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Abstract 

BackgroXnd:​ As a core component of harm reduction strategies to address the opioid crisis, several countries have 

instituted publicly-funded programs to distribute naloxone for lay administration in the community. The 

effectiveness in reducing mortality from opioid overdose has been demonstrated in multiple systematic reviews. 

However, the economic impact of community naloxone distribution programs is not fully understood.  

ObjecWiYeV ​: To conduct a review of economic evaluations of community distribution of naloxone, assessing for 

quality and applicability to diverse contexts and settings. 

DaWa SoXrceV: ​The search strategy was performed on MEDLINE, Embase, and EconLit databases.  

SWXd\ EligibiliW\ CriWeria and InWerYenWionV: ​Search criteria were developed based on two themes: (1) papers 

involving naloxone or narcan, and (2) any form of economic evaluation. A focused search of the grey literature was 

also conducted. Studies exploring the intervention of community distribution of naloxone were selected.  

SWXd\ AppraiVal and S\nWheViV MeWhodV:​ Data extraction was done using the BMJ Guidelines for Economic 

Submissions, assigning quality based on the impact of the missing or unclear components on the strength of the 

conclusions. 

ReVXlWV: ​A total of nine articles matched our inclusion criteria: one cost-effectiveness analysis, eight cost-utility 

analyses, and one cost-benefit analysis. Overall the quality of the studies was good (six of high quality, two of 

moderate quality, and one of low quality). All studies concluded that community distribution of naloxone was 

cost-effective, with an incremental cost-utility ratio range of $111 to $58,738 USD (2020) per quality-adjusted life 

year gained.  

LimiWaWionV: ​Our search strategy was developed iteratively, rather than following an a priori design. Additionally, 

our search was limited to English terms. 

ConclXVionV and ImplicaWionV of Ke\ FindingV: ​Based on this review, community distribution of naloxone is a 

worthwhile investment, and should be considered by other countries dealing with the opioid epidemic.  
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Community Distribution of Naloxone: A Systematic Review of Economic Evaluations 

 

Introduction 

The WRUld HealWh OUgaQi]aWiRQ eVWiPaWeV WhaW aSSUR[iPaWel\ 115,000 SeRSle died Rf RSiRid RYeUdRVe 

glRball\ iQ 2017 [1]. CRPPRQ RSiRidV iQclXde PRUShiQe, h\dURPRUShRQe, R[\cRdRQe, heURiQ aQd feQWaQ\l [2]. 

OSiRidV aUe XVed Pedicall\ fRU SaiQ Uelief aQd aQeVWheVia, bXW caQ be highl\ addicWiYe. OSiRid RYeUdRVe caQ lead WR 

acXWe UeVSiUaWRU\ aQd QeUYRXV V\VWeP deSUeVViRQ, leadiQg WR deaWh [3]. SeYeUal cRXQWUieV, SaUWicXlaUl\ ZiWhiQ EXURSe 

aQd NRUWh APeUica aUe faciQg aQ RSiRid cUiViV, e[SeUieQciQg VWeeS iQcUeaVeV iQ RSiRid-UelaWed deaWhV. IQ Whe UQiWed 

SWaWeV Rf APeUica (USA), Whe QXPbeU Rf deaWhV dXe WR RSiRid RYeUdRVe iQcUeaVed b\ 120% beWZeeQ 2010 aQd 2018 

[1]. MRUeRYeU, Whe COVID-19 SaQdePic haV e[aceUbaWed Whe RSiRid cUiViV. IQ CaQada, Whe QXPbeU Rf RSiRid-UelaWed 

RYeUdRVe deaWhV iQcUeaVed b\ RYeU 50% fURP ASUil WR JXQe 2020, iQ cRPSaUiVRQ WR JaQXaU\ WR MaUch 2020 RU iQ 

cRPSaUiVRQ WR ASUil WR JXQe 2019 [4]. IQ Whe USA, Whe higheVW QXPbeU Rf RYeUdRVe deaWhV eYeU UecRUded iQ a 12 

PRQWh WiPe fUaPe RccXUUed dXUiQg Whe COVID-19 SaQdePic, ZiWh VRPe jXUiVdicWiRQV VeeiQg aQ iQcUeaVe Rf XS WR 

98% [5].  

IQ UeVSRQVe WR WhiV cUiViV, PaQ\ affecWed cRXQWUieV haYe UecRgQi]ed Whe iPSRUWaQce Rf QRW RQl\ SUeYeQWiRQ 

aQd WUeaWPeQW, bXW alVR haUP UedXcWiRQ. AV SaUW Rf a haUP UedXcWiRQ VWUaWeg\, VeYeUal cRXQWUieV aUe QRZ diVWUibXWiQg 

QalR[RQe kiWV WR la\SeRSle WhURXghRXW Whe cRPPXQiW\ WhURXgh lRcal ShaUPacieV, cRPPXQiW\ RUgaQi]aWiRQV, aQd 

SXblic healWh RUgaQi]aWiRQV [6]. NalR[RQe iV a dUXg XVed WR WePSRUaUil\ UeYeUVe aQ RYeUdRVe. IW caQ be deliYeUed 

iQWUaPXVcXlaUl\, eiWheU Yia V\UiQge RU aXWR-iQjecWRU, RU iQWUaQaVall\ [7]. NalR[RQe caQ RfWeQ be fRXQd iQ ePeUgeQc\ 

URRPV aQd caUUied b\ ePeUgeQc\ Pedical VeUYiceV (EMS). YeW, SURYidiQg addiWiRQal QalR[RQe kiWV WR Whe cRPPXQiW\ 

eQableV SeRSle WR iQWeUYeQe if Whe\ Vee VRPeRQe VXffeUiQg fURP aQ RSiRid RYeUdRVe, allRZiQg PRUe WiPe WR UeceiYe 

defiQiWiYe WUeaWPeQW aW a hRVSiWal. CRPPXQiW\ diVWUibXWiRQ caQ Wake PaQ\ fRUPV, iQclXdiQg fUee aQd eaV\ acceVV WR 

QalR[RQe kiWV Yia ShaUPacieV, RU acWiYe diVWUibXWiRQ WR high-UiVk SRSXlaWiRQV WhURXgh RXWUeach SURgUaPV [6]. The fiUVW 

Wake-hRPe QalR[RQe SURgUaPV begaQ iQ Whe 1990V iQ VelecW cRPPXQiWieV, aV SaUW Rf gUaVVURRWV iQiWiaWiYeV, iQ Whe 

USA, IWal\, GeUPaQ\ aQd Whe UQiWed KiQgdRP (UK) [8]. PURgUaPV UePaiQed VPall aQd cRQfiQed WR VSecific 

lRcaliWieV XQWil afWeU 2010. CXUUeQWl\, SXblicl\-fXQded Wake-hRPe QalR[RQe SURgUaPV aQd ZideVSUead diVWUibXWiRQ Rf 

QalR[RQe kiWV e[iVW iQ CaQada, AXVWUalia, IWal\, Whe UK, UkUaiQe, EVWRQia, NRUZa\, SZedeQ aQd DeQPaUk, aV Zell aV 



2 

iQ VRPe VWaWeV iQ Whe USA [1, 8]. SRPe jXUiVdicWiRQV  SURYide QalR[RQe WR aQ\RQe ZhR UeTXeVWV a kiW, Zhile RWheUV 

SURYide fUee kiWV RQl\ WR WhRVe aW-UiVk Rf e[SeUieQciQg RU ZiWQeVViQg aQ RYeUdRVe [1, 8]. 

CRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe haV beeQ VhRZQ UeSeaWedl\ WR be aQ effecWiYe WRRl iQ UedXciQg RSiRid 

haUPV [9, 10]. A V\VWePaWic UeYieZ Rf cRhRUW VWXdieV fRXQd WhaW la\SeRSle caQ be adeTXaWel\ WUaiQed WR SURSeUl\ 

adPiQiVWeU QalR[RQe, aQd WhaW b\VWaQdeUV Zill iQWeUYeQe iQ VXVSecWed RYeUdRVeV WR SURYide QalR[RQe aQd call EMS 

fRU WUaQVSRUW WR hRVSiWal fRU defiQiWiYe Pedical WUeaWPeQW [9]. AlVR, a V\VWePaWic UeYieZ Rf RbVeUYaWiRQal VWXdieV 

fRXQd WhaW cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe kiWV ZaV cRQViVWeQWl\ aVVRciaWed ZiWh decUeaVed PRUWaliW\ fURP RSiRid 

RYeUdRVe [10]. 

NeYeUWheleVV, effecWiYeQeVV alRQe iV RfWeQ iQVXfficieQW WR jXVWif\ SXblicl\ fXQdiQg aQ iQWeUYeQWiRQ RU dUXg iQ a 

SXblic healWhcaUe V\VWeP. GRYeUQPeQWV ZaQW WR kQRZ WhaW aQ iQWeUYeQWiRQ iV QRW RQl\ effecWiYe, bXW alVR ZRUWhZhile 

iQ cRPSaUiVRQ WR Whe cRVWV Rf WhaW iQWeUYeQWiRQ, aQd RfWeQ iQ cRPSaUiVRQ WR RWheU alWeUQaWiYe iQWeUYeQWiRQV iQ Zhich 

Whe\ cRXld iQYeVW. IW iV cUXcial WR e[SliciWl\ cRQVideU Whe UelaWiYe cRQVeTXeQceV Rf Whe alWeUQaWiYeV WR Wake-hRPe 

QalR[RQe aQd cRPSaUe WheP ZiWh WheiU UelaWiYe cRVWV. ThRXgh PXlWiSle V\VWePaWic UeYieZV, each iQclXdiQg RYeU a 

dR]eQ VWXdieV, haYe eVWabliVhed WhaW QalR[RQe iV effecWiYe iQ UedXciQg RSiRid-UelaWed PRUWaliW\, Whe ecRQRPic YalXe Rf 

WheVe SURgUaPV iV QRW aV cleaUl\ eVWabliVhed [11, 12, 13]. The CaQadiaQ AgeQc\ fRU DUXgV aQd TechQRlRgieV iQ 

HealWh (CADTH) SeUfRUPed a UeYieZ aQd aSSUaiVal Rf cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe iQ 2014, bXW did QRW 

ideQWif\ aQ\ ecRQRPic eYalXaWiRQV aW WhaW WiPe [11].​ ​CADTH XSdaWed Whe UeYieZ iQ 2019, bXW RQl\ iQclXded RQe 

cRVW-effecWiYeQeVV VWXd\ dXe WR WheiU VSecificaWiRQ WhaW Whe cRPSaUaWRU PXVW be EMS RU hRVSiWal adPiQiVWUaWiRQ Rf 

QalR[RQe [12]. MXelleU ​et al​. (2015) ViPilaUl\ cRQdXcWed a UeYieZ Rf cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe iQ 2015, 

iQclXdiQg cRVW-effecWiYeQeVV Rf VXch aQ iQiWiaWiYe. ThiV UeYieZ ​ ​had bURadeU iQclXViRQ cUiWeUia WhaQ CADTH, bXW VWill 

RQl\ WZR VWXdieV ZeUe ideQWified aW WhaW WiPe. BRWh MXelleU ​et al​. (2015) aQd ChaR aQd LRVhak (2019) fRcXVed 

PaiQl\ RQ effecWiYeQeVV, bXW cRQclXded WhaW cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe ZaV cRVW-effecWiYe baVed RQ Whe 

liPiWed VWXdieV iQclXded iQ WheiU UeYieZV. 

ThiV SaSeU V\QWheVi]eV UeVXlWV fURP ecRQRPic eYalXaWiRQV (cRVW-effecWiYeQeVV aQal\ViV (CEA), cRVW-XWiliW\ 

aQal\ViV (CUA), RU cRVW-beQefiW aQal\ViV (CBA)) WR deWeUPiQe ZheWheU cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe fRU la\ 

adPiQiVWUaWiRQ iV cRVW-effecWiYe. The VWXdieV aUe VXPPaUi]ed aQd cUiWicall\ aSSUaiVed WR aVVeVV TXaliW\. GiYeQ Whe 

bURadeU UaQge Rf W\SeV Rf ecRQRPic eYalXaWiRQV, VSecificV Rf Whe iQWeUYeQWiRQ, aQd chRice Rf cRPSaUaWRUV, Whe UeVXlWV 
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Rf Whe VWXdieV aUe QRW aggUegaWed. The aSSlicabiliW\ Rf fiQdiQgV WR PXlWiSle VeWWiQgV aQd cRQWe[WV iV diVcXVVed. 

PaUWicXlaU aWWeQWiRQ iV giYeQ WR Whe facWRUV WhaW PRVW iPSacW cRVW-effecWiYeQeVV. 

 

Methods 

Search Strateg\ 

The VeaUch VWUaWeg\ ZaV SeUfRUPed RQ OVID MedLiQe, OVID EPbaVe, aQd EcRQLiW daWabaVeV RQ AXgXVW 

10, 2020 XViQg VeaUch cUiWeUia deWailed iQ ASSeQdi[ A. SeaUch cUiWeUia ZeUe baVed RQ WZR WhePeV: (1) SaSeUV 

iQYRlYiQg QalR[RQe RU QaUcaQ, aQd (2) aQ\ fRUP Rf ecRQRPic eYalXaWiRQ. SeaUch cUiWeUia ZeUe fiUVW deYelRSed fRU Whe 

MedLiQe VeaUch, aQd ZeUe WheQ adaSWed fRU XVe iQ RWheU daWabaVeV. A WaUgeWed gUe\ liWeUaWXUe VeaUch ZaV cRQdXcWed 

b\ VeaUchiQg fRU Whe WeUP ³QalR[RQe´ RQ Whe ZebViWeV Rf gRYeUQPeQWal ageQcieV deYRWed WR eYalXaWiRQV Rf dUXgV aQd 

SURPiQeQW PeQWal healWh RUgaQi]aWiRQV ZiWhiQ Whe USA, aV Zell aV WhRVe Rf Whe USA¶V ​Organi]ation for Economic 

Co-operation and DeYelopment ​cRPSaUaWRU cRXQWUieV.​ ​The VeaUch VWUaWeg\ ZaV deYelRSed iQ cRllabRUaWiRQ ZiWh a 

McMaVWeU UQiYeUViW\ HealWh ScieQceV LibUaUiaQ. 

InclXsion and E[clXsion Criteria 

IQclXViRQ cUiWeUia UeTXiUed aUWicleV WR cRQWaiQ aQ ecRQRPic eYalXaWiRQ iQclXViYe WR CEA, CUA, RU CBA, aQd 

iQclXde cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe aV a cRPSRQeQW Rf aVVeVVPeQW. TheVe WhUee W\SeV Rf aQal\ViV SUiPaUil\ 

diffeU iQ Whe Za\ WhaW Whe RXWcRPe iV PeaVXUed. CEAV aUe PeaVXUed iQ healWh XQiWV VXch aV life-\eaUV gaiQed, CUAV 

aUe PeaVXUed iQ healWh-UelaWed SUefeUeQceV VXch aV TXaliW\ adjXVWed life \eaUV (QALY), aQd CBAV aUe PeaVXUed iQ 

dRllaUV. AddiWiRQall\, Whe\ aQVZeU diffeUeQW efficieQc\ TXeVWiRQV, CEAV aQd CUAV aQVZeUV ZheWheU Whe iQWeUYeQWiRQ 

iV ZRUWhZhile aQd Whe lRZeVW-cRVW PeWhRd Rf achieYiQg iW (i.e. cRVW-effecWiYeQeVV efficieQc\), aQd CBAV aQVZeU 

ZheWheU WheUe ZRXld be a QeW beQefiW WR VRcieW\ (i.e. allRcaWiYe efficieQc\). AV Zell, bRWh WaUgeWed diVWUibXWiRQ WR 

aW-UiVk gURXSV ZiWhiQ Whe cRPPXQiW\ aQd e[SaQded diVWUibXWiRQ WR all la\SeRSle ZeUe iQclXded. BRWh WUial- aQd 

PRdel-baVed aQal\VeV ZeUe iQclXded. CRQYeUVel\, aUWicleV ZeUe e[clXded if:​ ​1) EcRQRPic eYalXaWiRQ ZaV QRW 

SeUfRUPed (e.g., cRVW liVWiQgV ZiWhRXW ecRQRPic eYalXaWiRQ);​ ​2) The SUiPaU\ iQWeUYeQWiRQ beiQg VWXdied ZaV 

iQ-hRVSiWal RU EMS QalR[RQe diVWUibXWiRQ; RU,​ ​3) The SUiPaU\ iQWeUYeQWiRQ beiQg VWXdied ZaV a QRQ-QalR[RQe dUXg fRU 

Whe WUeaWPeQW Rf RSiRid XVe diVRUdeU RU alcRhRl XVe diVRUdeU (e.g., bXSUeQRUShiQe-QalR[RQe, QalWUe[RQe, aQd 
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QalPefeQe). AV Zell, V\VWePaWic UeYieZV ZeUe e[clXded fURP daWa e[WUacWiRQ, bXW ZeUe XVed WR ideQWif\ aQ\ fXUWheU 

aUWicleV WhaW PeW iQclXViRQ cUiWeUia. 

ReYieZ of Articles 

TZR iQYeVWigaWRUV iQdeSeQdeQWl\ aSSUaiVed WiWleV aQd abVWUacWV fRU UeleYaQce aQd iQclXViRQ aQd e[clXViRQ 

cUiWeUia VaWiVfacWiRQ. DiVagUeePeQWV ZeUe diVcXVVed aQd UeVRlYed b\ cRQVeQVXV Rf WhUee iQYeVWigaWRUV. IdeQWified 

V\VWePaWic UeYieZV ZeUe aVVeVVed b\ RQe UeYieZeU WR fXUWheU ideQWif\ UeleYaQW aUWicleV, hRZeYeU QRQe ZeUe fRXQd.  

Data E[traction and Critical Appraisal  

DaWa e[WUacWiRQ aQd TXaliW\ aVVeVVPeQW ZeUe cRQdXcWed b\ WZR iQYeVWigaWRUV. DaWa e[WUacWiRQ VheeWV, 

aWWached iQ ASSeQdi[ B, ZeUe deYelRSed fRllRZiQg Whe BMJ GXideliQeV fRU SXbPiVViRQV Rf EcRQRPic EYalXaWiRQV WR 

eQVXUe VWXd\ TXaliW\ aQd aVVeVV UiVk Rf biaV [14]. ThiV WRRl ZaV chRVeQ dXe WR iWV abiliW\ WR aVVeVV bRWh WUial- aQd 

PRdel-baVed ecRQRPic eYalXaWiRQV, aQd iWV cRPSUeheQViYe liVW Rf aVVeVVPeQW iWePV [15]. AddiWiRQall\, DUXPPRQd​ et 

al​. cUeaWed aQ XSdaWed WRRl iQ 2015, hRZeYeU aV iW ZaV deePed WR be cRPSaUable, Whe SUeYiRXV YeUViRQ ZaV XWili]ed 

[16]. E[WUacWiRQ fRcXVed RQ ideQWif\iQg Whe UeVeaUch TXeVWiRQ, ecRQRPic iPSRUWaQce, iQWeUYeQWiRQ, cRPSaUaWRU, 

SUiPaU\ RXWcRPe, fRUP Rf ecRQRPic eYalXaWiRQ, PRdel deWailV (cXUUeQc\, iQflaWiRQ aQd diVcRXQWiQg), VeQViWiYiW\ 

aQal\ViV, RXWcRPe Rf ecRQRPic eYalXaWiRQ, aQd UeVXlWV (iQcUePeQWal cRVW-effecWiYeQeVV UaWiR [ICER], iQcUePeQWal 

cRVW-XWiliW\ UaWiR [ICUR], aQd/RU iQcUePeQWal cRVW-beQefiW UaWiR [ICBR]). FRU cRPSaUabiliW\ SXUSRVeV, all cXUUeQc\ 

ZaV cRQYeUWed WR 2020 UQiWed SWaWeV dRllaUV (USD) [17, 18, 19]. UQleVV RWheUZiVe QRWed, all dRllaUV UeSRUWed 

heUeafWeU UeSUeVeQW 2020 USD. LeYel Rf TXaliW\ ZaV VXbjecWiYel\ aVVigQed aV lRZ, PRdeUaWe, RU high, baVed RQ Whe 

iPSacW Rf Whe PiVViQg RU XQcleaU elePeQWV ideQWified b\ Whe gXideliQeV RQ Whe VWUeQgWh Rf Whe cRQclXViRQV. 

  

Results 

SXmmar\ of Identified StXdies 

The VeaUch VWUaWeg\ ideQWified a WRWal Rf 977 aUWicleV WR UeYieZ acURVV Whe WhUee daWabaVeV (Vee PRISMA 

diagUaP iQ FigXUe 1). NR addiWiRQal VWXdieV ZeUe fRXQd WhURXgh Whe gUe\ liWeUaWXUe VeaUch. Of Whe 977 aUWicleV, 959 

ZeUe e[clXded becaXVe Whe\ failed WR PeeW Whe iQclXViRQ cUiWeUia RU PeW Whe e[clXViRQ cUiWeUia. EighWeeQ VWXdieV 

UePaiQed fRU fXll-We[W UeYieZ. Si[ QaUUaWiYe UeYieZV ZeUe ideQWified aQd e[clXded, aV Whe\ did QRW SUeVeQW RU aVVeVV 
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ecRQRPic eYalXaWiRQV RU cRQVideUaWiRQV. OQe aUWicle ZaV e[clXded becaXVe iW SURYided a cRVW liVWiQg fRU a Wake-hRPe 

QalR[RQe SURgUaP, ZiWhRXW ecRQRPic eYalXaWiRQ. OQe aUWicle ZaV e[clXded aV iW ZaV a PiQRU cRUUecWiRQ WR aQRWheU 

aUWicle alUead\ iQclXded, aQd Whe cRUUecWiRQ did QRW chaQge Whe fiQdiQgV Rf Whe RUigiQal aUWicle. OQe aUWicle ZaV 

e[clXded becaXVe iW ZaV aQ abVWUacW fURP a cRQfeUeQce SUeVeQWaWiRQ Rf a VeSaUaWe VWXd\ Rf Zhich QR fXUWheU 

iQfRUPaWiRQ cRXld be fRXQd, eYeQ afWeU Whe cRUUeVSRQdiQg aXWhRU ZaV cRQWacWed. A WRWal Rf QiQe VWXdieV ZeUe iQclXded 

iQ Whe UeYieZ. A liVWiQg Rf all aUWicleV WhaW ZeUe aVVeVVed iQ Whe fXll-We[W UeYieZ caQ be fRXQd iQ ASSeQdi[ C, ZiWh aQ 

e[SlaQaWiRQ fRU WheiU e[clXViRQ.  

The iQclXded VWXdieV cRQViVWed Rf RQe CEA, eighW CUAV, aQd RQe CBA (10 aQal\VeV fURP QiQe VWXdieV - RQe 

VWXd\ cRQdXcWed bRWh a CBA aQd a CEA). SWXdieV cRYeUed a YaUieW\ Rf VeWWiQgV, iQclXdiQg Whe USA (Q=5), CaQada 

(Q=1), RXVVia (Q=1), ScRWlaQd (Q=1), aQd Whe UK (Q=1), ZheUe fiYe ZeUe fRcXVed aW Whe QaWiRQal leYel aQd fRXU RQ 

VSecific ciWieV. AUWicleV ZeUe SXbliVhed fURP 2013 WR 2020, aQd all declaUed fXQdiQg e[ceSW fRU  WZR, ZheUe WheUe 

ZeUe QR cRQflicWV Rf iQWeUeVW WR diVclRVe. All VWXdieV iQclXded cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe fRU la\ 

adPiQiVWUaWiRQ aV a cRPSRQeQW Rf WheiU iQWeUYeQWiRQ, WhRXgh VRPe aUWicleV diffeUed RQ VSecific SRSXlaWiRQV WaUgeWed. 

SeYeQ VWXdieV lRRked aW XVeUV RU h\SRWheWical XVeUV, RQe VWXd\ lRRked aW QRQ-XVeUV, aQd RQe VWXd\ lRRked aW cRXQWieV 

ZiWh aW leaVW fiYe RSiRid RYeUdRVe deaWhV each \eaU. EighW VWXdieV XVed Whe cRPSaUaWRU Rf QR diVWUibXWiRQ, ZheUe RQe 

XVed aQ addiWiRQal cRPSaUaWRU Rf ​SUe​-e[SRVXUe SURSh\la[iV ​, aQd RQe VWXd\ cRPSaUed a cRPbiQaWiRQ Rf diVWUibXWiRQ WR 

la\SeRSle, SRlice aQd fiUe, aQd EMS. All VWXdieV XVed a MaUkRY aQd/RU deciViRQ-aQal\Wic PRdel, aSaUW fURP RQe 

VWXd\ Zhich ZaV WUial-baVed. FiYe VWXdieV XVed a VRcieWal SeUVSecWiYe, WhUee VWXdieV XVed a healWh caUe SeUVSecWiYe, 

aQd RQe VWXd\ XVed bRWh a VRcieWal aQd a healWh caUe SeUVSecWiYe. Si[ VWXdieV XVed a lifeWiPe WiPe hRUi]RQ, RQe VWXd\ 

XVed a 20-\eaU WiPe hRUi]RQ, aQd WZR VWXdieV did QRW VSecif\ a WiPe hRUi]RQ. AfWeU aQal\ViV, all VWXdieV fRXQd SRViWiYe 

beQefiWV UelaWed WR healWh, ZheUe cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe ZaV able WR eiWheU SUeYeQW RU UedXce Whe aPRXQW 

Rf RYeUdRVe-UelaWed deaWhV. 

A VXPPaU\ Rf Whe UeVXlWV fURP Whe daWa e[WUacWiRQ aUe fRXQd iQ Table 1. 

Cost-Utilit\ Anal\ses 

The VWXd\ b\ TRZQVeQd ​et al. ​(2020) RbVeUYed WhaW cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe ZaV RQl\ 

ZRUWhZhile if Whe kiWV cRVW leVV WhaQ $2,200 (USD 2017; $2,335 USD 2020), aQd ZaV Whe PRVW ZRUWhZhile ZheQ 

cRPPXQiW\ diVWUibXWiRQ ZaV cRPbiQed ZiWh high EMS diVWUibXWiRQ, aQd lRZ SRlice RfficeU aQd fiUefighWeU 
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diVWUibXWiRQ; UeWXUQiQg aQ ICUR Rf $12,880 WR $15,950 (USD 2017; $13,669 WR $16,927 USD 2020) SeU QALY 

gaiQed [20]. IQ a VeQViWiYiW\ aQal\ViV, Whe\ cRQVideUed UaQgeV fRU Whe SUice Rf QalR[RQe,, Whe SeUceQWage Rf SeRSle WhaW 

iQWeUYeQed iQ RYeUdRVe, a h\SRWheWical PRUal ha]aUd, aQd Whe UaWeV Rf diVWUibXWiRQ [20]. AlWhRXgh Whe UaWe Rf 

diVWUibXWiRQ had Whe laUgeVW iPSacW, QRQe Rf Whe YaUiableV chaQged Whe cRQclXViRQ [20]. ThiV VWXd\ did QRW UeSRUW 

jXVWificaWiRQ fRU Whe fRUP Rf ecRQRPic eYalXaWiRQ, Whe deWailV Rf Whe PeWhRd Rf V\QWheViV RU PeWa-aQal\ViV Rf 

eVWiPaWeV, RU Whe TXaQWiWieV Rf UeVRXUceV VeSaUaWel\ UeSRUWed fURP WheiU XQiW cRVW.​ ​ThiV VWXd\ ZaV claVVified aV high 

TXaliW\. 

The VWXd\ b\ LaQghaP ​et al.​ (2018) fRXQd WhaW Whe iQWeUYeQWiRQ iQcUeaVed RYeUdRVeV b\ 2.7%, UedXced 

RYeUdRVe deaWh b\ 6.6% aQd iQcUeaVed lifeWiPe QALYV b\ 0.164, ZiWh aQ ICUR Rf �899 (GBP 2016; $1,334 USD 

2020) SeU QALY gaiQed [21]. The\ deWeUPiQed QalR[RQe diVWUibXWiRQ WR be ZRUWhZhile, aVVXPiQg a �20,000 (GBP 

2016; $29,672 USD 2020) ZilliQgQeVV-WR-Sa\ WhUeVhRld [21]. IQ WheiU VeQViWiYiW\ aQal\ViV, Whe\ cRQVideUed UaQgeV fRU 

Whe SUice Rf QalR[RQe, addiWiRQal VRcieWal cRVWV, UaWeV Rf diVWUibXWiRQ, aQd ZiWQeVV WR RYeUdRVe [21]. HRZeYeU, QRQe Rf 

Whe YaUiableV had a VXbVWaQWiYe iPSacW aQd WhXV, did QRW chaQge Whe cRQclXViRQ [21]. ThiV VWXd\ cleaUl\ UeSRUWed all 

elePeQWV ZiWh Whe e[ceSWiRQ Rf Whe UaWiRQale fRU Whe cRPSaUiVRQ iQWeUYeQWiRQ, jXVWificaWiRQ fRU Whe fRUP Rf ecRQRPic 

eYalXaWiRQ, Whe TXaQWiWieV Rf UeVRXUceV RU XQiW cRVW, RU jXVWificaWiRQ fRU Whe YaUiableV iQ Whe VeQViWiYiW\ aQal\ViV. 

OYeUall, WhiV VWXd\ ZaV claVVified aV high TXaliW\. 

IQ Whe VWXd\ b\ CiSUiaQR aQd ZaUic (2018) cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe ZaV RQl\ ZRUWhZhile if Whe 

fUeTXeQc\ Rf RYeUdRVe ZaV PRUe WhaQ RQce eYeU\ WZR \eaUV. AQ ICUR Rf <$50,000 (CAD 2017; <$40,295 USD 

2020) SeU QALY gaiQed ZaV UeWXUQed aW a leYel Rf 2.7 RYeUdRVe SeU \eaU, aQd $100,000 (CAD 2017; $80,591 USD 

2020) SeU QALY gaiQed fRU 1.3 RYeUdRVe SeU \eaU [22]. ReVXlWV ZeUe laUgel\ VeQViWiYe WR Whe QXPbeU Rf RYeUdRVeV 

SeU \eaU Zhile alVR cRQVideUiQg iQWeQViW\ Rf VXbVWaQce XVe diVRUdeU, PRUWaliW\ UaWe, aQd QXPbeU Rf RYeUdRVeV SeU \eaU 

[22]. ThiV VWXd\ ZaV claVVified aV high TXaliW\ ZiWh RQl\ Whe deWailV Rf VWaWiVWical WeVW aQd cRQfideQce iQWeUYalV fRU 

VchRlaVWic daWa, jXVWificaWiRQ fRU Whe fRUP Rf ecRQRPic eYalXaWiRQ, aQd Whe UaWiRQale fRU Whe cRPSaUaWRU QRW UeSRUWed. 

AfWeU UXQQiQg Whe PRdel fRU 20 \eaUV, Whe iQWeUYeQWiRQ iQ Whe VWXd\ b\ U\ei ​et al​.​ ​(2017) UedXced RYeUdRVe 

deaWhV b\ 6% bXW VaZ aQ iQcUeaVe iQ HIV deaWhV [23]. The\ cRQclXded WhaW QalR[RQe diVWUibXWiRQ ZaV ZRUWhZhile, 

ZiWh aQ ICUR Rf $323 (USD 2015; $354 USD 2020) SeU QALY gaiQed, aQd UecRPPeQded WhaW Whe SURgUaP be 

fXQded [23]. IQ WheiU VeQViWiYiW\ aQal\ViV, Whe\ cRQVideUed UaQgeV fRU Whe SUice Rf QalR[RQe, VXUYiYal UaWeV, aQd Whe 

SeUceQWage Rf SeRSle WhaW iQWeUYeQe iQ RYeUdRVe [23]. NR YaUiableV had a VXbVWaQWial iPSacW, WheUefRUe did QRW chaQge 
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Whe cRQclXViRQ [23]. ThiV VWXd\ ZaV deWeUPiQed WR be high TXaliW\, PiVViQg Whe elePeQWV Rf a jXVWificaWiRQ fRU Whe 

fRUP Rf ecRQRPic eYalXaWiRQ aQd TXaQWiWieV Rf UeVRXUceV UeSRUWed VeSaUaWel\ fURP WheiU XQiW cRVWV. 

The VWXd\ b\ CRffiQ aQd SXlliYaQ (2013a) fRXQd WhaW Whe iQWeUYeQWiRQ SUeYeQWed 6.5% Rf RYeUdRVe deaWhV, 

ZiWh aQ ICUR Rf $14,000 (USD 2012; $20,020 USD 2020) SeU QALY gaiQed [24]. All iQ all, QalR[RQe diVWUibXWiRQ 

ZaV ZRUWhZhile, ZiWh fXQdiQg beiQg UecRPPeQded [24]. IQ WheiU VeQViWiYiW\ aQal\ViV, Whe\ cRQVideUed UaQgeV fRU Whe 

SUice Rf QalR[RQe, UaWeV Rf b\VWaQdeU UeVSRQVe, aQd jXVWice V\VWeP UaWeV [24]. B\VWaQdeU UeVSRQVe UaWe Pade Whe 

laUgeVW iPSacW RQ Whe ICUR, bXW did QRW chaQge Whe cRQclXViRQ [24]. ThiV VWXd\ ZaV fRXQd WR be Rf high TXaliW\ ZiWh 

elePeQWV Rf VWXd\ YieZSRiQWV aQd jXVWificaWiRQ, UaWiRQale fRU cRPSaUaWRU, jXVWificaWiRQ Rf fRUP Rf ecRQRPic 

eYalXaWiRQ, TXaQWiWieV Rf UeVRXUceV UeSRUWed VeSaUaWel\ fURP XQiW cRVWV, aQd jXVWificaWiRQ Rf diVcRXQW UaWe QRW iQclXded. 

The VWXd\ b\ CRffiQ aQd SXlliYaQ (2013b) bXilW Rff WheiU SUeYiRXV UeVeaUch b\ XViQg Whe VaPe PRdel aQd 

YaUiableV iQ Whe VeQViWiYiW\ aQal\ViV. The\ fRXQd WhaW Whe iQWeUYeQWiRQ UedXced RYeUdRVe deaWhV b\ 13.4% iQ Whe fiUVW 

fiYe \eaUV, aQd 7.6% RYeU a lifeWiPe, ZiWh aQ ICUR Rf $94 (USD 2010; $112 USD 2020) SeU QALY gaiQed [25]. 

AgaiQ, Whe\ fRXQd WhaW QalR[RQe diVWUibXWiRQ ZaV ZRUWhZhile aQd UecRPPeQded fXQdiQg Whe SURgUaP [25]. IQ Whe 

VeQViWiYiW\ aQal\ViV, b\VWaQdeU UeVSRQVe UaWe agaiQ Pade Whe laUgeVW iPSacW RQ Whe ICUR, hRZeYeU did QRW chaQge Whe 

cRQclXViRQ [25].​ ​ThiV VWXd\ ZaV fRXQd WR be Rf high TXaliW\, RQl\ PiVViQg elePeQWV Rf VWXd\ YieZSRiQWV aQd 

jXVWificaWiRQ, UaWiRQale fRU chRRViQg cRPSaUaWRU, jXVWificaWiRQ Rf fRUP Rf ecRQRPic eYalXaWiRQ, aQd TXaQWiWieV Rf 

UeVRXUceV UeSRUWed VeSaUaWel\ fURP XQiW cRVWV. 

ReVXlWV Rf Whe VWXd\ b\ AchaU\a ​et al​. (2020) VhRZed WhaW iQWeUYeQWiRQ PRdeVWl\ UedXced RYeUdRVe deaWhV, 

ZiWh aQ ICUR Rf $56,699 WR $76,929 (USD 2018; $58,738 WR $79,695 USD 2020) SeU QALY gaiQed [26]. ThXV, 

QalR[RQe diVWUibXWiRQ ZaV ZRUWhZhile, aVVXPiQg a $100,000 (USD 2018; $103,596 USD 2020) ZilliQgQeVV-WR-Sa\ 

WhUeVhRld [26]. IQ Whe VeQViWiYiW\ aQal\ViV, Whe UeVeaUcheUV cRQVideUed Whe SUice Rf QalR[RQe, QalR[RQe effecWiYeQeVV, 

Whe SURSRUWiRQ Rf RYeUdRVeV ZiWQeVVed, Whe SURbabiliW\ Rf EMS iQWeUYeQWiRQ, RYeUdRVe UiVk baVed RQ VSecific RSiRid, 

aQd RYeUdRVe VXUYiYal UaWeV [26][26]. NalR[RQe effecWiYeQeVV aQd Whe SURSRUWiRQ Rf RYeUdRVeV ZiWQeVVed had Whe 

laUgeVW iPSacW RQ biaQQXal diVWUibXWiRQ bXW did QRW chaQge Whe cRQclXViRQ [26]. ThiV VWXd\ TXaliW\ ZaV aVVeVVed aV 

PRdeUaWe dXe WR Whe lack Rf cleaU UeSRUWiQg Rf Whe YieZSRiQWV Rf Whe aQal\ViV, Whe UaWiRQale fRU chRRViQg Whe 

alWeUQaWiYe SURgUaP RU iQWeUYeQWiRQ, Whe jXVWificaWiRQ Rf Whe fRUP Rf ecRQRPic eYalXaWiRQ, Whe TXaQWiWieV Rf UeVRXUceV, 

aQd SUice daWa. 
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The VWXd\ b\ BiUd ​et al. ​(2015) UeVXlWed iQ a 3.5% decUeaVe iQ RYeUdRVe deaWhV, aQd had aQ ICUR Rf �560 WR 

�16,900 (GBP 2015; $1,079 WR $25,073 USD 2020) SeU QALY gaiQed [27]. ThXV, QalR[RQe diVWUibXWiRQ ZaV 

ZRUWhZhile, ZheUe cRQWiQXed fXQdiQg ZaV UecRPPeQded [27]. ThiV VWXd\ SeUfRUPed a VeQViWiYiW\ aQal\ViV RQ aYeUWed 

RYeUdRVe QXPbeUV [27]. ThiV VWXd\ did QRW UeSRUW Whe ecRQRPic iPSRUWaQce Rf Whe UeVeaUch TXeVWiRQ, jXVWificaWiRQ fRU 

Whe fRUP Rf ecRQRPic eYalXaWiRQ, deWailV Rf cXUUeQc\ SUice adjXVWPeQW fRU iQflaWiRQ RU cXUUeQc\ cRQYeUViRQ, WiPe 

hRUi]RQ Rf cRVWV aQd beQefiWV, jXVWificaWiRQ Rf Whe diVcRXQW UaWe, iQcUePeQWal aQal\ViV, Whe aSSURach WR VeQViWiYiW\ 

aQal\ViV, RU jXVWificaWiRQ Rf YaUiableV chRVeQ fRU VeQViWiYiW\ aQal\ViV ZeUe QRW cleaUl\ UeSRUWed. TheVe PiVViQg 

elePeQWV UeVXlWed iQ a PRdeUaWe TXaliW\ UaWiQg. 

Cost-Benefit and Cost-EffectiYeness StXd\ 

IQ WheiU VWXd\, NaXPaQQ ​et al.​ (2019) deePed cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe WR be a gRRd iQYeVWPeQW. 

The\ fRXQd WhaW RYeU Whe cRXUVe Rf WhUee \eaUV, 352 RYeUdRVe deaWhV ZeUe SUeYeQWed, leadiQg WR aQ ICBR Rf 

$1:$2,742 (USD 2019; $1:$2,790 USD 2020) [28]. ThiV VWXd\ baVed Whe VeQViWiYiW\ aQal\ViV VRlel\ RQ Whe SUice Rf 

QalR[RQe [28]. The\ alVR SeUfRUPed a CEA aQd deePed cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe WR be cRVW-effecWiYe 

[28]. The ICER ZaV $1,605 (USD 2019; $1,633 USD 2020) SeU deaWh aYRided fURP RSiRid RYeUdRVe [28]. ThiV 

VWXd\ ZaV fRXQd WR be Rf lRZ TXaliW\ aV Whe UaWiRQale fRU chRRViQg Whe cRPSaUiVRQ iQWeUYeQWiRQ, jXVWificaWiRQ fRU Whe 

fRUP Rf ecRQRPic eYalXaWiRQ, deWailV Rf Whe PeWhRd Rf V\QWheViV RU PeWa-aQal\ViV Rf eVWiPaWeV, deWailV Rf cXUUeQc\ 

SUice adjXVWPeQWV fRU iQflaWiRQ RU cXUUeQc\ cRQYeUViRQ, Whe chRice Rf PRdel XVed aQd iWV ke\ SaUaPeWeUV, Whe WiPe 

hRUi]RQ Rf cRVWV aQd beQefiWV, a diVcRXQW UaWe, aQ e[SlaQaWiRQ fRU QRW diVcRXQWiQg cRVWV, RU Whe aSSURach WR VeQViWiYiW\ 

aQal\ViV ZeUe QRW cleaUl\ UeSRUWed. 

 

Discussion 

We cRQdXcWed a V\VWePaWic UeYieZ Rf ecRQRPic aQal\VeV Rf cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe iQ RUdeU WR 

beWWeU XQdeUVWaQd Whe ecRQRPic iPSacW Rf WheVe SURgUaPV. IQ WRWal, QiQe aUWicleV ZeUe fRXQd WR PeeW Whe iQclXViRQ 

cUiWeUia, iQclXdiQg RQe CEA, eighW CUAV, aQd RQe CBA. All ecRQRPic eYalXaWiRQV ideQWified b\ WhiV UeYieZ 

cRQclXded WhaW cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe ZaV a ZRUWhZhile iQYeVWPeQW acURVV all VeWWiQgV aQd SRSXlaWiRQV 

cRQVideUiQg Whe VeW ZilliQgQeVV-WR-Sa\ WhUeVhRld ZiWhiQ each VWXd\. CUAV, iQ SaUWicXlaU, fRXQd ICURV UaQgiQg fURP 

$111 WR $58,738 USD (2020) SeU QALY gaiQed, ZiWh RQl\ RQe VWXd\ fiQdiQg aQ ICUR abRYe a $60,000 USD 

ZilliQgQeVV-WR-Sa\ WhUeVhRld, WakiQg iQWR accRXQW VeQViWiYiW\ aQal\VeV. 
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Application of Findings 

IPSRUWaQWl\, Whe VWXd\​ ​WhaW ZaV baVed RQ a WUial [27] Ue-affiUPed SUeYiRXV fiQdiQgV WhaW cRPPXQiW\ 

diVWUibXWiRQ Rf QalR[RQe fRU la\ adPiQiVWUaWiRQ ZaV effecWiYe iQ UedXciQg deaWhV dXe WR RSiRid RYeUdRVe. IQ WeUPV Rf 

TXaliW\, WheUe ZaV a Zide UaQge acURVV  Whe VWXdieV, aV aVVeVVed b\ Whe BMJ GXideliQeV fRU SXbPiVViRQ Rf EcRQRPic 

EYalXaWiRQV; Vi[ ZeUe deePed high TXaliW\, WZR ZeUe PRdeUaWe TXaliW\ aQd RQe ZaV deePed WR be Rf lRZ TXaliW\. 

MaQ\ aUWicleV ZeUe PiVViQg ke\ iQfRUPaWiRQ WR XQdeUVWaQd Whe aVVXPSWiRQV behiQd WheiU PRdelV RU aQal\ViV Rf WUialV. 

AV Zell, a laUge UaQge Rf ICUR ZaV UeWXUQed acURVV all aQal\VeV. NeYeUWheleVV, cRQViVWeQc\ iQ UeVXlWV acURVV VWXdieV 

iQ YaU\iQg cRQWe[WV aQd PeWhRdRlRgieV SUeVeQWV VWURQg eYideQce WRZaUdV cRQclXdiQg WhaW cRPPXQiW\ QalR[RQe 

diVWUibXWiRQ ZaV a cRVW-effecWiYe aSSURach WR RYeUdRVe SUeYeQWiRQ aQd Whe RSiRid cUiViV. 

The PajRUiW\ Rf VWXdieV ZeUe fURP Whe USA, ZiWh ViQgle VWXdieV fURP CaQada, RXVVia, ScRWlaQd aQd Whe UK 

alVR iQclXded. PRSXlaWiRQV acURVV aQd ZiWhiQ WheVe VeWWiQgV diffeU gUeaWl\ iQ PaQ\ facWRUV, VXch aV: dePRgUaShicV, 

healWh caUe acceVVibiliW\, dUXg XVe behaYiRXU, aQd cXlWXUal cRQWe[WV. AlWhRXgh all VWXdieV iQdicaWed WhaW cRPPXQiW\ 

QalR[RQe diVWUibXWiRQ ZaV cRVW-effecWiYe, a PRUe UeSUeVeQWaWiYe VaPSle Rf glRbal SURgUaPV RU a PRUe cRPSUeheQViYe 

lRcali]ed VeW Rf daWa caQ iQcUeaVe e[WeUQal YalidiW\. IQ SaUWicXlaU, Whe aSSlicabiliW\ Rf WheVe fiQdiQgV WR lRZ-iQcRPe 

VeWWiQgV iV leVV ceUWaiQ, SeYeUal VWXdieV XWili]ed PRdelliQg WR UXQ ecRQRPic eYalXaWiRQV. AlWhRXgh Ueliable UegiRQ 

VSecific VRXUceV Rf daWa cRQWUibXWed WR bXildiQg Whe PRdelV Rf Whe Qeed fRU, XVe Rf, aQd iPSacW Rf QalR[RQe 

diVWUibXWiRQ, VXch PRdelV dR QRW alZa\V caWch Whe cRQWe[WXal aQd eQYiURQPeQWal QXaQceV Rf a giYeQ eQYiURQPeQW. A 

gUeaWeU SURSRUWiRQ Rf SUiPaU\ daWa cRllecWiRQ aQd eYalXaWiRQ Rf iPSlePeQWed SURgUaPV Zill VWUeQgWheQ Whe TXaliW\ Rf 

daWa XVed aQd SRWeQWial cRQclXViRQV. 

OQe Rf Whe PRVW iPSRUWaQW liPiWaWiRQV iQ PaQ\ Rf Whe VWXdieV ZaV QaUURZ VeQViWiYiW\ aQal\VeV. FRU e[aPSle, 

Whe VWXd\ b\ NaXPaQQ ​et al.​ (2019) cRQVideUed RQl\ Whe SUice Rf QalR[RQe ZiWhiQ WheiU VeQViWiYiW\ aQal\ViV. YeW, iQ 

Whe VWXdieV WhaW cRQVideUed a gUeaWeU QXPbeU Rf YaUiableV, Whe facWRUV WhaW Pade Whe laUgeVW iPSacW RQ Whe ICUR ZeUe 

Whe UaWeV Rf RSiRid RYeUdRVe, Whe ZilliQgQeVV Rf b\VWaQdeUV WR iQWeUYeQe iQ ZiWQeVVed RYeUdRVeV, aQd Whe SeUceQWage Rf 

Whe WaUgeW SRSXlaWiRQ WhaW cRXld be Ueached ZiWh Whe iQWeUYeQWiRQ. ThXV, iQ cRQVideUiQg ZheWheU RU QRW WR iPSlePeQW a 

SURgUaP fRU cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe, WheVe facWRUV VhRXld be aVVeVVed. If Whe UaWe Rf RSiRid RYeUdRVe iV 

lRZ aQd/RU b\VWaQdeUV aUe QRW ZilliQg WR iQWeUYeQe; Whe SURgUaP Zill likel\ becRPe leVV cRVW-effecWiYe. 
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AQRWheU aUea Rf UecXUUeQW cRQceUQ fRU PaQ\ Rf Whe iQclXded VWXdieV ZaV Whe chRice Rf cRPSaUaWRU. All bXW 

WZR VWXdieV XVed QR iQWeUYeQWiRQ aV Whe cRPSaUaWRU. FXUWheU, half Rf Whe VWXdieV did QRW e[SliciWl\ jXVWif\ Whe chRice Rf 

cRPSaUaWRU. MaQ\ VeWWiQgV WhaW Pa\ be cRQVideUiQg iPSlePeQWiQg RU fXQdiQg cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe 

Pa\ alUead\ haYe VRPe haUP UedXcWiRQ SURgUaPV iQ Slace. IQ WhiV caVe, Whe fXQdiQg bRd\ Pa\ ZiVh WR kQRZ 

VSecificall\ ZheWheU addiQg QalR[RQe diVWUibXWiRQ WR WheiU cXUUeQW SURgUaP iV cRVW-effecWiYe. OQl\ Whe VWXd\ b\ U\ei 

et al.​ (2017) cRPSaUed cRPPXQiW\ QalR[RQe diVWUibXWiRQ WR V\UiQge e[chaQge SURgUaPV. ThiV VWXd\ alVR 

iQcRUSRUaWed addicWiRQ WUeaWPeQW aQd aYailabiliW\ Rf SUe-e[SRVXUe SURSh\la[iV fRU HIV iQWR WheiU aQal\ViV [23]. ThXV, 

WhiV VWXd\ UeSUeVeQWV a VigQificaQW cRQWUibXWiRQ WR XQdeUVWaQdiQg hRZ YaU\iQg cRPSRQeQWV Rf a haUP UedXcWiRQ 

VWUaWeg\ Pa\ ZRUk WRgeWheU, aQd Zhich aUe PRVW cRVW-effecWiYe. 

Strengths and Limitations 

IQ cRPSaUiVRQ WR SUeYiRXV UeYieZV, WhiV UeYieZ iQclXdeV Whe laWeVW fiQdiQgV aQd haV Whe bURadeVW iQclXViRQ 

cUiWeUia. IQ facW, a UeYieZ b\ CADTH iQ 2014 did QRW ideQWif\ aQ\ VWXdieV RQ WhiV WRSic, Zhich dePRQVWUaWed Whe Qeed 

fRU fXUWheU UeVeaUch [11]. A laWeU V\VWePaWic UeYieZ Rf WhiV WRSic VWill RQl\ iQclXded 2 VWXdieV [13]. IQ cRQWUaVW, Ze 

ZeUe able WR iQclXde QiQe VWXdieV, aV PRUe UeVeaUch RQ WhiV aUea haV beeQ dRQe iQ UeceQW \eaUV, iQ RUdeU WR SURYide a 

gUeaWeU XQdeUVWaQdiQg Rf Whe ecRQRPic iPSacW Rf cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe iQ a YaUieW\ Rf cRQWe[WV. The 

bURad iQclXViRQ cUiWeUia haV PeaQW WhaW diUecW cRPSaUiVRQ Rf VWXdieV ZaV PRUe difficXlW aQd a PeWa-aQal\ViV ZaV QRW 

SRVVible. NeYeUWheleVV, Whe facW WhaW all VWXdieV cRQclXded WhaW cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe ZaV ecRQRPicall\ 

ZRUWhZhile iV QRWable. ThiV allRZV UeadeUV WR cRQVideU Zhich Rf WheVe VWXdieV ZRXld be PRVW aSSlicable aQd 

adaSWable WR WheiU cRQWe[WV.  

IQ aVVeVViQg RXU UeYieZ XViQg Whe AMSTAR 2 WRRl [29], Zhich caQ be VeeQ iQ ASSeQdi[ D, RQe QRWiceable 

diffeUeQce iV WhaW Ze did QRW XVe aQ a SUiRUi deVigQ. IQVWead, RXU UeYieZ SURWRcRl, iQclXdiQg RXU VeaUch VWUaWeg\, ZaV 

deYelRSed iWeUaWiYel\. HRZeYeU, RXU fiQal VeaUch VWUaWeg\ ZaV UeYieZed ZiWh a healWh VcieQceV libUaUiaQ. 

AddiWiRQall\, Whe VeaUch ZaV liPiWed WR EQgliVh WeUPV, Zhich Pa\ haYe PiVVed RWheU VWXdieV, SaUWicXlaUl\ ZiWhiQ Whe 

gUe\ liWeUaWXUe. 

FXtXre Directions 

ThiV UeYieZ dePRQVWUaWeV WhaW WheUe UePaiQV a Qeed fRU fXUWheU ecRQRPic eYalXaWiRQV Rf cRPPXQiW\ 

diVWUibXWiRQ Rf QalR[RQe SURgUaPV acURVV bURadeU SRSXlaWiRQV aQd cRQWe[WV. FXWXUe eYalXaWiRQV caQ be iPSURYed b\ 
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chRRViQg a PRUe cRQWe[W-UeleYaQW cRPSaUaWRU aQd b\ e[SaQdiQg Whe YaUiableV cRQVideUed iQ Whe VeQViWiYiW\ aQal\VeV. 

IQ SaUWicXlaU, bRWh SURgUaPV WhaW WaUgeWed gURXSV aW UiVk Rf e[SeUieQciQg RU ZiWQeVViQg aQ RYeUdRVe aQd SURgUaPV WhaW 

diVWUibXWed QalR[RQe WR aQ\ iQWeUeVWed la\SeUVRQ ZeUe iQclXded iQ WhiV UeYieZ, ZheUe RQe Rf Whe VWXdieV cRPSaUed 

WhRVe WZR diVWUibXWiRQ VWUaWegieV. ThXV, WhiV UeYieZ dePRQVWUaWeV Whe iPSRUWaQce Rf iQcUePeQWal aQal\ViV Rf YaU\iQg 

VWUaWegieV iQ fXWXUe eYalXaWiRQV, iQ RUdeU WR beVW iQfRUP SRlic\ aQd SURgUaP deciViRQV. 

AddiWiRQall\, VeYeUal VWXdieV diVcXVVed bUiefl\ Whe cRVWV aQd RXWcRPeV WhaW Pa\ be UeleYaQW fURP a VRcieWal 

SeUVSecWiYe, bXW QRQe SeUfRUPed a fXll aQal\ViV. The iQclXViRQ Rf PRUe SURdXcWiYiW\ aQd jXVWice V\VWeP 

cRQVideUaWiRQV ZRXld be iQfRUPaWiYe. FXUWheU, Whe lRZ aYailabiliW\ Rf ecRQRPic eYalXaWiRQV Rf cRPPXQiW\ QalR[RQe 

diVWUibXWiRQ SURgUaPV iQdicaWe Whe iPSRUWaQce Rf iQclXdiQg aQ ecRQRPic eYalXaWiRQ aQd aQ RYeUall eYalXaWiRQ SURceVV 

aV a cRPSRQeQW Rf all QalR[RQe diVWUibXWiRQ SURgUaPV fURP Whe SlaQQiQg aQd iPSlePeQWaWiRQ VWageV. IQ RUdeU WR haYe 

high-TXaliW\ PeaVXUeV WR VeUYe aV cRQWURl aQd cRPSaUaWRUV fURP SUe- aQd SRVW-iPSlePeQWaWiRQ VWageV, aQ ecRQRPic 

eYalXaWiRQ cRXld be iQcRUSRUaWed iQ Whe iPSlePeQWaWiRQ Rf QalR[RQe SURgUaPV. AQ iQcUeaVed VaPSle Vi]e Rf 

eYalXaWiRQV Rf cRPPXQiW\ QalR[RQe diVWUibXWiRQ SURgUaPV ZRXld aid iQ gaWheUiQg a URbXVW baVe Rf daWa acURVV 

cRQWe[WV aQd iQfRUP fXWXUe iPSlePeQWaWiRQ Rf SURgUaPV. LaVWl\, all VWXdieV ZeUe fURP high- RU Piddle-iQcRPe 

cRXQWUieV, WhXV UeVXlWV aUe QRW geQeUali]able WR lRZ-iQcRPe cRXQWUieV, ZheUe healWh caUe V\VWePV aUe QRW fiQaQciall\ 

VWable. FXUWheU UeVeaUch iQWR QalR[RQe aYailabiliW\ aQd diVWUibXWiRQ acURVV aVVRUWed VeWWiQgV iV UecRPPeQded.  

  

Conclusion 

IQ VXP, all VWXdieV fRXQd cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe WR be cRVW-effecWiYe. FiQdiQgV fURP WhiV 

UeYieZ caQ helS iQfRUP aQd adYRcaWe fRU fXUWheU iPSlePeQWaWiRQ Rf QalR[RQe diVWUibXWiRQ SURgUaPV iQ aUeaV ZheUe 

RSiRid RYeUdRVe iV a SURPiQeQW cRQceUQ. ThRXgh Vafe iQjecWiRQ ViWeV aQd EMS aUe RfWeQ eTXiSSed ZiWh QalR[RQe, 

SeRSle ZhR XVe RSiRidV Pa\ SUefeU WR XVe dUXgV iQ iVRlaWiRQ RU aPRQg RWheU XVeUV. The fiQdiQgV Rf WhiV UeYieZ aUe 

UeleYaQW WR SRlic\PakeUV ZhR iPSlePeQW gXideliQeV aQd SURgUaPV fRU RYeUdRVe UeVSRQVe. The fiQdiQgV fURP WhiV 

UeYieZ dePRQVWUaWe WhaW iQ PaQ\ VeWWiQgV, cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe fRU la\ adPiQiVWUaWiRQ iV likel\ a 

ZRUWhZhile iQYeVWPeQW. BaVed RQ WheVe fiQdiQgV, cRXQWUieV WhaW aUe cXUUeQWl\ SURYidiQg SXblicl\-fXQded Wake-hRPe 

QalR[RQe SURgUaPV VhRXld cRQWiQXe WR dR VR, aQd SeUhaSV e[SlRUe hRZ WhRVe SURgUaPV Pa\ be e[SaQded. CRXQWUieV 

aQd jXUiVdicWiRQV WhaW aUe QRW \eW fXQdiQg cRPPXQiW\ diVWUibXWiRQ Rf QalR[RQe VhRXld cRQVideU ViPilaU SURgUaPV 
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baVed RQ aQ aVVeVVPeQW Rf WheiU UaWe Rf RSiRid RYeUdRVe, ZilliQgQeVV Rf b\VWaQdeUV WR iQWeUYeQe iQ aQ RYeUdRVe, aQd 

abiliW\ WR Ueach Whe WaUgeW SRSXlaWiRQ. 
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Figure 1. PRISMA diagram [30] outlining review of articles from database search. 197 articles were 
returned from MEDLINE, 780 from Embase, and zero from EconLit. 
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ith 

an 
integrated 
decision 
tree 

Lifetim
e 

(default 
value set 
to 64 
years) 

Intervention 
increased 
overdoses by 
2.7%

, 
reduced 
overdose 
deaths by 
6.6%

, and 
increased 
lifetim

e 
Q

A
LY

s by 
0.164 

IC
U

R
: £899.00/ 

Q
A

LY
 

C
onsidered:  

- Price of 
naloxone 
- A

dditional 
societal costs 
- R

ates of 
distribution 
- W

itness to 
overdose 
 N

o substantive 
im

pact; did not 
change 
conclusion 

N
aloxone 

distribution 
is 
w

orthw
hile, 

assum
ing a 

$20,000 
w

illingness-
to-pay 
threshold 

H
igh 

D
id not report:  

- R
ationale for 

com
parison 

intervention 
- Justification 
for form

 of 
econom

ic 
evaluation 
- Q

uantities of 
resources 
- Justification 
for variables 
chosen for 
sensitivity 
analysis 

C
ipriano 

&
 Zaric 

(2018) 

Toronto, 
C

anada 
H

igh-school 
students  

C
om

m
unity 

distribution of 
naloxone in 
Toronto 
D

istrict 
School B

oard 
high schools 

O
ther 

treatm
ent 

and harm
 

reduction 
plans in 
Toronto 
(status quo) 

D
ecision-

analytic 
m

odel 

Lifetim
e 

Intervention 
reduced 
overdose 
deaths by 
40%

 

IC
U

R
: <$50,000/ 

Q
A

LY
 if 2.7 

overdose/yr; 
$100,000/Q

A
LY

 if 
1.3 overdose/yr 

C
onsidered: 

- # of 
overdoses per 
year 
- Intensity of 
substance use 
disorder 
- M

ortality rate 
 N

um
ber of 

overdoses per 
year had the 

N
aloxone 

distribution 
is 
w

orthw
hile, 

assum
ing the 

frequency of 
overdose is 
m

ore than 
2.7 
overdoses 
per year 

H
igh 

D
id not report: 

- D
etails of 

statistical test  
- Justification 
for form

 of 
econom

ic 
evaluation 
- R

ationale for 
com

parison 
intervention  



largest im
pact, 

w
ith naloxone 

no longer a 
w

orthw
hile 

investm
ent 

under 1.3 
overdoses per 
year 

U
yei et al 

(2017) 
C

onnecticut, 
U

nited States H
IV

-negative 
people w

ho 
inject drugs and 
w

ere not on 
PrEP 

C
om

m
unity 

distribution of 
naloxone for 
lay 
adm

inistration N
o 

additional 
intervention, 
naloxone 
distribution 
plus linkage 
to addiction 
treatm

ent, 
naloxone 
distribution 
plus PrEP, 
naloxone 
distribution 
plus linkage 
to addiction 
treatm

ent 
and PrEP 

D
ecision-

analytic 
M

arkov 

20 years 
Intervention 
reduced 
overdose 
deaths by 
6%

, but 
increased 
H

IV
 deaths 

IC
U

R
: 

$323/Q
A

LY
 

C
onsidered: 

- Price of 
naloxone 
- Survival rates 
- Percentage of 
people that 
intervene in 
overdose 
 N

o substantial 
im

pact; did not 
change 
conclusion 

N
aloxone 

distribution 
is 
w

orthw
hile, 

recom
m

end 
funding 

H
igh 

D
id not report: 

- Justification 
for form

 of 
econom

ic 
evaluation  
- Q

uantities of 
resources  

C
offin. &

 
Sullivan 
(2013a) 

U
nited States H

ypothetical 21-
year old novice 
U

.S. heroin 
users and m

ore 
experienced 
users 

C
om

m
unity 

distribution of 
naloxone for 
lay 
adm

inistration 
to those at 
high risk of 
opioid 
overdose 

N
o 

distribution 
Integrated 
M

arkov 
and 
decision 
analytic 

Lifetim
e 

Intervention 
prevented 
6.5%

 of 
overdose 
deaths 

IC
U

R
: $14,000/ 

Q
A

LY
 

C
onsidered: 

- Price of 
naloxone 
- R

ate of 
bystander 
response 
- Justice 
system

 rates 
 B

ystander 
response rate 
m

ade largest 
im

pact on 
IC

ER
; did not 

change 
conclusion 

N
aloxone 

distribution 
is 
w

orthw
hile; 

recom
m

end 
funding 

H
igh 

D
id not report: 

- Study 
view

points  
- R

ationale for 
com

parison 
intervention 
- Justification 
for form

 of 
econom

ic 
evaluation 
- Q

uantities of 
resources  
- Justification 
of discount 
rate  

C
offin &

 
Sullivan 
(2013b) 

R
ussia 

H
eroin users, 

starting at the 
age of 18 

C
om

m
unity 

distribution of 
naloxone for 
lay 
adm

inistration 
to those at 
high risk of 

N
o 

distribution 
Integrated 
M

arkov 
and 
decision 
analytic 

Lifetim
e 

Intervention 
reduced 
overdose 
deaths by 
13.4%

 in the 
first five 
years and 

IC
U

R
: $94/Q

A
LY

 C
onsidered: 

- Price of 
naloxone 
- R

ate of 
bystander 
response 
- Justice 
system

 rates 

N
aloxone 

distribution 
is 
w

orthw
hile; 

recom
m

end 
funding 

H
igh 

D
id not report: 

- Study 
view

points  
- R

ationale for 
com

parison 
intervention 
- Justification 
for form

 of 



opioid 
overdose 

7.6%
 over a 

lifetim
e 

 B
ystander 

response rate 
m

ade largest 
im

pact on 
IC

ER
; did not 

change 
conclusion 

econom
ic 

evaluation 
- Q

uantities of 
resources  
 

A
charya 

et al 
(2020) 

U
nited States H

igh risk 
prescription 
opioid users 

N
aloxone 

distribution to 
all high-risk 
R

xO
 users 

either one-
tim

e or 
biannually  

B
aseline 

naloxone 
distribution 
strategy 
based on 
existing 
naloxone 
dispensing 
rates 

M
arkov 

m
odel w

ith 
m

onthly 
cycle 
length and 
attached 
decision 
tree 

Lifetim
e 

Intervention 
m

odestly 
reduced 
overdose 
deaths  

IC
U

R
: $56,699-

$76,929/Q
A

LY
 

C
onsidered:  

- Price of 
N

aloxone  
- N

aloxone 
effectiveness 
- Proportion of 
overdoses 
w

itnessed 
- Probability 
of EM

S 
intervention 
- O

verdose 
survival rates  
 N

aloxone 
effectiveness 
and proportion 
of overdoses 
w

itnessed had 
the largest 
im

pact on 
biannual 
distribution; 
did not change 
conclusion  

N
aloxone 

distribution 
is 
w

orthw
hile, 

assum
ing a 

$100,000 
w

illingness-
to-pay 
threshold 

M
oderate D

id not report:  
- Study 
view

points  
- R

ationale for 
com

parison 
intervention 
- Justification 
for form

 of 
econom

ic 
evaluation,  
- Q

uantities of 
resources 

B
ird et al 

(2015) 
Scotland 

Those at highest 
risk of O

R
D

, 
w

ho m
ight be 

expected to 
benefit the m

ost 
from

 N
N

P 

C
om

m
unity 

distribution of 
naloxone to 
individuals at 
risk of opioid 
overdose, 
follow

ing 
prison release 

Sam
e group, 

prior to 
intervention 

N
/A

 
N

/A
 

Intervention 
prevented 42 
overdose 
deaths (3.5%

 
decrease) 

IC
U

R
: £560- 

£16,900/ Q
A

LY
 

C
onsidered:  

- A
verted 

overdose 
num

bers  
 N

o substantive 
im

pact; did not 
change 
conclusion 

N
aloxone 

distribution 
is 
w

orthw
hile; 

recom
m

end 
continued 
funding 

M
oderate D

id not report: 
- Econom

ic 
im

portance of 
the research 
question 
- Justification 
for form

 of 
econom

ic 
evaluation 
- Price 
adjustm

ent for 
inflation or 
currency 
conversion 



- Tim
e horizon 

of costs and 
benefits 
- Justification 
of the discount 
rate 
- Increm

ental 
analysis 
- A

pproach to 
sensitivity 
analysis 
- Justification 
for variables 
chosen for 
sensitivity 
analysis 

N
aum

ann 
et al 
(2019) 

N
orth 

C
arolina, 

U
nited States N

orth C
arolina 

counties w
ith at 

least five opioid 
overdose deaths 
each year in the 
period 
im

m
ediately 

preceding 
im

plem
entation 

C
om

m
unity 

distribution of 
naloxone for 
lay 
adm

inistration N
o 

distribution 
Trial-based N

/A
 

Intervention 
prevented 
352 
overdoses 
over 3 years 

IC
B

R
: $2742 

benefit/dollar spent              
IC

ER
: $1605/death 

avoided  

C
onsidered: 

- Price of 
naloxone 
 N

o substantive 
im

pact; did not 
change 
conclusion 

N
aloxone is 

cost-
effective; 
recom

m
end 

funding 

Low
 

D
id not report: 

- Justification 
of com

parison 
intervention 
- Justification 
for form

 of 
econom

ic 
evaluation 
- D

etails of 
synthesis of 
estim

ates 
- Price 
adjustm

ent for 
inflation or 
currency 
conversion 
- M

odel details  
- Tim

e horizon 
of costs and 
benefits 
- D

iscount rate 
- A

pproach to 
sensitivity 
analysis  

 



Appendix A: Search strategy, written as in OVID 
 

1. exp Naloxone/ or narcan.mp. or naloxone.mp. or Evzio.mp. 
2. e[p ³cosWs and cosW anal\sis´/ or cosW effecWiYeness.mp. or cosW XWiliW\.mp. or cosW 

benefit.mp. or economic analysis.mp. or economic evaluation.mp. or cost.mp. 
3. 1 and 2 



ASSendi[ B.  
SWXd\ DeWailV  
TiWle CRVW-effecWiYeneVV anal\ViV Rf alWeUnaWiYe nalR[Rne diVWUibXWiRn VWUaWegieV: 

FiUVW UeVSRndeU and la\ diVWUibXWiRn in Whe UniWed SWaWeV 
AXWhRU TRZnVend T, BlRVWein F, DRan T, MadVRn-OlVRn S, Galecki P, HXWWRn DW 
YeaU Rf SXblicaWiRn 2020 
PXblicaWiRn W\Se InWeUnaWiRnal JRXUnal Rf DUXg PRlic\ 
FXnding NRne declaUed 
SeWWing UniWed SWaWeV 
T\Se Rf inWeUYenWiRn 8 diffeUenW nalR[Rne diVWUibXWiRn VWUaWegieV (diffeUenW mi[eV Rf EMS, fiUe, 

SRlice, RU la\SeRSle) 
SWXd\ deVign 
1. The UeVeaUch TXeVWiRn iV 
VWaWed 

YeV ³TR eYalXaWe Whe cRVW-effecWiYeneVV Rf incUeaVed nalR[Rne 
diVWUibXWiRn WR la\SeRSle, SRlice and fiUefighWeUV, emeUgenc\ 
medical VeUYiceV SeUVRnnel, and cRmbinaWiRnV Rf WheVe 
gURXSV.´ 

2. The ecRnRmic imSRUWance Rf 
Whe UeVeaUch TXeVWiRn iV VWaWed 

YeV ³PUiRU VWXdieV haYe nRW e[amined ZheWheU Whe 
cRVW-effecWiYeneVV Rf nalR[Rne diVWUibXWiRn YaUieV b\ Whe gURXS 
WaUgeWed.´ 

3. The YieZSRinW(V) Rf Whe 
anal\ViV aUe cleaUl\ VWaWed and 
jXVWified 

YeV ³WiWh Whe UaSid eYRlXWiRn Rf Whe RSiRid cUiViV, Whe 
cRVW-effecWiYeneVV Rf nalR[Rne diVWUibXWiRn WR all WaUgeW gURXSV 
ma\ be VhifWing. GiYen WheVe changing ciUcXmVWanceV, Whe 
YaUiaWiRn in adYanWageV and diVadYanWageV acURVV VWUaWegieV, 
Whe VcaUciW\ Rf UeVRXUceV aYailable WR addUeVV Whe cUiViV, and 
Whe UiVing cRVW Rf nalR[Rne, a cRVW-effecWiYeneVV anal\ViV Rf 
each diVWUibXWiRn, bRWh indeSendenWl\ and in cRmbinaWiRn, iV 
needed.´ 

4. The UaWiRnale fRU chRRVing Whe 
alWeUnaWiYe SURgUamV RU 
inWeUYenWiRnV cRmSaUed iV VWaWed 

YeV TheUe aUe SRWenWial adYanWageV and diVadYanWageV Rf 
diVWUibXWiRn WR each Rf WheVe gURXSV. 

5. The alWeUnaWiYeV being 
cRmSaUed aUe cleaUl\ deVcUibed 

YeV EighW VWUaWegieV WhaW encRmSaVV all cRmbinaWiRnV Rf lRZ and 
high diVWUibXWiRn WR la\SeRSle, SRlice and fiUe, and EMS: lRZ 
leYelV Rf diVWUibXWiRn WR all gURXSV, high diVWUibXWiRn WR all 
gURXSV, and all RWheU cRmbinaWiRnV Rf high and lRZ 
diVWUibXWiRn WR Whe WhUee gURXSV. 

6. The fRUm Rf ecRnRmic 
eYalXaWiRn XVed iV VWaWed 

YeV SWaWed aV cRVW-effecWiYeneVV anal\ViV bXW XSRn fXUWheU UeYieZ 
iV mRUe aSSURSUiaWel\ claVVified aV a cRVW-XWiliW\ anal\ViV. 

7. The chRice Rf fRUm Rf 
ecRnRmic eYalXaWiRn iV jXVWified 
in UelaWiRn WR Whe TXeVWiRnV 
being addUeVVed 

NR   

DaWa collecWion   
8. The VRXUce(V) Rf effecWiYeneVV 
eVWimaWeV aUe VWaWed 

YeV NaWiRnall\ UeSUeVenWaWiYe daWa and V\nWheViV Rf Rne-Rff 
VWXdieV. 

9. DeWailV Rf Whe deVign and 
UeVXlWV Rf effecWiYeneVV VWXd\ aUe 
giYen (if baVed Rn a Vingle 
VWXd\) 

NRW 
ASSURSUiaWe 

 



10. DeWailV Rf Whe meWhRd Rf 
V\nWheViV RU meWa-anal\ViV Rf 
eVWimaWeV aUe giYen (if baVed Rn 
an RYeUYieZ Rf a nXmbeU Rf 
effecWiYeneVV VWXdieV) 

NR  

11. The SUimaU\ RXWcRme 
meaVXUe(V) fRU Whe ecRnRmic 
eYalXaWiRn aUe cleaUl\ VWaWed 

YeV SWUaWeg\ Uanking, deWeUmined b\ neW mRneWaU\ benefiW; 
cRVW-effecWiYeneVV, e[SUeVVed in incUemenWal cRVWV SeU QALY 
gained. 

12. MeWhRdV WR YalXe healWh 
VWaWeV and RWheU benefiWV aUe 
VWaWed 

YeV NXmbeU Rf faWal RYeUdRVeV. 

13. DeWailV Rf Whe VXbjecW fURm 
ZhRm YalXaWiRnV ZeUe RbWained 
aUe giYen 

YeV H\SRWheWical indiYidXalV ZiWh RSiRid XVe diVRUdeU ZhR enWeU 
Whe mRdel aW 35 \eaUV Rf age.  

14. PURdXcWiYiW\ changeV (if 
inclXded) aUe UeSRUWed 
VeSaUaWel\ 

YeV In Table 3. 

15. The UeleYance Rf 
SURdXcWiYiW\ changeV WR Whe 
VWXd\ TXeVWiRn iV diVcXVVed 

YeV ³The incUeaVed RYeUall cRVWV Rf nalR[Rne diVWUibXWiRn, WUaining, 
and Whe VRcieWal healWh and cUiminal jXVWice cRVWV Rf 
indiYidXalV ZiWh OUD liYing lRngeU ZeUe cRnVideUabl\ VmalleU 
Whan Whe SURdXcWiYiW\ gained b\ aYeUWing deaWhV - Whe 
SURdXcWiYiW\ lRVVeV aYeUWed b\ keeSing a SeUVRn aliYe lRngeU 
faU RXW-Zeighed Whe VRcieWal cRVWV Rf dRing VR (e.g., added 
cRVWV WR Whe cUiminal jXVWice and healWh caUe V\VWemV).´ 

16. QXanWiWieV Rf UeVRXUceV aUe 
UeSRUWed VeSaUaWel\ fURm WheiU 
XniW cRVWV 

NR  

17. MeWhRdV fRU Whe eVWimaWiRn 
Rf TXanWiWieV and XniW cRVWV aUe 
deVcUibed 

YeV RaWiRnaleV fRU TXanWiWieV and cRVWV aUe deVcUibed in ASSendi[ 
Table 2. 

18. CXUUenc\ and SUice daWa aUe 
UecRUded 

YeV USD cXUUenc\. PUice daWa UecRUded in ASSendi[ Table 2. 

19. DeWailV Rf cXUUenc\ Rf SUice 
adjXVWmenWV fRU inflaWiRn RU 
cXUUenc\ cRnYeUViRn aUe giYen 

YeV CRnVXmeU PUice Inde[ XVed WR adjXVW cRVWV WR 2017 USD. 

20. DeWailV Rf an\ mRdel XVed 
aUe giYen 

YeV DeciViRn-anal\Wic mRdel. 

21. The chRice Rf mRdel XVed 
and Whe ke\ SaUameWeUV Rn 
Zhich iW iV baVed aUe jXVWified 

YeV AWWached in aSSendi[ Table 2. 

Anal\ViV and inWerpreWaWion of reVXlWV 
22. Time hRUi]Rn Rf cRVWV and 
benefiWV iV VWaWed 

YeV LifeWime hRUi]Rn 

23. The diVcRXnW UaWe(V) iV VWaWed YeV 3% 
24. The chRice Rf UaWe(V) iV 
jXVWified 

YeV RefeUenced SandeUV eW al. 

25. An e[SlanaWiRn iV giYen if 
cRVWV RU benefiWV aUe nRW 
diVcRXnWed 

NRW 
ASSURSUiaWe 

 

26. DeWailV Rf VWaWiVWical WeVWV 
and cRnfidence inWeUYalV aUe 
giYen fRU VWRchaVWic daWa 

YeV ³In a SURbabiliVWic VenViWiYiW\ anal\ViV, Ze VimXlWaneRXVl\ 
YaUied all SaUameWeUV in 10,000 iWeUaWiRnV Rf a MRnWe CaUlR 
VimXlaWiRn´ 



27. The aSSURach WR VenViWiYiW\ 
anal\ViV iV giYen 

YeV ³We cRndXcWed a WRUnadR anal\ViV WR e[amine Whe effecWV Rf 
YaU\ing each SaUameWeU indiYidXall\ Rn mRdel RXWcRmeV. FRU 
a VeW Rf SaUWicXlaUl\ XnceUWain RU SRWenWiall\ inflXenWial 
SaUameWeUV, Ze cRndXcWed WhUeVhRld anal\VeV WR e[amine 
ZheWheU an\ YalXe Rf Whe SaUameWeU ZRXld change Whe mRdel'V 
cRnclXViRn.´ 

28. The chRice Rf YaUiableV fRU 
VenViWiYiW\ anal\ViV iV jXVWified 

YeV ³MRUWaliW\ SaUameWeUV enabled e[aminaWiRn Rf Whe imSacW Rf 
incUeaVing XVe Rf highl\ SRWenW fenWan\l-like SURdXcWV Rn 
cRVW-effecWiYeneVV, aV WhiV VhifW ma\ UeVXlW in gUeaWeU mRUWaliW\ 
aW WUadiWiRnal nalR[Rne dRVeV, and/RU enWail higheU cRVWV Zhen 
mXlWiSle dRVeV aUe UeTXiUed. RiVing nalR[Rne SUiceV, Whe 
effecWiYeneVV Rf VXbVeTXenW dRVeV Rf nalR[Rne Zhen mXlWiSle 
dRVeV aUe adminiVWeUed, and h\SRWheWical mRUal ha]aUd.´ 

29. The UangeV RYeU Zhich Whe 
YaUiableV aUe YaUied iV VWaWed 

YeV AWWached in aSSendi[ Table 2. 

30. ReleYanW alWeUnaWiYeV aUe 
cRmSaUed 

YeV AWWached in aSSendi[ Table 2. 

31. IncUemenWal anal\ViV iV 
UeSRUWed 

YeV LRZ la\SeRSle, lRZ fiUe SRlice, high EMS = $12,000/QALY 
gained; high la\SeRSle, lRZ fiUe SRlice, high EMS = 
$12,880/QALY gained; high la\SeRSle, high fiUe SRlice, high 
EMS = $15,950/QALY gained 

32. MajRU RXWcRmeV aUe 
SUeVenWed in a diVaggUegaWed aV 
Zell aV aggUegaWed fRUm 

YeV AggUegaWed: ³High leYelV Rf diVWUibXWiRn WR all WhUee gURXSV 
ma[imi]ed neW mRneWaU\ benefiW and minimi]ed Whe nXmbeU Rf 
RYeUdRVe deaWhV, Zhile lRZ leYelV Rf diVWUibXWiRn WR all gURXSV 
enWailed Whe UeYeUVe RXWcRmeV.´  
 
DiVaggUegaWed: ³eYeU\ VWUaWeg\ ZaV cRVW-VaYing cRmSaUed iWV 
ne[W-beVW alWeUnaWiYe, and cRVW VaYingV ZeUe gUeaWeVW in Whe 
ma[imXm diVWUibXWiRn VWUaWeg\ becaXVe iW minimi]ed deaWh. 
The VecRnd higheVW-Uanking VWUaWeg\ inYRlYed high 
diVWUibXWiRn WR la\SeRSle and EMS, bXW lRZ diVWUibXWiRn WR 
SRlice and fiUe. The WhiUd higheVW-Uanking VWUaWeg\ inYRlYed 
high diVWUibXWiRn WR la\SeRSle and SRlice and fiUe, bXW lRZ 
diVWUibXWiRn WR EMS.´ 

33. The anVZeU WR Whe VWXd\ 
TXeVWiRn iV giYen 

YeV ³In bRWh Whe VRcieWal and healWh VecWRU anal\VeV, high 
diVWUibXWiRn WR all WhUee WaUgeW gURXSV minimi]ed RYeUdRVe 
deaWhV and ma[imi]ed neW mRneWaU\ benefiW, a meaVXUe WhaW 
WakeV inWR accRXnW bRWh cRVWV and healWh gainV.´ 

34. CRnclXViRnV fRllRZ fURm Whe 
daWa UeSRUWed 

YeV ³OXU findingV VXSSRUW incUeaVed nalR[Rne diVWUibXWiRn WR 
la\SeRSle likel\ WR e[SeUience RU ZiWneVV RYeUdRVe, SRlice and 
fiUe, and EMS. When UeVRXUce cRnVWUainWV limiW a cRmmXniW\'V 
abiliW\ WR incUeaVe diVWUibXWiRn WR all WhUee gURXSV, diVWUibXWiRn 
WR la\SeRSle and EMS VhRXld be SUiRUiWi]ed.´ 

35. CRnclXViRnV aUe 
accRmSanied b\ Whe aSSURSUiaWe 
caYeaWV 

YeV ³IncRmSleWe and imSeUfecW daWa SURdXce XnceUWainW\ in Whe 
SaUameWeU eVWimaWeV in RXU mRdel. CRmmXniW\-leYel 
heWeURgeneiW\ ma\ neceVViWaWe diffeUenW diVWUibXWiRn 
aSSURacheV in diffeUenW cRmmXniWieV. We defined µhigh la\ 
diVWUibXWiRn¶ VXch WhaW, 75% Rf RYeUdRVe eYenWV, eiWheU Whe 
YicWim RU a ZiWneVV ZRXld haYe aW VRme SRinW RbWained 
nalR[Rne. HRZeYeU, Ze aUe Xnable WR eVWimaWe Whe SURSRUWiRn 
Rf WaUgeW la\-SeRSle ZhR VhRXld UeceiYe nalR[Rne in RUdeU WR 
enVXUe WhaW, aW 75% Rf RYeUdRVe eYenWV, VRmeRne haV 
nalR[Rne´ 



 
SWXd\ DeWailV ​  
TiWle CRVW-effecWiYeneVV Rf Wake-hRme nalR[Rne fRU Whe SUeYenWiRn Rf RYeUdRVe 

faWaliWieV amRng heURin XVeUV in Whe UniWed KingdRm 
AXWhRU SXe Langham, AnWRn\ WUighW, JameV KenZRUWh\, RichaUd GUieYe, William 

C.N. DXnlRS 
YeaU Rf SXblicaWiRn 2018 
PXblicaWiRn W\Se ValXe in HealWh 
FXnding MXndi-ShaUma InWeUnaWiRnal LWd. 
SeWWing UniWed KingdRm 
T\Se Rf inWeUYenWiRn IM nalR[Rne diVWUibXWiRn WR nRn-medical adXlWV aW UiVk Rf heURin RYeUdRVe 
SWXd\ deVign 
1. The UeVeaUch TXeVWiRn iV 
VWaWed 

YeV ³TR aVVeVV Whe cRVW-effecWiYeneVV Rf diVWUibXWing nalR[Rne WR 
adXlWV aW UiVk Rf heURin RYeUdRVe fRU XVe b\ nRnmedical 
UeVSRndeUV cRmSaUed ZiWh nR nalR[Rne diVWUibXWiRn in a 
EXURSean healWhcaUe VeWWing (UniWed KingdRm).´ 

2. The ecRnRmic imSRUWance Rf 
Whe UeVeaUch TXeVWiRn iV VWaWed 

YeV ³TheUe iV a need fRU an ecRnRmic aVVeVVmenW Rf Wake-Wime 
nalR[Rne in Whe EXURSean VeWWing fURm a SXblic healWh 
SeUVSecWiYe.´ 

3. The YieZSRinW(V) Rf Whe 
anal\ViV aUe cleaUl\ VWaWed and 
jXVWified 

YeV The UniWed KingdRm ZaV chRVen becaXVe Rf iWV high and 
incUeaVing heURin-UelaWed mRUWaliW\ UaWe, Whe inWURdXcWiRn Rf 
neZ gRYeUnmenW UegXlaWiRnV in 2015 making nalR[Rne e[emSW 
fURm SUeVcUiSWiRn-Rnl\ medicine UeTXiUemenWV, and SRlic\ 
imSeUaWiYeV aimed aW Zidening XVe. 
 

4. The UaWiRnale fRU chRRVing 
Whe alWeUnaWiYe SURgUamV RU 
inWeUYenWiRnV cRmSaUed iV VWaWed 

NR  

5. The alWeUnaWiYeV being 
cRmSaUed aUe cleaUl\ deVcUibed 

YeV NR nalR[Rne diVWUibXWiRn. 

6. The fRUm Rf ecRnRmic 
eYalXaWiRn XVed iV VWaWed 

YeV SWaWed aV cRVW-effecWiYeneVV anal\ViV bXW XSRn fXUWheU UeYieZ 
iV mRUe aSSURSUiaWel\ claVVified aV a cRVW-XWiliW\ anal\ViV. 

7. The chRice Rf fRUm Rf 
ecRnRmic eYalXaWiRn iV jXVWified 
in UelaWiRn WR Whe TXeVWiRnV 
being addUeVVed 

NR  

DaWa collecWion 
8. The VRXUce(V) Rf 
effecWiYeneVV eVWimaWeV aUe 
VWaWed 

YeV ESidemiRlRgical eYidence deUiYed fURm NRUWh AmeUica, 
AXVWUalia, and EXURSe, XVing UK-VSecific inSXW SaUameWeUV 
Zhen aYailable. IW ZaV aVVXmed WhaW WheVe eVWimaWeV ZeUe 
UeleYanW fRU Whe UniWed KingdRm. 

9. DeWailV Rf Whe deVign and 
UeVXlWV Rf effecWiYeneVV VWXd\ 
aUe giYen (if baVed Rn a Vingle 
VWXd\) 

NRW 
ASSURSUiaWe 

 

10. DeWailV Rf Whe meWhRd Rf 
V\nWheViV RU meWa-anal\ViV Rf 
eVWimaWeV aUe giYen (if baVed Rn 
an RYeUYieZ Rf a nXmbeU Rf 
effecWiYeneVV VWXdieV) 

YeV ³The eVWimaWeV ZeUe baVed Rn eYidence demRnVWUaWing WhaW 
50% Rf XVeUV UelaSVe RYeU 5 \eaUV UeVXlWing in a mediXm 
dXUaWiRn Rf heURin XVe Rf 15 \eaUV, 33% WR 70% Rf XVeUV 
RYeUdRVe RYeU a lifeWime, and Whe SUinciSle UiVk facWRU fRU 
RYeUdRVe iV SUeYiRXV RYeUdRVe, WheUefRUe UiVk incUeaVeV ZiWh 
each RYeUdRVe.´ 



11. The SUimaU\ RXWcRme 
meaVXUe(V) fRU Whe ecRnRmic 
eYalXaWiRn aUe cleaUl\ VWaWed 

YeV IncUemenWal cRVW SeU QALY gained. 

12. MeWhRdV WR YalXe healWh 
VWaWeV and RWheU benefiWV aUe 
VWaWed 

YeV NXmbeU Rf RYeUdRVeV and RYeUdRVe deaWhV. 

13. DeWailV Rf Whe VXbjecW fURm 
ZhRm YalXaWiRnV ZeUe RbWained 
aUe giYen 

YeV AdXlWV (​>​22 \eaUV) aW UiVk Rf heURin RYeUdRVe. 

14. PURdXcWiYiW\ changeV (if 
inclXded) aUe UeSRUWed 
VeSaUaWel\ 

NRW 
ASSURSUiaWe 

 

15. The UeleYance Rf 
SURdXcWiYiW\ changeV WR Whe 
VWXd\ TXeVWiRn iV diVcXVVed 

NRW 
ASSURSUiaWe 

 

16. QXanWiWieV Rf UeVRXUceV aUe 
UeSRUWed VeSaUaWel\ fURm WheiU 
XniW cRVWV 

NR  

17. MeWhRdV fRU Whe eVWimaWiRn 
Rf TXanWiWieV and XniW cRVWV aUe 
deVcUibed 

YeV ³NalR[Rne cRVWV ZeUe baVed Rn Whe BUiWiVh NaWiRnal 
FRUmXlaU\ liVW SUice fRU PUenR[ad�, NalR[Rne cRVWV ZeUe 
incXUUed afWeU each RYeUdRVe Zhen nalR[Rne ZaV adminiVWeUed 
biannXall\ amRng acWiYe heURin XVeUV WR accRXnW fRU nalR[Rne 
gRing RXW Rf daWe. DiVWUibXWiRn cRVWV ZeUe aVVXmed SeU 
nalR[Rne SUeVcUiSWiRn, Rn Whe baViV Rf WhRVe eVWimaWed b\ 
CRffin and SXlliYan. TUaining cRVWV ZeUe eVWimaWed Rn Whe 
baViV Rf a SeU-caUe cRnWacW ZiWh Whe dUXg VeUYice and aSSlied 
fRU fiUVW-Wime adminiVWUaWiRn Rf nalR[Rne. CRVWV fRU an 
ambXlance callRXW and YiViW WR accidenW and emeUgenc\ ZeUe 
VRXUced fURm NaWiRnal HealWh SeUYice UefeUence cRVWV.´  

18. CXUUenc\ and SUice daWa aUe 
UecRUded 

YeV GBP cXUUenc\. NalR[Rne = �15.30 SeU XniW; diVWUibXWiRn = 
�8.50; WUaining cRVWV fRU XVeUV, famil\, and fUiendV = �124 SeU 
kiW fRU fiUVW Wime adminiVWUaWiRn; ambXlance = �233; accidenW 
and emeUgenc\ YiViW = �278. 

19. DeWailV Rf cXUUenc\ Rf SUice 
adjXVWmenWV fRU inflaWiRn RU 
cXUUenc\ cRnYeUViRn aUe giYen 

YeV CRVWV adjXVWed WR 2016 GDP  

20. DeWailV Rf an\ mRdel XVed 
aUe giYen 

YeV MaUkRY mRdel ZiWh an inWegUaWed deciViRn WUee. 

21. The chRice Rf mRdel XVed 
and Whe ke\ SaUameWeUV Rn 
Zhich iW iV baVed aUe jXVWified 

YeV ³A UeSlicaWiRn Rf Whe CRffin and SXlliYan mRdel ZaV 
deYelRSed XVing Whe Vame VWUXcWXUe and SaUameWeU inSXWV fRU 
all clinical and cRVW YaUiableV aV SXbliVhed in Whe RUiginal 
aUWicle. The UeSlicaWed mRdel ZaV adaSWed WR Whe UK healWh 
caUe V\VWem, Zhich inclXded VWUXcWXUe and cRnWenW changeV. 
Ke\ SaUameWeUV aUe SUeVenWed in Table 1, ZiWh deWailed 
UaWiRnale fRU SaUameWeU VelecWiRn in ASSendi[ Table 1.´ 

Anal\ViV and inWerpreWaWion of reVXlWV 
22. Time hRUi]Rn Rf cRVWV and 
benefiWV iV VWaWed 

YeV LifeWime hRUi]Rn (defaXlW YalXe VeW aW 64 \eaUV) 

23. The diVcRXnW UaWe(V) iV 
VWaWed 

YeV 3.5% 

24. The chRice Rf UaWe(V) iV 
jXVWified 

YeV In accRUdance ZiWh UK gXidance 



25. An e[SlanaWiRn iV giYen if 
cRVWV RU benefiWV aUe nRW 
diVcRXnWed 

NRW 
ASSURSUiaWe 

 

26. DeWailV Rf VWaWiVWical WeVWV 
and cRnfidence inWeUYalV aUe 
giYen fRU VWRchaVWic daWa 

YeV ³PURbabiliVWic VenViWiYiW\ anal\ViV ZaV XndeUWaken b\ 
UandRml\ dUaZing YalXeV fURm a diVWUibXWiRn aURXnd each Rf 
Whe inSXWV dXUing 10,000 VimXlaWiRnV. DiVWUibXWiRnV ZeUe beWa 
diVWUibXWiRn fRU SURSRUWiRnV and WUanViWiRn UaWeV, gamma fRU 
cRVWV and XWiliW\ decUemenWV, and lRgnRUmal fRU XWiliW\ UaWeV´ 

27. The aSSURach WR VenViWiYiW\ 
anal\ViV iV giYen 

YeV DeWeUminiVWic and SURbabiliVWic VenViWiYiW\ anal\VeV 

28. The chRice Rf YaUiableV fRU 
VenViWiYiW\ anal\ViV iV jXVWified 

NRW CleaU  

29. The UangeV RYeU Zhich Whe 
YaUiableV aUe YaUied iV VWaWed 

YeV In Table 1. 

30. ReleYanW alWeUnaWiYeV aUe 
cRmSaUed 

YeV In Table 2. 

31. IncUemenWal anal\ViV iV 
UeSRUWed 

YeV �899/QALY gained 

32. MajRU RXWcRmeV aUe 
SUeVenWed in a diVaggUegaWed aV 
Zell aV aggUegaWed fRUm 

YeV AggUegaWed: ³The ecRnRmic mRdel eVWimaWed WhaW a 
diVWUibXWiRn Rf Wake-hRme nalR[Rne Ueaching 30% Rf heURin 
XVeUV ZRXld SUeYenW 6.6% Rf RYeUdRVe deaWhV aW an 
incUemenWal cRVW-effecWiYeneVV UaWiR Rf �899/QALY gained 
RYeU a lifeWime.´  
 
DiVaggUegaWed: ³In a SRSXlaWiRn Rf 200,000 heURin XVeUV ZiWh 
nR nalR[Rne diVWUibXWiRn, Whe mRdel eVWimaWed WhaW WheUe 
ZRXld be 385,007 RYeUdRVeV, Rf Zhich 9.8% ZRXld UeVXlW in 
deaWh. A 30% diVWUibXWiRn Rf nalR[Rne WR adXlWV aW UiVk Rf 
heURin RYeUdRVe fRU XVe b\ nRnmedical UeVSRndeUV ZRXld 
incUeaVe Whe nXmbeU Rf RYeUdRVeV b\ 2.7%, becaXVe Rf Whe 
incUeaVe in VXUYiYal Rf heURin XVeUV aW UiVk Rf a VXbVeTXenW 
RYeUdRVe, iW ZRXld UeVXlW in a decUeaVe in Whe nXmbeU Rf 
RYeUdRVe deaWhV b\ 2,500.´ 

33. The anVZeU WR Whe VWXd\ 
TXeVWiRn iV giYen 

YeV ³A nalR[Rne Wake-hRme SURgUam in a EXURSean maUkeW, in WhiV 
caVe Whe UniWed KingdRm, WaUgeWed aW 30% Rf heURin XVeUV, 
ZaV VhRZn WR be highl\ cRVW-effecWiYe.´ 

34. CRnclXViRnV fRllRZ fURm Whe 
daWa UeSRUWed 

YeV ³The diVWUibXWiRn Rf Wake-hRme nalR[Rne decUeaVed RYeUdRVe 
deaWhV b\ abRXW 6.6% and ZaV cRVW-effecWiYe ZiWh an 
incUemenWal cRVW SeU QALY gained Zell belRZ �20,000 
ZillingneVV-WR-Sa\ WhUeVhRld VeW b\ UK deciViRn makeUV.´  



 

35. CRnclXViRnV aUe 
accRmSanied b\ Whe aSSURSUiaWe 
caYeaWV 

YeV ³The mRdel XVeV daWa baVed Rn eSidemiRlRgic VWXdieV in Whe 
abVence Rf UandRmi]ed cRnWURlled WUialV and, Zhen daWa ZeUe 
nRW aYailable fRU Whe UniWed KingdRm, inSXW SaUameWeUV ZeUe 
dUaZn fURm Whe RUiginal CRffin and SXlliYan mRdel WhaW 
cRnWained SUedRminanWl\ NRUWh AmeUican daWa, ZiWh 
VXSSRUWing eYidence fURm AXVWUalia and EXURSe. TheUe aUe 
SRWenWial benefiWV Rf WUaining dUXg XVeUV Rn Whe adminiVWUaWiRn 
Rf nalR[Rne and gXidelineV WR fRllRZ if Whe\ ZiWneVV an 
RYeUdRVe Zhich aUe nRW inclXded in WhiV anal\ViV WhaW cRXld 
SRWenWiall\ lead WR imSURYed cRVW-effecWiYeneVV eVWimaWeV fRU 
nalR[Rne diVWUibXWiRn. The mRdel demRnVWUaWeV 
cRVW-effecWiYeneVV in a geneUal SRSXlaWiRn Rf heURin XVeUV, 
neYeUWheleVV UaWeV Rf RYeUdRVe and effecWiYeneVV Rf Wake-hRme 
nalR[Rne SURgUamV aUe likel\ VR YaU\ VignificanWl\ beWZeen 
UiVk gURXSV. The mRdel baVe caVe dReV nRW inclXde VRcieWal 
cRVWV.´ 

SWXd\ DeWailV ​  
TiWle CRVW-effecWiYeneVV Rf nalR[Rne kiWV in VecRndaU\ VchRRlV 
AXWhRU LaXUen E. CiSUianR & GUegRU\ S. ZaUic 
YeaU Rf SXblicaWiRn 2018 
PXblicaWiRn W\Se DUXg and AlcRhRl DeSendence 
FXnding The DaYid G. BXUgR\ne FacXlW\ FellRZVhiS and Whe J. All\n H. Minga\ ChaiU 

in ManagemenW Science 
SeWWing High VchRRlV in Whe TRURnWR DiVWUicW SchRRl BRaUd 
T\Se Rf inWeUYenWiRn DiVWUibXWiRn Rf nalR[Rne kiWV ZiWhin Whe TRURnWR DiVWUicW SchRRlV BRaUd 
SWXd\ deVign 
1. The UeVeaUch TXeVWiRn iV 
VWaWed 

YeV ³TR XVe Whe SUinciSleV Rf cRVW-effecWiYeneVV anal\ViV WR 
XndeUVWand Whe cRndiWiRnV XndeU Zhich a VchRRl-baVed nalR[Rne 
SURgUam iV a cRVW-effecWiYe XVe Rf UeVRXUceV.´ 

2. The ecRnRmic imSRUWance Rf 
Whe UeVeaUch TXeVWiRn iV VWaWed 

YeV ³High VchRRlV SUeVenW a cRmSaUabl\ lRZ UiVk VeWWing in Zhich 
Whe YalXe Rf inYeVWing in RYeUdRVe SUeYenWiRn iV XnknRZn.´  

3. The YieZSRinW(V) Rf Whe 
anal\ViV aUe cleaUl\ VWaWed and 
jXVWified 

YeV ³We SeUfRUmed RXU cRVW-effecWiYeneVV anal\ViV nRW becaXVe Whe 
SURgUam iV cRVWl\, bXW becaXVe iW haV XncleaU YalXe.´ 

4. The UaWiRnale fRU chRRVing 
Whe alWeUnaWiYe SURgUamV RU 
inWeUYenWiRnV cRmSaUed iV 
VWaWed 

NR  

5. The alWeUnaWiYeV being 
cRmSaUed aUe cleaUl\ deVcUibed 

YeV OWheU WUeaWmenW and haUm UedXcWiRn SlanV in TRURnWR - µVWaWXV 
TXR¶ 

6. The fRUm Rf ecRnRmic 
eYalXaWiRn XVed iV VWaWed 

YeV SWaWed aV cRVW-effecWiYeneVV anal\ViV bXW XSRn fXUWheU UeYieZ iV 
mRUe aSSURSUiaWel\ claVVified aV a cRVW-XWiliW\ anal\ViV 

7. The chRice Rf fRUm Rf 
ecRnRmic eYalXaWiRn iV jXVWified 
in UelaWiRn WR Whe TXeVWiRnV 
being addUeVVed 

NR  

DaWa collecWion 
8. The VRXUce(V) Rf 
effecWiYeneVV eVWimaWeV aUe 
VWaWed 

YeV EVWimaWed fURm Whe medical liWeUaWXUe and TRURnWR-VSecific 
VRXUceV ZheneYeU SRVVible.  



9. DeWailV Rf Whe deVign and 
UeVXlWV Rf effecWiYeneVV VWXd\ 
aUe giYen (if baVed Rn a Vingle 
VWXd\) 

NRW 
ASSURSUiaW
e 

 

10. DeWailV Rf Whe meWhRd Rf 
V\nWheViV RU meWa-anal\ViV Rf 
eVWimaWeV aUe giYen (if baVed Rn 
an RYeUYieZ Rf a nXmbeU Rf 
effecWiYeneVV VWXdieV) 

YeV MRdel dRcXmenWaWiRn fRllRZV CHEERS UecRmmendaWiRnV. 

11. The SUimaU\ RXWcRme 
meaVXUe(V) fRU Whe ecRnRmic 
eYalXaWiRn aUe cleaUl\ VWaWed 

YeV IncUemenWal cRVW fRU QALY gained and Canadian aYeUage 
age-VSecific fXWXUe cRVWV. 

12. MeWhRdV WR YalXe healWh 
VWaWeV and RWheU benefiWV aUe 
VWaWed 

YeV QXaliW\-Rf-life ZeighWV, eVWimaWed fURm SWaWiVWicV Canada, Whe 
Canadian InVWiWXWe fRU HealWh InfRUmaWiRn (CIHI), and Whe 
Canadian CRmmXniW\ HealWh SXUYe\, and SURbabiliW\ Rf a faWal 
RSiRid RYeUdRVe.  

13. DeWailV Rf Whe VXbjecW fURm 
ZhRm YalXaWiRnV ZeUe RbWained 
aUe giYen 

YeV High-VchRRl VWXdenWV.  

14. PURdXcWiYiW\ changeV (if 
inclXded) aUe UeSRUWed 
VeSaUaWel\ 

NRW 
ASSURSUiaW
e 

 

15. The UeleYance Rf 
SURdXcWiYiW\ changeV WR Whe 
VWXd\ TXeVWiRn iV diVcXVVed 

NRW 
ASSURSUiaW
e 

 

16. QXanWiWieV Rf UeVRXUceV aUe 
UeSRUWed VeSaUaWel\ fURm WheiU 
XniW cRVWV 

YeV ³We aVVXmed WhaW TRURnWR PXblic HealWh ZRXld WUain Rne VWaff 
membeU SeU VchRRl, an addiWiRn 10% Rf VWaff ZRXld need WR be 
WUained SeU \eaU WR accRXnW fRU UeWiUemenW and VWaff WXUnRYeU.´  

17. MeWhRdV fRU Whe eVWimaWiRn 
Rf TXanWiWieV and XniW cRVWV aUe 
deVcUibed 

YeV ³The cRVW Rf WUaining ZaV baVed Rn annXal WeacheU ValaUieV WR 
UeflecW Whe RSSRUWXniW\ cRVW Rf Wime deYRWed WR WUaining. All VWaff 
ZRXld UeTXiUe UeWUaining eYeU\ WhUee \eaUV. We aVVXmed WhaW Whe 
iniWial cRVW Rf nalR[Rne ZaV $18,000, Zhich ZaV Whe mid-SRinW 
Rf a SXbliVhed eVWimaWed cRVW Uange. We aVVXmed VWaUW-XS cRVWV 
ZRXld be amRUWi]ed RYeU 10 \eaUV, cRnViVWenW ZiWh Whe 
amRUWi]aWiRn dXUaWiRn Whe TDSB aSSlieV WR Whe fiUVW-Wime 
eTXiSSing Rf VchRRlV. We aVVXmed WhaW all VWaff ZRXld UeTXiUe 
UeWUaining eYeU\ WhUee \eaUV, cRnViVWenW ZiWh Red CURVV geneUal 
fiUVW-aid ceUWificaWiRn UeTXiUemenWV. We aVVXme WhaW nalR[Rne 
kiWV ZRXld need WR be UeSlaced eYeU\ WZR \eaUV.´ 

18. CXUUenc\ and SUice daWa aUe 
UecRUded 

YeV PUiceV UeSRUWed in CAD cXUUenc\. CRVWV UeSRUWed in Table 1.  

19. DeWailV Rf cXUUenc\ Rf SUice 
adjXVWmenWV fRU inflaWiRn RU 
cXUUenc\ cRnYeUViRn aUe giYen 

YeV CRVWV ZeUe adjXVWed fRU inflaWiRn XVing Whe Canadian CRnVXmeU 
PUice Inde[  

20. DeWailV Rf an\ mRdel XVed 
aUe giYen 

YeV DeciViRn-anal\Wic mRdel  

21. The chRice Rf mRdel XVed 
and Whe ke\ SaUameWeUV Rn 
Zhich iW iV baVed aUe jXVWified 

YeV Ke\ SaUameWeUV aUe jXVWified b\ calcXlaWiRn, aVVXmSWiRn, RU 
UefeUence. ReSRUWed in Table 1.  

Anal\ViV and inWerpreWaWion of reVXlWV 

22. Time hRUi]Rn Rf cRVWV and 
benefiWV iV VWaWed 

YeV LifeWime 



23. The diVcRXnW UaWe(V) iV 
VWaWed 

YeV ³FXWXUe cRVWV and healWh benefiWV diVcRXnWed aW 1.5%.´  

24. The chRice Rf UaWe(V) iV 
jXVWified 

YeV ³CRnViVWenW ZiWh Whe 2017 Canadian GXidelineV fRU Whe 
EcRnRmic EYalXaWiRn Rf HealWh TechnRlRgieV´ 

25. An e[SlanaWiRn iV giYen if 
cRVWV RU benefiWV aUe nRW 
diVcRXnWed 

NRW 
ASSURSUiaW
e 

 

26. DeWailV Rf VWaWiVWical WeVWV 
and cRnfidence inWeUYalV aUe 
giYen fRU VWRchaVWic daWa 

NR  

27. The aSSURach WR VenViWiYiW\ 
anal\ViV iV giYen 

YeV DeWeUminiVWic and SURbabiliVWic VenViWiYiW\ anal\ViV  

28. The chRice Rf YaUiableV fRU 
VenViWiYiW\ anal\ViV iV jXVWified 

YeV ³ValXeV ZeUe YaUied VignificanWl\, inclXding VcenaUiR anal\ViV 
in Zhich RYeUdRVe VXUYiYRUV haYe Whe Vame fXWXUe cRVWV and 
benefiWV aV Whe geneUal SRSXlaWiRn.´ 

29. The UangeV RYeU Zhich Whe 
YaUiableV aUe YaUied iV VWaWed 

YeV In Table 1.  

30. ReleYanW alWeUnaWiYeV aUe 
cRmSaUed 

YeV In Table 1. 

31. IncUemenWal anal\ViV iV 
UeSRUWed 

YeV ICER = leVV Whan $50,000 SeU QALY if 2.7 RYeUdRVeV/\eaU, and 
ICER =$100,000 SeU QALY if 1.3 RYeUdRVeV/\eaU  

32. MajRU RXWcRmeV aUe 
SUeVenWed in a diVaggUegaWed aV 
Zell aV aggUegaWed fRUm 

YeV AggUegaWed: ³When Whe WRWal e[SecWed nXmbeU Rf RYeUdRVeV 
annXall\ acURVV all 112 high-VchRRl in Whe TDSB iV mRUe Whan 
WZR SeU \eaU, When Whe SURgUam ZRXld cRVW leVV Whan $50,000 
SeU QALY-gained if Whe SURgUam UedXceV RSiRid SRiVRning 
mRUWaliW\ b\ aW leaVW 20%. If WheUe iV leVV Whan Rne RYeUdRVe 
eYeU\ \eaU, iW iV Xnlikel\ WhaW a VchRRl-baVed nalR[Rne SURgUam 
Zill be cRVW-effecWiYe XnleVV Whe SURgUam UedXceV Whe mRUWaliW\ 
UaWe b\ aW leaVW 40%.´  
 
DiVaggUegaWed: ³If Whe cXUUenW mRUWaliW\ UaWe fURm RSiRid 
RYeUdRVe iV higheU Whan in RXU baVe caVe, When a VchRRl nalR[Rne 
SURgUam aSSeaUV dUamaWicall\ mRUe cRVW-effecWiYe. HRZeYeU, if 
cXUUenW caUe in UeVSRnVe WR an RYeUdRVe aW a TRURnWR high VchRRl 
UeVXlWV in a mRUWaliW\ UaWe leVV Whan 5%, When iW iV Xnlikel\ a 
VchRRl nalR[Rne SURgUam Zill UedXce mRUWaliW\ enRXgh WR be 
cRVW-effecWiYe eYen if WheUe aUe mRUe Whan WZR RYeUdRVeV SeU 
\eaU. $50,000 SeU QALY-gained, Whe SURbabiliW\ WhaW a 
VchRRl-baVed nalR[Rne SURgUam iV cRVW-effecWiYe Rnl\ e[ceedV 
50% if WheUe aUe mRUe Whan WZR RYeUdRVeV SeU \eaU and Whe 
SURgUam UedXceV mRUWaliW\ b\ mRUe Whan 27% RU if WheUe iV mRUe 
Whan Rne RYeUdRVe SeU \eaU and Whe SURgUam UedXceV mRUWaliW\ 
b\ mRUe Whan 46%.´ 

33. The anVZeU WR Whe VWXd\ 
TXeVWiRn iV giYen 

YeV ³A VchRRl-baVed nalR[Rne SURgUam iV cRVW-effecWiYe aW a 
ZillingneVV-WR-Sa\ Rf $50,000 SeU QALY-gained XndeU Whe 
fRllRZing cRndiWiRnV: if iW UedXceV RSiRid SRiVRning mRUWaliW\ 
b\ aW leaVW 40% and WheUe iV aW leaVW Rne RYeUdRVe SeU \eaU, RU, if 
iW UedXceV mRUWaliW\ b\ aW leaVW 20% and WheUe aUe aW leaVW WZR 
RYeUdRVeV SeU \eaU.´ 



 

34. CRnclXViRnV fRllRZ fURm 
Whe daWa UeSRUWed 

YeV ³If Whe UiVk Rf an RYeUdRVe in a TRURnWR high VchRRl iV lRZ, When 
RWheU SURgUamV aimed aW imSURYing Whe healWh and Zellbeing Rf 
VWXdenWV ma\ be beWWeU XVe Rf limiWed UeVRXUceV. HRZeYeU, RXU 
anal\ViV demRnVWUaWeV WhaW making nalR[Rne aYailable in TDBS 
VchRRlV iV likel\ WR be cRVW-effecWiYe if WheUe aUe aW leaVW WZR 
RYeUdRVeV eYeU\ \eaU.´ 

35. CRnclXViRnV aUe 
accRmSanied b\ Whe aSSURSUiaWe 
caYeaWV 

YeV ³OXU anal\ViV haV limiWaWiRnV inclXding man\ VimSlificaWiRnV. 
OXU mRdel Rnl\ cRnVideUV ZheWheU RU nRW nalR[Rne in high 
VchRRlV iV cRVW-effecWiYe cRmSaUed WR Whe VWaWXV TXR--iW dReV nRW 
cRnVideU incUeaVing acceVV WR dUXg XVe edXcaWiRn, haUm 
UedXcWiRn SURgUamV WaUgeWing \RXWhV, RU RWheU VRcial SURgUamV 
Zhich ma\ effecWiYel\ SUeYenW XnVafe dUXg XVe, RYeUdRVe, RU 
RYeUdRVe mRUWaliW\.´ 

SWXd\ DeWailV ​  
TiWle EffecWV Rf nalR[Rne diVWUibXWiRn alRne RU in cRmbinaWiRn ZiWh addicWiRn 

WUeaWmenW ZiWh RU ZiWhRXW SUe-e[SRVXUe SURSh\la[iV fRU HIV SUeYenWiRn in 
SeRSle ZhR injecW dUXgV: A cRVW-effecWiYeneVV mRdelling VWXd\ 

AXWhRU JennifeU U\ei, DaYid A. Fiellin, MaUianne BXchelli, RamRn 
RRdUigXe]-SanWana, R. ScRWW BUaiWhZaiWe 

YeaU Rf SXblicaWiRn 2017 
PXblicaWiRn W\Se LanceW PXblic HealWh 
FXnding SWaWe Rf CRnnecWicXW DeSaUWmenW Rf PXblic HealWh and Whe NaWiRnal InVWiWXWe Rf 

MenWal HealWh 
SeWWing CRnnecWicXW, UniWed SWaWeV 
T\Se Rf inWeUYenWiRn VaU\ing cRmbinaWiRnV Rf nalR[Rne diVWUibXWiRn, PUEP and addicWiRn WUeaWmenW 
SWXd\ deVign 
1. The UeVeaUch TXeVWiRn iV 
VWaWed 

YeV ³TR inYeVWigaWe Whe healWh benefiW and cRVW-effecWiYeneVV Rf Whe 
cXUUenW nalR[Rne diVWUibXWiRn SURgUamme in CRnnecWicXW, USA, 
aV Zell aV WhUee nRYel cRmbinaWiRn VWUaWegieV WhaW cRmbine 
nalR[Rne diVWUibXWiRn ZiWh linkage WR addicWiRn WUeaWmenW ZiWh 
RU ZiWhRXW PUEP.´ 

2. The ecRnRmic imSRUWance Rf 
Whe UeVeaUch TXeVWiRn iV VWaWed 

YeV ³PUEP haV been VhRZn WR VXbVWanWiall\ UedXce Whe SURbabiliW\ Rf 
HIV infecWiRn in SeRSle ZhR injecW dUXgV, bXW Whe YalXe Rf 
e[Sanding PUEP iV YaUiable, ZiWh Whe cRVW SeU QALY gained in 
Whe Uange Rf $50,000-350,000 and VenViWiYe WR HIV SUeYalence 
and Whe cRVW Rf PUEP.´ 

3. The YieZSRinW(V) Rf Whe 
anal\ViV aUe cleaUl\ VWaWed and 
jXVWified 

YeV ³MaWhemaWical mRdelV aUe imSRUWanW WR infRUm SRlic\ and 
deciViRn making becaXVe iW iV difficXlW WR Well ZheWheU Whe 
adYanWageV Rf cRmbinaWiRn VWUaWegieV Zill be aWWenXaWed Zhen 
cRnVideUing Whe dRZnVWUeam cRVWV aVVRciaWed ZiWh WUeaWing 
VXbVWance XVe diVRUdeUV, HIV, heSaWiWiV C, and WheiU VeTXelae, RU 
amSlified becaXVe Rf Whe caVeV Rf HIV and heSaWiWiV C WhaW aUe 
aYeUWed.´ 

4. The UaWiRnale fRU chRRVing 
Whe alWeUnaWiYe SURgUamV RU 
inWeUYenWiRnV cRmSaUed iV 
VWaWed 

YeV ³The cRmSaUaWRU Rf nR addiWiRnal inWeUYenWiRn aVVXmed a 
VcenaUiR in Zhich nRne Rf Whe RWheU fRXU VWUaWegieV ZeUe added 
WR V\Uinge e[change, nalR[Rne diVWUibXWiRn SlXV linkage WR 
addicWiRn WUeaWmenW and nalR[Rne diVWUibXWiRn SlXV PUEP aUe 
XnWeVWed VWUaWegieV (bXW baVed Rn eVWabliVhed SURgUammeV).´  

5. The alWeUnaWiYeV being 
cRmSaUed aUe cleaUl\ deVcUibed 

YeV NR addiWiRnal inWeUYenWiRn, nalR[Rne diVWUibXWiRn SlXV linkage 
WR addicWiRn WUeaWmenW, nalR[Rne diVWUibXWiRn SlXV PUEP, 



nalR[Rne diVWUibXWiRn SlXV linkage WR addicWiRn WUeaWmenW and 
PUEP. 

6. The fRUm Rf ecRnRmic 
eYalXaWiRn XVed iV VWaWed 

YeV SWaWed aV cRVW-effecWiYeneVV anal\ViV bXW XSRn fXUWheU UeYieZ iV 
mRUe aSSURSUiaWel\ claVVified aV a cRVW-XWiliW\ anal\ViV 

7. The chRice Rf fRUm Rf 
ecRnRmic eYalXaWiRn iV jXVWified 
in UelaWiRn WR Whe TXeVWiRnV 
being addUeVVed 

NR  

DaWa collecWion 
8. The VRXUce(V) Rf 
effecWiYeneVV eVWimaWeV aUe 
VWaWed 

YeV PXbliVhed VRXUceV. 

9. DeWailV Rf Whe deVign and 
UeVXlWV Rf effecWiYeneVV VWXd\ 
aUe giYen (if baVed Rn a Vingle 
VWXd\) 

NRW 
ASSURSUiaW
e 

 

10. DeWailV Rf Whe meWhRd Rf 
V\nWheViV RU meWa-anal\ViV Rf 
eVWimaWeV aUe giYen (if baVed Rn 
an RYeUYieZ Rf a nXmbeU Rf 
effecWiYeneVV VWXdieV) 

YeV AWWached in ASSendi[.  

11. The SUimaU\ RXWcRme 
meaVXUe(V) fRU Whe ecRnRmic 
eYalXaWiRn aUe cleaUl\ VWaWed 

YeV QALY, WRWal cRVWV aVVRciaWed ZiWh each VWUaWeg\, and 
incUemenWal cRVW-effecWiYeneVV UaWiR. 

12. MeWhRdV WR YalXe healWh 
VWaWeV and RWheU benefiWV aUe 
VWaWed 

YeV SXUYiYal SURbabiliW\, life e[SecWanc\, and nXmbeU and 
SeUcenWage Rf RYeUdRVe deaWhV aYeUWed. 

13. DeWailV Rf Whe VXbjecW fURm 
ZhRm YalXaWiRnV ZeUe RbWained 
aUe giYen 

YeV HIV-negaWiYe SeRSle ZhR injecW dUXgV and ZeUe nRW Rn PUEP. 

14. PURdXcWiYiW\ changeV (if 
inclXded) aUe UeSRUWed 
VeSaUaWel\ 

NRW 
ASSURSUiaW
e 

 

15. The UeleYance Rf 
SURdXcWiYiW\ changeV WR Whe 
VWXd\ TXeVWiRn iV diVcXVVed 

NRW 
ASSURSUiaW
e 

 

16. QXanWiWieV Rf UeVRXUceV aUe 
UeSRUWed VeSaUaWel\ fURm WheiU 
XniW cRVWV 

NR   

17. MeWhRdV fRU Whe eVWimaWiRn 
Rf TXanWiWieV and XniW cRVWV aUe 
deVcUibed 

YeV ³The nalR[Rne kiW UeflecWV Whe cXUUenW SUice WhaW Whe CRnnecWicXW 
DeSaUWmenW Rf PXblic HealWh Sa\V SeU dRVe Rf nalR[Rne. 
PaUamedic diVSaWch cRVW inclXded baVic life VXSSRUW UeVSRnVe, 
WUanVSRUW WR Whe emeUgenc\ deSaUWmenW, and an aVVeVVmenW. CRVW 
Rf admiVViRn WR hRVSiWal afWeU an aVVeVVmenW. PUEP inclXded Whe 
cRVW Rf medicaWiRn, fRXU dRcWRU YiViWV, and labRUaWRU\ WeVWV. HIV 
anWiUeWURYiUal WUeaWmenW ZaV Waken fURm a UecenW VWXd\. 
MeWhadRne WUeaWmenW iV baVed Rn findingV fURm a VWXd\.´ 

18. CXUUenc\ and SUice daWa aUe 
UecRUded 

YeV USD cXUUenc\. $66 fRU 2 dRVeV in nalR[Rne kiW; $10 diVWUibXWiRn 
cRVW; $3,182 SaUamedic diVSaWch cRVW; $15,845 admiVViRn WR 
hRVSiWal afWeU an aVVeVVmenW; $11,800 annXal PUeP cRVW SeU 
SeUVRn; $32,652 annXal HIV anWiUeWURYiUal WUeaWmenW cRVW SeU 
SaWienW; $4,821 annXal meWhadRne WUeaWmenW cRVW SeU SeUVRn 



19. DeWailV Rf cXUUenc\ Rf SUice 
adjXVWmenWV fRU inflaWiRn RU 
cXUUenc\ cRnYeUViRn aUe giYen 

YeV All cRVWV ZeUe cRnYeUWed inWR 2015 USD 

20. DeWailV Rf an\ mRdel XVed 
aUe giYen 

YeV DeciViRn-anal\Wical MaUkRY mRdel 

21. The chRice Rf mRdel XVed 
and Whe ke\ SaUameWeUV Rn 
Zhich iW iV baVed aUe jXVWified 

YeV ³MRdel VWUXcWXUe and SaUameWeUV ZeUe deYelRSed and VelecWed 
in cRnVXlWaWiRn ZiWh SURgUamme imSlemenWaWiRn and SRlic\ 
e[SeUWV aW Whe CRnnecWicXW DeSaUWmenW Rf PXblic HealWh and 
diVcXVVed ZiWh RWheU e[SeUWV in Whe field Rf addicWiRn and HIV 
infecWiRn ZhR aUe knRZledgeable abRXW VeUYice deliYeU\ fRU 
indiYidXalV in CRnnecWicXW ZhR XVe dUXgV.´ 

Anal\ViV and inWerpreWaWion of reVXlWV 
22. Time hRUi]Rn Rf cRVWV and 
benefiWV iV VWaWed 

YeV 20 \eaUV 

23. The diVcRXnW UaWe(V) iV 
VWaWed 

YeV 3% annXall\ 

24. The chRice Rf UaWe(V) iV 
jXVWified 

YeV RefeUenced SUeYiRXV UeVeaUch 

25. An e[SlanaWiRn iV giYen if 
cRVWV RU benefiWV aUe nRW 
diVcRXnWed 

NRW 
ASSURSUiaW
e 

 

26. DeWailV Rf VWaWiVWical WeVWV 
and cRnfidence inWeUYalV aUe 
giYen fRU VWRchaVWic daWa 

YeV ³OYeUall mRdel XnceUWainW\ ZaV WeVWed in a SURbabiliVWic 
VenViWiYiW\ anal\ViV, in Zhich Ze dUeZ 10,000 UandRm YalXeV 
fURm VSecified SURbabiliW\ diVWUibXWiRnV fRU each SaUameWeU 
(beWa diVWUibXWiRn fRU UaWeV, SURbabiliWieV, and XWiliWieV, and 
gamma diVWUibXWiRn fRU cRVWV).´ 

27. The aSSURach WR VenViWiYiW\ 
anal\ViV iV giYen 

YeV One-Za\ VenViWiYiW\ anal\ViV 

28. The chRice Rf YaUiableV fRU 
VenViWiYiW\ anal\ViV iV jXVWified 

YeV ³TheUe iV amSle XnceUWainW\ abRXW WheiU SUeciViRn, and Whe\ 
ZeUe VhRZn WR haYe VXbVWanWial effecWV Rn Whe YalXe Rf VRme 
VWUaWegieV.´ 

29. The UangeV RYeU Zhich Whe 
YaUiableV aUe YaUied iV VWaWed 

YeV AWWached in ASSendi[. 

30. ReleYanW alWeUnaWiYeV aUe 
cRmSaUed 

YeV AWWached in ASSendi[. 

31. IncUemenWal anal\ViV iV 
UeSRUWed 

YeV ³In Whe baVe caVe anal\ViV, cRmSaUed WR nR addiWiRnal 
inWeUYenWiRn, Whe nalR[Rne diVWUibXWiRn VWUaWeg\ \ielded an 
ICER Rf $323 SeU QALY.´ 



 

32. MajRU RXWcRmeV aUe 
SUeVenWed in a diVaggUegaWed aV 
Zell aV aggUegaWed fRUm 

YeV AggUegaWed: ³Zhen all VWUaWegieV ZeUe VimXlWaneRXVl\ 
cRnVideUed, nalR[Rne diVWUibXWiRn SlXV linkage WR addicWiRn 
WUeaWmenW ZaV cRVW VaYing cRmSaUed ZiWh nR addiWiRnal 
inWeUYenWiRn, nalR[Rne diVWUibXWiRn alRne, and nalR[Rne 
diVWUibXWiRn SlXV PUEP.´  
 
DiVaggUegaWed: ³aW Whe VRcieWal ZillingneVV-WR-Sa\ WhUeVhRld Rf 
$100,000 SeU QALY, Whe SUefeUUed VWUaWeg\ ZaV Whe 
cRmbinaWiRn Rf nalR[Rne diVWUibXWiRn, PUEP, and linkage WR 
addicWiRn WUeaWmenW, ZheUeaV if lRZeU ZillingneVV-WR-Sa\ 
WhUeVhRldV ZeUe XVed, Whe nalR[Rne diVWUibXWiRn SlXV linkage WR 
addicWiRn WUeaWmenW ZaV SUefeUable. When Whe annXal 
SURbabiliW\ Rf UelaSVe incUeaVed WR 18-9%, nalR[Rne diVWUibXWiRn 
SlXV linkage WR addicWiRn WUeaWmenW ZaV nR lRngeU cRVW VaYing 
cRmSaUed ZiWh nalR[Rne diVWUibXWiRn alRne, alWhRXgh Whe 
VWUaWeg\ ZaV VWill cRVW-effecWiYe eYen aW Whe higheVW SlaXVible 
YalXe Rf 85%. When Whe likelihRRd Rf diVcRnWinXing injecWiRn 
dUXg XVe becaXVe Rf WUeaWmenW declined leVV Whan 23-7%, 
nalR[Rne diVWUibXWiRn SlXV linkage WR addicWiRn WUeaWmenW ZaV 
nR lRngeU cRVW VaYing bXW ZaV VWill cRVW-effecWiYe aW Whe lRZeVW 
SlaXVible YalXe Rf 8-6%. When Whe likelihRRd Rf enWeUing 
addicWiRn WUeaWmenW fRU VWUaWegieV WhaW inclXded UefeUUal WR 
addicWiRn WUeaWmenW ZaV leVV Whan 5-5%, Whe nalR[Rne 
diVWUibXWiRn SlXV linkage WR addicWiRn WUeaWmenW VWUaWeg\ 
Uemained dRminanW and QALYV incUeaVed Zhile cRVWV 
decUeaVed. When Whe Vcale Rf VWUaWeg\ imSlemenWaWiRn Ueached 
90% SaUWiciSaWiRn, nalR[Rne diVWUibXWiRn SlXV linkage WR 
addicWiRn WUeaWmenW ZaV nR lRngeU cRVW VaYing cRmSaUed ZiWh 
nR addiWiRnal inWeUYenWiRn.´ 

33. The anVZeU WR Whe VWXd\ 
TXeVWiRn iV giYen 

YeV ³NalR[Rne diVWUibXWiRn WhURXgh V\Uinge VeUYice SURgUammeV 
SURYideV gRRd YalXe fRU mRne\ cRmSaUed ZiWh nR addiWiRnal 
inWeUYenWiRn. The addiWiRn Rf linkage WR addicWiRn WUeaWmenW 
VaYeV mRne\ cRmSaUed ZiWh eiWheU nR addiWiRnal inWeUYenWiRn RU 
nalR[Rne diVWUibXWiRn alRne. CRmbining PUEP ZiWh nalR[Rne 
diVWUibXWiRn and linkage WR addicWiRn WUeaWmenW UeVXlWed in Whe 
gUeaWeVW healWh gainV and ZaV cRVW-effecWiYe, ZiWh an ICER Rf 
leVV Whan $100,000 SeU QALY gained.´ 

34. CRnclXViRnV fRllRZ fURm 
Whe daWa UeSRUWed 

YeV ³NalR[Rne diVWUibXWiRn WhURXgh V\Uinge VeUYice SURgUammeV iV 
cRVW-effecWiYe cRmSaUed ZiWh V\Uinge diVWUibXWiRn alRne, bXW 
Zhen cRmbined ZiWh linkage WR addicWiRn WUeaWmenW iV cRVW 
VaYing cRmSaUed ZiWh nR addiWiRnal VeUYiceV. A VWUaWeg\ WhaW 
cRmbineV nalR[Rne diVWUibXWiRn, PUEP, and linkage WR addicWiRn 
WUeaWmenW UeVXlWV in gUeaWeU healWh benefiWV in SeRSle ZhR injecW 
dUXgV and iV alVR cRVW-effecWiYe.´ 

35. CRnclXViRnV aUe 
accRmSanied b\ Whe aSSURSUiaWe 
caYeaWV 

YeV ³The cRmbined inWeUYenWiRnV cRnVideUed in Whe anal\ViV haYe 
\eW WR be WeVWed. We XVed eVWimaWeV fRU WUeaWmenW enURlmenW, 
adheUence, and efficac\ baVed Rn VWXdieV WhaW WeVWed Whe VWUaWeg\ 
cRmSRnenWV indeSendenWl\. We Rnl\ anal\Ved Rne mRdel Rf 
linkage WR addicWiRn WUeaWmenW. We did nRW VimXlaWe heSaWiWiV C 
infecWiRn RU dRZnVWUeam VRcieWal effecWV VXch aV cUime and 
incaUceUaWiRn. We did nRW cRnVideU ZheWheU SRVVeVViRn Rf 
nalR[Rne encRXUageV UiVkieU heURin XVe´ 

SWXd\ DeWailV ​  



TiWle CRVW-effecWiYeneVV Rf diVWUibXWing nalR[Rne WR heURin XVeUV fRU la\ RYeUdRVe 
UeYeUVal 

AXWhRU PhilliS O. CRffin & Sean D. SXlliYan 
YeaU Rf SXblicaWiRn 2013 
PXblicaWiRn W\Se AnnalV Rf InWeUnal Medicine 
FXnding NaWiRnal InVWiWXWe Rf AlleUg\ and InfecWiRXV DiVeaVe 
SeWWing UniWed SWaWeV 
T\Se Rf inWeUYenWiRn NalR[Rne diVWUibXWiRn fRU la\ adminiVWUaWiRn 
SWXd\ deVign 
1. The UeVeaUch TXeVWiRn iV 
VWaWed 

YeV ³TR aVVeVV Whe e[SecWed RXWcRmeV and cRVW-effecWiYeneVV Rf 
diVWUibXWing nalR[Rne WR heURin XVeUV fRU la\ RYeUdRVe UeYeUVal 
cRmSaUed ZiWh nR inWeUYenWiRn.´ 

2. The ecRnRmic imSRUWance Rf 
Whe UeVeaUch TXeVWiRn iV VWaWed 

YeV ³NalR[Rne diVWUibXWiRn ma\ be highl\ cRVW-effecWiYe becaXVe 
Whe medicaWiRn iV ine[SenViYe and iWV XVe ma\ UeVXlW in a life 
VaYed, bXW VXch ShenRmena aV Whe UecXUUenW naWXUe Rf RYeUdRVe 
add cRmSle[iW\ WR an ecRnRmic eYalXaWiRn Rf nalR[Rne 
diVWUibXWiRn.´ 

3. The YieZSRinW(V) Rf Whe 
anal\ViV aUe cleaUl\ VWaWed and 
jXVWified 

NR  

4. The UaWiRnale fRU chRRVing 
Whe alWeUnaWiYe SURgUamV RU 
inWeUYenWiRnV cRmSaUed iV 
VWaWed 

NR  

5. The alWeUnaWiYeV being 
cRmSaUed aUe cleaUl\ deVcUibed 

YeV NR nalR[Rne diVWUibXWiRn. 

6. The fRUm Rf ecRnRmic 
eYalXaWiRn XVed iV VWaWed 

YeV SWaWed aV cRVW-effecWiYeneVV anal\ViV bXW XSRn fXUWheU UeYieZ iV 
mRUe aSSURSUiaWel\ claVVified aV a cRVW-XWiliW\ anal\ViV 

7. The chRice Rf fRUm Rf 
ecRnRmic eYalXaWiRn iV jXVWified 
in UelaWiRn WR Whe TXeVWiRnV 
being addUeVVed 

NR   

DaWa collecWion 
8. The VRXUce(V) Rf 
effecWiYeneVV eVWimaWeV aUe 
VWaWed 

YeV ³PXbliVhed liWeUaWXUe calibUaWed WR eSidemiRlRgic daWa.´ 

9. DeWailV Rf Whe deVign and 
UeVXlWV Rf effecWiYeneVV VWXd\ 
aUe giYen (if baVed Rn a Vingle 
VWXd\) 

NRW 
ASSURSUiaW
e 

 

10. DeWailV Rf Whe meWhRd Rf 
V\nWheViV RU meWa-anal\ViV Rf 
eVWimaWeV aUe giYen (if baVed Rn 
an RYeUYieZ Rf a nXmbeU Rf 
effecWiYeneVV VWXdieV) 

YeV ³We calibUaWed RXU mRdel WR be cRnViVWenW ZiWh cRnVeUYaWiYe 
eVWimaWeV Rf RYeUdRVe, mRUWaliW\, nalR[Rne XVe, and dUXg XVe 
ceVVaWiRn fURm eSidemiRlRgic VWXdieV b\ fRllRZing meWhRdV 
gXidance fURm SWRXW and cRlleagXe. See aSSendi[ Wable 2.´ 

11. The SUimaU\ RXWcRme 
meaVXUe(V) fRU Whe ecRnRmic 
eYalXaWiRn aUe cleaUl\ VWaWed 

YeV IncUemenWal cRVWV SeU QALY gained. 

12. MeWhRdV WR YalXe healWh 
VWaWeV and RWheU benefiWV aUe 
VWaWed 

YeV OYeUdRVe deaWhV SUeYenWed. 



13. DeWailV Rf Whe VXbjecW fURm 
ZhRm YalXaWiRnV ZeUe RbWained 
aUe giYen 

YeV ³H\SRWheWical 21-\eaU Rld nRYice U.S. heURin XVeU and mRUe 
e[SeUienced XVeUV.´ 

14. PURdXcWiYiW\ changeV (if 
inclXded) aUe UeSRUWed 
VeSaUaWel\ 

NRW 
ASSURSUiaW
e 

 

15. The UeleYance Rf 
SURdXcWiYiW\ changeV WR Whe 
VWXd\ TXeVWiRn iV diVcXVVed 

NRW 
ASSURSUiaW
e 

 

16. QXanWiWieV Rf UeVRXUceV aUe 
UeSRUWed VeSaUaWel\ fURm WheiU 
XniW cRVWV 

NR  

17. MeWhRdV fRU Whe eVWimaWiRn 
Rf TXanWiWieV and XniW cRVWV aUe 
deVcUibed 

YeV NalR[Rne kiW - biannXal WR accRXnW fRU SURdXcW e[SiUaWiRn, $12 
fRU nalR[Rne, $3 fRU RWheU cRmSRnenWV, $10 fRU RYeUhead; EMS 
YiViW - eVWimaWed fURm a UecenW cRVW-effecWiYeneVV eYalXaWiRn; 
EMS WUanVSRUW WR hRVSiWal - eVWimaWed fURm a UecenW 
cRVW-effecWiYeneVV eYalXaWiRn; EmeUgenc\ deSaUWmenW caUe if 
WUanVSRUWed - cRVW Rf emeUgenc\ deSaUWmenW caUe WUeaWmenW and 
UeleaVe, ZiWhRXW hRVSiWali]aWiRn, baVed Rn Whe CenWUeV fRU 
DiVeaVe CRnWURl and PUeYenWiRn Web-baVed InjXU\ SWaWiVWicV 
QXeU\ and ReSRUWing S\VWemV; AYeUage annXal VRcieWal cRVW Rf 
heURin XVeU fRU VecRndaU\ anal\ViV-eVWimaWe SURdXced b\ Whe 
U.S. Office Rf NaWiRnal DUXg CRnWURl PRlic\ 

18. CXUUenc\ and SUice daWa aUe 
UecRUded 

YeV USD cXUUenc\. NalR[Rne kiW = $25; EMS YiViW = $1,790; EMS 
WUanVSRUW WR hRVSiWal = $301; EmeUgenc\ deSaUWmenW caUe if 
WUanVSRUWed = $885; AYeUage annXal VRcieWal cRVW Rf heURin XVeU 
fRU VecRndaU\ anal\ViV = $3,368 

19. DeWailV Rf cXUUenc\ Rf SUice 
adjXVWmenWV fRU inflaWiRn RU 
cXUUenc\ cRnYeUViRn aUe giYen 

YeV ³WheUe neceVVaU\, cRVWV ZeUe adjXVWed WR 2012 leYelV Rn Whe 
baViV Rf Whe healWh caUe cRmSRnenW Rf Whe CRnVXmeU PUice 
Inde[.´  

20. DeWailV Rf an\ mRdel XVed 
aUe giYen 

YeV ³MaUkRY mRdel ZiWh an inWegUaWed deciViRn anal\Wic mRdel 
incRUSRUaWing UecXUUenW RYeUdRVeV and a VecRndaU\ anal\ViV 
aVVXming heURin XVeUV imSRVe a neW cRVW WR VRcieW\.´ 

21. The chRice Rf mRdel XVed 
and Whe ke\ SaUameWeUV Rn 
Zhich iW iV baVed aUe jXVWified 

YeV ³MaUkRY mRdel VhRZV healWh VWaWeV and SRVVible WUanViWiRnV 
beWZeen VWaWeV. USRn WUanViWiRn WR an\ VWage Rf RYeUdRVe, a 
deciViRn anal\Wic mRdel SURceVVed Whe RYeUdRVe. DeWailed 
UaWiRnaleV fRU SaUameWeU VelecWiRn in ASSendi[ Table 1.´ 

Anal\ViV and inWerpreWaWion of reVXlWV 

22. Time hRUi]Rn Rf cRVWV and 
benefiWV iV VWaWed 

YeV LifeWime 

23. The diVcRXnW UaWe(V) iV 
VWaWed 

YeV 3% annXal diVcRXnWing  

24. The chRice Rf UaWe(V) iV 
jXVWified 

NR  

25. An e[SlanaWiRn iV giYen if 
cRVWV RU benefiWV aUe nRW 
diVcRXnWed 

NRW 
ASSURSUiaW
e 

 



26. DeWailV Rf VWaWiVWical WeVWV 
and cRnfidence inWeUYalV aUe 
giYen fRU VWRchaVWic daWa 

YeV ³FRU Whe SURbabiliVWic anal\ViV, Ze eVWabliVhed SURbabiliVWic 
diVWUibXWiRnV fRU each SaUameWeU Rn Whe baViV Rf Whe SRinW 
eVWimaWe (WUXncaWed nRUmal fRU SURSRUWiRnV and XWiliWieV, beWa fRU 
WUanViWiRn UaWeV, and lRg-nRUmal fRU cRVWV) and Uan Whe mRdel 
10,000 WimeV ZiWh UandRml\ VelecWed YalXeV fURm each 
SaUameWeU. We calcXlaWed mean cRVWV and QALYV b\ aYeUaging 
acURVV Whe VimXlaWiRnV and deWeUmined 95% CIV b\ VelecWing Whe 
2.5Wh and 97.5Wh SeUcenWile YalXeV.´ 

27. The aSSURach WR VenViWiYiW\ 
anal\ViV iV giYen 

YeV DeWeUminiVWic: ³adjXVWing SRinW eVWimaWeV WR SUedeWeUmined 
e[WUemeV´ 
 
PURbabiliVWic: ³UandRml\ VelecWing all SaUameWeUV YalXeV 
VimXlWaneRXVl\ Rn Whe baViV Rf SUedeWeUmined diVWUibXWiRnV´ 

28. The chRice Rf YaUiableV fRU 
VenViWiYiW\ anal\ViV iV jXVWified 

YeV ³VaUiableV chRVen WR accRXnW fRU XnceUWainW\ in YaUiableV 
UelaWed WR nalR[Rne XVe and effecWiYeneVV´ 

29. The UangeV RYeU Zhich Whe 
YaUiableV aUe YaUied iV VWaWed 

YeV In Table 1. 

30. ReleYanW alWeUnaWiYeV aUe 
cRmSaUed 

YeV In Table 1. 

31. IncUemenWal anal\ViV iV 
UeSRUWed 

YeV PURbabiliVWic anal\ViV: $438 SeU QALY gained 
 
SenViWiYiW\ anal\ViV: in a ZRUVW-caVe VcenaUiR Whe ICER ZaV 
$14,000 SeU QALY gained  

32. MajRU RXWcRmeV aUe 
SUeVenWed in a diVaggUegaWed aV 
Zell aV aggUegaWed fRUm 

YeV AggUegaWed: ³nalR[Rne diVWUibXWiRn ZaV cRVW-effecWiYe in Whe 
baVe-caVe anal\ViV and all VenViWiYiW\ anal\VeV, ZiWh incUemenWal 
cRVWV SeU QALY gained mXch leVV Whan $50,000.´  
 
DiVaggUegaWed: ³cRVW-effecWiYeneVV ZaV VimilaU aW VWaUWing ageV 
Rf 21, 31, and 41. The gUeaWeU QALY gainV Rf \RXngeU SeUVRnV 
ZeUe maWched b\ higheU cRVWV. When nalR[Rne adminiVWUaWiRn 
UedXced Ueliance Rn EMS, nalR[Rne diVWUibXWiRn ZaV cRVW 
VaYing. CRVW-effecWiYeneVV ZaV VenViWiYe WR Whe efficac\ Rf 
la\-adminiVWeUed nalR[Rne and Whe cRVW Rf nalR[Rne bXW ZaV 
inVenViWiYe WR Whe bUeadWh Rf nalR[Rne diVWUibXWiRn, UaWeV Rf 
RYeUdRVe and RWheU dUXg-UelaWed deaWhV, UaWeV Rf abVWinence and 
UelaSVe, XWiliWieV, RU Whe cRVW Rf medical VeUYiceV. NalR[Rne ZaV 
nR lRngeU cRVW-effecWiYe if Whe incUeaVe in VXUYiYal ZaV leVV Whan 
0.05%, if 1 diVWUibXWed kiW cRVW mRUe Whan $4,480, RU if 
emeUgenc\ caUe cRVWV e[ceeded $1.1 milliRn.´  

33. The anVZeU WR Whe VWXd\ 
TXeVWiRn iV giYen 

YeV ³NalR[Rne diVWUibXWiRn WR heURin XVeUV ZRXld be e[SecWed WR 
UedXce mRUWaliW\ and be cRVW-effecWiYe eYen XndeU maUkedl\ 
cRnVeUYaWiYe aVVXmSWiRnV Rf XVe, effecWiYeneVV, and cRVW.´ 

34. CRnclXViRnV fRllRZ fURm 
Whe daWa UeSRUWed 

YeV ³NalR[Rne diVWUibXWiRn WR heURin XVeUV iV likel\ WR UedXce 
RYeUdRVe deaWhV and iV cRVW-effecWiYe, eYen XndeU maUkedl\ 
cRnVeUYaWiYe aVVXmSWiRnV´ 

35. CRnclXViRnV aUe 
accRmSanied b\ Whe 
aSSURSUiaWe caYeaWV 

YeV ³The UeVXlWV ma\ XndeUeVWimaWe Whe benefiWV. We did nRW 
cRnVideU SRVVible ancillaU\ benefiWV Rf nalR[Rne diVWUibXWiRn. 
We aVVXmed WhaW Whe nXmbeU Rf VeYeUe RYeUdRVeV UeVXlWing in 
SURlRnged hRVSiWali]aWiRn, bXW nRW deaWh, ZRXld be VimilaU 
beWZeen SeUVRnV UeceiYing nalR[Rne and WhRVe UeceiYing 
VWandaUd caUe. The mRdel Uelied Rn eSidemiRlRgic daWa WR 
UeSUeVenW an aYeUage Rf Whe man\ indiYidXal and enYiURnmenWal 
facWRUV WhaW ma\ inflXence RYeUdRVe UaWeV.´ 



 
SWXd\ DeWailV ​  
TiWle CRVW-effecWiYeneVV Rf diVWUibXWing nalR[Rne WR heURin XVeUV fRU la\ RYeUdRVe 

UeYeUVal in RXVVian ciWieV 
AXWhRU PhilliS O. CRffin & Sean D. SXlliYan 
YeaU Rf SXblicaWiRn 2013 
PXblicaWiRn W\Se JRXUnal Rf Medical EcRnRmicV 
FXnding OSen SRcieW\ FRXndaWiRn 
SeWWing RXVVian ciWieV 
T\Se Rf inWeUYenWiRn NalR[Rne diVWUibXWiRn fRU la\ adminiVWUaWiRn 
SWXd\ deVign 
1. The UeVeaUch TXeVWiRn iV 
VWaWed 

YeV ³TR eYalXaWe Whe cRVW-effecWiYeneVV Rf diVWUibXWing nalR[Rne WR 
illiciW RSiRid XVeUV fRU la\ RYeUdRVe UeYeUVal in RXVVian ciWieV.´ 

2. The ecRnRmic imSRUWance 
Rf Whe UeVeaUch TXeVWiRn iV 
VWaWed 

YeV ³HeURin XVeUV ZhR VXUYiYe RYeUdRVe fUeTXenWl\ VXffeU fXWXUe 
RYeUdRVeV and SRlic\makeUV ma\ be cRnceUned abRXW Whe RYeUall 
VRcieWal cRVW Rf heURin XVe.´ 

3. The YieZSRinW(V) Rf Whe 
anal\ViV aUe cleaUl\ VWaWed and 
jXVWified 

NR  

4. The UaWiRnale fRU chRRVing 
Whe alWeUnaWiYe SURgUamV RU 
inWeUYenWiRnV cRmSaUed iV 
VWaWed 

NR  

5. The alWeUnaWiYeV being 
cRmSaUed aUe cleaUl\ 
deVcUibed 

YeV NR nalR[Rne diVWUibXWiRn. 

6. The fRUm Rf ecRnRmic 
eYalXaWiRn XVed iV VWaWed 

YeV SWaWed aV cRVW-effecWiYeneVV anal\ViV bXW XSRn fXUWheU UeYieZ iV 
mRUe aSSURSUiaWel\ claVVified aV a cRVW-XWiliW\ anal\ViV 

7. The chRice Rf fRUm Rf 
ecRnRmic eYalXaWiRn iV 
jXVWified in UelaWiRn WR Whe 
TXeVWiRnV being addUeVVed 

NR  

DaWa collecWion 
8. The VRXUce(V) Rf 
effecWiYeneVV eVWimaWeV aUe 
VWaWed 

YeV ³PXbliVhed liWeUaWXUe calibUaWed WR SaUallel findingV fURm 
eSidemiRlRgic VWXdieV fURm RXVVia ZheUe aYailable and 
inWeUnaWiRnal ViWeV if nR RWheU VRXUceV ZeUe aYailable.´  

9. DeWailV Rf Whe deVign and 
UeVXlWV Rf effecWiYeneVV VWXd\ 
aUe giYen (if baVed Rn a Vingle 
VWXd\) 

NRW 
ASSURSUiaW
e 

 

10. DeWailV Rf Whe meWhRd Rf 
V\nWheViV RU meWa-anal\ViV Rf 
eVWimaWeV aUe giYen (if baVed 
Rn an RYeUYieZ Rf a nXmbeU Rf 
effecWiYeneVV VWXdieV) 

YeV ³A deWailed deVcUiSWiRn Rf Whe mRdel deYelRSmenW fRllRZV 
meWhRdV gXidance fURm SWRXW eW al.´ 

11. The SUimaU\ RXWcRme 
meaVXUe(V) fRU Whe ecRnRmic 
eYalXaWiRn aUe cleaUl\ VWaWed 

YeV IncUemenWal cRVWV SeU QALY gained, incUemenWal neW benefiWV 

12. MeWhRdV WR YalXe healWh 
VWaWeV and RWheU benefiWV aUe 
VWaWed 

YeV OYeUdRVe deaWhV SUeYenWed. 



13. DeWailV Rf Whe VXbjecW fURm 
ZhRm YalXaWiRnV ZeUe 
RbWained aUe giYen 

YeV HeURin XVeUV, VWaUWing aW Whe age Rf 18 

14. PURdXcWiYiW\ changeV (if 
inclXded) aUe UeSRUWed 
VeSaUaWel\ 

NRW 
ASSURSUiaW
e 

 

15. The UeleYance Rf 
SURdXcWiYiW\ changeV WR Whe 
VWXd\ TXeVWiRn iV diVcXVVed 

NRW 
ASSURSUiaW
e 

 

16. QXanWiWieV Rf UeVRXUceV aUe 
UeSRUWed VeSaUaWel\ fURm WheiU 
XniW cRVWV 

NR   

17. MeWhRdV fRU Whe eVWimaWiRn 
Rf TXanWiWieV and XniW cRVWV aUe 
deVcUibed 

YeV NalR[Rne kiW - $4 SeU Yial Rf nalR[Rne diVWUibXWed, $24 SeU clienW 
VeUYed, WZR YialV in each kiW diVWUibXWed eYeU\ 2 \eaUV dXe WR 
nalR[Rne e[SiUaWiRn afWeU 24 mRnWhV; EMS - baVed Rn cRVWV in 
MRVcRZ, $161 fRU ambXlance, $74 fRU emeUgenc\ URRm caUe 

18. CXUUenc\ and SUice daWa 
aUe UecRUded 

YeV USD cXUUenc\. NalR[Rne kiW = $8; EMS = $235 

19. DeWailV Rf cXUUenc\ Rf 
SUice adjXVWmenWV fRU inflaWiRn 
RU cXUUenc\ cRnYeUViRn aUe 
giYen 

YeV CRVWV ZeUe cRnYeUWed WR US dRllaUV, YalXed aW 2010 leYelV.  

20. DeWailV Rf an\ mRdel XVed 
aUe giYen 

YeV MaUkRY mRdel ZiWh an inWegUaWed deciViRn anal\Wic mRdel 

21. The chRice Rf mRdel XVed 
and Whe ke\ SaUameWeUV Rn 
Zhich iW iV baVed aUe jXVWified 

YeV Ke\ SaUameWeUV aUe jXVWified b\ calcXlaWiRn, aVVXmSWiRn, 
calibUaWiRn, RU UefeUence 

Anal\ViV and inWerpreWaWion of reVXlWV 
22. Time hRUi]Rn Rf cRVWV and 
benefiWV iV VWaWed 

YeV LifeWime 

23. The diVcRXnW UaWe(V) iV 
VWaWed 

YeV 5% SeU annXm  

24. The chRice Rf UaWe(V) iV 
jXVWified 

YeV ³In accRUdance ZiWh meWhRdV gXidance.´ 

25. An e[SlanaWiRn iV giYen if 
cRVWV RU benefiWV aUe nRW 
diVcRXnWed 

NRW 
ASSURSUiaW
e 

 

26. DeWailV Rf VWaWiVWical WeVWV 
and cRnfidence inWeUYalV aUe 
giYen fRU VWRchaVWic daWa 

YeV ³We Uan a SURbabiliVWic anal\ViV Rf 10,000 MRnWe CaUlR 
VimXlaWiRnV. All mRdel SaUameWeUV ZeUe VimXlWaneRXVl\ YaUied 
acURVV UangeV ZiWh diVWUibXWiRnV cRnVideUed nRUmal fRU 
SURSRUWiRnV and XWiliWieV, lRg-nRUmal fRU cRVWV, and beWa fRU 
WUanViWiRn VWaWeV. We geneUaWed cRnfidence inWeUYalV fURm Whe 
SURbabiliVWic VimXlaWiRnV, defined aV WhRVe YalXeV abRYe and 
belRZ 2.5% and 97.5% UangeV Rf UeVXlWV.´ 

27. The aSSURach WR VenViWiYiW\ 
anal\ViV iV giYen 

YeV ³One-Za\ deWeUminiVWic VenViWiYiW\ anal\ViV Rn all YaUiableV and 
VeYeUal anal\VeV WR eYalXaWe VSecific VcenaUiRV.´ 

28. The chRice Rf YaUiableV fRU 
VenViWiYiW\ anal\ViV iV jXVWified 

YeV ³TR eYalXaWe cRhRUWV Rf heURin XVeUV aYeUaging 28 and 38 \eaUV 
Rld, WR accRXnW fRU Whe SRWenWial cRVW Rf RXWUeach effRUWV, and WR 
addUeVV XnceUWainW\ in Whe XWili]aWiRn and effecWV Rf diVWUibXWed 
nalR[Rne.´ 

29. The UangeV RYeU Zhich Whe 
YaUiableV aUe YaUied iV VWaWed 

YeV In Table 1. 



 
 
 

30. ReleYanW alWeUnaWiYeV aUe 
cRmSaUed 

YeV In Table 1. 

31. IncUemenWal anal\ViV iV 
UeSRUWed 

YeV BaVe caVe anal\ViV: $71 SeU QALY gained 
 
PURbabiliVWic VenViWiYiW\ anal\ViV: $94 SeU QALY gained 
 
SenViWiYiW\ anal\ViV: in a ZRUVW-caVe VcenaUiR Whe ICER ZaV 
$2,605 SeU QALY gained  

32. MajRU RXWcRmeV aUe 
SUeVenWed in a diVaggUegaWed 
aV Zell aV aggUegaWed fRUm 

YeV AggUegaWed: ³nalR[Rne diVWUibXWiRn ZaV cRVW-effecWiYe in Whe 
baVe-caVe and all VenViWiYiW\ anal\VeV, ZiWh an incUemenWal cRVW 
Rf $71 SeU QALY gained.´  
 
DiVaggUegaWed: ³CRVW-effecWiYeneVV ZaV inVenViWiYe WR Whe age Rf 
WaUgeWed XVeUV. CRVW-effecWiYeneVV ZaV VenViWiYe WR Whe efficac\ Rf 
la\-adminiVWeUed nalR[Rne aW SUeYenWing RYeUdRVe deaWh and Whe 
cRVW Rf nalR[Rne bXW ZaV inVenViWiYe WR RWheU SaUameWeUV.´ 

33. The anVZeU WR Whe VWXd\ 
TXeVWiRn iV giYen 

YeV ³NalR[Rne diVWUibXWiRn iV likel\ WR UedXce RSiRid RYeUdRVe 
mRUWaliW\ in RXVVia aW minimal cRVW, eYen XndeU maUkedl\ 
cRnVeUYaWiYe aVVXmSWiRnV. NalR[Rne Uemained cRVW-effecWiYe if 
la\ adminiVWUaWiRn aW a ZiWneVVed RYeUdRVe SURdXced eVVenWiall\ 
an\ imSURYemenW in VXUYiYal´ 

34. CRnclXViRnV fRllRZ fURm 
Whe daWa UeSRUWed 

YeV ³ThiV anal\ViV Rf nalR[Rne diVWUibXWiRn WR heURin XVeUV fRU la\ 
RYeUdRVe UeYeUVal in RXVVia VXggeVWV WhaW Whe inWeUYenWiRn ma\ be 
highl\ cRVW-effecWiYe, eYen XndeU cRnVeUYaWiYe aVVXmSWiRnV.´ 

35. CRnclXViRnV aUe 
accRmSanied b\ Whe 
aSSURSUiaWe caYeaWV 

YeV ³BaVeline UeVXlWV ma\ XndeU-eVWimaWe Whe fXll benefiW Rf 
nalR[Rne. SRme SaUameWeUV Uelied Rn daWa fURm RXWVide Rf 
RXVVia. TheUe aUe nR eVWimaWeV Rf TXaliW\-Rf-life amRng heURin 
XVeUV in RXVVia. We did nRW incRUSRUaWe SRVVible ancillaU\ 
benefiWV Rf nalR[Rne diVWUibXWiRn. The mRdel aVVXmed Whe 
e[iVWence Rf lRZ-WhUeVhRld VeUYiceV fRU heURin XVeUV ZiWhin Zhich 
nalR[Rne diVWUibXWiRn cRXld be embedded. The mRdel Uelied Rn 
eSidemiRlRgic daWa WR UeSUeVenW an aYeUage Rf a hRVW Rf facWRUV 
WhaW ma\ inflXence RYeUdRVe UaWeV´ 

SWXd\ DeWailV   
TiWle CRVW-EffecWiYeneVV Rf InWUanaVal NalR[Rne DiVWUibXWiRn WR High-RiVk 

PUeVcUiSWiRn OSiRid UVeUV 
AXWhRU MahiS AchaU\a, DiY\an ChRSUa, CRUe\ J. Ha\eV, Benjamin TeeWeU, BUadle\ C. 

MaUWin 
YeaU Rf SXblicaWiRn 2020 
PXblicaWiRn W\Se ValXe in HealWh 
FXnding NRne declaUed 
SeWWing UniWed SWaWeV 
T\Se Rf inWeUYenWiRn NalR[Rne diVWUibXWiRn WR high-UiVk R[O XVeUV 
SWXd\ deVign 



1. The UeVeaUch TXeVWiRn iV 
VWaWed 

YeV ³TR eVWimaWe Whe nXmbeU Rf faWal RSiRid RYeUdRVeV aYeUWed, Whe 
cRVW, Whe effecWiYeneVV, and Whe cRVW-effecWiYeneVV Rf 2 
ShaUmaciVW-RUienWed aSSURacheV WR e[Sand nalR[Rne 
diVWUibXWiRn WR high-UiVk SUeVcUiSWiRn RSiRid XVeUV.´ 

2. The ecRnRmic imSRUWance Rf 
Whe UeVeaUch TXeVWiRn iV VWaWed 

YeV ³The cRVWV and cRVW-effecWiYeneVV Rf WhiV diVWUibXWiRn aSSURach 
haYe nRW been aVVeVVed WhRURXghl\. TheVe aUe imSRUWanW facWRUV 
WR cRnVideU Zhen imSlemenWing VXch SURgUamV Rn a laUge Vcale 
giYen Whe bXdgeW cRnVWUainWV and XnceUWainW\ aURXnd Whe 
XlWimaWe effecWiYeneVV Rf WhiV aSSURach WR UedXce RSiRid-UelaWed 
deaWh.´  

3. The YieZSRinW(V) Rf Whe 
anal\ViV aUe cleaUl\ VWaWed and 
jXVWified 

NR  

4. The UaWiRnale fRU chRRVing 
Whe alWeUnaWiYe SURgUamV RU 
inWeUYenWiRnV cRmSaUed iV 
VWaWed 

NR   

5. The alWeUnaWiYeV being 
cRmSaUed aUe cleaUl\ deVcUibed 

YeV BaVeline nalR[Rne diVWUibXWiRn VWUaWeg\ baVed Rn e[iVWing 
nalR[Rne diVSenVing UaWeV 

6. The fRUm Rf ecRnRmic 
eYalXaWiRn XVed iV VWaWed 

YeV SWaWed aV cRVW-effecWiYeneVV anal\ViV bXW XSRn fXUWheU UeYieZ iV 
mRUe aSSURSUiaWel\ claVVified aV a cRVW-XWiliW\ anal\ViV 

7. The chRice Rf fRUm Rf 
ecRnRmic eYalXaWiRn iV jXVWified 
in UelaWiRn WR Whe TXeVWiRnV 
being addUeVVed 

NR   

DaWa collecWion 
8. The VRXUce(V) Rf 
effecWiYeneVV eVWimaWeV aUe 
VWaWed 

YeV PURbabiliW\ eVWimaWeV fURm Whe SXbliVhed liWeUaWXUe and anal\VeV 
Rf claimV daWa  

9. DeWailV Rf Whe deVign and 
UeVXlWV Rf effecWiYeneVV VWXd\ 
aUe giYen (if baVed Rn a Vingle 
VWXd\) 

NRW 
ASSURSUiaW
e 

 

10. DeWailV Rf Whe meWhRd Rf 
V\nWheViV RU meWa-anal\ViV Rf 
eVWimaWeV aUe giYen (if baVed Rn 
an RYeUYieZ Rf a nXmbeU Rf 
effecWiYeneVV VWXdieV) 

YeV AWWached in ASSendi[ Table 1.  

11. The SUimaU\ RXWcRme 
meaVXUe(V) fRU Whe ecRnRmic 
eYalXaWiRn aUe cleaUl\ VWaWed 

YeV IncUemenWal cRVWV SeU QALY gained, ICER 

12. MeWhRdV WR YalXe healWh 
VWaWeV and RWheU benefiWV aUe 
VWaWed 

YeV NXmbeU Rf RYeUdRVe deaWhV 

13. DeWailV Rf Whe VXbjecW fURm 
ZhRm YalXaWiRnV ZeUe RbWained 
aUe giYen 

YeV ³High UiVk SUeVcUiSWiRn RSiRid XVeUV: UeceiYed SUeVcUiSWiRn 
RSiRidV aW dRVeV gUeaWeU Whan RU eTXal WR 90 MME SeU da\ aW 
leaVW Rnce a mRnWh´ 

14. PURdXcWiYiW\ changeV (if 
inclXded) aUe UeSRUWed 
VeSaUaWel\ 

NRW 
aSSlicable 

  

15. The UeleYance Rf 
SURdXcWiYiW\ changeV WR Whe 
VWXd\ TXeVWiRn iV diVcXVVed 

NRW 
aSSlicable 

  



16. QXanWiWieV Rf UeVRXUceV aUe 
UeSRUWed VeSaUaWel\ fURm WheiU 
XniW cRVWV 

NR  

17. MeWhRdV fRU Whe eVWimaWiRn 
Rf TXanWiWieV and XniW cRVWV aUe 
deVcUibed 

YeV ³The VeWeUanV AffaiUV FedeUal SXSSl\ SchedXle ZaV XVed fRU 
Whe inWUanaVal nalR[Rne cRVW. The cRVW Rf Whe nalR[Rne kiW ZiWh 
2 dRVeV, fRU bRWh Rne-Wime and biannXal fRllRZ-XS diVWUibXWiRn. 
The Wime UeTXiUed b\ ShaUmaciVWV fRU nalR[Rne diVWUibXWiRn 
fURm DRe-SimkinV eW al and calcXlaWed Whe Wime cRVW XVing Whe 
aYeUage hRXUl\ Zage Rf ShaUmaciVWV in 2018. FRU Whe 
VXbVeTXenW nalR[Rne diVWUibXWiRn WR Whe Vame indiYidXal, Ze 
aSSlied Rne-WhiUd Rf Whe Wime cRVW fRU Whe fiUVW diVWUibXWiRn. 
HealWhcaUe cRVWV ZeUe RbWained fURm anal\ViV Rf claimV daWa 
and aVVXmed fRU RWheU MaUkRY VWaWeV. EMS YiViW, EMS 
WUanVSRUWaWiRn, and emeUgenc\ deSaUWmenW caUe ZeUe Waken 
fURm Whe CRffin and SXlliYan mRdel.´ 

18. CXUUenc\ and SUice daWa aUe 
UecRUded 

NRW CleaU USD cXUUenc\. NR SUice daWa UecRUded. 

19. DeWailV Rf cXUUenc\ Rf SUice 
adjXVWmenWV fRU inflaWiRn RU 
cXUUenc\ cRnYeUViRn aUe giYen 

YeV ³InflaWed all cRVWV WR 2018 US dRllaUV XVing Whe medical 
cRmSRnenW Rf Whe CRnVXmeU PUice Inde[.´ 

20. DeWailV Rf an\ mRdel XVed 
aUe giYen 

YeV ³MaUkRY mRdel ZiWh a mRnWhl\ c\cle lengWh and an aWWached 
deciViRn WUee´ 

21. The chRice Rf mRdel XVed 
and Whe ke\ SaUameWeUV Rn 
Zhich iW iV baVed aUe jXVWified 

YeV ³MRdelV fURm CRffin and SXlliYan and Langham eW al ZeUe 
adaSWed fRU WhiV VWXd\. Ke\ SaUameWeUV VWaWed in Table 1. The 
SaUameWeUV fRU age ZeUe chRVen baVed Rn Whe age diVWUibXWiRn Rf 
high-UiVk R[O XVeUV fURm a U.S. cRllecWiRn Rf adminiVWUaWiYe 
claimV daWa. All RWheU SaUameWeUV aUe eiWheU UefeUenced, a claimV 
anal\ViV, RU an aVVXmSWiRn.´  

Anal\ViV and inWerpreWaWion of reVXlWV 

22. Time hRUi]Rn Rf cRVWV and 
benefiWV iV VWaWed 

YeV LifeWime hRUi]Rn 

23. The diVcRXnW UaWe(V) iV 
VWaWed 

YeV 3% annXall\ 

24. The chRice Rf UaWe(V) iV 
jXVWified 

YeV RefeUenceV SandeUV eW al. 

25. An e[SlanaWiRn iV giYen if 
cRVWV RU benefiWV aUe nRW 
diVcRXnWed 

NRW 
ASSURSUiaW
e 

  

26. DeWailV Rf VWaWiVWical WeVWV 
and cRnfidence inWeUYalV aUe 
giYen fRU VWRchaVWic daWa 

YeV ³FRU Whe SURbabiliVWic VenViWiYiW\ anal\ViV, Ze Uan 500 VamSleV 
Rf 100,000 indiYidXal WUialV. We XVed beWa diVWUibXWiRnV fRU 
SURbabiliWieV and XWiliWieV, gamma diVWUibXWiRnV fRU cRVWV, and 
lRgnRUmal diVWUibXWiRnV fRU UelaWiYe UiVkV.´ 

27. The aSSURach WR VenViWiYiW\ 
anal\ViV iV giYen 

YeV ³We XVed deWeUminiVWic, SURbabiliVWic, and WhUeVhRld anal\VeV WR 
e[amine Whe VenViWiYiW\ Rf Whe findingV´ 

28. The chRice Rf YaUiableV fRU 
VenViWiYiW\ anal\ViV iV jXVWified 

NRW cleaU All inSXW SaUameWeUV menWiRned in Table 1. NR jXVWificaWiRn 
UeSRUWed. 

29. The UangeV RYeU Zhich Whe 
YaUiableV aUe YaUied iV VWaWed 

YeV In Table 1. 

30. ReleYanW alWeUnaWiYeV aUe 
cRmSaUed 

YeV In Table 1. 



 

31. IncUemenWal anal\ViV iV 
UeSRUWed 

YeV ³One-Wime diVWUibXWiRn cRmSaUed ZiWh baVeline nalR[Rne 
diVWUibXWiRn = $56,699 SeU QALY; biannXal diVWUibXWiRn 
cRmSaUed ZiWh Rne-Wime nalR[Rne diVWUibXWiRn = $84,799 SeU 
QALY; biannXal diVWUibXWiRn cRmSaUed ZiWh baVeline nalR[Rne 
diVWUibXWiRn = $76,929 SeU QALY.´ 

32. MajRU RXWcRmeV aUe 
SUeVenWed in a diVaggUegaWed aV 
Zell aV aggUegaWed fRUm 

YeV AggUegaWed: ³SURbabiliVWic VenViWiYiW\ anal\VeV VhRZed WhaW Whe 
Rne-Wime and biannXal diVWUibXWiRn in Whe baVe caVe ZeUe 
cRVW-effecWiYe 29% and 50% Rf Whe Wime, UeVSecWiYel\, aW 
ZillingneVV-WR-Sa\ Rf $100,000 SeU QALY.´  
 
DiVaggUegaWed: ³biannXal diVWUibXWiRn ZaV cRVW-effecWiYe in 
32% and 52% Rf Whe iWeUaWiRnV aW $50,000 SeU QALY and 
$150,000 SeU QALY, UeVSecWiYel\. One-Wime diVWUibXWiRn ZaV 
cRVW-effecWiYe in 31% and 29% Rf Whe iWeUaWiRnV aW $50,000 SeU 
QALY and $150,000 SeU QALY, UeVSecWiYel\.´ 

33. The anVZeU WR Whe VWXd\ 
TXeVWiRn iV giYen 

YeV ³A ShaUmac\-baVed diVWUibXWiRn mRdel Rf inWUanaVal nalR[Rne 
WR high-UiVk R[O XVeUV ZRXld likel\ be an effecWiYe VWUaWeg\ fRU 
SUeYenWing a mRdeVW nXmbeU Rf faWal RSiRid RYeUdRVeV and 
ZRXld alVR be cRVW-effecWiYe.´ 

34. CRnclXViRnV fRllRZ fURm 
Whe daWa UeSRUWed 

YeV ³BRWh Rne-Wime and biannXal fRllRZ-XS diVWUibXWiRn Rf 
nalR[Rne ZRXld likel\ lead WR mRdeVW UedXcWiRnV in RSiRid 
RYeUdRVe deaWhV, ZiWh VXbVWanWiall\ mRUe deaWhV aYeUWed XVing 
Whe biannXal diVWUibXWiRn VWUaWeg\. BRWh Rne-Wime and biannXal 
diVWUibXWiRn VWUaWegieV ZeUe fRXnd WR be cRVW-effecWiYe aW a 
ZillingneVV-WR-Sa\ WhUeVhRld Rf $100,000 SeU QALY cRmSaUed 
ZiWh baVeline diVWUibXWiRn. The SURbabiliW\ VenViWiYiW\ anal\ViV 
indicaWed WhaW Whe biannXal diVWUibXWiRn aSSURach ZRXld be 
cRVW-effecWiYe aW $100,000 SeU QALY aURXnd 50% Rf Whe Wime.´ 

35. CRnclXViRnV aUe 
accRmSanied b\ Whe aSSURSUiaWe 
caYeaWV 

YeV ³We aVVXmed WhaW Whe WUanViWiRnV beWZeen high-UiVk, lRZ-UiVk, 
and nR R[O XVe ZeUe XnaffecWed b\ RYeUdRVe. OXU SURbabiliWieV 
WR mRdel WUanViWiRnV beWZeen R[O VWaWeV ZeUe RbWained XVing 
daWa beWZeen 2012 and 2015. We did nRW accRXnW fRU UefXVal WR 
acceSW nalR[Rne b\ R[O XVeUV aW Whe ShaUmacieV RU accRXnW fRU 
diVSRVal Rf nalR[Rne Rnce diVWUibXWed. We aSSlied a higheU 
XWiliW\ fRU diVcRnWinXaWiRn Rf R[O healWh VWaWeV Rn Whe gURXndV 
WhaW Whe diVcRnWinXaWiRn ZaV a UeVXlW Rf imSURYemenW in 
XndeUl\ing SaWhRSh\ViRlRg\ Rf Sain. We did nRW cRnVideU 
meWhadRne RU VXbR[Rne WUeaWmenW fRU Whe nR RSiRid XVe afWeU an 
illiciW RSiRid XVe VWaWe. We did nRW accRXnW fRU Whe facW WhaW 
fenWan\l RYeUdRVeV ma\ UeTXiUe higheU dRVeV Rf nalR[Rne. We 
mRdeled Whe diVWUibXWiRn Rf Whe inWUanaVal fRUmXlaWiRn Rf 
nalR[Rne and did nRW cRnVideU a leVV e[SenViYe IM diVWUibXWiRn 
VWUaWeg\. We did nRW inclXde WUaining cRVW WR ShaUmaciVWV in RXU 
mRdel.´  

SWXd\ DeWailV ​  
TiWle EffecWiYeneVV Rf ScRWland'V NaWiRnal NalR[Rne PURgUamme fRU UedXcing 

RSiRid-UelaWed deaWhV: a befRUe (2006-10) YeUVXV afWeU (2011-13) cRmSaUiVRn 
AXWhRU Sheila M. BiUd, AndUeZ McAXle\, SamanWha PeUU\ & CaURle HXnWeU 
YeaU Rf SXblicaWiRn 2015 
PXblicaWiRn W\Se SRcieW\ fRU Whe SWXd\ Rf AddicWiRn 
FXnding Medical ReVeaUch CRXncil 
SeWWing ScRWland, in cRmmXniW\ VeWWingV and all SUiVRnV 



T\Se Rf inWeUYenWiRn BUief WUaining and VWandaUdi]ed nalR[Rne VXSSl\ became aYailable WR 
indiYidXalV aW UiVk Rf RSiRid RYeUdRVe 

SWXd\ deVign 
1. The UeVeaUch TXeVWiRn iV VWaWed YeV ³TR aVVeVV Whe effecWiYeneVV fRU ScRWland'V NaWiRnal NalR[Rne 

PURgUam (NNP) b\ cRmSaUiVRn beWZeen 2006-10 (befRUe) and 
2011-13 (afWeU) and WR aVVeVV cRVW-effecWiYeneVV.´ 

2. The ecRnRmic imSRUWance Rf 
Whe UeVeaUch TXeVWiRn iV VWaWed 

NR  

3. The YieZSRinW(V) Rf Whe 
anal\ViV aUe cleaUl\ VWaWed and 
jXVWified 

YeV ³EYidence Rf nalR[Rne'V effecWiYeneVV in UedXcing faWaliWieV 
fURm RSiRid RYeUdRVe ZaV UaWed aV Zeak b\ Whe WRUld HealWh 
OUgani]aWiRn and haV been inVXfficienW fRU SRlic\ change in 
AmeUica. ScRWland'V NNP makeV iW XniTXel\ Slaced WR addUeVV 
WheVe imSRUWanW limiWaWiRnV Rn emSiUical knRZledge abRXW 
nalR[Rne'V effecWiYeneVV aW a SRSXlaWiRn leYel.´ 

4. The UaWiRnale fRU chRRVing Whe 
alWeUnaWiYe SURgUamV RU 
inWeUYenWiRnV cRmSaUed iV VWaWed 

YeV BefRUe/afWeU effecWV Rf Whe NaWiRnal NalR[Rne PRlic\ 
imSlemenWaWiRn. 

5. The alWeUnaWiYeV being 
cRmSaUed aUe cleaUl\ deVcUibed 

YeV BefRUe Whe imSlemenWaWiRn Rf Whe NNP.  

6. The fRUm Rf ecRnRmic 
eYalXaWiRn XVed iV VWaWed 

YeV SWaWed aV cRVW-effecWiYeneVV anal\ViV bXW XSRn fXUWheU UeYieZ iV 
mRUe aSSURSUiaWel\ claVVified aV a cRVW-XWiliW\ anal\ViV 

7. The chRice Rf fRUm Rf 
ecRnRmic eYalXaWiRn iV jXVWified 
in UelaWiRn WR Whe TXeVWiRnV being 
addUeVVed 

NR   

DaWa collecWion 
8. The VRXUce(V) Rf effecWiYeneVV 
eVWimaWeV aUe VWaWed 

YeV NaWiRnal RecRUdV Rf ScRWland 

9. DeWailV Rf Whe deVign and 
UeVXlWV Rf effecWiYeneVV VWXd\ aUe 
giYen (if baVed Rn a Vingle VWXd\) 

NRW 
ASSURSUiaW
e 

 

10. DeWailV Rf Whe meWhRd Rf 
V\nWheViV RU meWa-anal\ViV Rf 
eVWimaWeV aUe giYen (if baVed Rn 
an RYeUYieZ Rf a nXmbeU Rf 
effecWiYeneVV VWXdieV) 

NRW 
ASSURSUiaW
e 

 

11. The SUimaU\ RXWcRme 
meaVXUe(V) fRU Whe ecRnRmic 
eYalXaWiRn aUe cleaUl\ VWaWed 

YeV ³PUeVcUiSWiRn-cRVW SeU QALY gained (if Whe life-\eaUV gained 
b\ ORD SUeYenWiRn aUe 1 RU 10 \eaUV).´  

12. MeWhRdV WR YalXe healWh 
VWaWeV and RWheU benefiWV aUe 
VWaWed 

YeV PeUcenWage Rf ORDV ZiWh a 4-Zeek anWecedenW Rf SUiVRn 
UeleaVe, SURSRUWiRn Rf ORDV ZiWh a 4-Zeek anWecedenW Rf 
SUiVRn UeleaVe RU hRVSiWal diVchaUge.  

13. DeWailV Rf Whe VXbjecW fURm 
ZhRm YalXaWiRnV ZeUe RbWained 
aUe giYen 

YeV ³ThRVe aW higheVW UiVk Rf ORD, ZhR mighW be e[SecWed WR 
benefiW Whe mRVW fURm NNP.´ 

14. PURdXcWiYiW\ changeV (if 
inclXded) aUe UeSRUWed VeSaUaWel\ 

NRW 
ASSURSUiaW
e  

15. The UeleYance Rf 
SURdXcWiYiW\ changeV WR Whe VWXd\ 
TXeVWiRn iV diVcXVVed 

NRW 
ASSURSUiaW
e 

 



16. QXanWiWieV Rf UeVRXUceV aUe 
UeSRUWed VeSaUaWel\ fURm WheiU 
XniW cRVWV 

YeV NXmbeU Rf NalR[Rne kiWV iVVXed = 11,898 fURm 2011-2013 

17. MeWhRdV fRU Whe eVWimaWiRn 
Rf TXanWiWieV and XniW cRVWV aUe 
deVcUibed 

NRW 
ASSURSUiaW
e 

³NalR[Rne aW a SUeVcUiSWiRn cRVW (cXUUenWl\) Rf leVV Whan 
�225,000´ - WUial baVed VR cRVW nRW eVWimaWed 

18. CXUUenc\ and SUice daWa aUe 
UecRUded 

YeV GBP cXUUenc\. PUeVcUiSWiRn SUice Rf nalR[Rne = �225 000  

19. DeWailV Rf cXUUenc\ Rf SUice 
adjXVWmenWV fRU inflaWiRn RU 
cXUUenc\ cRnYeUViRn aUe giYen 

NR  

20. DeWailV Rf an\ mRdel XVed 
aUe giYen 

NRW 
ASSURSUiaW
e 

 

21. The chRice Rf mRdel XVed 
and Whe ke\ SaUameWeUV Rn Zhich 
iW iV baVed aUe jXVWified 

NRW 
ASSURSUiaW
e 

 

 Anal\ViV and inWerpreWaWion of reVXlWV 

22. Time hRUi]Rn Rf cRVWV and 
benefiWV iV VWaWed 

NR  

23. The diVcRXnW UaWe(V) iV VWaWed YeV ³3% SeU annXm if 10 life-\eaUV ZeUe gained´ 
24. The chRice Rf UaWe(V) iV 
jXVWified 

NR  

25. An e[SlanaWiRn iV giYen if 
cRVWV RU benefiWV aUe nRW 
diVcRXnWed 

NRW 
ASSURSUiaW
e 

 

26. DeWailV Rf VWaWiVWical WeVWV and 
cRnfidence inWeUYalV aUe giYen 
fRU VWRchaVWic daWa 

YeV ³Chi-VTXaUed ZiWh Rne degUee Rf fUeedRm, aSSl\ing 
TXaliW\-Rf-life aV 0.7 fRU WhRVe aW UiVk Rf ORD, diVcRXnWing 
fXWXUe life-\eaUV b\ 3% SeU annXm, UeWXUnV 95% CIV fRU 
SUeVcUiSWiRn-cRVW SeU QALY gained if Whe life-\eaUV gained b\ 
ORD SUeYenWiRn aUe 1 RU 10 \eaUV.´ 

27. The aSSURach WR VenViWiYiW\ 
anal\ViV iV giYen 

NR  

28. The chRice Rf YaUiableV fRU 
VenViWiYiW\ anal\ViV iV jXVWified 

NRW cleaU VaUied Rn aYeUWed RYeUdRVe nXmbeU. NRW jXVWified. 

29. The UangeV RYeU Zhich Whe 
YaUiableV aUe YaUied iV VWaWed 

NRW 
ASSURSUiaW
e 

 

30. ReleYanW alWeUnaWiYeV aUe 
cRmSaUed 

NRW 
ASSURSUiaW
e 

 

31. IncUemenWal anal\ViV iV 
UeSRUWed 

NR  

32. MajRU RXWcRmeV aUe 
SUeVenWed in a diVaggUegaWed aV 
Zell aV aggUegaWed fRUm 

YeV AggUegaWed: ³Zhen 12,000 nalR[Rne kiWV ZeUe iVVXed aW 
cXUUenW SUeVcUiSWiRn cRVW Rf �225,000 SUeVcUiSWiRn cRVW SeU 
QALY gained aUe �4,900-$16,900 fRU Rne \eaU and 
�560-�1,940 fRU 10 \eaUV.´  
 
DiVaggUegaWed: ³NeaUl\ 12 000 nalR[Rne kiWV ZeUe diVWUibXWed 
dXUing 2011±13, ScRWland¶V NNP ma\ haYe SUeYenWed 42 
SUiVRn UeleaVe ORDV aW a SUeVcUiSWiRn cRVW Rf leVV Whan 
�225,000. 95% CIV fRU Whe SUeVcUiSWiRn cRVW SeU QALY gained 



 

aUe �4900±16 900 and �560±1940 (ZiWh 3% SeU annXm 
diVcRXnWing if 10 life-\eaUV ZeUe gained, QALYV ZRXld be 
6.1).´ 

33. The anVZeU WR Whe VWXd\ 
TXeVWiRn iV giYen 

YeV ³PUeVcUiSWiRn cRVW SeU QALY gained aUe �4,900-�16,900 fRU 
Rne \eaU and �560-�1,940 fRU 10 \eaUV.´  

34. CRnclXViRnV fRllRZ fURm Whe 
daWa UeSRUWed 

YeV ³WiWh 2 \eaUV Rf ScRWland'V NaWiRnal NalR[Rne PURgUamme WR 
fRllRZ, Whe cXUUenW daWa VXggeVW aW leaVW 20% and beVW eVWimaWe 
Rf 36% UedXcWiRn in SUiVRn UeleaVe ORDV, Zhich ma\ be dXe 
diUecWl\ WR Whe SURgUamme.´ 

35. CRnclXViRnV aUe 
accRmSanied b\ Whe aSSURSUiaWe 
caYeaWV 

YeV ³The beneficiaU\ Rf cRmmXniW\- iVVXed nalR[Rne iV W\Sicall\ 
nRW Whe SeUVRn fRU ZhRm iW ZaV SUeVcUibed: NNP¶V 
beneficiaUieV aUe WheUefRUe nRW indiYidXall\ idenWifiable. Onl\ 
Rne-WhiUd Rf nalR[Rne-Rn-UeleaVe kiWV aUe XVed Rn Whe 
e[-SUiVRneU fRU ZhRm Whe kiW ZaV SUeVcUibed, NNP¶V 
effecWiYeneVV in UeVSecW Rf SUiVRn UeleaVe ORDV cRXld be an 
RYeUeVWimaWiRn Rf iWV geneUali]ed effecWiYeneVV.´ 

SWXd\ DeWailV ​  
TiWle ImSacW Rf a cRmmXniW\-baVed nalR[Rne diVWUibXWiRn SURgUam Rn RSiRid 

RYeUdRVe deaWh UaWeV 
AXWhRU Rebecca B. NaXmann, CUiVWine PieWWe DXUUance, ShabbaU I. RanaSXUZala, 

Anna E. AXVWin, ScRWW PUReVchRldbell, RRbeUW ChildV, SWeShen W. MaUVhall, 
SXVan KanVagUa, Meghan E. Shanagan 

YeaU Rf SXblicaWiRn 2019 
FXnding NaWiRnal CenWeU fRU InjXU\ PUeYenWiRn and CRnWURl aW Whe CenWeUV fRU DiVeaVe 

CRnWURl and PUeYenWiRn 
PXblicaWiRn W\Se DUXg and AlcRhRl DeSendence 
SeWWing NRUWh CaURlina, UniWed SWaWeV 
T\Se Rf inWeUYenWiRn CRmmXniW\ diVWUibXWiRn Rf nalR[Rne kiWV (fRllRZing legal SRlic\ change), 

SUiRUiWi]ing SeRSle aW high UiVk Rf RSiRid RYeUdRVe; inclXdeV WUaining WR WhRVe 
ZhR UeceiYe kiW; bRWh IM and inWUa-naVal 

SWXd\ deVign 
1. The UeVeaUch TXeVWiRn iV VWaWed YeV ³TR eYalXaWe Whe NRUWh CaURlina cRmmXniW\-baVed nalR[Rne 

diVWUibXWiRn SURgUam b\ eVWimaWing Whe aVVRciaWiRn beWZeen 
nalR[Rne diVWUibXWiRn UaWeV and OOD UaWeV and cRndXcWing a 
cRVW-benefiW and cRVW-effecWiYeneVV anal\ViV Rf Whe nalR[Rne 
diVWUibXWiRn SURgUam.´ 

2. The ecRnRmic imSRUWance Rf 
Whe UeVeaUch TXeVWiRn iV VWaWed 

YeV ³NR UeVeaUch haV been cRndXcWed dXUing Whe mRVW UecenW 
µZaYe¶ Rf Whe RSiRid cUiViV and WheUe haV been liWWle UeVeaUch 
e[amining Whe cRVW-benefiW RU cRVW-effecWiYeneVV Rf VXch 
SURgUamV.´ 

3. The YieZSRinW(V) Rf Whe 
anal\ViV aUe cleaUl\ VWaWed and 
jXVWified 

YeV ³EaUl\ eYidence, RXWVide Rf NRUWh CaURlina, indicaWeV WhaW 
nalR[Rne diVWUibXWiRn SURgUamV ma\ be aVVRciaWed ZiWh 
decUeaVeV in OOD UaWeV. HRZeYeU, mRVW VWXdieV WhaW haYe 
eYalXaWed cRmmXniW\-baVed nalR[Rne SURgUamV haYe laUgel\ 
fRcXVed Rn SURceVV meaVXUeV Rf SURgUam imSacW.´ 

4. The UaWiRnale fRU chRRVing Whe 
alWeUnaWiYe SURgUamV RU 
inWeUYenWiRnV cRmSaUed iV VWaWed 

NR  

5. The alWeUnaWiYeV being 
cRmSaUed aUe cleaUl\ deVcUibed 

YeV NR nalR[Rne diVWUibXWiRn. 



6. The fRUm Rf ecRnRmic 
eYalXaWiRn XVed iV VWaWed 

YeV CRVW-benefiW anal\ViV and cRVW-effecWiYeneVV anal\ViV 

7. The chRice Rf fRUm Rf 
ecRnRmic eYalXaWiRn iV jXVWified 
in UelaWiRn WR Whe TXeVWiRnV being 
addUeVVed 

NR  

DaWa collecWion 
8. The VRXUce(V) Rf effecWiYeneVV 
eVWimaWeV aUe VWaWed 

YeV ³AnnXal cRXnWV Rf nalR[Rne kiWV diVWUibXWed b\ Whe NCHRC 
b\ cRXnW\ fURm AXgXVW 2013 WhURXgh DecembeU 2016 and 
mRUWaliW\ daWa RbWained fURm Whe NC ViWal SWaWiVWicV Office 
fRU 2000-2016.´  

9. DeWailV Rf Whe deVign and 
UeVXlWV Rf effecWiYeneVV VWXd\ aUe 
giYen (if baVed Rn a Vingle VWXd\) 

NRW 
ASSURSUiaW
e 

 

10. DeWailV Rf Whe meWhRd Rf 
V\nWheViV RU meWa-anal\ViV Rf 
eVWimaWeV aUe giYen (if baVed Rn 
an RYeUYieZ Rf a nXmbeU Rf 
effecWiYeneVV VWXdieV) 

NR  

11. The SUimaU\ RXWcRme 
meaVXUe(V) fRU Whe ecRnRmic 
eYalXaWiRn aUe cleaUl\ VWaWed 

YeV ³MRneWi]ed XVing a cRnVeUYaWiYe YalXe Rf life.´, cRVW SeU 
deaWh aYRided fRU eYeU\ dRllaU inYeVWed in nalR[Rne 
diVWUibXWiRn. 

12. MeWhRdV WR YalXe healWh VWaWeV 
and RWheU benefiWV aUe VWaWed 

YeV OODV aYRided 

13. DeWailV Rf Whe VXbjecW fURm 
ZhRm YalXaWiRnV ZeUe RbWained 
aUe giYen 

YeV ³NRUWh CaURlina cRXnWieV ZiWh aW leaVW fiYe RSiRid RYeUdRVe 
deaWhV each \eaU in Whe SeUiRd immediaWel\ SUeceding 
imSlemenWaWiRn.´ 

14. PURdXcWiYiW\ changeV (if 
inclXded) aUe UeSRUWed VeSaUaWel\ 

NRW 
ASSURSUiaW
e 

 

15. The UeleYance Rf SURdXcWiYiW\ 
changeV WR Whe VWXd\ TXeVWiRn iV 
diVcXVVed 

NRW 
ASSURSUiaW
e 

 

16. QXanWiWieV Rf UeVRXUceV aUe 
UeSRUWed VeSaUaWel\ fURm WheiU XniW 
cRVWV 

YeV In Table 1. 

17. MeWhRdV fRU Whe eVWimaWiRn Rf 
TXanWiWieV and XniW cRVWV aUe 
deVcUibed 

YeV ³We VXmmed Whe aYeUage SeU XniW SUice Rf a nalR[Rne kiW and 
Whe eVWimaWed cRVW Rf kiW diVWUibXWiRn. We XVed daWa aYailable 
Rn nalR[Rne kiWV SXUchaVed b\ Whe NCHRC beWZeen 2015 
and 2016 WR eVWimaWe Whe SeU XniW cRVW Rf a nalR[Rne kiW. 
BaVed Rn Whe nXmbeU Rf kiWV diVWUibXWed beWZeen 2015 and 
2016, Whe aYeUage SeU XniW SUice Rf a nalR[Rne kiW ZaV 
aSSUR[imaWel\ $2/kiW. BaVed Rn SUeYiRXV UeVeaUch, Ze 
eVWimaWed Whe cRVW aVVRciaWed ZiWh kiW diVWUibXWiRn aV $10 SeU 
kiW.´  

18. CXUUenc\ and SUice daWa aUe 
UecRUded 

YeV USD cXUUenc\. $12 SeU nalR[Rne kiW. 

19. DeWailV Rf cXUUenc\ Rf SUice 
adjXVWmenWV fRU inflaWiRn RU 
cXUUenc\ cRnYeUViRn aUe giYen 

NR  

20. DeWailV Rf an\ mRdel XVed aUe 
giYen 

YeV ³MRdelV inclXded an RffVeW WeUm fRU Whe lRg Rf WRWal 
SRSXlaWiRn in a cRXnW\ SeU \eaU and a fiUVW RUdeU 
aXWRUegUeVViYe ZRUking cRUUelaWiRn maWUi[. All mRdelV 



inclXded cXbic WUend WeUmV WR accRXnW fRU SRWenWial biaV dXe 
WR VecXlaU WUend.´ 

21. The chRice Rf mRdel XVed and 
Whe ke\ SaUameWeUV Rn Zhich iW iV 
baVed aUe jXVWified 

NR  

Anal\ViV and inWerpreWaWion of reVXlWV 

22. Time hRUi]Rn Rf cRVWV and 
benefiWV iV VWaWed 

NR  

23. The diVcRXnW UaWe(V) iV VWaWed NR  
24. The chRice Rf UaWe(V) iV 
jXVWified 

NRW 
ASSURSUiaW
e 

 

25. An e[SlanaWiRn iV giYen if 
cRVWV RU benefiWV aUe nRW 
diVcRXnWed 

NR  

26. DeWailV Rf VWaWiVWical WeVWV and 
cRnfidence inWeUYalV aUe giYen fRU 
VWRchaVWic daWa 

YeV ³We calcXlaWed deVcUiSWiYe VWaWiVWicV Rf nalR[Rne kiWV 
diVWUibXWed and RSiRid RYeUdRVe deaWhV b\ \eaU acURVV 
cRXnWieV. We XVed PRiVVRn UegUeVViRn ZiWh geneUali]ed 
eVWimaWing eTXaWiRnV WR eVWimaWe meaVXUeV Rf aVVRciaWiRn 
beWZeen cXmXlaWiYe UaWeV Rf nalR[Rne kiWV diVWUibXWed SeU 
cRXnW\-\eaU and RSiRid RYeUdRVe deaWh UaWeV SeU cRXnW\-\eaU. 
We deYelRSed a cRnceSWXal figXUe baVed Rn Whe e[WanW 
liWeUaWXUe and e[SeUW XndeUVWanding Rf facWRUV affecWing 
nalR[Rne diVWUibXWiRn and OOD UaWeV. BaVed Rn WhiV figXUe, 
Ze e[amined Whe imSacW Rf SRWenWial cRnfRXndeUV, inclXding 
cRXnW\ age, Ve[, Uace, and SRYeUW\ diVWUibXWiRnV, aV Zell aV 
cRXnW\ XUbaniciW\, Rn meaVXUeV Rf aVVRciaWiRn.´ 

27. The aSSURach WR VenViWiYiW\ 
anal\ViV iV giYen 

NR  

28. The chRice Rf YaUiableV fRU 
VenViWiYiW\ anal\ViV iV jXVWified 

YeV ³UVed alWeUnaWe cXW SRinWV fRU diVWUibXWiRn UaWeV and an 
alWeUnaWiYe nalR[Rne SUice eVWimaWe´ 

29. The UangeV RYeU Zhich Whe 
YaUiableV aUe YaUied iV VWaWed 

YeV 0, 1-75, and >75; 1, 1-125, and >125 cXmXlaWiYe nalR[Rne 
kiWV diVWUibXWed SeU 100,000 SRSXlaWiRn. UVed Whe eVWimaWe Rf 
$40 SeU kiW 

30. ReleYanW alWeUnaWiYeV aUe 
cRmSaUed 

YeV AV UeSRUWed in SUeYiRXV UeVeaUch 

31. IncUemenWal anal\ViV iV 
UeSRUWed 

YeV CRVW-benefiW UaWiR: ³fRU eYeU\ dRllaU inYeVWed in nalR[Rne 
diVWUibXWiRn, $2,742 ZaV VaYed WhURXgh Whe mRneWaU\ YalXe Rf 
deaWh aYRidance.´ 
CRVW-effecWiYeneVV meaVXUe: ³$1605 cRVW SeU deaWh aYRided.´ 

32. MajRU RXWcRmeV aUe SUeVenWed 
in a diVaggUegaWed aV Zell aV 
aggUegaWed fRUm 

YeV AggUegaWed: ³UVing mRdel-baVed eVWimaWeV Rf Whe imSacW Rf 
nalR[Rne kiW diVWUibXWiRn Rn OOD UaWeV beWZeen AXgXVW 2013 
and DecembeU 2016 b\ kiW diVWUibXWiRn caWegRU\, aV Zell aV 
cRXnW\-\eaU SRSXlaWiRn daWa, Ze eVWimaWed aSSUR[imaWel\ 352 
deaWhV ZeUe aYRided dXUing WhiV Wime.´ 
 
DiVaggUegaWed: FRU 2015 and 2016, Whe \eaUV fRU Zhich Ze 
had NCHRC nalR[Rne cRVW daWa, Whe aSSUR[imaWe nXmbeU Rf 
deaWhV aYRided in WhiV VSecific WZR-\eaU SeUiRd ZaV 255; 
aSSl\ing a cRnVeUYaWiYe VSL, an eVWimaWed $1.122 billiRn 
UeVXlWed fURm aYRiding Whe 255 deaWhV in WhRVe WZR \eaUV.´ 



 

33. The anVZeU WR Whe VWXd\ 
TXeVWiRn iV giYen 

YeV ³CRnViVWenW ZiWh SUeYiRXV findingV, RXU eVWimaWeV VXggeVW WhaW 
cRmmXniW\-baVed nalR[Rne diVWUibXWiRn ma\ haYe a 
SURWecWiYe effecW Rn annXal cRXnW\ OOD UaWeV.´ 

34. CRnclXViRnV fRllRZ fURm Whe 
daWa UeSRUWed 

YeV ³OXU eVWimaWeV VXggeVW WhaW cRmmXniW\-baVed nalR[Rne 
diVWUibXWiRn iV aVVRciaWed ZiWh lRZeU OOD UaWeV. The SURgUam 
geneUaWed VXbVWanWial VRcieWal benefiWV dXe WR aYeUWed OODV. 
SWaWeV and cRmmXniWieV VhRXld cRnWinXe WR VXSSRUW effRUWV WR 
incUeaVe nalR[Rne acceVV, Zhich ma\ inclXde UedXcing legal, 
financial, and nRUmaWiYe baUUieUV.´ 

35. CRnclXViRnV aUe accRmSanied 
b\ Whe aSSURSUiaWe caYeaWV 

YeV ³DeaWh ceUWificaWe daWa SURYide infRUmaWiRn Rn decedenWV' 
cRXnW\ Rf UeVidence; hRZeYeU, Ze dR nRW haYe cRXnW\ Rf 
deaWh infRUmaWiRn. The e[WenW WR Zhich Whe daWa inclXdeV Whe 
majRUiW\ Rf nalR[Rne aYailable in cRmmXniWieV dXUing Whe 
Wime SeUiRd iV XnknRZn. The anal\ViV iV ecRlRgical in naWXUe 
and cRXld inclXde cURVV-leYel biaV. In Whe anal\ViV, Ze XVe 
benefiWV and cRVWV in WheiU cXUUenW \eaU dRllaUV, and Ze 
aVVXme UeYeUValV haYe VaYed neZ liYeV. BenefiWV Rf nalR[Rne 
SURYiViRn cRXld inclXde aYRided medical cRVWV, SURdXcWiYiW\ 
lRVVeV, and TXaliW\ Rf life lRVVeV. Man\ UXUal cRXnWieV ZeUe 
nRW inclXded in WhiV anal\ViV.´ 
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Appendix D: AMSTAR 2 tool for systematic reviews 
 

1. Did the research questions and inclusion criteria for the 
review include the components of PICO? 

Yes 

2.  Did the report of the review contain an explicit statement that 
the review methods were established prior to the conduct of 
the review and did the report justify any significant deviations 
from the protocol? 

No 

3. Did the review authors explain their selection of the study 
designs for inclusion in the review? 

Yes 

4. Did the review authors use a comprehensive literature search 
strategy? 

Yes 

5. Did the review authors perform study selection in duplicate? Yes 

6.  Did the review authors perform data extraction in duplicate? Yes 

7. Did the review authors provide a list of excluded studies and 
justify the exclusions?  

Yes 

8.  Did the review authors describe the included studies in 
adequate detail? 

Yes 

9. Did the review authors use a satisfactory technique for 
assessing the risk of bias (RoB) in individual studies that 
were included in the review? 

Yes 

10. Did the review authors report on the sources of funding for 
the studies included in the review?  

No 

11. If meta-analysis was performed, did the review authors use 
appropriate methods for statistical combination of results? 

N/A 

12. If meta-analysis was performed, did the review authors 
assess the potential impact of RoB in individual studies on 
the results of the meta-analysis or other evidence synthesis?  

N/A 

13. Did the review authors account for RoB in primary studies 
when interpreting/discussing the results of the review? 

Yes 

14. Did the review authors provide a satisfactory explanation for, 
and discussion of, any heterogeneity observed in the results 
of the review? 

Yes 

15. If they performed quantitative synthesis, did the review 
authors carry out an adequate investigation of publication 
bias (small study bias) and discuss its likely impact on the 

N/A 



results of the review? 

16. Did the review authors report any potential sources of conflict 
of interest, including any funding they received for conducting 
the review? 

Yes 
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