhy singleefficacyor effectivenesstudywas
usedto understandvhetherthe bestavailableevidencevasconsideredor the decisionprob-
lem addressethy the study.Further,experimentatlesigncomprisedof randomizedcontrol
trials (RCTs)[10,13+16,18,19] and pragmatictrials[11,12,17]. Of note,in contrastto RCTs,
pragmatictrials havegreaterexternalvalidity which betterreflectsrealworld scenarios.

Preference based health outcomes. All studiesmeasured)ALYsto quantity healthout-
comespertainingto theinterventionof interestandthe comparator Most studieq9+12,14,
15,17+19]reportedthe preferencédasednstrument(e.g.SF-36or EQ-5D)usedto generate
QALYs.In addition,fewstudieq11,12,14,18,19] havereportedusingcountry specificvalue
setdo reflectthelocalcontext.Thesestudiesdid not clearlystatethe preferenceelicitation
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Fig 1. Study selection and identification flowchart.
https://abi.org/10.1371durnal.por.0198112.g0L

methodsusedby theinstruments(e.g.standardgambleor time tradeoff) to realizewhether
theinstrumentcanadequatelyepresentiecisionunderuncertainty[4].

Measurement of resource use and costing. Fewstudieq10,14+1618,19] clearly
describechealthcareresourcauseand costcomponentsonsideredo addresgheir research
question.Theyearof costingto addressnflation wasreportedby mostof the studieg10+12,
14+17]Thesestudieddid not clearlystatewhethercostingwasbasedn top-downor micro-
costingwasnot clearlystatedcby thesestudieq 7]. Thereviewidentified selectiveeportingon
healthcareresourcaiseand costcomponentdy the studies.

Methods for base case and uncertainty analysis. Theincludedstudiesanalyzedatient
leveldatato estimatehe ICER.Studieshaveusedeitherregression9, 10,12,14,15,17+19],
simulationmodeling[11, 16] or both [13]. Thesestudiesusedvariousregressionmethodsto
addresspecificdatarequirement(e.g.clustering correlationbetweerthe error termsand
costsor QALYsetc.).Two studieq13, 14] reportedthe influenceof patientsubgroupson the
ICER.Thesestudiesusedbootstrappingo estimate95%confidencentervalto reflectthe
uncertaintyassociatewith the estimate.

Themodelbasedstudieq11,13,16]did not clearlydescribehe methodsusedto estimate
modelparameterdljst of parametersnd statetransition probabilitiesusedto developthe
model.Schematicepresentatiorof the modelindicating healthstatetransitionsconsidered
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Table 1. Characteristics of the included studies.

Author, Intervention vs. | Disease Mean Sample | Efficacy- Modeling | Perspective | Time Year of |ICER Funding
country, year | comparator age, size effectiveness | method horizon costing source
years study design
(SD)
Barnettetal., | Care Chronic 68.2 370 Pre-post Regression| NR 1-year NR $60,941 Public
USA,2007[9] | coordination/ diseasée.g. | (9.2) analysis analysis IQALY
hometelehealth | diabetes)
(CCHT)
Cleveringa | Diabetexare Diabetes DCP- DCPDB | RCT Micro- Dutch Lifetime NR €38,243 Private
etal., The program(DCP) 65.2 1699 simulation | healthcare IQALY
Netherland, | vs.Usualcare (11.3) |uUCb and
2010[13] (Uc) UC-65.0| 1692 regression
(11.0) analysis
Boyneetal., | Telemonibring | Congestie | TMD TMD RCT Statistical | Dutch 1-year 2008 | 40,321 Publicand
The (TM) vs.Usual | heartfailure | 71.0 197 method healthcare IQALY private
Netherland, | care(UC) (11.9) |uUCb
2013[14] ucp 185
71.9
(10.5)
Cuietal., Standarccare Congestie | Overall | HLD61 | RCT Regression | Healthcare | 1-year 2005 | $2,975/ NR
Canada2013 | + HealthLines | heartfailure | B75 HLMD analysis QALY
[15] (HL) vs. 12) 58 SC
Standarccare SCDb55 dominated
+ HealthLines by HL and
+in house HLM
monitoring
(HLM) vs.
Standarccare
(8C)
Peelstal., Print delivered | Metabolic Printb | Printb | RCT State NR Lifetime |2011 | Print- Public
The instructions equivalets | 63.1, 439,435 transition 7,500/
Netherland, | (Print) vs. of physical | 64.0 Webb simulation QALY
2014[16] Webdelivered | activityfor (8.7, 423,432 modeling Web-
instructions chronic 9.4) ucb 10,100/
(Web) diseases Webb | 411 QALY
Vs. 61.8,
Usualcare(UC) 60.8
(7.1,
7.5)
uce
64.2
(9-5)
Henderson | Telecar€TC) vs. | Chronic 65+742 | TCb Pragmatic Regression| National 12-months| 2009- | £297,000/ | Public
etal.,UK, Usualcare(UC) | diseasée.g. 1276 RCT analysis Health 2010 | QALY
2014[17] diabetes, ucb Serviceor
heartfailure 1324 local
etc.) authorities
Author, Intervention vs. | Disease Mean | Sample | Efficacy- Modeling | Perspective | Time Yearof | ICER Funding
country,year | compardor age, size effectivenss | method horizon costing source
years studydesign
(SD)
JoAdar-Sa | Teleheah (TH) | Chronic THD THB24 | RCT Statistical | National 4-months | 2014 | 223,726/ | Public
Ancheertal., | vs. obstructve | 74.4 CGb21 method Health QALY
Spain 2014 | Control group pulmonary | (7.6) Service
[10] (CG) disease CGb
70.8
(10.4)
(Continued)
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Table 1. (Continued)

Author, Intervention vs. | Disease
country, year | comparator

Dearetal., Internet Generalzed
Australia, deliveredCBT anxiety
2015[18] (iCBT)vs. disorder
Waitlist control
(WC)
Titov etal., Internet Depression

Australia, deliveredCBT
2015[19] (iCBT)vs.
Waitlist control

(We)
Dixon etal., | Healthlines Cardio
UK, 2016[11] | servicet usual | vascular
care(HL) vs. disease
UsualCare(UC)
Dixon etal., | Healthlines Cardio
UK, 2016[12] | servicet usual | vascular
care(HL) vs. disease
UsualCare(UC)

Mean Sample | Efficacy- Modeling | Perspective | Time Year of |[ICER Funding
age, size effectiveness | method horizon | costing source
years study design
(SD)
iCBTD |iCBT+ | RCT Regression | National 12-months| NR $8,806/ Non
65.4 35 analysis health QALY governnent
4.7) WCb provider organizaton
wecb |37
65.5
(5.8)
iCBTD |iCBTB | RCT Regression | National 12-months| NR $4,392/ Non
64.5 27 analysis health QALY governnent
(2.6) WC+25 provider organizaiton
WCBb
66.2
(3.8)
Menb | HL-325 | Pragmatic Regression| UK Lifetime | 2012- |£2,091/ Public
67 UC-316 | RCT analysis National 2013 | QALY
Women Health
D69 Service
67.2 HL-325 | Pragmatic Cohort UK 12- 2012- | £10,859/ | Public
UC-316 | RCT simulation | National months 2013 | QALY
model Health
Service

SDbstandad deviation,RCTBrandomizedcontrol trial, ICERzincrematal costeffectivenesratio, NRBnot reported QALYDquality adjustedife year,” most

commonagegroup

https://da.org/10.1371durnal.pon®198112.t001

andpotentialtransitiontrajectoriesverenot reported.Inadequateeportingwasobserved
with regardto uncertaintyanalysigdeterministicor probabilistic)[11,13,16]. For probabilis-
tic sensitivityanalysighe parametedistributions,rangesetc.usedto assessncertaintywas
not reported[11,13,16]. Theuncertaintywith the datawasreflectedoy 95%confidencenter-
val. Costeffectivenesacceptabiliticurveswerereportedto highlightthe probability of the
eHealthtechnologybeingCE at varyingthreshold=of willingness-to-pay11, 16].

Discussion

CEor CU studiesareimportant to assesthe valuefor moneyof novelhealthtechnologiesnd
arewidelyusedfor the adoptionandfunding decisionsy governmentsstakeholderdgnsur-
ers,andhealthpolicy makerdq4, 7]. This studysoughtto systematicallyeviewand critically
appraisehe existingliteratureon CEor CU of eHealthtechnologiesnvolving olderadults.
Eleverstudiesincludedin thereviewevaluatedrariouseHealthtechnologiesndcomparators
in the managementf chronicdiseasessingdifferentoutcomesThe CHEER Sstatemen{8]
helpedassesthe quality of reporting of thesestudies.

Most of the studiesincludedin this reviewusedthe clinical evidencegeneratedby asingle
RCT.Thereforegeneralizabilityf findingsis limited sinceRCT'sarecontrolledstudiesand
may not representoutine clinical practicewell. The majority of the studiedackeddetailed
descriptionon unit costsdatasourcesand costcalculationsThe methodologyusedto calculate
costscansignificantlyinfluencethe overallcostestimatesit is possibleheword limit of journals
may preventauthorsfrom providing detaileddescriptionof healthservicesesourcause corre-
spondingunit cost,and costcalculation However reportingthesedetailscanhelpdecision
makersunderstandvhatcostswereconsideredor the analyseandthe extentto whichtheyare
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Table 2. Quality assessment of included studies using CHEERS statement.

Section/item Percentage (%) of studies
Adequately Inadequately Not Not
reported reported reported applicable
Title and abstract Title 100 - - -
Abstract 100 - - -
Introduction Backgroundand Objectives 91 - 9 -
Methods Targetpopulationandsubgroups 82 18 - -
Settingand Location 100 - - -
Studyperspective 82 - 18 -
Comparators 64 - 36 -
Time horizon 100 - - -
Discountrate 27 - - 73
Choiceof healthoutcomes 100 - - -
Effectivenes 100 - - -
Preferencealuation 55 36 9 -
Estimateresourceandcosts 64 9 27 -
Currency,pricedate,conversion 64 - 36 -
Choiceof model - - 27 73
Assumptiors 18 - 9 73
Analyticalmethads 64 27 9 -
Results Studyparameters - - 27 73
Incrementalcostsandoutcomes 100 - - -
Uncertaintybsinglestudyor modelbased 64 18 18 -
Heterogemity 27 - 73 -
Discussion Studyfindings/limitations/generzability/current knowledge 100 - - -
Other Sourceof funding 91 - 9 -
Conflictof interest 73 - 27 -

https://da.org/10.1371durnal.pon®198112.t002

pertinentto their settingsMost of the studiesusedatime horizon of 1-yearandfailedto assess
long-termcostsand QAL Ys.Further,therationalefor the choiceof time horizon for the analy-
seswasnot statedby thesestudiesThe choiceof time framemayinfluencestudyfindings.
Giventhatthesestudiesnvereconductedn patientswith chronicdiseaseslongertime horizon
will bepreferredto adequatelyepresentong term healthservicesise costsand QALYSs.

Studieddentifiedin this reviewwereconductedn variouscountries,in the contextof
thosecountries’healthcaresystemsApplying resultsfrom differing contextsis difficult dueto
variationsin clinical practice unit costshealthcaredelivery,andperspectivef analysis,
amongothers.Consistenacrosstudiesvasalackof reportingon the feasibilityof adopting
theseechnologie®asedn economicandorganizationafactors For examplewhetheradopt-
ing thesetechnologiesvill leadto anincreasen healthcarespendingor in resourcesor staff
training andchangemanagemenfamongothers)wasnot discussedsuchinsightwill help
decisionmakersto decideupon variousscenarioto considerwhile adoptingandimplement-
ing the noveltechnologyinto their specificcontext.

Therearelimitations associate@ith this systematiceview.First, peer-reviewedtudies
publishedin Englishwereconsideredor this study.Therefore studiegpublishedin otherlan-
guagesvereexcludedoy our searchstrategySecond, our eligibility criteriawasmetby eleven
studieshat evaluated rangeof eHealthtechnologiesn the managemenof chronicdiseases.
Thereforewewerenot ableto categorizeeHealthtechnologiedy the typeof technologyor
diseasenanagementMoreover,includedstudieswvereof varyingmethodologicatigor
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makingit difficult to comparestudyfindings. Third, this reviewincludedCE or CU studiesof
eHealthtechnologieshatincludedolderadults.Thereforejnclusionof otheragegroupscan
potentiallyresultin morearticles Finally, wedid not reviewthe greyliterature.

In light of the limitations of the existingevidencemoreresearcton the cost-effectiveness
of eHealthtechnologiess warranted Futurestudiescanpotentiallyconsiderthefollowing:
conformto reporting statemen{8] to demonstratenethodologicatigor, meta-analysigdata
permitting) to synthesizé¢he clinical evidenceor userealworld data,descriptionsof valuation
of healthservicesiseand correspondingunit costsand costingmethodologyadequateharac-
terizationof uncertaintywith studyfindings usingdeterministicor probabilisticanalysisanal-
ysisfrom differentperspectiveanduseof longertime horizonsaccountingfor various
pathwaysisedin routine diseasenanagemenf20]. In orderto supporthealthyagingin place,
it will alsobehighly relevantto evaluatehe cost-effectiveness usingeHealthtechnologieso
deliverintegratedcarein olderadultsaffectedoy Alzheimer'sdiseasearthritis, and other
chronicdiseases:uturestudiesmayextendtheir analysideyondsingle-point-in-time°[21]
technologyadoptiondecisionmaking[20, 21] andaddressjuestionsrom variousperspectives
(stakeholderpatient,public, healthsystempayerand/or industry) basedn the context[22],
continuum of careandlife cycleevaluatiornof ahealthtechnology[20].

Conclusions

eHealthtechnologiegsanbeusedto provideresourcesfficientpatient-orientedcare . This
reviewidentified growinguseof thesetechnologiesn the managemenof chronicdiseasem
studypopulationsincluding olderadults.Giventhe limitations of thesestudiesthereis alack
of convincingevidenceo concludewhetherthe useof eHealthtechnologies$o deliverhealth
careto olderadultswill demonstratevalueat anyacceptabléevelof investmentlt isimportant
to improvethe methodologicatigour andreportingof CE or CU studiessothat decisiongo
useeHealthtechnologiesreinformed by convincingevidenceof avalueproposition.In
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addition, studiesshouldevaluatehe long-termclinical and cost-effectiveness theseechnol-
ogiesalongthe continuum of carefrom healthcareand/or societaperspectives.
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