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AEVWUaFW
TheUe iV a Oack Rf UeVeaUch, acceVV, aQd XQdeUVWaQdiQg Rf hXPaQ fUeTXeQcieV aQd biRPaUkeUV de-
UiYed fURP biRUeVRQaQce VRfWZaUe. AO ScaQ iV a YRice aQd bRd\ aQaO\ViV VRfWZaUe WhaW UePRWeO\
PRQiWRUV Whe eOecWURPagQeWic aQd PagQeWic VcaOaU ZaYe diffeUeQceV iQ XS WR 120,000 hXPaQ fUe-
TXeQcieV aQd biRPaUkeUV fURP VhRUW VcaQV RYeU a feZ PiQXWeV. IQ WhiV gURXQd-baVed SiORW VWXd\,
90 QRQ-iQYaViYe ViWaOV aQd CRPSUeheQViYe ScaQV ZeUe cRQdXcWed RQ a Vi[-SeUVRQ cUeZ dXUiQg a
WZR Zeek AQaORg MiVViRQ aW Whe LXQAUeV UeVeaUch VWaWiRQ iQ PROaQd. CRPSOeWe bORRd cRXQW
(CBC) biRPaUkeUV fURP Vi[ ViWaOV VcaQV ZeUe UecRUded fRU each aQaORg aVWURQaXW aQd cRPSaUed
WR WZR bORRd WeVWV fURP FebUXaU\ 12 aQd 26, 2021. WiWh Vi[ aQaORg aVWURQaXWV geQeUaWiQg 3,600
biRPaUkeUV SeU ViWaOV VcaQ each da\, Whe VWXd\ aQaO\Ved Whe accXUac\ Rf 0.833% Rf Whe 54,000
biRPaUkeUV geQeUaWed fURP Whe ViWaOV ScaQ. The fiUVW daWa aQaO\ViV \ieOded aQ accXUac\ Rf 65%
iQ deVcUibiQg bRWh Whe iQ aQd RXW Rf UaQge CBC biRPaUkeUV. A high faOVe SRViWiYe UaWe Rf 76.9%
ZaV RbVeUYed, aV ZeOO aV a faOVe QegaWiYe UaWe Rf 30.1%, a WUXe QegaWiYe UaWe Rf 23.1%, aQd a
WUXe SRViWiYe UaWe Rf 69.3%. The VecRQd daWa aQaO\ViV deWeUPiQed hRZ PaQ\ CBC biRPaUkeUV
deYiaWed XQdeU 30 RU RYeU 70 SeUceQW fURP Whe Pa[iPXP heaOWh\ CBC biRPaUkeU UaQge. The
VWXd\ UeVXOWV aUe OaUgeO\ iQcRQcOXViYe cRQVideUiQg a YaUieW\ Rf UeaVRQV iQcOXdiQg iQVWUXPeQW
VeQViWiYiW\, WiPe diffeUeQceV, VPaOO VaPSOe Vi]e, dieW, aQd eQYiURQPeQWaO facWRUV. ThiV e[SeUiPeQW
UeSUeVeQWV Whe fiUVW SeeU UeYieZed VWXd\ WR XVe Whe biRUeVRQaQce QRQ-OiQeaU VcaQQeU AO ScaQ
WR UePRWeO\ PRQiWRU Whe heaOWh Rf hXPaQV aQd aQaORg aVWURQaXWV. FXUWheU UeVeaUch iV UeTXiUed
WR TXaQWif\ Whe accXUac\ aQd efficac\ Rf AO ScaQ b\ cRPSaUiQg WheP ZiWh eVWabOiVhed Pedi-
caO diagQRVWic WRROV iQ RUdeU WR XQdeUVWaQd Whe SRWeQWiaO VigQificaQce iQ PRQiWRUiQg hXPaQ heaOWh.

KH\ZRUGV: BiRUeVRQaQce, HXPaQ BiRPaUkeUV, VRice aQd BRd\ AQaO\ViV SRfWZaUe, AQaORg MiVViRQ,
SSace E[SORUaWiRQ

1 IQWURGXFWLRQ
ThiV UeVeaUch VWXd\ aWWePSWV WR e[aPiQe Whe accXUac\ Rf cRPSOeWe bORRd cRXQW (CBC) biRPaUkeUV UePRWeO\
geQeUaWed fURP Whe AO ScaQ YRice aQd bRd\ aQaO\ViV VRfWZaUe. ThiV iV dRQe b\ cRPSaUiQg VcaQ UeVXOWV ZiWh
bORRd WeVWV fURP aQaORg aVWURQaXWV dXUiQg a FebUXaU\ 2021 PiVViRQ aW LXQaUeV ReVeaUch SWaWiRQ iQ PROaQd.
The SaSeU cROOecWV Whe VcieQce, hiVWRU\, aQd UeceQW adYaQcePeQWV iQYROYed iQ biRUeVRQaQce VRfWZaUe.
A QeZ VRfWZaUe iV SURSRVed, hXPaQ facWRUV aQaO\ViV iV cRQdXcWed, aQd SRWeQWiaO iPSOicaWiRQV fRU PaQQed
VSace PiVViRQV aUe e[aPiQed. The PaiQ cRQWUibXWiRQV Rf WhiV VWXd\ iQcOXde Whe fROORZiQg:

� CRQdXcW Whe fiUVW gURXQd-baVed SiORW VWXd\ aQd TXaQWiWaWiYe daWa aQaO\ViV Rf AO ScaQ UeVXOWV,

� UQdeUVWaQd, chaOOeQge, aQd iQWeUSUeW accXUac\ aQd VeQViWiYiW\ Rf AO ScaQ WechQRORg\,

� PURSRVe a VRfWZaUe aQd API deVigQ fRU iPSURYed XVeU e[SeUieQce ZiWh WhiV eaUO\ VWage biRWechQRORg\.

SSaceOSV-2021,11,[1671 Page 1 Rf 16



16Wh IQWeUQaWiRQaO CRQfeUeQce RQ SSace OSeUaWiRQV, CaSe TRZQ, SRXWh AfUica 3 - 5 Ma\ 2021
³CRS\UighW � 2021 b\ BiRfUeTXeQc\ AQaO\WicV. PXbOiVhed b\ Whe IAF, ZiWh SeUPiVViRQ aQd UeOeaVed WR Whe IAF WR SXbOiVh iQ aOO fRUPV.´

1.1 BaFNJURXQG WR BLRUHVRQaQFH

EYeU\ ceOO iQ Whe bRd\ haV WheiU RZQ diVWiQcWiYe YibUaWiRQaO fUeTXeQc\ aQd ePiWV aQd UeceiYeV eOecWURPagQeWic
VigQaOV [1]. WheQ ceOOXOaU eOecWURPagQeWic cRPPXQicaWiRQ RU YibUaWiRQaO RVciOOaWiRQV aUe diVUXSWed b\ iQjXU\,
dieW, VWUeVV, RU ePRWiRQ, diVeaVeV caQ aSSeaU [2]. TheUe iV a PeaVXUabOe diffeUeQce beWZeeQ Whe QaWXUaO VWaQdaUd-
i]ed fUeTXeQc\ aQd acWXaO UeVRQaWiQg fUeTXeQc\ Rf WhaW biRORgicaO fXQcWiRQ WhaW caQ be caOcXOaWed WR deWeUPiQe
Whe heaOWh Rf ceOOXOaU PechaQiVPV. MicURcXUUeQW eOecWUicaO WheUaS\ (MET) ZaV SURSRVed befRUe 1974 aQd
iQYROYeV SaVViQg ORZ-OeYeO cXUUeQW WR UeVWRUe QaWXUaO cXUUeQW fORZ Rf Whe hXPaQ bRd\ [3]. MicURcXUUeQW
VWiPXOaWiRQ affecWV ceOOXOaU Sh\ViRORg\ b\ UedXciQg Whe eOecWUicaO UeViVWaQce Rf Whe iQjXUed WiVVXe aQd UeVWRUiQg
iWV ceOOXOaU caSaciWaQce. A 1982 VWXd\ fRXQd WhaW PicURcXUUeQW VWiPXOaWiRQ (< 500PA) caQ VigQificaQWO\
iQcUeaVe Whe SURdXcWiRQ Rf ATP iQ Whe WiVVXe b\ aV PXch aV 500% aQd iQcUeaVe aPiQR acid WUaQVSRUW aQd
SURWeiQ V\QWheViV iQ Whe WUeaWed aUea b\ 30-40% [4]. ThXV, Whe heaOWh VWaWXV Rf aQ RUgaQ, WiVVXe, V\VWeP RU ceOO
VWUXcWXUe ZiWhiQ Whe bRd\ caQ be ideQWified aQd WaUgeWed b\ SaVViQg PicURcXUUeQW fUeTXeQcieV WhURXgh Whe
bRd\ aQd PeaVXUiQg Whe cXUUeQW¶V UeViVWaQce. BiRUeVRQaQce PeaVXUeV aQd aWWXQeV Whe fUeTXeQcieV Rf eQeUg\
ZaYeOeQgWhV cRPiQg fURP Whe bRd\. A 2020 aOOeUg\ VWXd\ fRXQd WhaW 90% Rf Whe 311 SaWieQWV RbVeUYe QR
aOOeUg\-UeOaWed V\PSWRPV (QaVaO, e\e, UeVSiUaWRU\, aQd gaVWURiQWeVWiQaO) RU VhRZ VigQificaQW iPSURYePeQW
Rf WheiU V\PSWRPV afWeU 12 PRQWhV Rf biRUeVRQaQce WUeaWPeQW [5]. MORA biRUeVRQaQce WheUaS\ (cOaVVicaO
biRUeVRQaQce WheUaS\) haV beeQ SUacWiVed fRU PRUe WhaQ 30 \eaUV ViQce Whe 1970V b\ QaWXURSaWhic SUacWiWiRQeUV
WhURXghRXW SOaQeW EaUWh. A 2011 VWXd\ fRXQd WhaW biRUeVRQaQce WheUaS\ had a high SUacWicaO-WheUaSeXWic
effecWiYeQeVV fRU RYeU 83.3% Rf aOO Whe 935 SaWieQWV VXffeUiQg fURP diVeaVeV, aOOeUgieV, SaiQ, aQd iQfecWiRQV
[6]. AccRUdiQg WR Whe fiQdiQgV RbWaiQed b\ a SiORW VWXd\ iQ 2014 ZiWh 190 VPRkeUV, biRUeVRQaQce WheUaS\ ZaV
fRXQd WR be cOiQicaOO\ effecWiYe iQ VPRkiQg ceVVaWiRQ aQd dReV QRW VhRZ aQ\ adYeUVe Vide effecWV [7].

A diVeaVe fiUVW begiQV RXWVide Whe bRd\, iQ Whe hXPaQ biRfieOd. WheQ iW iV iQ Whe biRfieOd, iW iV PXch
eaVieU WR UePRYe RU baOaQce WhaQ afWeU iW becRPeV Sh\VicaO PaWWeU. WiWh aQ eOecWUicaO fieOd 60 WiPeV gUeaWeU
aQd a PagQeWic fieOd 5,000 WiPeV gUeaWeU WhaQ WhaW Rf Whe bUaiQ, Whe heaUW -Zhich iV ceQWUaO WR Whe AXWRQRPic
NeUYRXV S\VWeP (ANS)- SURjecWV VigQaOV iQWR Whe biRfieOd WhaW caQ be deWecWed b\ aQRWheU hXPaQ beiQg,
bUaiQ aQd heaUW [7]. WhiOe Whe SUacWice Rf biRfieOd WheUaSieV haV e[iVWed iQ EaVWeUQ aQd WeVWeUQ cXOWXUeV fRU
WhRXVaQdV Rf \eaUV, ePSiUicaO UeVeaUch RQ Whe effecWiYeQeVV Rf biRfieOd WheUaSieV iV VWiOO UeOaWiYeO\ QaVceQW.
BiRfieOd WheUaSieV Pa\ be deOiYeUed eiWheU iQ Whe VaPe URRP RU SaUWV Rf Whe bRd\ fXUWheU aZa\ fURP Whe hXPaQ
heaUW. AV Rf 2015, PRUe WhaQ 15 cOiQicaO WUiaOV haYe beeQ cRQdXcWed ZiWh biRfieOd WheUaSieV iQ SaWieQWV ZiWh
caQceU aQd 30 SXbOiVhed cOiQicaO WUiaOV haYe UeSRUWed Whe effecWV Rf biRfieOd WheUaSieV fRU SaiQ [8]. SeYeUaO
VWXdieV haYe e[aPiQed hXPaQ biRPaUkeUV VXch aV heaUW UaWe YaUiabiOiW\ (HRV), cRUWiVRO, aQd c\WRWR[iciW\
(TXaOiW\ Rf WR[ic ceOOV) aV RXWcRPeV iQ cOiQicaO UeVeaUch SaUWiciSaQWV. ReSRUWed chaQgeV iQ WheVe VSecific
RXWcRPeV VXggeVW WhaW biRfieOd WheUaSieV haYe SRViWiYe effecWV RQ Sh\ViRORgicaO SURceVVeV [8].

TZR PaiQ cRPSRQeQWV Rf EaUWh¶V SXOVed eOecWURPagQeWic fUeTXeQcieV (PEMFV), Whe VWaQdiQg ZaYeV Rf
eOecWUiciW\ RU SchXPaQQ fUeTXeQcieV, aQd GeRPagQeWic fUeTXeQcieV, aUe iPSRUWaQW WR hXPaQ heaOWh. IQ Whe
eaUO\ 2000V, NASA dePRQVWUaWed WhaW aVWURQaXWV ZhR aUe cXW Rff fURP EaUWh¶V PagQeWic fieOd deYeORSed
heaOWh SURbOePV, Zhich caQ be SUeYeQWed b\ SURYidiQg aQ aUWificiaO PagQeWic fieOd. A fRXU \eaU NASA VWXd\
Oed b DU. ThRPaV GRRdZiQ fRXQd WhaW Whe gUeaWeVW efficac\ RQ PEMF WheUaS\ caPe fURP UaSid WiPe YaU\iQg
VTXaUe-ZaYeV, ORZ 10H] fUeTXeQcieV, aQd ORZ iQWeQViWieV 10-200 PiOOigaXVV. NASA aQd RRVcRVPRV XVe
eOecWURPagQeWic fieOd geQeUaWRUV RQ Whe ISS WR PaiQWaiQ hXPaQ ciUcadiaQ Uh\WhPV, eQeUg\ SURdXcWiRQ, aQd
iQfOaPPaWiRQ UedXcWiRQ [9]. FXUWheU UeVeaUch iV UeTXiUed WR deWeUPiQe Whe effecW, if aQ\, fURP ORcaO PEMFV RQ
Whe efficac\ Rf ORZ eOecWURPagQeWic fUeTXeQcieV SXOVed fURP biRUeVRQaQce VRfWZaUe.

DU. RR\aO Ra\PRQd Rife ZaV aQ APeUicaQ RSWicV iQYeQWRU, eQgiQeeU aQd VcieQWiVW ZhR deYeORSed Whe
Rife MachiQe iQ Whe 1920¶V aQd 1930¶V WhaW deOiYeUV a ORZ eQeUg\ eOecWURPagQeWic fUeTXeQc\ iQWR Whe
bRd\.[10] B\ aSSO\iQg a ORZ YROWage cXUUeQW, DU. Rife diVcRYeUed WhaW YiUXVeV, bacWeUia, SaUaViWeV aQd
SaWhRgeQV aUe VeQViWiYe WR a VSecific fUeTXeQc\ Rf VRXQd aQd caQ be WaUgeWed aQd kiOOed b\ iQWeQVif\iQg WhaW
fUeTXeQc\ RU VigQaO, ViPiOaU WR hRZ RSeUa ViQgeUV XVe WheiU YRice WR VhaWWeU cU\VWaO gOaVV.

1.2 RHFHQW AGYaQFHPHQWV LQ VRLFH AQaO\VLV aQG FUHTXHQF\ RHVRQaQFH

AOO hXPaQ ceOOV SURdXce eOecWURPagQeWic fieOdV fURP Whe eOecWUicaO acWiYiW\ iQ aOO Whe bRd\¶V 210 diffeUeQW ceOO
W\SeV, each ZiWh a diffeUeQW PeaVXUabOe fUeTXeQc\. NeXURQV, eQdRcUiQe ceOOV, aQd PXVcOe ceOOV aUe UefeUUed WR
aV ³e[ciWabOe ceOOV.´ TheVe ceOOV SURdXce cXUUeQW (Yia eOecWURQ WUaQVfeU); PagQeWic fieOd (Yia PRYiQg chaUgeV);
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a SXOVed fUeTXeQc\; aV ZeOO aV SH, R[\geQ, caUbRQ diR[ide, aQd OighW (Yia biRShRWRQV)[11]. AV OiPbV aUe
affecWed b\ PaUkiQVRQ¶V diVeaVe, YRcaO RUgaQV iQYROYed iQ VSeech SURdXcWiRQ aUe iPSacWed WRR. OQ Whe bRWWRP
WURXgh Rf hXPaQ YRice ZaYeV, YRcaO WUePRUV, ZeakQeVV, aQd UigidiW\ aSSeaU. A 2017 VWXd\ ZiWh 20 eaUO\
PaUkiQVRQ¶V diVeaVe (PD) SaWieQWV aQd 15 cRQWUROV XVed a VSeech aQaO\ViV WechQiTXe, caOOed RASTA-PLP,
WR accXUaWeO\ ideQWif\ 82% WR 87% Rf SaWieQWV ZiWh PaUkiQVRQ¶V [12]. MRUeRYeU, a WeaP aW NYU SchRRO Rf
MediciQe deYeORSed a QRYeO biRiQfRUPaWicV AI WRRO WhaW caQ aQaO\Ve YRiceV aQd ideQWif\ WhRVe ZiWh PRVW
WUaXPaWic VWUeVV diVRUdeU (PTSD) ZiWh a high accXUac\ UaWe Rf 89 SeUceQW. B\ cRPbiQiQg AI ZiWh aXdiR
UecRUdiQgV Rf Whe hXPaQ YRice VSecWUXP, UeVeaUcheUV SaUWiWiRQed RYeU 40,000 XQiTXe biRSh\VicaO feaWXUeV [13].

IQ WeUPV Rf UeceQW adYaQcePeQWV iQ fUeTXeQc\ UeVRQaQce, UeVeaUcheUV WeVWed WhRXVaQdV Rf fUeTXeQcieV aQd
diVcRYeUed WhaW V\PSaWheWic UeVRQaQce YibUaWiRQ UeTXiUeV WZR iQSXW fUeTXeQcieV, RQe ORZeU aQd RQe higheU
fUeTXeQc\ Zhich PXVW be 11 WiPeV higheU, Zhich iV kQRZQ aV Whe 11Wh haUPRQic WhaW VhaWWeUV PicURRUgaQiVPV
Oike cU\VWaO gOaVV. ThURXgh eighW \eaUV Rf XViQg V\PSaWheWic UeVRQaQce YibUaWiRQV aW a caQceU Oab iQ Whe
DiYiViRQ Rf SXUgicaO ReVeaUch OabRUaWRU\ aW JeffeUVRQ, DU. AQWhRQ\ HROOaQd aQd UeVeaUcheUV kiOOed aQ aYeUage
Rf 25-52% Rf OeXkePia ceOOV iQ SaWieQWV, VORZed Whe gURZWh UaWe Rf caQceUV b\ 65%, aQd diVcRYeUed Whe
eOecWURQic VigQaOV eOiPiQaWed aQWibiRWic UeViVWaQce iQ MRSA bacWeUia [14].

1.3 BaFNJURXQG WR AO SFaQ aQG SROH[, LLC

SiQce Whe eaUO\ 2000¶V, WhUee RXVViaQ VcieQWiVWV ZhR VSeciaOi]e iQ PicURZaYe UeVRQaQce WheUaS\ ideQWified
aQd cRPSiOed a daWabaVe Rf PRUe WhaQ 120,000 diffeUeQW fUeTXeQcieV WhaW aUe Whe VaPe iQ each SeUVRQ [15].
AfWeU caWaORgiQg Whe fUeTXeQcieV, Whe US-baVed cRPSaQ\ SROe[ LLC cRPPeUciaOiVed AO (AOSha OPega)
ScaQ DigiWaO BRd\ AQaO\]eU, a YRice aQd bRd\ aQaO\ViV VRfWZaUe WhaW UePRWeO\ aQaO\VeV VhRUW fifWeeQ VecRQd
aXdiR fiOeV WR PRQiWRU Whe acWiYe/iQfOaPed RU OeVV acWiYe/XQdeUXVed fUeTXeQcieV Rf 1,400+ hXPaQ biRPaUkeUV.
WiWh a ViPiOaU iPagiQg SURceVV WR MRI, CT ScaQ RU X-Ra\V, AO ScaQ SXOVeV eOecWURPagQeWic fUeTXeQcieV iQ
each VcaQ Zhich VSaQV a Pa[iPXP Rf fiYe WR WeQ PiQXWeV iQ dXUaWiRQ, aQd geQeUaWeV WhUee Vafe QRQ-iQYaViYe
VcaQV: (i) INNER-YRice, (ii) ViWaOV ReSRUWV, aQd (iii) CRPSUeheQViYe ReSRUWV. AV a W\Se Rf biRfeedback
deYice ViPiOaU WR QeXURfeedback, AO ScaQ UeSRUWed WhaW Whe deYice haV QRW beeQ aSSURYed b\ Whe U.S. FRRd
aQd DUXg AdPiQiVWUaWiRQ (FDA) aQd WhaW iW iV QRW XVed aV a PedicaO RU diagQRVWic iQVWUXPeQW [15].

AO ScaQ ZaV fRUPeUO\ RSeUaWed RQO\ RQ VSecific PRbiOe AQdURid deYiceV dXe WR high cRPSXWe SRZeU
WR UXQ Whe aSSOicaWiRQ. The cRPSaQ\ XSORaded Whe VRfWZaUe WR Whe cORXd iQ eaUO\ 2021, Zhich iV QRZ acceVVi-
bOe Yia Whe iQWeUQeW fRU UegiVWeUed VcaQ XVeUV ZhR Sa\ $149 SeU PRQWh WR XVe aQd acceVV Whe YRice aQd bRd\
aQaO\ViV VRfWZaUe. HXQdUedV Rf RSeQ VRXUce XVeU WeVWiPRQiaOV caQ be fRXQd iQ YaUiRXV AO ScaQ FacebRRk
gURXSV. SiQce Whe cRPSaQ\ OaXQch iQ 2017 aQd SURdXcW UROO-RXW iQ SXPPeU 2020, SROe[ haV accXPXOaWed
20,000 AO ScaQ XVeUV, Zhich ZRXOd geQeUaWe aSSUR[iPaWeO\ $2.98M SeU PRQWh if aOO XVeUV aUe chaUged
aW Whe VaPe PRQWhO\ UaWe. AfWeU decadeV Rf SURdXcW deYeORSPeQW, WechQRORg\ PiQiaWXUiVaWiRQ, aQd V\VWeP
iPSURYePeQWV fURP ViPiOaU WechQRORgieV WR OaUgeU Uife PachiQeV ZiWh ZiUed eOecWURdeV, Whe biRWechQRORg\ haV
becRPe iQWegUaWed iQWR cORXd-baVed VRfWZaUe aQd iV QRZ cRPPeUciaOO\ aYaiOabOe RQ Whe PaUkeW ZiWh SUice
UedXcWiRQV RUdeUV Rf PagQiWXde ORZeU WhaQ SUeYiRXV cRVWV.

1.4 CKaOOHQJHV LQ FLHOG

WiWh Whe OaUgeVW fUeTXeQc\-baVed daWabaVe RQ hXPaQ heaOWh, AO ScaQ dReV QRW cXUUeQWO\ aOORZ iQdiYidXaOV
aQd RUgaQiVaWiRQV acceVV WR WheiU daWabaVe SUiPaUiO\ dXe WR SUiYac\ cRQceUQV, Zhich iPSRVeV OiPiWaWiRQV
RQ hXPaQ XQdeUVWaQdiQg Rf heaOWh, UeVeaUch, aQd VcieQce. AOWhRXgh PaQ\ UegiVWeUed XVeUV haYe UeSRUWed
WhaW AO ScaQ UeVXOWV PaWch ZiWh bORRdZRUk aQd RWheU WeVWiQg SURcedXUeV, a Oack Rf VcieQWific OiWeUaWXUe aQd
UeVeaUch OiPiW Whe SRWeQWiaO Rf fUeTXeQc\ UeVRQaQce biRWechQRORg\. OQe Rf Whe OaUgeVW chaOOeQgeV WRZaUd Whe
PaUkeW diYeUVificaWiRQ Rf XViQg AO ScaQ WR PRQiWRU hXPaQ heaOWh iV Whe PiQiPaO SeeU-UeYieZed UeVeaUch aQd
XQdeUVWaQdiQg Rf Whe iQVWUXPeQW VeQViWiYiW\ aQd accXUac\ Rf Whe gUeeQ aQd Ued dRWV.

AfWeU OeaUQiQg abRXW AO ScaQ aQd e[SeUieQciQg Whe chaOOeQgeV aQd RSSRUWXQiWieV iQ Whe fieOd, 10+ UeVeaUcheUV
aQd deYeORSeUV XQiWed dXUiQg Whe faOO aQd ZiQWeU 2020 WR fRXQd BiRfUeTXeQc\ AQaO\WicV (BA), a WaVhiQgWRQ,
DC-baVed daWa aQaO\WicV fiUP, UeVeaUch RUgaQiVaWiRQ, aQd cORXd-baVed SRfWZaUe aV a VeUYice (SaaS) cRPSaQ\.
BA SOaQV WR deVigQ, bXiOd, aQd RSeUaWe RQe Rf Whe fiUVW fUeTXeQc\-baVed daWa UefiQeU\ Rf Whe hXPaQ bRd\ fURP
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FigXUe 1: ElecWUomagneWic ZaYe]

WaiORUed daWa aQaO\ViV RQ RYeU 120,000 hXPaQ fUeTXeQcieV aQd RYeU 1,400 hXPaQ biRPaUkeUV deUiYed fURP
AO ScaQ VRfWZaUe. BiRfUeTXeQc\ AQaO\WicV SOaQV WR SURYide Whe fROORZiQg ke\ VeUYiceV: (i) daWa aggUegaWiRQ
aQd aQaO\WicV, (ii) UeVeaUch cRRUdiQaWiRQ aQd PaQagePeQW, (iii) UePRWe VcaQV aQd cXVWRPiVed heaOWh UeSRUWV.

2 SFLHQFH EHKLQG AO SFaQ
2.1 HLVWRU\ aQG BaFNJURXQG WR EOHFWURPaJQHWLVP

A ViQgOe fUeTXeQc\ eOecWURPagQeWic ZaYe SURSagaWeV aV a ViQXVRidaO YaUiaWiRQ Rf eOecWUic aQd PagQeWic fieOdV.
AV RXWOiQed iQ figXUe 1, PagQeWic fieOd YaUiaWiRQ iV SeUSeQdicXOaU WR Whe eOecWUic fieOd [16]. LiYiQg RUgaQiVPV
aUe VeQViWiYe WR bRWh Whe EOecWUic (E) fieOd aQd Whe MagQeWic (B) fieOd. IQ eOecWURPagQeWiVP, Whe LRUeQW] fRUce
UefeUV WR Whe cRPbiQaWiRQ Rf eOecWUic aQd PagQeWic fRUceV RQ a SRiQW chaUge dXe WR eOecWURPagQeWic fieOdV.
BecaXVe Whe LRUeQW] fRUce UeVXOWV fURP a PagQeWic fieOd aQd SURdXceV PechaQicaO PRWiRQ, SheQRPeQa WhaW
aUiVe fURP iW aUe RfWeQ UefeUUed WR aV ³PagQeWR-acRXVWicV´, Zhich UeSUeVeQWV a QRYeO aQd iPSRUWaQW aSSOicaWiRQ
Rf LRUeQW] fRUceV iQ biRPedicaO iPagiQg [17]. JaPeV COeUk Ma[ZeOO begaQ ZRUkiQg RQ MichaeO FaUada\¶V
OiQeV Rf fRUce. IQ hiV 1861 SaSeU WiWOed, OQ Ph\VicaO LiQeV Rf FRUce, Ma[ZeOO PRdeOOed WheVe PagQeWic OiQeV
Rf fRUce XViQg a Vea Rf PROecXOaU YRUWiceV WhaW he cRQVideUed WR be SaUWO\ Pade Rf aeWheU aQd SaUWO\ Pade Rf
RUdiQaU\ PaWWeU [18].

AO ScaQ cOaiPV WR XVe WhUee cRUe WechQiTXeV: (i) BiRUeVRQaQce RecRgQiWiRQ, (ii) BiRUeVRQaQce CRPSaUiVRQ,
aQd (iii) S\PSaWheWic VibUaWRU\ Ph\VicV [15]. CXVWRPeUV haYe Whe RSWiRQ WR cRQdXcW fiYe VcaQV: TXick VcaQ,
INNER-VRice, ViWaOV, CRPSUeheQViYe, SEFI, Zhich aUe aOO YiVibOe aW Whe hRPeSage Rf Whe RQOiQe VRfWZaUe
afWeU XVeUV ORgiQ. The ViWaOV aQd CRPSUeheQViYe ScaQV cRPSUiVe RYeU 90 SeUceQW Rf Whe hXPaQ biRPaUkeU
daWa. AfWeU XVeUV XSORad aQ iQdiYidXaO ShRWR, fXOO QaPe, geQdeU, ZeighW, heighW, biUWh daWe, ePaiO addUeVV, aQd
YRice UecRUdiQg, Whe VcaQ UeSRUWV aUe geQeUaWed aQd deOiYeUed ZiWhiQ VeYeUaO PiQXWeV. A PajRUiW\ Rf VcaQV
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ZeUe cRQdXcWed iQ-SeUVRQ XQWiO Whe OaWe 2010¶V, ZheQ Whe VRfWZaUe ZaV XSORaded WR Whe cORXd. IW iV beOieYed
WhaW XVeUV begaQ cRQdXcWiQg PRUe UePRWe VcaQV acURVV SOaQeW EaUWh WR SXOVe ORZ eQeUg\ eOecWURPagQeWic
fUeTXeQcieV aQd 180 degUee ViQXVRidaO ZaYeV WR Whe iQWeQded XVeU WhRXVaQdV Rf PiOeV aZa\. FXUWheU UeVeaUch
iV UeTXiUed WR deWeUPiQe Whe efficac\ aQd diffeUeQce beWZeeQ iQ-SeUVRQ aQd UePRWe VcaQV.

The WechQRORg\ iV baVed RQ Whe ZRUkV Rf NikROa TeVOa, DU. RR\aO Rife, aQd AObeUW EiQVWeiQ. WheQ iQiWiaWiQg
a VcaQ, VSecific fUeTXeQcieV fRU Whe biRPaUkeU aUe UePRWeO\ iQWURdXced WR Whe bUaiQ, Zhich WheQ UeVSRQdV
ZiWh Whe acWXaO fUeTXeQc\ WhaW hXPaQ VXbV\VWeP RU biRPaUkeU iV UeVRQaWiQg aW. AfWeU cRPSaUiQg Whe acWXaO
fUeTXeQcieV WR Whe iQWURdXced fUeTXeQcieV, VigQaOV aUe cRQYeUWed iQWR aOgRUiWhPV aQd cRPSaUed WR a OaUge
daWabaVe WR deWeUPiQe Whe QXPeUicaO YaOXe (1-9) [15]. BiRPaUkeUV ZiWh ORZeU QXPbeUV iQdicaWe OeWhaUg\ RU
XQdeU-XVe, aQd higheU QXPbeUV cRUUeOaWe WR RYeUXVe RU iQfOaPPaWiRQ. WheUeaV WUadiWiRQaO biRUeVRQaQce XWiOiVe
ZiUed eOecWURdeV WR ideQWif\ Whe ZaYeOeQgWhV Rf hXPaQ ceOOV aQd bRd\ SaUWV, AO ScaQ cOaiPV WR ZiUeOeVVO\
iQiWiaWe Whe biRUeVRQaQce UecRgQiWiRQ aQd cRPSaUiVRQ VWaUWiQg iQ Whe bUaiQ [15]. AO ScaQ PeaVXUeV Whe
eOecWUic aQd PagQeWic YecWRU SRWeQWiaOV Rf EM fUeTXeQcieV aQd UePRWeO\ SXOVeV ORZ eQeUgeWic eOecWURPagQeWic
fUeTXeQcieV WR Whe XVeU. The AO ScaQ ViWaOV aQd CRPSUeheQViYe ScaQV PRQiWRU Whe fUeTXeQc\ deYiaWiRQV iQ
Whe eOecWURPagQeWic aQd PagQeWic VcaOaU ZaYeV.

2.2 SFaOaU ZaYHV

The ZiUeOeVV WUaQVfeU Rf eQeUg\ aV ORQgiWXdiQaO (RU VcaOaU) ZaYe UadiaWiRQ ZaV diVcRYeUed b\ NikROa TeVOa
aURXQd 1890 [19], RUigiQaWiQg fURP Whe SaWeQW eQWiWOed ASSaUaWXV fRU WUaQVPiVViRQ Rf EOecWUicaO EQeUg\ [20].
ScaOaU ZaYeV, aOVR kQRZQ aV TeVOa WaYeV, aUe WZR Rf WhUee SRVVibOe ZaYe W\SeV, Whe eOecWURPagQeWic ZaYe,
Whe eOecWUic VcaOaU ZaYe (SW), aQd Whe PagQeWic SW, Zhich SOa\V a cUXciaO UROe iQ biRORg\. LiYiQg RUgaQiVPV
SURSagaWe PagQeWic VcaOaU (TeVOa) ZaYeV iQVWead Rf Whe eOecWUicaO TeVOa-ZaYe. ATP iV Whe µeQeUg\-cXUUeQc\¶ Rf
SOaQWV, aQiPaOV aQd hXPaQV aQd iV SURdXced iQ Whe PiWRchRQdUia aV a UeVXOW Rf a fXQcWiRQiQg UeVSiUaWRU\ chaiQ.
IW iV WheRUiVed WhaW Whe PediaWiRQ Rf VcaOaU ZaYeV RccXUV fURP Whe PiWRchRQdUia[21].The QeceVVaU\ eQeUg\
UeTXiUed WR SRZeU Whe ceOOXOaU chePicaO SURceVVeV aUe SURYided b\ Whe PagQeWic VcaOaU ZaYe iWVeOf [22]. EaUOieU
SaSeUV SURSRVed WhaW PiWRchRQdUia, ORcaWed iQVide WXQQeOiQg QaQR WXbeV, aUe abOe WR fRUP a cRQQecWed VWUXcWXUe
iQ RUdeU WR e[chaQge eQeUg\ aQd iQfRUPaWiRQ VigQaOV beWZeeQ ceOOV eOecWUicaOO\ RU eOecWUR-PagQeWicaOO\ [23].

WheQ WheUe iV a diVWXUbaQce iQ Whe fUeTXeQc\ Rf a OiYiQg RUgaQiVP, WheUe iV a PagQeWic TeVOa ZaYe WhaW
UadiaWeV iQWR Whe ]eUR SRiQW eQeUg\ fieOd (ZPF). TeVOa ZaYeV YibUaWe iQ OiQe ZiWh Whe diUecWiRQ Rf WUaYeO aQd
SURSagaWe WhURXghRXW SOaQeW EaUWh aW UaWeV Rf 7.8 c\cOeV SeU VecRQd WhaW aUe SeUPeabOe WhURXgh PRVW QRQOiYiQg
aQd OiYiQg PaWWeU. WhiOe Whe HeUW]iaQ ZaYeV haYe a WUaQVYeUVe-ZaYe chaUacWeUiVWic, Whe VcaOaU ZaYeV aUe baVed
RQ a diUecW WUajecWRU\ fURP Whe VeQdeU WR Whe UeceiYeU aQd Yice YeUVa. The eQeUg\ ePiWWed b\ Whe WUaQVPiWWeU iV
cROOecWed agaiQ b\ Whe UeceiYeU. ThiV aSSOieV RQO\ iQ Whe VR-caOOed UeVRQaQce beWZeeQ WUaQVPiWWeU aQd UeceiYeU,
Zhich UeTXiUeV Whe VaPe ZaYefRUP, Whe VaPe fUeTXeQc\ aQd Whe RSSRViWe ShaVe [21].

ScaOaU ZaYeV aUe UeSRUWed WR e[hibiW PXOWiSOe WUaSSed PRdeV iQcOXdiQg Whe SRWeQWiaO ZeOO, WUaSSiQg caVe, aQd
VcaWWeUiQg caVe. TUaSSed PRdeV Rf VcaOaU ZaYeV SURYide cOXeV WR fUeTXeQc\ UeVRQaQce PechaQiVPV [24],
Zhich aUe cRQVideUed WR be SaUWO\ Pade Rf aeWheU aQd SaUWO\ Pade Rf RUdiQaU\ PaWWeU. A SOaVPa Sh\VicV
SURfeVVRU, DU. BahPaQ ZRhXUi SURYideV a gUeaWeU VcieQWific aQd PaWhePaWicaO XQdeUVWaQdiQg Rf VcaOaU ZaYeV
iQ hiV 2018 SXbOicaWiRQ eQWiWOed ScaOaU WaYe DUiYeQ EQeUg\ ASSOicaWiRQV [19].

MRUeRYeU, NikROa TeVOa diVcRYeUed Whe URWaWiQg PagQeWic fieOd Zhich iV Whe baViV Rf Whe iQdXcWiRQ PR-
WRU, aOWeUQaWiQg cXUUeQW eOecWUiciW\, aQd MagQeWic UeVRQaQce iPagiQg (MRI) WechQRORg\. MRI deYiceV aOVR
SURdXce a UadiR fUeTXeQc\ cXUUeQW WhaW cUeaWeV a YaU\iQg PagQeWic fieOd [25]. AQ MRI VcaQQeU geQeUaWeV
a YeU\ VWURQg PagQeWic fieOd (abRXW 0.2 WR 3 WeVOaV, RU URXghO\ a WhRXVaQd WiPeV Whe VWUeQgWh Rf a W\SicaO
fUidge PagQeW), Zhich aOigQV Whe SURWRQ VSiQV WR PeaVXUe hRZ PXch ZaWeU iV iQ diffeUeQW WiVVXeV. WiWh WZR
h\dURgeQ QXcOei RU SURWRQV, ZaWeU PROecXOeV (H2O) becRPe aOigQed iQ a PagQeWic fieOd aV Whe SURWRQV abVRUb
Whe eQeUg\ fURP Whe PagQeWic fieOd aQd fOiS WheiU VSiQV. US WR 60 SeUceQW Rf Whe hXPaQ adXOW bRd\ iV ZaWeU.
The bUaiQ aQd heaUW aUe cRPSRVed Rf 73 SeUceQW ZaWeU [26]. AO ScaQ ePSOR\V aQ iPagiQg SURceVV ViPiOaU WR
aQ MRI, CT ScaQ RU X-Ra\.
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FigXUe 2: AO Scan ViWalV RepoUWV

2.3 AO SFaQ RHSRUWV

2.3.1 VLWaOV RHSRUW

AOScaQ SURYideV Whe RSWiRQ WR cRQdXcW fiYe VcaQV: a TXick VcaQ, INNER-VRice, ViWaOV, CRPSUeheQViYe, SEFI,
Zhich aUe aOO YiVibOe aW Whe hRPeSage Rf Whe RQOiQe VRfWZaUe afWeU XVeUV ORgiQ. The ViWaOV aQd CRPSUeheQViYe
ScaQV cRPSUiVe RYeU 90 SeUceQW Rf Whe hXPaQ biRPaUkeU daWa Rf iQWeUeVW. The RQO\ digiWaO iQfRUPaWiRQ
eQWeUed WR cRQdXcW UePRWe VcaQV aQd e[WUacW Whe hXPaQ biRPaUkeU daWa iQcOXde a headVhRW ShRWR, fiUVW QaPe,
OaVW QaPe, geQdeU, ZeighW, heighW, biUWh daWe, aQd ePaiO addUeVV. The ViWaOV ScaQ PRQiWRUV Whe fUeTXeQc\
deYiaWiRQV iQ PagQeWic VcaOaU ZaYeV aQd UeTXiUe aURXQd 30-60 VecRQdV RQ aYeUage SeU SeUVRQ, deSeQdiQg
RQ Whe cRPSXWe SURceVViQg SRZeU Rf Whe AO ScaQ VRfWZaUe WhaW ZaV iQcUeaVed b\ 50 SeUceQW iQ eaUO\ 2021.
ViWaOV ReSRUW iQcOXdeV RYeU 600 hXPaQ biRPaUkeUV SeU VcaQ, UeSUeVeQWiQg Whe VWaWXV Rf each biRPaUkeU iQ Whe
SUeVeQW da\. AV highOighWed iQ figXUe 2, Whe gUe\ cROXPQ RQ Whe UighW iQdicaWeV Whe VWaWXV Rf WhaW biRPaUkeU
afWeU iQSXWWiQg VSecific fUeTXeQcieV. The ZhiWe cROXPQ RQ Whe OefW iV Whe biRPaUkeU VWaWXV afWeU Whe PRVW
UeceQW VcaQ RU afWeU bUiQgiQg Whe hXPaQ fUeTXeQcieV cORVeU WR QaWXUaO UeVRQaQce. GUeeQ dRWV iQdicaWe WhaW
Whe biRPaUkeU iV iQ baOaQce aQd fXQcWiRQaO aQd Ued dRWV UeSUeVeQW a biRPaUkeU RXW Rf baOaQce RU deficieQW.
MXOWiSOe UeSeaWed Ued dRWV iQdicaWe WhaW biRPaUkeU iV RXW Rf Whe heaOWh\ RSeUaWiRQaO UaQge. Each ViWaOV
ReSRUW geQeUaWeV biRPaUkeUV acURVV Whe fROORZiQg 26 caWegRUieV: bORRd-OiSidV, CBC, aPiQR acidV, faWW\ acidV
(OPega-3¶V aQd OPega-6V), SaUaViWeV, fXQgXV, bacWeUiaO diVeaVeV, iQfOaPPaWiRQ, iQVXOiQ UeViVWaQce, digeVWiYe
eQ]\PeV, PicURPiQeUaOV, heaY\ PeWaO WR[iciW\ OeYeOV, YiWaPiQV, bRQe PiQeUaO deQViW\/diVeaVe/gURZWh, bUaiQ
QeUYeV, caUdiRYaVcXOaU/ceUebURYaVcXOaU, cROOageQ iQde[eV, hRUPRQeV, iPPXQe V\VWeP, RUgaQ fXQcWiRQ, PROdV,
aOOeUgeQV, iQWROeUaQceV WR fRRd, hXPaQ WR[iQV, aQd YiUXVeV.

2.3.2 CRPSUHKHQVLYH RHSRUW

The CRPSUeheQViYe ScaQ aOVR PRQiWRUV Whe fUeTXeQc\ deYiaWiRQV iQ PagQeWic VcaOaU ZaYeV bXW UeTXiUe gUeaWeU
cRPSXWe SRZeU VSaQQiQg aURXQd WhUee WR fiYe PiQXWeV RQ aYeUage SeU SeUVRQ. CRPSUeheQViYe ReSRUWV
SURYideV RYeU 747 UaWiQgV Rf hXPaQ aQaWRP\, Sh\ViRORg\, aQd VXbcRPSRQeQWV iQcOXdiQg Whe fROORZiQg:
aUWeUieV, aUPV, head, OegV, ORZeU aQd XSSeU bRd\, chURPRVRPeV aQd cRUUeVSRQdiQg WeORPeUeV, ceQWURPeUeV,
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FigXUe 3: AO Scan CompUehenViYe RepoUW: DigeVWiYe OUgan

chURPaWidV, DNA PaUkeUV, cRQQecWiYe WiVVXe, heaUW, PXVcOeV, QeUYeV, RUgaQV (adUeQaOV, baVaO gaQgOia, bORRd
ceOOV, bUaiQ, bUeaVW, ceUebUaO cRUWe[, digeVWiYe, hXPaQ ceOO, kidQe\ cURVV VecWiRQ, OaUge iQWeVWiQe, OiYeU,OXQgV,
PiWRchRQdUia, Qeck, SaQcUeaV, UecWXP, UeSURdXcWiYe, UeVSiUaWRU\, VkiQ, VWRPach, WeeWh, Wh\URid) XUiQaU\ V\VWeP,
VkeOeWRQ, aQd YeiQV. IQ eaUO\ 2021, Whe VRfWZaUe SURYideU aQd RSeUaWRU SROe[, LLC chaQged Whe deOiYeU\
Rf CRPSUeheQViYe ReSRUWV fURP deOiYeUiQg 34 PDF¶V Yia ePaiO, aYeUagiQg aURXQd 20.4 MB iQ WRWaO, WR
cORXd-baVed Zeb SageV WhaW RccXS\ aURXQd 6.3 MB RQ aYeUage, ViPiOaU WR Whe AO ScaQ ViWaOV UeSRUWV. The
QXPeUicaO YaOXeV RQ Whe OefW Rf each ZhiWe bR[ highOighWed iQ figXUe 3 UeSUeVeQWV Whe biRORgicaO VWaWXV afWeU
Whe fiUVW CRPSUeheQViYe ScaQ. The YaOXeV iQVide Whe gUe\ bR[ UeSUeVeQW biRORgicaO VWaWXV Rf Whe VecRQd WR OaVW
VcaQ. NXPeUicaO YaOXeV cORVeU WR RQe iQdicaWe OeWhaUg\, XQdeU XVe, aQd iQacWiYiW\ aQd YaOXeV cORVeU WR QiQe
UeSUeVeQW RYeUXVe, iQfOaPPaWiRQ, RU RYeU-acWiYiW\. CORVeU WR fiYe iQdicaWeV WhaW Whe biRORgicaO cRPSRQeQW iV
SeUfRUPiQg ZeOO aQd iQ baOaQce. Each VecWiRQ iQcOXdeV TXaQWiWaWiYe PeaVXUePeQWV UaQgiQg fURP 0 WR 100
SeUceQW fURP ideaO aQd SUeYiRXV fURP ideaO.

3 MaWHULaOV aQG MHWKRGV
3.1 LXQAUHV AQaORJ MLVVLRQ OUSKHXV 11

Si[ aQaORg aVWURQaXWV SaUWiciSaWed iQ WhiV VWXd\ iQ iVROaWiRQ RQ a OXQaU PaQQed PiVViRQ ViPXOaWiRQ aW LXQAUeV
AQaORg SSace UeVeaUch VWaWiRQ, baVed iQ PROaQd. The habiWaW iV ORcaWed iQ a SRVW-PiOiWaU\ aiUSRUW, ZheUe Whe
ROd QXcOeaU bXQkeU ZaV cRQYeUWed iQ aQ E[WUa VehicXOaU AcWiYiW\ (EVA) aUea, ViPXOaWiQg Whe VXUface Rf Whe
PRRQ. FRU Whe dXUaWiRQ Rf Whe PiVViRQ, aVWURQaXWV had a VWUicW dieW WhaW cRQViVWed e[cOXViYeO\ Rf fUee]e-dUied
fRRd. CaffeiQe ZaV SURhibiWed, aQd Whe\ did QRW haYe acceVV WR QaWXUaO OighW. The cUeZ ZaV geQdeU baOaQced,
aQd cRQViVWed Rf VcieQWiVWV fURP fRXU cRXQWUieV.

Each aQaORg aVWURQaXW had diffeUeQW UROeV aQd UeVSRQVibiOiWieV:

� CRPPaQdeU BeQjaPiQ PRWhieU, FUeQch aQWhURSRORgiVW aQd hXPaQ facWRUV e[SeUW

� Vice CRPPaQdeU AOekVaQdUa KR]aZVka, PROiVh VeUYice aQd VWUaWeg\ deVigQeU

� MiVViRQ EQgiQeeU EdXaUdR SaOa]aU-PeUe], Me[icaQ PechaWURQicV eQgiQeeU

� SRfWZaUe EQgiQeeU AOicja MXViaO, PROiVh VaWeOOiWe VRfWZaUe deYeORSeU

� Media OfficeU MaUciQ BaUaQiecki, PROiVh VRfWZaUe deYeORSeU
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� MedicaO OfficeU SaUa SabU\, Eg\SWiaQ PechaWURQicV/biRPedicaO eQgiQeeU aQd UeVeaUcheU

EYeU\ PRUQiQg, aVWURQaXWV check WheiU daiO\ habiWaW WaVkV aQd URXWiQeV VchedXOed b\ MiVViRQ CRQWURO (MC).
A W\SicaO da\ iQ Whe habiWaW VWaUWV ZiWh a ZakeXS caOO aW 7:30 aP, a PRUQiQg gURXS \Rga VeVViRQ, a heaUW\
bRZO Rf fUee]e-dUied SRUUidge, aQd a cXS Rf heUbaO Wea. ThiV iV fROORZed b\ VeYeUaO PedicaO checkV WhaW ORRk
aW heaUW UaWe, R[\geQ OeYeO, WePSeUaWXUe, ZeighW, aQd bORRd SUeVVXUe. The PedicaO RfficeU UeVSRQVibOe fRU
biRPedicaO UeVeaUch VSeQW WiPe ZiWh eYeU\ aVWURQaXW iQ Whe PRUQiQg, PeaVXUiQg chaQgeV iQ gUiS VWUeQgWh
(d\QaPRPeWeU) aV ZeOO aV SRVWXUe (VWabiORgUaSh\). The aiP Rf WhiV UeVeaUch VWXd\ iV WR ³aVVeVV Whe iQfOXeQce
Rf SURORQged iVROaWiRQ iQ a VPaOO VSace RQ VeOecWed PRWRU VWUeQgWh aQd SRVWXUe´. AfWeU WhRVe daiO\ PRUQiQg
PedicaO checkV aQd habiWaW WaVkV, aVWURQaXWV PeW ZiWh PiVViRQ cRQWURO aW 10:30 aP WR diVcXVV aQ\ SRVVibOe
iVVXeV ZiWh Whe habiWaW, RU WR haYe a bUiefiQg abRXW EVAV.

EYeU\ RWheU da\, aVWURQaXWV SaUWiciSaWed iQ EVAV WhaW UeTXiUed Whe heOS Rf Whe eQWiUe cUeZ. ThURXghRXW Whe
EVA, habcRP cRPPXQicaWed Whe EVA WeaP WhURXgh ZaOkie-WaOkieV aV ZeOO aV beiQg cRQQecWed RQ ZRRP
ZiWh MC aQd RccaViRQaOO\, ZiWh Whe UePRWe cUeZ aQd fOighW VXUgeRQ. USRQ cRPSOeWiRQ Rf Whe EVA, geWWiQg
XQdUeVVed, haYiQg aQRWheU Ped-check aQd cOeaQiQg Whe AWUiXP, Whe cUeZ had a debUiefiQg Zhich heOSed iQ
beWWeU XQdeUVWaQdiQg hRZ WR iPSURYe Whe WRROV aQd SURWRW\SeV fRU fXWXUe EVAV. FiQaOO\, Whe cUeZ PeW iQ
Whe kiWcheQ fRU diQQeU. The\ XVed WhiV WiPe WR WaOk aQd bRQd, Zhich heOSed iPPeQVeO\ ZiWh keeSiQg Whe
PiVViRQ PRUaOV high, aQd bXiOW a higheU VeQVe Rf beORQgiQg WR a WeaP. AfWeU diQQeU, Whe cUeZ PeW iQ Whe
OSeUaWiRQV URRP ZheUe Whe\ had a daiO\ SV\chRORgicaO WeVW, aQd fiQaOO\, Whe PedicaO RfficeU cRQdXcWed a
fiQaO PedicaO checkXS fRU Whe eQWiUe cUeZ. The ZRUkiQg da\ ZRXOd cRPe WR aQ eQd aW aURXQd 9:00 SP, aQd
Whe cUeZ ZRXOd XVXaOO\ eiWheU ViW aQd WaOk, RU haYe a PRYie QighW iQ Whe aWUiXP befRUe gRiQg WR bed aW 11:30 SP.

OQ QRQ-EVA da\V, Whe PRUQiQg URXWiQeV ZeUe Whe VaPe bXW afWeU OXQch, each aVWURQaXW ZRUked RQ WheiU
iQdeSeQdeQW UeVeaUch aQd SURjecWV. MiVViRQ eQgiQeeUV XVXaOO\ ZRUked RQ Whe geRORgicaO VaPSOiQg WRROV
(EdXaUdR, AOicja aQd MaUciQ). The PedicaO RfficeU aQd Whe cRPPaQdeU (SaUa aQd BeQjaPiQ) cROOabRUaWed
RQ a NeXURfeedback SURjecW XViQg aQ EEG headVeW, ZhiOe Whe Yice cRPPaQdeU (AOekVaQdUa) ZRUked RQ
heU iQdeSeQdeQW UeVeaUch. HabiWaW WaVkV iQcOXded WakiQg RXW Whe gaUbage iQ Whe PRUQiQg, YacXXPiQg aOO Whe
PRdXOeV, SUeSaUiQg fRRd fRU Whe cUeZ (bUeakfaVW, OXQch aQd diQQeU), cOeaQiQg XS afWeU PeaOV, cOeaQiQg Whe
VaQiWaU\ PRdXOeV, aQd geQeUaO cOeaQiQg.

3.2 SFaQ MHWKRGV aQG PURFHVV

Each da\ cUeZ PePbeUV UecRUded WheiU YRice b\ Va\iQg Whe ABC¶V RU WaOkiQg iQWR a PicURShRQe Rf ceOO ShRQe.
WiWh Whe AO ScaQ cORXd-baVed VRfWZaUe, ViWaOV aQd CRPSUeheQViYe VcaQV ZeUe cRQdXcWed UePRWeO\ RQ
each cUeZ PePbeU eYeU\ da\ aW YaU\iQg WiPeV PRVWO\ fURP 2-7 PM GMT +1. MRVW cUeZ PePbeUV UeceiYed
daiO\ ePaiOV iQ Whe OaWe afWeUQRRQ RU eaUO\ eYeQiQg ZiWh URL¶V WR acceVV WheiU ViWaOV aQd CRPSUeheQViYe
ReSRUWV. The aQaORg aVWURQaXWV PeQWiRQed WhaW WheUe ZaV iQiWiaO iQWeUeVW aQd eQgagePeQW iQ YieZiQg WheiU
VcaQV, hRZeYeU, Whe iQWeUeVW ZaQed afWeU Whe fiUVW feZ da\V. AOPRVW aOO Rf Whe cUeZ did QRW YieZ AO ScaQ
UeVXOWV each da\. ThiV cRXOd be aWWUibXWed WR VeYeUaO facWRUV iQcOXdiQg Whe cXUUeQW deVigQ Rf Whe API WhaW
dePaQdV a feZ PiQXWeV WR Uead biRPaUkeUV, WiPe Rf da\, aQd aQaORg aVWURQaXWV aUe W\SicaOO\ TXiWe bXV\ each
da\.

4 RHVXOWV
4.1 BORRG THVWV aQG AQaO\VLV RQ AQaORJ AVWURQaXWV

OQ FebUXaU\ 12, Whe fiUVW bORRd WeVWV ZeUe cRQdXcWed RQ Whe Vi[ aQaORg aVWURQaXWV. BORRd WeVW kiWV, aQaO\ViV,
aQd UeVXOWV ZeUe SURYided b\ DIAGNOSTYKA, a SROiVh-baVed RUgaQiVaWiRQ eVWabOiVhed iQ KUakyZ iQ 1998
WhaW ePSOR\V RYeU 7,000 VSeciaOiVWV WhURXghRXW 170 OabRUaWRUieV iQ PROaQd. The VecRQd URXQd Rf bORRd WeVWV
ZeUe cRQdXcWed Whe PRUQiQg Rf FebUXaU\ 26 a feZ hRXUV befRUe bUeakfaVW. FRU daWa aQaO\ViV, YaOidaWiRQ, aQd
iQWeUSUeWaWiRQ, iW iV iPSRUWaQW WR cRQVideU WhaW ViQgOe bORRd WeVWV RfWeQ dePaQd fROORZ XS WeVWV WR beWWeU gaXge
Whe acWXaO YaOXe Rf each cRPSOeWe bORRd cRXQW (CBC) biRPaUkeU.
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AO ScaQV (GMT+1) BORRd TeVWV (GMT+1) TiPe DiffeUeQce
AVWURQaXW cRde Feb 13 Feb 26 Feb 12 Feb 26 Feb 12 Feb 26

A1 2:24AM 2:28PM N/A N/A N/A N/A
A2 2:41AM 2:42PM 7:44AM 6:08AM 17hUV, 3PiQ 15hUV, 26PiQ
A3 2:51AM 8:50PM 7:36AM 6:10AM 16hUV, 45PiQ 14hUV, 40PiQ
A4 3:03AM 8:52PM 7:31AM 6:09AM 16hUV, 28PiQ 14hUV, 43PiQ
A5 1:32PM 8:51PM 7:17AM 6:12AM 29hUV, 43PiQ 14hUV, 39PiQ
A6 1:23PM 7:14PM 7:40AM 6:11PM 30hUV, 16PiQ 13hU, 3PiQ

Table 1: Time DiffeUenceV beWZeen ScanV and Blood TeVWV

BORRd WeVWV ZeUe WakeQ dXUiQg SUefOighW aQd SRVWfOighW, ie. befRUe aQd afWeU Whe 2-Zeek iVROaWiRQ PiVViRQ.
BORRd VaPSOeV ZeUe aQaO\Ved aQd gUaShed fRU fiYe Rf Whe Vi[ aQaORg cUeZ PePbeUV RQ FebUXaU\ 12 aQd
26. AQaORg aVWURQaXW A1 ZaV e[cOXded fURP Whe daWa aQaO\ViV dXe WR faiOXUe WR deOiYeU bORRd WeVWV RQ
WiPe. FiYe biRPaUkeUV: ERViQRShiOV, MRQRc\WeV, NeXWURShiOV, MeaQ SOaWeOeW YROXPe (MPV), aQd WhiWe
BORRd CeOOV (WBC) deYiaWed aURXQd 75% RU higheU fURP Whe Pa[iPXP heaOWh\ UaQge fRU Whe CBC biRPaUkeUV.

BORRd WeVWV ZeUe WheQ cRPSaUed ZiWh VcaQ UeVXOWV fURP CBC biRPaUkeUV PRQiWRUed ZiWh AO ScaQ fURP
FebUXaU\ 12 WR 14 aQd FebUXaU\ 24 WR 26. TheUe ZeUe ViPiOaUiWieV aQd diffeUeQceV beWZeeQ Whe biRPaUkeUV
RXW Rf baOaQce fURP bORRd WeVWV aQd AO ScaQ. BRWh PeWhRdV UegiVWeUed iPbaOaQceV fRU L\PShRc\WeV, BORRd
POaWeOeWV, WBC, BaVRShiOV, NeXWURShiOV, aQd MRQRc\WeV. AOWhRXgh AO ScaQ UegiVWeUed OeVV biRPaUkeUV RXW
Rf baOaQce fRU NeXWURShiO aQd ERViQRShiOV ZiWh higheU iPbaOaQceV fRU HePaWRcUiW aQd HePRgORbiQ acURVV
cUeZ PePbeUV eYeQ WhRXgh WheVe biRPaUkeUV ZeUe QRW RXWVide Rf Whe heaOWh\ UaQge iQ bORRd WeVWV.

The 15 CBC biRPaUkeUV aQaO\Ved iQ Whe VWXd\ cRPSUiVe aURXQd 2.5 SeUceQW Rf biRPaUkeUV iQ each Vi-
WaOV VcaQ, Zhich cRQWaiQV 600 biRPaUkeUV SeU UeSRUW. 450 CBC YiWaOV biRPaUkeUV ZeUe PaQXaOO\ aQaO\Ved
fURP 30 VcaQV RYeU WZR WhUee-da\ WiPe SeUiRdV. CBC biRPaUkeUV iQcOXded iQ Whe SiORW VWXd\ cRPSUiVe .833
SeUceQW Rf Whe 54,000 biRPaUkeUV geQeUaWed fURP Whe ViWaOV ScaQ aQd e[cOXdeV aOO Rf Whe 67,000+ biRPaUkeUV
geQeUaWed fURP Whe CRPSUeheQViYe VcaQV dXUiQg Whe 16-da\ VWXd\ WiPe SeUiRd.WiWh Vi[ aQaORg aVWURQaXWV,
3,600 biRPaUkeUV ZeUe geQeUaWed fURP ViWaOV each da\ aQd aURXQd 4,500 biRPaUkeUV ZeUe geQeUaWed fURP
each CRPSUeheQViYe VcaQ SeU da\ fRU a WRWaO Rf 8,100 biRPaUkeUV geQeUaWed SeU da\ fRU Whe Vi[-PaQ cUeZ.

4.2 DaWa AQaO\VLV

The RbjecWiYe Rf Whe daWa aQaO\ViV ZaV WR TXaQWif\ Whe VigQificaQce aQd accXUac\ Rf Whe Ued aQd gUeeQ dRWV
iQ Whe CBC ViWaOV VecWiRQ. DaWa aQaO\ViV RQ Whe CBC VecWiRQ Rf Whe ViWaOV ReSRUW iQcOXded Whe fROORZiQg
14 CBC biRPaUkeUV fURP Whe bORRd WeVWV: BaVRShiOV, ERViQRShiOV, HePaWRcUiW, HePRgORbiQ, L\PShRc\WeV,
MCH, MCHC, MCV, MRQRc\WeV, NeXWURShiO, POaWeOeWV, RBC (Red BORRd CeOOV), RDW (Ued ceOO diVWUibXWiRQ
ZidWh), aQd WBC (WhiWe bORRd ceOOV). AV RXWOiQed iQ TabOe 1, BORRd WeVWV ZeUe VaPSOed RQ Whe PRUQiQg
GMT +1 Rf FebUXaU\ 12 aQd FebUXaU\ 26 aQd VcaQV RccXUUed aSSUR[iPaWeO\ 16-30 hRXUV afWeU bORRd ZaV
VaPSOed.

4.2.1 DaWa AQaO\VLV 1

The CBC biRPaUkeUV fURP Whe AO VcaQV ZeUe cRPSaUed WR WhRVe iQ Whe bORRd. FRU eYeU\ biRPaUkeU iQ Whe
CBC, a PaWch RU PiVPaWch ZaV QRWed. A WRWaO Rf 14 biRPaUkeUV ZeUe cRPSaUed fRU each aVWURQaXW, RQ bRWh
FebUXaU\ 12 aQd 26, fRU a daWaVeW cRPSRVed Rf 140 daWXPV. TR caOcXOaWe Whe accXUac\, Whe WUXe SRViWiYeV aQd
WUXe QegaWiYeV ZeUe added aQd WheQ diYided b\ Whe WRWaO. TUXe SRViWiYeV (TP) aUe ZheQ AO VcaQ iQdicaWeV WhaW
Whe biRPaUkeU iQ TXeVWiRQ iV ZiWhiQ Whe QRUPaO UaQge (heaOWh\ - gUeeQ dRW), aQd Whe bORRd WeVW VhRZV WhaW Whe
OaWeU iV acWXaOO\ WUXe. TUXe QegaWiYeV (TN) PeaQ WhaW AO VcaQ iQdicaWeV a Ued dRW (biRPaUkeU RXW Rf UaQge),
aQd WhaW beiQg iQ UeaOiW\ WUXe aV VeeQ iQ Whe bORRd WeVW. OQ Whe RWheU haQd, faOVe QegaWiYeV (FN) RccXU ZheQ
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Whe VcaQ VhRZV a biRPaUkeU iV RXW Rf UaQge (Ued dRW) ZhiOe Whe bORRd WeVW deePV iW heaOWh\. IQcideQWaOO\, faOVe
SRViWiYeV (FP) PeaQ WhaW Whe AO VcaQ PiVWakeQO\ iQdicaWeV Whe biRPaUkeU iV ZiWhiQ Whe heaOWh\ UaQge ZheQ
ZaV acWXaOO\ QRW.

4.2.2 DaWa AQaO\VLV 2

IQ aSSO\iQg a ViPiOaU aSSURach, Whe aiP fRU DaWa AQaO\ViV II ZaV WR beWWeU deWeUPiQe Whe VeQViWiYiW\ aQd
accXUac\ Rf AO ScaQ. The VecRQd daWa aQaO\ViV deWeUPiQed hRZ PaQ\ Ued aQd gUeeQ dRWV iQ CBC biRPaUkeUV
Rf AO ScaQ deYiaWed XQdeU 30 RU RYeU 70 SeUceQW fURP Whe Pa[iPXP heaOWh\ CBC biRPaUkeU UaQge UegiVWeUed
iQ Whe bORRd WeVWV. FiUVW, Ze deWeUPiQed Whe SeUceQWage Rf hRZ faU each Rf Whe 14 biRPaUkeUV deYiaWed fURP Whe
Pa[iPXP RU PiQiPXP heaOWh\ bORRd WeVW UaQge. The VXP Rf VWaQdaUd deYiaWiRQV fRU Whe heaOWh\ UaQge Rf CBC
biRPaUkeU ZaV XVed WR deWeUPiQe hRZ faU Whe acWXaO CBC biRPaUkeU YaOXe fURP bORRd WeVWV deYiaWed fURP
Whe Pa[iPXP RU PiQiPXP heaOWh UaQge. ReVXOWV iQdicaWiQg OeVV WhaQ 0% ZeUe abRYe Whe Pa[iPXP heaOWh\
UaQge aQd Whe YaOXeV gUeaWeU WhaQ 100% iQdicaWe beORZ Whe PiQiPXP heaOWh\ UaQge fRU Whe CBC biRPaUkeU.
Each CBC biRPaUkeU ZaV UeSOaced aQd aQaO\Ved ZiWh Whe Ued dRWV (1V) aQd gUeeQ dRWV (0V) fURP AO ScaQ.
The SeUceQW fURP Pa[iPXP RU PiQiPXP aSSURach hROdV Whe SRWeQWiaO WR eQabOe gUeaWeU XQdeUVWaQdiQg iQWR
Whe VeQViWiYiW\, accXUac\, aQd VigQificaQce Rf Whe ViQgOe Ued dRWV, aQd UeSeaWed Ued dRWV, RU biRPaUkeUV RXW Rf
baOaQce fRU ORQgeU SeUiRdV Rf WiPe.

5 DLVFXVVLRQ
5.1 DaWa AFFXUaF\ aQG VaOLGaWLRQ

DaWa AQaO\VLV 1. The accXUac\ Rf Whe AO VcaQ ZaV fRXQd WR be 65% iQ cRUUecWO\ deVcUibiQg bRWh heaOWh\
aQd XQheaOWh\ biRPaUkeUV (gUeeQ aQd Ued) ZiWh a PiVcOaVVificaWiRQ RU eUURU UaWe Rf 35%. The VeQViWiYiW\ RU
UecaOO (WUXe SRViWiYe UaWe) ZaV caOcXOaWed aQd iV Rf 69.3%. ThiV giYeV iQfRUPaWiRQ RQ hRZ RfWeQ Whe AO VcaQ
cRUUecWO\ deWecWV heaOWh\ biRPaUkeUV. The faOVe SRViWiYe UaWe, PeaQiQg hRZ RfWeQ Whe AO VcaQ iQdicaWeV Whe
biRPaUkeU WR be heaOWh\ ZheQ iQ UeaOiW\ iW iV QRW iV Rf 76.9%. The AO VcaQ VSecificiW\ (WUXe QegaWiYe UaWe) iV
23.07%, Zhich giYeV iQfRUPaWiRQ RQ hRZ RfWeQ iW iV abOe WR cRUUecWO\ iQdicaWe a biRPaUkeU WhaW iV RXW Rf UaQge.
FiQaOO\, Ze fRXQd WhaW Whe AO VcaQ SUeciViRQ iQ cRUUecWO\ SUedicWiQg heaOWh\ biRPaUkeUV iV 89.8%, ZiWh a
SUeYaOeQce Rf 90.7% (PajRUiW\ Rf biRPaUkeUV aUe heaOWh\).

DaWa AQaO\VLV 2. If a Ued dRW ZaV cORVeU WR Whe PiQiPXP RU Pa[iPXP heaOWh\ UaQge, iW iV WheRUiVed
WheUe iV a gUeaWeU OikeOihRRd WhaW biRPaUkeU ZRXOd UegiVWeU a ViQgOe Ued dRW aQd be YibUaWiQg aW fUeTXeQcieV
faUWheU aZa\ fURP Whe QaWXUaO UeVRQaQce. WiWh Whe deYiaWiRQ fURP Whe Pa[iPXP heaOWh\ CBC biRPaUkeU
UaQge, 51% Rf Whe gUeeQ aQd Ued dRWV ZeUe fRXQd WR cRUUecWO\ deWeUPiQe if each CBC biRPaUkeU ZaV iQ Whe
diPiQiVhed heaOWh\ UaQge beWZeeQ 30 WR 70% fURP Whe Pa[iPXP. The VecRQd daWa aQaO\ViV RbVeUYed 136
WRWaO daWXP¶V ZiWh a WUXe SRViWiYe UaWe Rf 22%, WUXe QegaWiYe UaWe Rf 29%, faOVe SRViWiYe UaWe Rf 38%, aQd faOVe
QegaWiYe UaWe Rf 10%. The diVcUeSaQc\ aQd UedXced accXUac\ cRXOd be aWWUibXWed WR a 60% UedXced heaOWh\
UaQge Rf Whe bORRd WeVWV.

5.2 DaWa IQWHUSUHWaWLRQ aQG JXVWLILFaWLRQ

A VcieQce aQd eYideQce-baVed aSSURach ZiWh a cUiWicaO QRQ-biaV SeUVSecWiYe iV iPSeUaWiYe iQ eYaOXaWiQg Whe
efficac\, accXUac\, aQd YaOidiW\ Rf ePeUgiQg biRWechQRORg\ aQd biRUeVRQaQce VRfWZaUe. The UeVXOWV fURP
Whe LXQAUeV FebUXaU\ 2021 SiORW VWXd\ ZeUe OaUgeO\ iQcRQcOXViYe aQd UeTXiUe fXUWheU VWXdieV aQd WeVWiQg WR
deWeUPiQe Whe VigQificaQce aQd accXUac\ Rf AO ScaQ ViWaOV. The accXUac\ aQd PiVcOaVVificaWiRQ UaWe iV a
fXQcWiRQ Rf hRZ PaQ\ gUeeQ aQd Ued dRWV aUe cRQVideUed iQ Whe daWa aQaO\ViV. The daWa aQaO\ViV iQ WhiV SiORW
VWXd\ aVVXPeV a UeOaWiYeO\ ORZ iQVWUXPeQW VeQViWiYiW\ eYeQ WhRXgh iW haV beeQ UeSRUWed Whe iQVWUXPeQW haV a
high VeQViWiYiW\.

AQRWheU jXVWificaWiRQ fRU Whe diVcUeSaQc\ beWZeeQ AO ScaQ UeVXOWV aQd CBC bORRd biRPaUkeUV cRXOd be
aWWUibXWed WR bORRd WeVW VaPSOeV WakeQ RQ aQ ePSW\ VWRPach iQ Whe PRUQiQg aV ZeOO aV Whe WiPe diffeUeQceV
beWZeeQ Whe bORRd WeVW VaPSOiQg aQd VcaQV. FRU e[aPSOe, VcaQV RQ FebUXaU\ 13 RccXUUed iQ Whe PiddOe Rf Whe
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QighW GMT +1 aURXQd 17 WR 30 hRXUV afWeU bORRd WeVW VaPSOiQg. EQYiURQPeQWaO facWRUV affecWiQg bORRd WeVW
UeVXOWV aQd CBC biRPaUkeUV iQcOXde VWUeVV fURP WUaYeOiQg, UadiaWiRQ e[SRVXUe RQ aiUSOaQe, VOeeS ciUcadiaQ
Uh\WhP, aQd aQ ePSW\ VWRPach. ScaQV RQ FebUXaU\ 26 ZeUe cRQdXcWed RQe WR fRXU hRXUV afWeU bORRd WeVW
VaPSOiQg. OWheU SRWeQWiaO cRUUeOaWiRQV aQd UeaVRQiQg cRQWUibXWiQg WR Whe high faOVe SRViWiYeV aQd QegaWiYe
UaWeV iQcOXde fUeTXeQc\ RSWiPi]aWiRQ RQ FebUXaU\ 26, fRRd cRQVXPSWiRQ, WiPe Rf da\, eQYiURQPeQWaO facWRUV
aQd VWUeVVRUV. The UeVRQaQW fUeTXeQcieV Rf Whe hXPaQ bRd\, RU Whe iQfOaPed RU XQdeUXVed VWaWXV Rf AO ScaQ
biRPaUkeUV (gUeeQ aQd Ued dRWV), cRQViVWeQWO\ fOXcWXaWe RYeU WiPe. AddiWiRQaOO\, iW VhRXOd be e[SecWed WhaW
ViQgOe Ued dRWV iQ Whe ViWaOV VecWiRQ faOO ZiWhiQ Whe heaOWh\ UaQge Rf bORRd WeVWV aQd RWheU iQVWUXPeQWV. The
dRXbOe Ued dRWV, RU Ued dRWV WhaW SeUViVW RYeU e[WeQded SeUiRdV Rf WiPe, ZeUe QRW VWXdied iQ daWa aQaO\ViV aQd
aUe Rf gUeaWeU cRQceUQ WhaQ Whe biRPaUkeUV WhaW TXickO\ VhifW cORVeU WR heaOWh\ UaQge. IQ VXPPaU\, AO ScaQ
iV a VeQViWiYe iQVWUXPeQW aQd cRQcOXViYe UeVXOWV QeceVViWaWe SURSeU aQaO\ViV WUackiQg hXQdUedV aQd WhRXVaQdV
Rf RXW Rf baOaQce biRPaUkeUV RYeU OaUgeU daWa VaPSOeV aQd e[WeQded WiPe ZiQdRZV.

5.3 HXPaQ FaFWRUV AQaO\VLV aQG IPSOLFaWLRQV

IW ZaV UeSRUWed WhaW each cUeZ PePbeU ORVW aSSUR[iPaWeO\ 4 kg (8.8 ObV) RQ a fUee]e dUied dieW. LRZeU
UecRUded OeYeOV Rf O\PShRc\WeV VXch aV B-ceOOV, T-ceOOV, aQd C\WRkiQe NaWXUaO KiOOeU (NK) CeOOV ZeUe
RbVeUYed aQd caQ becRPe aSSaUeQW fURP ]iQc deficieQcieV ZhiOe higheU OeYeOV caQ be dXe WR YiUaO iQfecWiRQV
aQd RWheU aXWRiPPXQe diVeaVeV. LRZ bORRd SOaWeOeWV, RU WhURPbRc\WRSeQia, aUe a cRPPRQ Vide effecW Rf
QXWUiWiRQaO deficieQcieV VXch aV iURQ, B12 YiWaPiQ, aQd fROaWe, aXWRiPPXQe diVeaVeV, SUegQaQc\, heaY\ aOcRhRO
cRQVXPSWiRQ RU ceUWaiQ PedicaWiRQV [27]. CRPPRQ caXVeV Rf LRZ OeYeOV Rf ZhiWe bORRd ceOOV (WBCV) iQ Whe
iPPXQe V\VWeP iQcOXde aXWRiPPXQe diVeaVe, iQfecWiRQ VXch aV heSaWiWiV aQd HIV, QXWUiWiRQaO deficieQcieV
(fROic acid aQd B12), PediciQe, aQWibiRWicV, aOcRhRO, aQd VSOeeQ SURbOePV. AO ScaQ aQd bORRd WeVWV RbVeUYed
ORZ OeYeOV Rf BaVRShiOV, Zhich aUe kQRZQ WR cRQWUibXWe WR Whe deYeORSPeQW Rf aOOeUgieV, iQfOaPPaWiRQ, fRRd
iQWROeUaQceV, aVWhPa, aOOeUgic dUXg UeacWiRQV, aQd PRUe [28].

The WRUd CORXd highOighWed iQ FigXUe 4 iQcOXdeV Whe PRVW SUeYaOeQW biRPaUkeUV RXW Rf baOaQce, RU dRXbOe Ued
dRWV, fRU aOO Vi[ cUeZ PePbeUV deWecWed fURP AO ViWaOV ScaQ.TheVe biRPaUkeUV ZeUe PaQXaOO\ e[WUacWed fURP
52 ViWaOV ScaQV RYeU eYeU\ WhUee da\V fRU a WRWaO Rf eighW da\V. NRWabOe biRPaUkeUV deYiaWiQg faUWheVW fURP Whe
heaOWh\ UaQge RU UeVRQaQW fUeTXeQc\ iQcOXde: deWR[ificaWiRQ ShaVe ii, ceUebURYaVcXOaU bORRd R[\geQ, RPega
3V aQd 6V, age Rf OigaPeQWV, caQdida fXQgXV, heUSeV ViPSOe[ YiUXV (HSV), SURWeiQ PeWabROiVP iQ OiYeU aQd
gaOObOaddeU, chROeVWeURO cU\VWaO, aQd B6 P\UidR[iQe. A ZRUd cORXd aSSURach SURYideV a QRYeO YiVXaOiVaWiRQ
PeWhRd WR faciOiWaWe TXickeU daWa iQWeUSUeWaWiRQ aQd XQdeUVWaQdiQg Rf biRPaUkeUV cORVeU WR RXWVide Rf heaOWh\
UaQge.

6 FXWXUH SFRSH
6.1 NHHG IRU NHZ ASSOLFaWLRQ PURJUaP IQWHUIaFH aQG SRIWZaUH

TeQV Rf WhRXVaQdV Rf UegiVWeUed XVeUV Rf AO ScaQ XQdeUVWaQd a fUacWiRQ Rf Whe daWa RXWSXW aQd hXPaQ
biRPaUkeUV. AO ScaQ¶V cXUUeQW ASSOicaWiRQ PURgUaP IQWeUface (API) iV QRW deVigQed fRU WUackiQg SXUSRVeV
aQd RQO\ diVSOa\V QXPeUicaO (1-9) aQd gUeeQ aQd Ued dRW biRPaUkeU daWa iQ Whe SUeVeQW da\. AV aggUegaWiQg
biRPaUkeUV RXW Rf baOaQce UeTXiUeV 5-10 PiQXWeV SeU ViWaOV aQd CRPSUeheQViYe VcaQ afWeU each 5-PiQXWe
VcaQ, PaQXaO daWa eQWU\ iV RfWeQ WediRXV aQd iQVXfficieQW WR WUack Whe SURgUeVViRQ Rf biRPaUkeUV fRU heaOWh
PRQiWRUiQg, UeVeaUch, aQd cRPPeUciaOiVaWiRQ.

CRPSOe[ daWa aQaO\WicV aQd aggUegaWiRQ aUe UeTXiUed WR eQabOe each SeUVRQ aQd UeVeaUcheU WR beWWeU XQdeUVWaQd
Whe VigQificaQce Rf OaUge daWaVeWV Rf biRPaUkeUV. MaQXaO daWa eQWU\ iV aOVR PRUe SURQe WR hXPaQ eUURU. AV
RYeU 90% Rf Whe daWa geQeUaWed fURP each VcaQ XVeU iV cXUUeQWO\ QRW aQaO\Ved aQd PRVW OikeO\ fRUgRWWeQ afWeU
a feZ da\V RU ZeekV, a QeZ VRfWZaUe aQd API hROdV Whe SRWeQWiaO WR UecRYeU VigQificaQW aPRXQWV Rf WiPe,
UeVeaUch, aQd hXPaQ heaOWh XQdeUVWaQdiQg. WiWh RYeU 200+ iQdiYidXaOV ZhR haYe e[SUeVVed iQWeUeVW iQ a
QeZ API aQd WUackiQg SXUSRVeV, BiRfUeTXeQc\ AQaO\WicV SOaQV WR deYeORS aQ iPSURYed API iQiWiaOO\ WaiORUed
WR Whe iQWeUeVWV Rf UegiVWeUed XVeUV, SRWeQWiaO UeVeaUch cROOabRUaWRUV, aQd SaUWQeUV WR dePRcUaWi]e iQdiYidXaO
WUackiQg SXUSRVeV fRU aOO PaQkiQd.

If fXUWheU UeVeaUch dePRQVWUaWeV gUeaWeU accXUac\ aQd YaOidaWiRQ, biRUeVRQaQce WechQRORg\ VXch aV AO
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FigXUe 4: BiomaUkeUV CloXd

ScaQ ZRXOd hROd Whe SRWeQWiaO WR iQcUeaVe Whe aPRXQW Rf hXPaQ heaOWh daWa aV ZeOO aV fRU aVWURQaXWV b\ PRUe
WhaQ aQ RUdeU Rf PagQiWXde. A big daWa aSSURach ZiWh cRPSOe[ daWa-SURceVViQg aSSOicaWiRQ VRfWZaUe becRPeV
eVVeQWiaO WR XQdeUVWaQd Whe cRQVWaQWO\ fOXcWXaWiQg biRPaUkeUV fURP hXPaQ fUeTXeQcieV.

6.2 DHVLJQ RI NHZ SRIWZaUH aQG ASSOLFaWLRQ PURJUaP IQWHUIaFH

The cXUUeQW aSSOicaWiRQ SURgUaP iQWeUface (API) Rf AO ScaQ ViWaOV ZiWh Ued aQd gUeeQ dRWV TXeVWiRQV Whe
SUeYaiOiQg SaUadigP Rf diVSOa\iQg QXPeUicaO YaOXeV fURP bORRd WeVWV aQd RWheU PedicaO iQVWUXPeQWV. MRVW
hXPaQV RbVeUYiQg aQd aWWePSWiQg WR bUiQg PeaQiQg WR fiQaO heaOWh UeSRUWV ZiOO OikeO\ be Whe SeUVRQ WhaW iV
beiQg VWXdied RU PRVW affecWed b\ Whe UeVXOWV. AV Whe aYeUage hXPaQ ZiWhRXW a PedicaO backgURXQd iV OikeO\
QRW kQRZOedgeabOe abRXW Whe heaOWh\ QXPeUicaO UaQge fRU eYeU\ biRPaUkeU, aQ ePeUgiQg WUeQd iQ biRPeWUicV,
biRWechQRORg\, VRfWZaUe aV a VeUYice (SaaS), aQd Whe deOiYeU\ Rf heaOWh UeSRUWV cRXOd be VhifWiQg WRZaUd Whe
gUeeQ aQd Ued dRW aSSURach WR bUiQg iPSURYed daWa iQWeUSUeWaWiRQ fRU Whe eQd XVeU. A PRUe ViPSOe UVeU
IQWeUface (UI) WhaW aggUegaWeV Whe biRPaUkeUV UeVRQaWiQg RXW Rf baOaQce fRU Whe ORQgeVW WiPe aQd Whe PRVW
cUiWicaO heaOWh aQRPaOieV aW Whe begiQQiQg hROdV Whe SRWeQWiaO WR Pa[iPi]e daWa iQWeUSUeWaWiRQ aQd PiQiPi]e
cOickV WR acceVV hXPaQ heaOWh daWa. FXUWheUPRUe, XQdeUVWaQdiQg Whe QXPeUicaO heaOWh\ RSeUaWiQg UaQge Rf
biRPaUkeUV UeTXiUeV gUeaWeU bUaiQ SURceVViQg SRZeU, cRQVideUiQg Whe aYeUage hXPaQ beiQg iQ 2021 QRZ haV
aQ aYeUage aWWeQWiRQ VSaQ Rf eighW VecRQdV[29].

A cRUe WeaP Rf deYeORSeUV aQd UeVeaUcheUV aW BiRfUeTXeQc\ AQaO\WicV SOaQ WR deVigQ, bXiOd, aQd RSeU-
aWe Whe fiUVW fUeTXeQc\-baVed VRfWZaUe aQd daWa UefiQeU\ RQ Whe hXPaQ bRd\ WR YiVXaOi]e WaiORUed cRUUeOaWiRQV
beWZeeQ biRPaUkeUV Rf iQWeUeVW. WhiOe fiQaOiViQg Whe SUeOiPiQaU\ deVigQ UeYieZ (PDR) Rf Whe QeZ RQOiQe
SOaWfRUP, deYeORSeUV caQ cRQcXUUeQWO\ bXiOd Whe API aQd VRfWZaUe beWa YeUViRQ WR be UeOeaVed WR iQWeUeVWed
XVeUV, UeVeaUcheUV, aQd RUgaQiVaWiRQV iQ faOO 2021. A cRPbiQaWiRQ Rf VcUXbbiQg, feaWXUe e[WUacWiRQ aOgRUiWhPV,
aQd cXVWRP RSWiPaO chaUacWeU UecRgQiWiRQ (OCR) VcUiSWV caQ be SeUfRUPed RQ each ZebSage Rf Whe AO ScaQ
ViWaOV aQd CRPSUeheQViYe URLV WhaW ZiOO be OiQked b\ a XVeU WR WheiU accRXQW RQ Whe SOaWfRUP. VeUified XVeUV
aQd UeVeaUcheUV ZiOO haYe fUee acceVV WR Whe VRfWZaUe beWa YeUViRQ fRU a OiPiWed WiPe SeUiRd ZheUe Whe\ ZiOO
WeVW Whe VRfWZaUe, UeSRUW aQ\ iQcRQViVWeQcieV RU eUURUV, aQd VXggeVW iPSURYePeQWV fRU feaWXUeV WR eQabOe faVW
iWeUaWiRQ aQd VRfWZaUe XSdaWeV fRU Whe fiQaO UeOeaVe. A SXbOic feedback V\VWeP aQd RQOiQe cRPPXQiW\ fRUXP
ZRXOd SURYide eQhaQced XVeU e[SeUieQce aQd UedXce UedXQdaQW XVeU iQSXW aQd feaWXUe VXggeVWiRQV.
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BiRfUeTXeQc\ AQaO\WicV (BA) SOaQV WR ePSOR\ a SRfWZaUe aV a SeUYice (SaaS) PRdeO, RU RQ-dePaQd VRfWZaUe,
WR OiceQVe acceVV WR Whe SOaWfRUP aQd XVeU daWabaVe RQ aQ affRUdabOe VXbVcUiSWiRQ baViV. The API ZiOO be
hRVWed RQ APa]RQ API GaWeZa\, Zhich SURYideV VecXUe aQd UeOiabOe hRVWiQg. The BA XVeU ZiOO VecXUeO\ ORg
iQ WhURXgh Whe BA SRUWaO ZheUe Whe\ ZiOO be WakeQ WR WheiU SeUVRQaO PaiQ Sage. The hRPe Sage ZiOO SUeVeQW
Whe XVeU ZiWh YaUiRXV RSWiRQV, iQcOXdiQg XSORadiQg QeZ VcaQV RU deOeWiQg ROdeU VcaQV, aQ aUea diVSOa\iQg
Whe WRS fiYe WR WeQ biRPaUkeUV WhaW haYe UePaiQed RXW Rf baOaQce, aQd gUaShicaO aQaO\ViV Rf WheiU cXUUeQW
XSORaded daWa. The daWa ZiOO be YiVXaOi]ed ZiWh gUaShV aQd WabOeV WhaW aUe eaV\ WR XQdeUVWaQd fRU XVeUV, ZhiOe
aOORZiQg iQWeUacWiRQ WR gUab a gOiPSVe Rf PRUe deWaiOed daWa. If a XVeU chRRVeV WR iQWeUacW ZiWh Whe daWa, PRUe
iQfRUPaWiRQ ZiOO be SUeVeQWed WhaW ZiOO e[SOaiQ Whe PeaQiQg Rf Whe aQaO\ViV aQd SRVVibOe cRUUeOaWiRQV ZiWh
RWheU iQSXW aQd RXWSXW daWa.

AOO XVeUV ZiOO haYe Whe RSWiRQ WR RSW iQ RU RXW Rf WheiU daWa beiQg XVed fRU UeVeaUch SXUSRVeV. A VeSa-
UaWe VXbVcUiSWiRQ WieU fRU Whe BA daWa UefiQeU\ ZiOO be deVigQed aQd WaiORUed WR Whe iQWeUeVWed Rf SURVSecWiYe
aQd UegiVWeUed UeVeaUcheUV, daWa VcieQWiVWV, aQd deYeORSeUV. ReVeaUcheUV ZiOO haYe VSeciaO acceVV WR YaUiRXV
heaOWh daWa WhaW cRUUeVSRQd WR diffeUeQW XVeU VegPeQWV aQd UeVeaUch RbjecWiYeV. ThiV Pa\ UeTXiUe YaUiRXV
OeYeOV Rf aXWheQWicaWiRQ aQd aXWhRUi]aWiRQ fRU XVeUV UeiQfRUced ZiWh daWa SUiYac\ aQd SROic\ agUeePeQWV. Each
XVeU Pa\ haYe acceVV WR VSecific cRPPaQdV aQd daWa. A UegXOaU XVeU ZiOO haYe OiPiWed acceVV aQd cRPPaQdV,
ZhiOe a UeVeaUcheU ZiOO haYe VOighWO\ PRUe acceVV aOORZiQg WheP WR Uead aQd iQWeUSUeW daWa Rf YaUiRXV XVeUV. TR
aOORZ Whe VRfWZaUe WR fXQcWiRQ beWZeeQ eQdSRiQWV aQd aOORZ cROOabRUaWiRQ RXWVide Rf BiRfUeTXeQc\ AQaO\WicV,
Whe API ZiOO accRPPRdaWe WheVe QeedV Yia a RESTfXO aSSURach. A REST API iV ViPSOe aQd aOORZV beWWeU
SRUWabiOiW\ VSecificaOO\ fRU deYeORSeUV ZhR aUe iQWeUeVWed iQ ZRUkiQg ZiWh BiRfUeTXeQc\ AQaO\Wic¶V API.
BiRfUeTXeQc\ AQaO\WicV ZiOO keeS aOO XVeU daWa Vafe aQd VecXUe, SURWecWiQg XVeUV aQd WheiU SUiYac\.

6.3 ASSOLFaWLRQV aQG SLJQLILFaQFH RI NHZ API aQG SRIWZaUH

A UeVeaUch-dUiYeQ aSSURach iV iQWUiQVicaOO\ UeOaWed WR Whe daWa iQWeUSUeWaWiRQ aQd caSabiOiW\ Rf Whe VRfWZaUe.
IPSURYed XQdeUVWaQdiQg RQ Whe accXUac\ aQd VeQViWiYiW\ Rf AO ScaQ hROdV Whe SRWeQWiaO WR gXide Whe diVSOa\
aQd API deVigQ Rf hXPaQ biRPaUkeUV. UQdeUVWaQdiQg Whe deYiaWiRQV iQ PagQeWic VcaOaU ZaYeV fURP ceOOV
ZRXOd eQabOe UeVeaUcheUV WR SURSRVe higheU TXaOiW\ TXeVWiRQV, WheRUieV, aQd cRUUeOaWiRQV gRYeUQiQg iQfOaPed
RU OeWhaUgic UeVSRQVeV Rf hXPaQ VXbV\VWePV aQd QXPeUicaO fUeTXeQc\-baVed biRPaUkeU daWa. CRQVideUiQg
each ViWaOV aQd CRPSUeheQViYe VcaQ SURYideV a SeUPaQeQW URL, daWa fURP SUeYiRXV VcaQV aQd VWXdieV caQ
be VcUXbbed b\ aOgRUiWhPV WR be iQcOXded iQ fXWXUe UeVeaUch VWXdieV afWeU aSSURYaO Rf VcaQQed XVeUV. A QeZ
API ZiWh WUackiQg SXUSRVeV hROdV Whe SRWeQWiaO WR e[SediWe aQd aXWRPaWe bRWh iQWeUQaO aQd e[WeUQaO UeVeaUch,
WR iPSURYe Whe UeVeaUch TXaOiW\, TXaQWiW\, aQd iPSacW. BiRfUeTXeQc\ AQaO\Wic¶V QeZ API aQd dXaO SXUSRVe
VRfWZaUe ZiOO bUiQg faVWeU daWa UeWUieYaO, aQaO\ViV, aQd iQWeUSUeWaWiRQ. AV Whe daWa cRQWiQXRXVO\ iQcUeaVeV, Whe
PRdeO ZiOO OeaUQ hRZ WR iQWeUSUeW Whe daWa. WiWh a cRPbiQed cRPPXQiW\ Rf XVeUV, UeVeaUcheUV aQd deYeORSeUV,
BiRfUeTXeQc\ AQaO\Wic¶V SOaWfRUP ZiOO gURZ aQd iQcUeaVe Whe kQRZOedge baVe Rf biRPaUkeUV aQd hXPaQ
heaOWh.

6.4 IQWHUQaWLRQaO 2021 PLORW SWXG\

IQ cRQdXcWiQg UeVeaUch aQd VcieQce iQ XQdeUVWXdied fieOdV Rf WeOePediciQe aQd biRiQfRUPaWicV, iW iV eVVeQWiaO
WR deWeUPiQe Whe efficac\, accXUac\, aQd VigQificaQce Rf ePeUgiQg biRWechQRORgieV aQd cRUUeVSRQdiQg daWa.
The aiPV Rf Whe IQWeUQaWiRQaO 2021 PiORW SWXd\ aUe WR UePRWeO\ cRQdXcW QRQ-iQYaViYe VcaQV WR ideQWif\ Whe
accXUac\ Rf hXPaQ fUeTXeQc\-deUiYed biRPaUkeUV b\ cRPSaUiQg VcaQ UeVXOWV Rf 50+ adXOW SaUWiciSaQWV ZiWh
bORRd WeVWV, MRIV, CT ScaQV, X-Ra\V, eWc. BA iV RffeUiQg fUee UePRWe VcaQV dXUiQg SiORW VWXd\ aQd Whe
RSSRUWXQiW\ fRU iQdeSeQdeQW UeVeaUcheUV WR cRaXWhRU aQd/RU Oead UeVeaUch VWXdieV aV a SaVViYe PeWhRd Rf
cROOabRUaWiRQ aQd PiQiPaO WiPe cRPPiWPeQW fRU e[WeUQaO UeVeaUcheUV. The IQWeUQaWiRQaO 2021 PiORW SWXd\ ZiOO
heOS SURYide a WechQRORg\ dePRQVWUaWRU aQd VcieQce WR faciOiWaWe Whe fiUVW SeeU UeYieZed UeVeaUch e[SeUiPeQWV
RQ biRUeVRQaQce NLS V\VWePV iQ SaUWQeUVhiS aQd cROOabRUaWiRQ ZiWh iQWeUeVWed VSace RUgaQiVaWiRQV aQd
ageQcieV.

6.5 SLJQLILFaQFH IRU HXPaQ SSaFHIOLJKW aQG E[SORUaWLRQ

³The WechQRORg\ behiQd Whe BiR-AQaO\]eU iV Whe UeVXOW Rf UeVeaUch SeUfRUPed b\ WhUee RXVViaQ VcieQWiVWV
ZRUkiQg ZiWh Whe RXVViaQ SSace AgeQc\. The\ deYeORSed Whe WechQRORg\ WR PaiQWaiQ Whe heaOWh Rf Whe
aVWURQaXWV ZhR ZRUk fRU PRQWhV abRaUd Whe iQWeUQaWiRQaO VSace VWaWiRQ. The cRPSOeWe V\VWeP, Zhich cRQViVWV
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Rf WhUee VcaQQeUV aQd a hRPeRSaWhic iPSUiQWeU, iV beiQg XVed iQ Whe U.S. aV biRfeedback edXcaWiRQ eTXiSPeQW,´
Va\V LRUaQ SZeQVeQ, CEO Rf IQQeUg\ DeYeORSPeQW, Whe SaUeQW cRPSaQ\ Rf AO ScaQ. OYeU 20,000 UegiVWeUed
XVeUV Rf AO ScaQ ZiWhiQ WZR \eaUV dePRQVWUaWeV Whe SRWeQWiaO WR PRQiWRU hXPaQ heaOWh biRPaUkeUV aQd
QeceVViWaWeV fXUWheU UeVeaUch VWXdieV.

HXPaQ heaOWh iV eVVeQWiaO WR XQdeUVWaQd cUeZ SV\chRORg\ aQd PiVViRQ SeUfRUPaQce. If AO ScaQ caQ
be ePSOR\ed WR UePRWeO\ PRQiWRU hXPaQ biRPaUkeUV ZiWh higheU accXUac\, Whe VRfWZaUe cRXOd be SaVViYeO\
ePSOR\ed WR PRQiWRU Whe Sh\VicaO aQd PeQWaO heaOWh fURP aVWURQaXWV iQ Whe SUeVeQW WR aXWRQRPRXVO\ PRQiWRU
WhRXVaQdV Rf biRPaUkeUV iPSacWed iQ aOWeUQaWiYe gUaYiW\ aQd Whe VSace eQYiURQPeQW aURXQd Whe cORck iQ
UeaO-WiPe. Each aVWURQaXW aQd cRUUeVSRQdiQg cUeZ ZRXOd beQefiW fURP biRUeVRQaQce UecRgQiWiRQ aQd cRP-
SaUiVRQ WR beWWeU XQdeUVWaQd hRZ Whe\ aUe Sh\ViRORgicaOO\ adaSWiQg WR Whe ORcaO eQYiURQPeQW. The AO ScaQ
VRfWZaUe cRXOd be XVed WR iVROaWe biRPaUkeUV affecWed fURP Whe ORcaO eQYiURQPeQW VXch aV aOWeUQaWiYe gUaYiW\,
dXVW accXPXOaWiRQ, iVROaWiRQ, EVAV, high R[\geQ aWPRVSheUeV, UadiaWiRQ, Oack Rf VXQOighW, aQd Whe ORcaO
eQYiURQPeQW. B\ UePRWeO\ PRQiWRUiQg hXPaQ fUeTXeQcieV, cORXd-baVed biRUeVRQaQce VRfWZaUe hROdV Whe
SRWeQWiaO WR RbVeUYe Whe SURgUeVViRQ Rf hXPaQ biRPaUkeUV aVVRciaWed ZiWh UeVRXUce cRQVXPSWiRQ VXch aV
dieW, fUee]e dUied fRRd, aOOeUgieV, iQWROeUaQce, YiWaPiQ, aQd QXWUieQW deficieQcieV, heaY\ PeWaOV, geQe ediWiQg,
aQd PXch PRUe befRUe XQdeViUabOe V\PSWRPV deYeORS iQWR PRUe VeUiRXV heaOWh chaOOeQgeV. TUeQd deWecWiRQ
aQd PachiQe OeaUQiQg aOgRUiWhPV cRXOd TXaQWif\ heaOWh aQRPaOieV aQd biRPaUkeU ViPiOaUiWieV WhURXghRXW
aVWURQaXW cUeZ PePbeUV WR UeYeaO heaOWh ha]aUdV iQ ORcaO UeVRXUceV aQd eQYiURQPeQW. ReceQW adYaQcePeQWV
iQ digiWaO YRice aQaO\ViV VXggeVW WhaW SaVW YRcaO cRPPXQicaWiRQ daWa cRXOd becRPe digiWaO ZiQdRZV iQWR Whe
PeQWaO aQd Sh\VicaO heaOWh Rf hXPaQV fURP Whe SaVW. FXUWheU UeVeaUch iV UeTXiUed WR XQdeUVWaQd if AO ScaQ
caQ be ePSOR\ed WR accXUaWeO\ PRQiWRU Whe heaOWh Rf hXPaQV fURP daWa aUchiYeV Rf hXPaQ aQd aVWURQaXW daWa.

6.6 RHFRPPHQGaWLRQV IRU FXWXUH SWXGLHV

The aiPV Rf fXWXUe VWXdieV ZiOO be WR deWeUPiQe Whe accXUac\ Rf hXPaQ biRPaUkeUV aQd hRZ RfWeQ each
biRPaUkeU fOXcWXaWeV beWZeeQ gUeeQ aQd Ued dRWV. MRUe WhRURXgh UeVeaUch e[SeUiPeQWV aQd VWXdieV aUe
UeTXiUed WR eYaOXaWe aQd XQdeUVWaQd Whe accXUac\ Rf AO ScaQ daWa. VaOidaWiQg Whe UeVXOWV ZiWh gUeaWeU
accXUac\ aQd OeVV eUURU iV eVVeQWiaO WR deWeUPiQe Whe VigQificaQce Rf biRPaUkeUV UegiVWeUiQg PXOWiSOe, UeSeaWed
Ued dRWV. IQ cROOabRUaWiQg ZiWh VSace, PedicaO, aQd heaOWh RUgaQiVaWiRQV, BiRfUeTXeQc\ AQaO\WicV SOaQV
WR Oead Whe UeVeaUch aQd edXcaWiRQ effRUW behiQd AO ScaQ b\ aQaO\ViQg aQd cRPSaUiQg biRPaUkeUV iQ Whe
ViWaOV aQd CRPSUeheQViYe ReSRUWV ZiWh a YaUieW\ Rf eVWabOiVhed PedicaO iQVWUXPeQWV VXch aV bORRd VaPSOeV,
X-Ra\V, UOWUaVRXQdV, MRI¶V, OVWeRSURbeV, aQd RWheU biRWechQRORgieV. FXWXUe daWa aQaO\ViV aQd iQWeUSUeWaWiRQ
VhRXOd Wake iQWR cRQVideUaWiRQ age, geQdeU, ZeighW, UeVRXUce cRQVXPSWiRQ, eQYiURQPeQWaO facWRUV ZiWh VecRQd
bORRd WeVWV aQd PRUe VSecific WeVWV WR deWeUPiQe ZheWheU Whe UeVXOWV aUe accXUaWe aQd PeaQiQgfXO. FROORZ
XS e[SeUiPeQWV VhRXOd accRXQW fRU SOacebR-cRQWUROOed VWXdieV, UedXced WiPe diffeUeQceV, aQd OaUgeU daWa
VaPSOiQg ZiWh PXOWiSOe bORRd WeVWV, AO ScaQV, aQd hXPaQ SaUWiciSaQWV. AddiWiRQaO VWXdieV cRPSaUiQg CBC
biRPaUkeUV beWZeeQ VcaQV aQd bORRd VaPSOeV VhRXOd PRQiWRU Whe QiQe QXPeUicaO-baVed biRPaUkeUV (1-9)
iQ Whe BORRd ceOO VecWiRQ Rf CRPSUeheQViYe ScaQV, Zhich ZeUe e[cOXded fURP daWa aQaO\ViV iQ WhiV VWXd\.
WiWh aXWRPaWed daWa eQWU\ aQd aQaO\ViV Rf hXPaQ biRPaUkeUV, BiRfUeTXeQc\ AQaO\WicV ZRXOd be caSabOe Rf
SURdXciQg VigQificaQWO\ PRUe higheU-TXaOiW\ UeVeaUch VWXdieV, SaUWiciSaQWV, daWa VeWV, hXPaQ SaUWiciSaQWV WR
beWWeU XQdeUVWaQd Whe efficac\ Rf YRice aQd bRd\ aQaO\ViV VRfWZaUe WR PRQiWRU hXPaQ heaOWh.

7 CRQFOXVLRQ
ThiV UeVeaUch VWXd\ aWWePSWV WR e[aPiQe Whe accXUac\ Rf RYeU 450 cRPSOeWe bORRd cRXQW (CBC) biRPaUkeUV
UePRWeO\ geQeUaWed fURP Whe AO ScaQ YRice aQd bRd\ aQaO\ViV VRfWZaUe b\ cRPSaUiQg VcaQ UeVXOWV ZiWh
WZR bORRd WeVWV fURP Whe Vi[ SeRSOe dXUiQg FebUXaU\ 2021. The UeVXOWV fURP Whe LXQAUeV FebUXaU\ 2021
SiORW VWXd\ ZeUe OaUgeO\ iQcRQcOXViYe iQ deWeUPiQiQg Whe accXUac\ Rf AO ScaQ ViWaOV cRQVideUiQg a YaUieW\
Rf UeaVRQV iQcOXdiQg iQVWUXPeQW VeQViWiYiW\, WiPe diffeUeQceV, VPaOO VaPSOe Vi]e, dieW, aQd eQYiURQPeQWaO
facWRUV. The accXUac\ aQd PiVcOaVVificaWiRQ UaWe iV a fXQcWiRQ Rf hRZ PaQ\ gUeeQ aQd Ued dRWV aUe cRQVideUed
iQ Whe daWa aQaO\ViV. ThiV eaUO\ VWage biRWechQRORg\ iV beOieYed WR hROd Whe SRWeQWiaO WR iPSURYe hXPaQ
XQdeUVWaQdiQg Rf Sh\VicaO aQd PeQWaO heaOWh. ThiV SiORW VWXd\ eVWabOiVheV Whe fiUVW SeeU-UeYieZed e[SeUiPeQW
WR XVe biRUeVRQaQce VRfWZaUe AO ScaQ aQd RXWOiQeV a SaWh fRUZaUd fRU cRQWiQXed UeVeaUch VWXdieV.
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